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make project params

make project params <- function

#

rho = 1000, # [kg/m"3] Nukvdtnta vepoU

g = 9.81, # [m/s"2] Emittdyuvon BoapUintag

eta = 0.90, # [-] SuvoAilkn anddoon (udpauAlxkn + H/M)

via mopayoyn/&viinon (otabepry vndédeon)

v = 1l.le-6, # [m"2/s] Kivnuatikd LE@deg vepoU (XPNOLUO
via Reynolds / tpLBéq)

# 2) ITAGMES / YWYOMETPA (yevikd)

# - XpnotpomotoUvial ce dL&popa onueioa ToUu project.
#
zmin = 531, # [m] EA&xLoTn otd&bun Aeltoupylag UR

(yevikn/oevop Lakn)

zupper = NULL, # [m] Stdbun/uvyduetpo oavopopdc &vw
Toplevuthpea (ov NULL -> moalpvel zmin)

zlower = 141.8, # [m] Zt&6un/udduetpo k&tw Touleuthpa LR
(v xpnotlpomotleliTal osg &AAo modules)

D1 = 6, # [m] KUpiLa diduerpog ayoyoU (mplLv amd
S LarA&dwon/split)

D2 = 2, # [m] Atdpetpog k&Be xA&doU peTd 1N
dLarA&dwon (m.X. mpog povadeq)



inclination2 = 2/100, # [-] KAlon (oeg avodoyia) o
OUYKEKPLPEVO TuApa (m.x. 2%)

horiz.dist = 878.14, # [m] OptLldvtia andboTaon PETAET
XOUPOKTNELOT LKOV onuelwv (mI.X. Tapleuthnpac-otaduda)

vert.dist = 371.6, # [m] Koataxkdbpuepn dLapopd/uloueTpLlK)
andéocTaon yia tov umodoyloud Ltot

dist.4pipe = 50, # [m] MAkog ovd& kA&dOo petd TOV
dlaxwplopd (mpooTiBeTal OTO OUVOALKSO HUNKOG)

ks = 1.5/1000, # [m] AnbéAutn TpaxUTnta XKUPLOU AywyoUu
(orUpPOS e )
ks2 = 1.0/1000, # [m] AmOAUTn TPUXUTNTa KAXSWYV peTd TO

split (x&AuPoag)

K1 = 1.0, # [-] Tomikég amdAreleg MNPIN 1o split (m.¥x.
eloodol/xoaunUAec/d1kAe(deq)

K2 = NULL, # [-] Tomikég amdAeleq AOYW
oUuctoAfg/uet&PBaocng D1-D2 (ov NULL, umoloviletal omd D1,D2)

Ltot = NULL, # [m] SuvoAlkd LoodUVAPO UAKOC aywydv (ov
NULL: Ltot = vert + horiz + dist.4pipe)

# 4) KOZTOY ®PATMATOS (SYNTEAESTEX/NAPAMETPIKA)

# - XpnotipomotoUvIial O HUPAUETPLKEC OXEOoELQ
kb6ocToUCg/OyKOU.
#

dam type = c("earthfill", "rockfill", "CFRD", "hardfill"),
# TUmocg opd&yupatog (emiAoyn 1 amd 1o mopomdve)

alpha earthfill = 4.35, # [-] ZuvieAeotng alpha via
earthfill

alpha rockfill = 5.85, # [-] ZuvieAeotfg alpha via
rockfill

alpha CFRD = 10.09, # [-] Suvtedeotng alpha yia CFRD



alpha hardfill
hardfill

3.86, # [-] SuvieAegorng alpha via

beta = 0.47, # [-] Ex6€éIng mopapeItplknc oxéong (yLa
kKO60T0GC QP&AYHATOQ)

gamma = 0.60, # [-] ExBé1ng mopapetplkhg oxéonc (yLa
KO6OTOC QPAYUATOC)

overheads factor = 1.18, # [-] SUVTeAeOoTAC YEV LKAV

££6dwv/overheads (moAAATAXCLAOCT LKOQ)

contingencies factor = 1.09, # [-] SuvteAeoTAC AmIPOPBAETITWOV

(MOAAATIANC LAOT LKOCQ)

om rate hyd civil = 0.005, # [-/year] Etfjoio mocootd O&M

Vi USPAUALKA/TONLT LKA £pyo

om rate electrical = 0.015, # [-/year] EtAociLo mocootd O&M

Yia NAeRTPpOUNXovoAroyLkd gfomAioud

om years = 30, # [years] Ein AciTtoupyliag via

0o&M / lifecycle

construction years= 5, # [years] EIn KATOOKEUNCQ

z axis valley m = 525, # [m] Yyduetpo
nubuéva/xo LA&dac oTov dfova ePAYUATOC

#

# 6) KAMIYAH TAMIEYTHPA (ANAAYTIKH)

# V(z) = a z"2 + b z + ¢

# - E&0 V gival og [hm™3] koL z og [m].

#

a = 0.00068, b = -7.0881, c = 1846.6, # TUVIEAEOCTIECQ

noAuwviuou V(z) (hm”"3)



z min curve = 525, # [m] EA&XLOTO éVKUPO
z ylLo 10 omolo Begwpesltatl éykupn n KoapmaUAn

#

V_dead hm3 = 0.06, # [hm"3] Nexkpdbg o6ykog (un
EXUETAAAEUOLOC)

V_flood hm3 = 0.28, # [hm"3] TOAnuuuelxkdg O6ykog / reserved
volume

freeboard m = 1.0, # [m] EAeU6epo UYog copaielac mdvwe amd

n péyLorn ot&dun

Ct_al = 3220, Ct bl = 0.88, Ct gl = -0.192,

Cwt_a2 = 0.86, Cwt b2 = 0.885, Cwt g2 = -0.238, Cwt d2 =
0.376,

# 10) OIKONOMIKA (Discount / NPV grid)



# 11) PROFIT FACTOR
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# 12) TIAETMA ZENAPIQN (master scripts)

tproduct seq = seqg(2, 9, by = 0.5),

power seq
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# 13) RANGES ANA ETOZ IIANQ XTO sorted df (evaluate psp)

# EmiAovyn éykupou TUnou epdypatoc (1 amd to 4)

# Aviiotolixlon alpha av& 10mo @epdyUATOQ



alpha <- switch(dam type,

"earthfill"™ = alpha earthfill,
"rockfill" = alpha rockfill,
"CFRD" = alpha CFRD,

"hardfill" = alpha hardfill)

# Av zupper eival NULL, noaipvel tnv tiun tng zmin (reference

level)

zupper use <- 1if (is.null(zupper)) zmin else zupper

# YmoloyLopdg OUVOALKOU pAKouUC aywydv Ltot (ov dev d66nke)

Ltot calc <- vert.dist + horiz.dist + dist.d4dpipe

Ltot use <- if (is.null(Ltot)) Ltot calc else Ltot

# Ymolovyiopdg K2 (av dev d60nke)

if (is.null(K2)) {
ratio <- (D2 / D1)"2
K2 use <- 0.42 * (1 - ratio)
K2 use <- max(0, K2 use)

} else {

K2 use <- K2



# Defaults via Vd ocuvieAeotéc (k,p) ovd t0mo op&yuotoc

defaults <- switch(dam type,

"earthfill" = list(k = 545, p = 1.9),

"rockfill" = list(k = 3.84, p = 3.16),
"CFRD" = list(k = 0.47, p = 3.53),
"hardfill" = list(k = 11.36, p = 2.55)

k use <- 1if (is.null(vd k)) defaults$k else Vd k

p use <- if (is.null(Vd p)) defaults$p else Vd p

# Default year ranges eval (5 &1tn) ov dev db66nxav

if (is.null(year ranges eval)) {
year ranges eval <- list(
3:367,
368:732,
733:1097,
1098:1463,

1464:1828

# Anuioupylia "evialou avIlKeLluévou moupoauéTpwv" (params)



params <- list(

# Baolk& @uoLk&

rho = rho, g = g, eta = eta, v = v,

# otébuec/ulduetpa (yeVIKRY)

zmin = zmin, zupper = zupper use, zlower = zlower,

# veoupetpla ayoydv

D1 = D1, D2 = D2, inclination2 = inclination2,

horiz.dist horiz.dist, vert.dist = vert.dist,

dist.4pipe = dist.4pipe, ks = ks, ks2 = ks2,
K1 = K1, K2 = K2 use,

Ltot = Ltot use,

# xbdotoC

dam type = dam type, alpha = alpha, beta = beta, gamma =
gamma,

overheads factor = overheads factor, contingencies factor
contingencies factor,

om rate hyd civil = om rate hyd civil, om rate electrical
= om rate electrical,

om_years = Om_years,

# 0féon/Beperiwon

site = list(z_axis valley m = z axis valley m),

# kounUAn ToplevuThpa & A€LTOUPY LKA dedouéva

reservoir = list(
a=a, b=Db, ¢c=c,
z min m = z min curve,

V_dead hm3 = V dead hm3,



V_flood hm3

V_flood hm3,
freeboard m = freeboard m

) s

# ouvieAeoTég OYKOU QPAYPATOC

dam volume = list(k = k use, p = p use),

# otabepég OSLbdprelLeg épyou

construction years = construction years,

lifecycle years = om_years,

# ouvieAsotég Ct / Cwt
Ct al = Ct al, Ct bl = Ct bl, Ct gl = Ct g1,

Cwt a2 = Cwt_ a2, Cwt b2 = Cwt b2, Cwt g2 = Cwt g2, Cwt d2
= Cwt_d2,

# olxovoulr& (discount, NPV grid)

discount rate discount rate,

r grid = r grid,

# OUVTIEAEO0TING PEXALOT LKOU KabapoU képdoug amd
ayopanwAnciec evépyeLag

profit factor = profit factor,

# grid tproduct / power

tproduct seq tproduct_ segq,

power seq power seq,

# ranges €10V vyl evaluate psp

year ranges eval = year ranges eval

class (params) <- "project params"



return (params)



compute tpump

compute tpump <- function (tproduct, power MW, params) {

# - Checks -----
if (!is.numeric (tproduct) || length (tproduct)!=1 ||
!'is.finite (tproduct) || tproduct<=0)

stop ("tproduct mpénel va eival OetLxky TLun (dpeg).")

if (!is.numeric(power MW) || length(power MWw) !=1 ||
!is.finite (power MW) || power MW<=0)

stop ("power MW mpémel vo elval SeTixhy Tiun (MW).")

stopifnot (inherits (params, "project params"))

# -——— Required params check -----
required params <- c(
"rho","g","v", "eta",
"zmin", "zupper","zlower",
"D1","D2","inclination2",
"horiz.dist","dist.4pipe",

"kS", "kszll, "Kl", "KZ "

missing <- required params|
!required params %in% names (params) |

sapply (required params, function(x) is.null (params/[[x]])
| !'is.finite(params[[x]]))

if (length(missing) > 0) {
stop (
paste (
"Nelmouv 1) eival un éykupoa T akdAouba params:",
paste (missing, collapse =", "),
"\n- Toéxape 1o make project params()"

) s



call. = FALSE

#$ ————- Params (NO defaults) —-----
rho <- params$rho; g <- params$g; v <- paramsSv

eta gen <- if (!is.null(params$Seta gen)) paramsSeta gen
else paramsS$Seta

eta pump <- if (!is.null (params$Seta pump)) paramsSeta pump
else paramsSeta

zmin <- params$zmin; zupper <- params$Szupper; zlower <-
paramsS$zlower

D1 <- params$Dl; D2 <- params$D2
inclination2 <- params$inclination2
horiz.dist <- paramsS$horiz.dist

dist.4pipe <- params$Sdist.4pipe
# ks, ks2 Adn osg [m]
ks <- params$ks

ks2 <- paramsS$ks2

K1 <- params$Kl1l

K2 <- paramsS$SK2

Pmax <- power MW * le6

H <- zupper - zlower
# o-——- Geometry -----
vert.pipe <- (zmin - zlower) - horiz.dist*inclination2

length.4pipe <- sqgrt(dist.4pipe”2 +
(dist.4pipe*inclination2) "2)

horiz.pipe.Ll.2 <- sqgrt(horiz.dist”2 +
(horiz.dist*inclination2)”2) - length.4pipe



lengthDl1 <- vert.pipe + horiz.pipe.Ll.2

$ ————- Friction (Swamee-Jain) -----

f sj <- function(Re, D, k){
if (!is.finite(Re) || Re <= 0) return(0.08)
if (Re < 2300) return(64/Re)

0.25 / (loglO(k/(3.7*D) + 5.74/(Re”0.9)))"2

# ————- Losses for given Q —-----
losses for Q <- function(Q) {

Al <- pi*D1"2/4

vVl <- Q / Al

Rel <- abs(V1)*Dl/v

f1 <- £ sj(Rel, D1, ks)

Phil <- V172/(2*q)

h main <- f1*(lengthDl1/D1l)*Phil + K1*Phil + 0.5*Phil

Qb <- Q/4

A2 <- pi*D272/4

V2 <= Qb / A2

Re2 <- abs(V2)*D2/v

f2 <- f sj(Re2, D2, ks2)
Phi2 <- V272/(2*q)

h branch <- f2*(length.4pipe/D2)*Phi2 + K2*Phi2

list (h_main=h main, h branch=h branch, V branch=V2)

Hm gen <- function(Q){ L<-losses for Q(Q); H - (L$h_main +
L$h branch) }

Hm pump <- function(Q){ L<-losses for Q(Q); H + (LSh main +
L$h branch) }



Pgen <- function(Q){ Hg<-Hm gen(Q); if (!is.finite(Hg) ||
Hg<=0) return(0); eta gen*rho*g*Q*Hg }

Ppump <- function(Q){ Hp<-Hm pump(Q); if (!is.finite (Hp)
| | Hp<=0) return(Inf); rho*g*Q*Hp/eta pump }

# -——- Feasibility pre-check -----
Qth <- Pmax / (rho*g*H)

Qgrid <- Qth *
c(0.02,0.05,0.1,0.2,0.4,0.6,0.8,1,1.25,1.5,2,3,4,6,8)

Pgen max <- max(sapply(Qgrid, Pgen), na.rm = TRUE)
if (!is.finite(Pgen max) || Pgen max < Pmax*0.999) ({

return(list (tpump=NA real , volume m3=NA real ,
Qprod m3s=NA real ,

Qpump m3s=NA real , Hm prod m=NA real ,
Hm pump m=NA real , Vbranch m s=NA real ,

note="Infeasible generation"))

# ——-——- Root: generation -----

Fgen <- function(Q) Pgen(Q) - Pmax

low <- max(le-8, 0.01*Qth); high <- max (2*Qth, low*2)
s low <- Fgen(low); s high <- Fgen(high); iter <- 0

while (!(is.finite(s low) && is.finite(s_high) &&
s low*s high <= 0) && iter < 80) {

if (!is.finite(s_low) || s low > 0) low <- low/2 else low
<- max(low/2, le-10)

if (!is.finite(s_high) || s _high < 0) high <- high*2 else
high <- high*1.5

if (high > 1le6) break
s low <- Fgen(low); s high <- Fgen(high); iter <- iter + 1

}

Qprod <- uniroot (Fgen, c(low, high), tol = le-7, maxiter =
300) Sroot

Vol <- Qprod * tproduct * 3600



# ---—- Root: pumping -----
Fpump <- function(Q) Ppump(Q) - Pmax
low <- 1le-8; high <- max(2*Qth, 1)

while (is.finite (Fpump (high)) && Fpump(high) < 0 && high <
le6) high <- high*2

Qpump <- uniroot (Fpump, c(low, high), tol = le-7, maxiter =
300) $Sroot

Lp <- losses for Q(Qprod)

Lg <- losses for Q(Qpump)

list(

tpump = Vol / (Qpump * 3600),

volume m3 Vol,

Qprod m3s = Qprod,

Qpump m3s Qpump,

Hm prod m = H - (Lp$h main + LpS$h branch),

Hm pump m = H + (LgSh main + Lg$h branch),
Vbranch m s = Lp$V branch,

note = NA character



compute dam.R

v_to z quadratic <- function(V_hm3, a, b, ¢, z min) {
A <- a; B<-Db; C<-c -V hm3
disc <- B*B - 4*A*C
z <- ifelse(disc < 0, z min, (-B + sqgrt(disc)) / (2*A))

pmax(z, z min)

compute dam <- function (V _useful hm3, params, round crest Opl
= TRUE) {

stopifnot (inherits(params, "project params"))

- Check input -----
if (!is.numeric(V_useful hm3) || length(V useful hm3)!=1 ||
!is.finite(V_useful hm3) || V_useful hm3 < 0) {

stop ("V_useful hm3 mnpémel vo elval aplOunt Lk, Temepacuévn
Tipun oeg [hm"3] (>=0).",

call. = FALSE)
}
# ——-——- Required params check —-----
rz <- paramsS$reservoir

site <- paramsS$site

dv <- params$dam volume

missing <- character (0)

if (is.null (params$zmin) || !is.finite(paramsS$zmin))

missing <- c(missing, "params$zmin")



if (is.null (paramss$dam type) ||
'nzchar (as.character (params$Sdam type)))

missing <- c(missing, "paramsSdam type")

if (is.null(site) || !'dis.list(site) ||

is.null (site$z axis valley m) ||
!is.finite(site$z axis valley m))

missing <- c(missing, "paramsS$site$z axis valley m")

if (is.null(rz) || !is.list(rz)) {
missing <- c(missing, "paramsS$Sreservoir")
} else {

req rz <-
c("a","b","c","z min m","V dead hm3","V flood hm3","freeboard
mll)

for (nm in req rz) {
if (is.null(rz[[nm]]) || !'is.finite(rz[[nm]]))

missing <- c(missing, pasteO ("paramsS$Sreservoir$", nm))

if (is.null(dv) || !is.list(dv) ||
is.null (dv$k) || !is.finite (dvS$k) |
is.null (dvs$p) || !is.finite(dvsSp)) {

missing <- c(missing, "params$dam volumeSk / $Sp")

if (length(missing) > 0) {

stop (
pastel (
"Nelmouv ) gival un éykupo T akdbAouBa params:\n- ",
paste (unique (missing), collapse = "\n- "),

"\n- Toéxkoape 1o make project params()."



)y
call. = FALSE

# --——- Short aliases -----
a <- rzSa; b <- rz$b; c <- rzsSc

zmin curve <- rz$z min m

# 1) KSN amd vekpd OykKo
z dead <- v_to_ z quadratic(rz$V dead hm3, a,b,c, zmin curve)

KSL m <- max(ceiling(z dead), params$zmin)

# 2) ATN
V_oper <- rz$V dead hm3 + V useful hm3

ASL m <- v_to z quadratic(V oper, a,b,c, zmin curve)

# 3) Ttéyn
V_flood total <- V oper + rz$V flood hm3

Z crest <- v_to z quadratic(V_flood total, a,b,c,
zmin curve) + rz$freeboard m

Z crest out <- if (round crest Opl) round(Z crest, 1) else
Z crest

# 4) Yyog ¢epb&ynpoatog

Hf m <- Z crest out - siteS$z axis valley m + 5.0
# 5) Oykog oOUATOC QPAYHATOC

Vd hm3 <- (dv$k * (Hf m ~ dv$p)) / le6

out list <- list(

inputs = list(



dam type = params$dam type,
V_useful hm3 = V useful hm3,

V_dead hm3

rz$V_dead hm3,

V_flood hm3 rz$V_flood hm3,

freeboard m = rzS$freeboard m,
vd k = dv$k,
Vd p = dv$p

) s

levels = list(
KSL m = KSL m,
ASL m = ASL m,

Z crest m = Z crest out

) s

dam = list(

Hf m = round(Hf m, 1),

Vd hm3 = Vd hm3

out df <- data.frame (

dam_ type
V_useful hm3
KSL m

ASL m

Z crest m
Hf m

vVd hm3

check.names

params$dam type,
V_useful hm3,

KSL m,

round (ASL m, 2),
Z crest out,
round (Hf m, 1),
round (Vd_hm3, 3),

FALSE

list(result = out list, table = out df)}



compute total cost

compute total cost <- function(power MW, params,
return details = FALSE) {

stopifnot (inherits(params, "project params"))

# ---- Check input ----
if (!is.numeric (power MW) || length (power MW) != 1 ||
!is.finite (power MW) || power MW <= 0) {

stop ("power MW mpémel vo elval OgT LK, METEPUAOREVDN
apLlunt ikl TLiun (MW).", call. = FALSE)

}

# ---- Required params check ----
required params <- c(
"zupper","zlower", "Ltot",
"Ct al","Ct bl","Ct gl",
"Cwt a2","Cwt b2","Cwt g2","Cwt d2",
"alpha", "beta", "gamma",
"overheads factor","contingencies factor",
"om rate hyd civil","om rate electrical","om years",

"computed dam"

missing <- required params|
!required params %in% names (params) |

sapply (required params, function (x)
is.null (params[[x]]))

]

if (length(missing) > 0) {
stop (
pastel (
"Nelmouv Ta arkdAouba params:\n- ",

paste (missing, collapse = "\n- "),



"\n- Toéxkoape 1O make project params() / computed dam."
),

call. = FALSE

# --—-- Check computed dam presence & contents (STRICT) ----
if (!is.list(paramsScomputed dam)) {

stop ("Nelmel params$computed dam (mpémet vo mpoxUmntel amd
compute dam mpLv TO compute total cost).", call. = FALSE)

}

if (is.null (params$Scomputed dam$Hf m) ||
!is.finite(as.numeric (params$computed dam$Hf m))) {

stop ("Nelmel/un éykupo params$Scomputed damSHf m. Toéxape
1o compute dam().", call. = FALSE)

}

if (is.null (params$Scomputed dam$vVd hm3) ||
!is.finite (as.numeric (paramsScomputed dam$vd hm3))) {

stop ("NelnmeL/un éykupo params$Scomputed dam$Vd hm3. Toékope

to compute dam().", call. = FALSE)
}
# —-——— Eleyxol BaoLlKOV peyebodv —----
H <- params$zupper - params$zlower

Ltot <- paramsS$Ltot

if (!is.finite(H) || H <= 0) stop("Mn éykupo povoustptkd H
and paramsS$Szupper - params$zlower.", call. = FALSE)

if (!is.finite(Ltot) || Ltot <= 0) stop("Mn éykupo Ltot otw
params.", call. = FALSE)

# —--—-- Ct/Cwt coefficients (and params) ----

al <- params$Ct _al; Dbl <- params$Ct bl; gl <- params$Ct gl

a2 <- paramsS$SCwt _a2; b2 <- params$Cwt b2; g2 <-
params$SCwt g2; d2 <- paramsS$Cwt d2



if (any(!is.finite(c(al,bl,gl,a2,b2,g92,d2)))) {

stop ("Mn éykupol ouviedeotég Ct/Cwt ota params. Toékope TO
make project params().", call. = FALSE)

}

# —---- Toupunivoa/Hrextplx& (kEUR) ---- APXH YIIOAOT'ISMQN

Ct kEUR <- al * power MW"bl * H"gl

# ———-— YdpauALkd oUGotnua (KEUR) —----

Cwt kEUR <- 100 * a2 * power MW"b2 * H"g2 * Ltot"d2

# ---- ®pd&ypo (MONO omd computed dam) ----
Hf <- as.numeric (params$Scomputed damSHf m) # [m]

Vd <- as.numeric (params$computed dam$vVd hm3) # [hm"3]

if (!is.finite(Hf) || !is.finite(Vd) || HEf <= 0 || Vvd <= 0)

stop ("Mn é¢éyxupoa HE/Vd ond params$Scomputed dam. Toéxope TO
compute dam().", call. = FALSE)

}

# ———- ZuvieAeoTéqg KOOTOUC QPAYHATOC ——=—-—

alpha <- params$alpha; beta <- params$beta; gamma <-
paramsSgamma

if (any('is.finite(c(alpha, beta, gamma)))) {

stop ("Nelmouv/un éykupa alpha/beta/gamma yvia 10 KOOTOQ
ePAYUXTOC OTa params.", call. = FALSE)

}

# —---- Kbéotocg opdypatog (kEUR) ---—-

Cdam kEUR <- 1000 * alpha * (Hf"beta) * (Vd“gamma)

# ---- Overheads / contingencies (STRICT: omd params) —---—-



overheads factor <- params$overheads factor

contingencies factor <- paramsScontingencies factor

if (any(!is.finite(c(overheads factor,
contingencies factor))) ||

overheads factor <= 0 || contingencies factor <= 0) {

stop ("Mn ¢yxupo overheads factor/contingencies factor ota
params.", call. = FALSE)

}

Cconst kEUR <- (Ct kEUR + Cwt kEUR + Cdam KkKEUR) *
overheads factor

CAPEX MEUR <- (Cconst kEUR / 1000) * contingencies factor

# —-—--— O&M (STRICT: amd params) —----
om rate hyd civil <- params$om rate hyd civil
om rate electrical <- params$om rate electrical

om_years <- params$om years

if (any(!is.finite(c(om rate hyd civil, om rate electrical,
om years))) || om years <= 0) {

stop ("Mn éykupa om rate * 1 om years oTta params.", call. =
FALSE)

}

Cost OM MEUR <- (
om rate hyd civil * (Cwt kEUR + Cdam kEUR) +
om rate electrical * Ct kEUR

) * om years / 1000

annual OM MEUR <- Cost OM MEUR / om years

# ——--- TeAlxkd xkb6oT1OC (MEUR) ---- TENOZ YIIONOT'ISMQN

total MEUR <- CAPEX MEUR + Cost OM MEUR



if

1i

(!return details)

st (

Ct kEUR

Cwt_ kEUR
Cdam_ kEUR
Cconst kEUR
CAPEX MEUR
Cost OM MEUR
annual OM MEUR
total MEUR
om_years

H m

Ltot m

Hf m

vd hm3

Ct kEUR,
Cwt_kEUR,
Cdam_ KkEUR,
Cconst kEUR,
CAPEX MEUR,
Cost OM MEUR,
annual OM MEUR,
total MEUR,
om_years,

H,

Ltot,

Hf,

vd

return (total MEUR)



evaluate psp

evaluate psp <- function (best combo,
params,
annual profit yearsltob5,
r = NULL,

r grid = NULL) {
stopifnot (inherits (params, "project params"))

# ---- small helpers ----
numl <- function (x) suppressWarnings (as.numeric(x) [1])
need <- function(x, name, pos = FALSE) {

v <- numl (x)

if (!is.finite(v)) stop(pastel("Asimei/un éyxkupo: ",
name), call. = FALSE)

if (pos && v <= 0) stop(pastel("Mn éyxrupo (<=0): ", name),
call. = FALSE)
v
}
# ---- required combo fields (strict schema) ----

tprod <- need(best combo$tproduct h,
"best comboS$tproduct h", TRUE)

power <- need(best combo$power MW,
"best combo$power MW", TRUE)

tpump h <- need(best comboS$Stpump h, "best comboS$tpump h",
TRUE)

Vday m3 <- need(best comboS$Vday m3, "best comboS$Vday m3",
TRUE)

Hf m <- need(best combo$Hf m, "best comboS$Hf m",
TRUE)

Vd hm3 <- need(best combo$Vd hm3, "best combo$Vd hm3",
TRUE)

V_useful hm3 <- Vday m3 / leé6



# -——— required params (strict) ----

T constr <- need(params$Sconstruction years,
"params$construction years", TRUE)

T oper <- need(params$lifecycle years,
"params$lifecycle years", TRUE)

if (is.null(r)) r <- need(params$discount rate,
"params$discount rate", TRUE) else r <- need(r, "r", TRUE)

if (is.null(r grid)) r grid <- params$r grid

if (is.null(r_grid) | !is.numeric(r grid) ||

|
any (!is.finite(r grid))) {

stop ("hAelnmeil/un éykupo r grid (argument 5
params$r grid).", call. = FALSE)

}

# --—-- profits (strict: must be provided) ----
profits 1to5 <- as.numeric(annual profit yearsltob)

if (length(profits 1to5) < 1 ||
any(!is.finite(profits 1to5))) {

stop ("Mn évkupo annual profit yearslto5.", call. = FALSE)

}

annual profit <- mean(profits 1to5, na.rm = TRUE)
mean afterb5 <- mean (profits 1to5, na.rm = TRUE)
# -—--- cost (inject computed dam for this combo) ----

params line <- params
params lineScomputed dam <- list(
Hf m = Hf m,

Vd hm3

vd hm3,

V_useful hm3 = V useful hm3



cost det <- compute total cost (power MW = power, params =

params line, return details = TRUE)
CAPEX_MEUR <- Cost_det$CAPEX_MEUR
Cost OM MEUR <- cost det$Cost OM MEUR

annual OM MEUR <- cost det$annual OM MEUR

total cost MEUR <- cost det$Stotal MEUR

# ---- cash flows ----

cf constr <- rep(-(CAPEX MEUR / T constr), T constr)

cf oper <- numeric(T_ oper)
n real <- min(T oper, length(profits 1tob5))
cf oper[l:n real] <- profits 1to5[l:n real] - annual OM MEUR

if (T _oper > n real) cf oper[(n real + 1):T oper] <-
mean after5 - annual OM MEUR

cash flows <- c(cf constr, cf oper)

years cf <- seqg _along(cash flows)

disc <- (1 + r)"(years cf - 1)
npv_fn <- function(rate) sum(cash flows / ((1 +
rate) * (years cf - 1)))

npv_val <- npv_fn(r)

irr <- NA real
suppressWarnings (try ({

irr <- uniroot (function(rr) npv fn(rr), lower = -0.99,
upper = 1.0)S$root

}, silent = TRUE))

cum cf <- cumsum (cash flows)

payback yr <- if (any(cum cf >= 0)) which(cum cf >= 0) [1]
else NA integer



# ---- outputs ----
cashflows df <- data.frame (
EtoC = years cf,
Pory MEUR = round(cash flows, 3),

TwEeUT LKA Pofl MEUR = round(cum cf, 3),

NoapovUoo Aflo MEUR round(cash flows / disc, 3),

Swpevut Lk ITA MEUR

round (cumsum(cash flows / disc), 3),

check.names = FALSE

npv_curve df <- data.frame (

r r grid,

NPV _MEUR

round (sapply(r grid, function(rr) npv fn(rr)),
3)

profits year df <- data.frame(
Etog = pastel ("Etoc ", seq along(profits 1tod)),
Képdog MEUR = round(profits 1to5, 3),

check.names = FALSE

summary df <- data.frame (
HMoapduetpoc = c("Qpeg &vitanong (h)",

"Qoec mapayeoyhs (h)",
"Ioxoug (MW)",
"Vday (m3)",
"Vuseful (hm3)",
"Hf (m)",
"vd (hm3)",
"CAPEX (MEUR)",

"NUvoALKh O&M (MEUR)",



"EtAcLo O&M (MEUR)",
"Méco e€tAcLo Képdog (MEUR)",
"Discount rate (r)",
"NPV (MEUR)",
"IRR (%)",
"Payback (étoq)",
"Al&pke Lo kKaTookeune (étn)",
"ALdpxrela Aeltoupylac (étnm) "),
Tipn = c(
round (tpump_h, 4),
round (tprod, 2),
round (power, 2),
round (Vday m3, 0),
round (V_useful hm3, 4),
round (Hf m, 2),
round (Vd hm3, 4),
round (CAPEX MEUR, 3),
round (Cost OM MEUR, 3),
round (annual OM MEUR, 3),
round (annual profit, 3),
r,
round (npv_val, 3),
if (is.na(irr)) NA real else round(100 * irr,
payback yr,
T constr,
T oper
)/

check.names = FALSE

cost breakdown df <- data.frame (

Suviothoa = c(



"Ct (Toupunivoa + HAexktplxr&) [kEUR]",

"Cwt (YdpauALlxkd oUotnua) [KEUR]",

"Cdam (®p&yupa) [kEUR]",

"Cconst (upe gpyolafird&/overheads) [KEUR]",
"CAPEX (ue amnpdPAenta) [MEUR]",

"SuvoAlkd O&M [MEUR]"™,

"EtfoLo O&M [MEUR]",

"JUvoALlkd Kbotog (CAPEX + 0O&M) [MEUR]"

) s

Tiun = c(
round (cost det$Ct kEUR, 3),
round (cost dets$Cwt kEUR, 3),
round (cost det$Cdam kEUR, 3),
round (cost det$Cconst kEUR, 3),
round (cost det$CAPEX MEUR, 3),

round(cost det$Cost OM MEUR, 3),
round (cost detS$annual OM MEUR, 3),
round (cost detS$total MEUR, 3)

) s

check.names = FALSE

list(
summary df = summary df,
cashflows df = cashflows df,

npv_curve df npv_curve df,

profits year df profits year df,

cost breakdown df cost breakdown df



load and sort rows

load and sort rows <- function(file path, range, keep rows,
day shift = 0L) {

if (!requireNamespace ("readxl", quietly = TRUE)) {

stop ("H BLBAL0ONAKN 'readxl' dev eilval eyroateotnuévn.")

raw _data <- readxl::read excel(file path, range = range)

data <- as.data.frame(raw_data)
data <- datalkeep rows, ]

if (!"HMEPA" %in% names (data)) {

stop ("Aegv Bpébnke oTnAn 'HMEPA'."M)

# Metatpomny HMEPA o0& XOPAKTINPA YLIA ACQEOAEC @ LATEHNO LOU
data$HMEPA <- as.character (data$HMEPA)

data <- data[!is.na(data$HMEPA) & data$SHMEPA != "", ]

rownames (data) <- make.unique (data$HMEPA)

data <- datal[, ! (names(data) == "HMEPA")]

num data <- data[, sapply(data, is.numeric), drop = FALSE]
if (ncol (num data) == 0) {

stop ("Aev un&pxouv «plOUNTLKEC OTIAAEC Via T Lvoéunon.")

# ———-- NEO: KUKALKN petatémnLion wpdv (othieg) pe RB&on 1o
day shift ----

n _hours <- ncol (num data)

day shift <- as.integer (day shift)



if (day shift < OL || day shift >= n hours) {
stop (sprintf (

"day shift mpémetr vo eivatr petafd 0 xal 3d (566nke:

n hours - 1L, day shift

if (day shift != 0L) {
# m.x. ov oL otAAeg eival [B..Y] xaL day shift=1:
# indices: 2..24,1 => C..Y,B
idx <- c((day_shift + 1L):n hours, 1lL:day shift)

num data <- num data[, idx, drop = FALSE]

# —-—-—- Sort oav& ypauph (6nwg mpLv) -—----

sorted data <- t(apply(num data, 1, function(x) sort(x,
decreasing = FALSE, na.last = TRUE)))

sorted data <- as.data.frame (sorted data)

rownames (sorted data) <- rownames (data)

colnames (sorted data) <- paste0("V", l:ncol(sorted data))

return (sorted data)



compute total profit

compute total profit <- function(sorted prices, buy hours,
sell hours, power MW,

params = NULL) {

# - EAeyXol €L0680U ——————=—-
if (!is.data.frame (sorted prices) &&
!is.matrix (sorted prices)) {

stop ("sorted prices mpémeL va gival data.frame 1 matrix.",
call. = FALSE)

}

if (!is.numeric(buy hours) || length(buy hours) !=1 ||
!is.finite(buy hours) || buy hours < 0) {

stop ("buy hours mpémet va eival un apvniLlkdG, MEMEPACUEVOC
apLBudec.", call. = FALSE)

}

if (!is.numeric(sell hours) || length(sell hours) !=1 ||
!is.finite(sell hours) || sell hours < 0) {

stop("sell hours mpémnel va eival un opvnt Lxog,

nenepaopévoc aptbudég.", call. = FALSE)

}

if (!is.numeric(power MW) || length (power Mw) != 1 ||
!is.finite (power MW) || power MW <= 0) {

stop ("power MW mpémel vo eival Oe11KOG, MEMEPAOCUEVOQ
apLbupdéc.", call. = FALSE)

# - profit factor amdé params (default = 1) --------
profit factor <- 1
if (!is.null (params) && is.list(params) &&

!is.null (paramsSprofit factor) &&
is.finite(paramsSprofit factor)) {

profit factor <- as.numeric(params$profit factor)

# -———— MeTatTpomn o¢ numeric matrix + PBaocikol éAsyyxol ---



P <- as.matrix(apply(as.data.frame(sorted prices), 2,
as.numeric))

if (anyNA (P)) stop("Yn&poxouv NA otLq¢ Tluég. Kabdplos 1O
dedouéva mpLlv Tov umnoAoyloud.", call. = FALSE)

n days <- nrow(P)

n _hours <- ncol (P)

# - AL&omaon oKEPALOU/KAAOUAT LKOU ————=—=—=—-
buy full <- floor (buy hours)

buy frac <- buy hours - buy full

sell full <- floor(sell hours)

sell frac <- sell hours - sell full

# Acopbrela o axpaleg TLpéC

if (buy full > n hours) { buy full <- n hours; buy frac <-
0}

if (sell full > n hours) { sell full <- n hours; sell frac

# - ABpotloua ebnvodtepwv (buy) --------
if (buy full > 0) {
buy sum <- rowSums (P[, l:buy full, drop = FALSE])
} else {
buy sum <- numeric(n_days)
}
if (buy frac > 0) {

if (buy full + 1 > n hours) stop("buy hours unmepPaivel 1oV
aplLbupd otnAoev.", call. = FALSE)

buy sum <- buy sum + buy frac * P[, buy full + 1]

- ABpotlopa axpLPodTepwv (sell) --—-----

if (sell full > 0) {



sell idx <- (n_hours - sell full + 1):n hours
sell sum <- rowSums (P[, sell idx, drop = FALSE])
} else {
sell sum <- numeric(n days)
}
if (sell frac > 0) {
idx <- n hours - sell full

if (idx < 1) stop("sell hours unepfailvel Tov apLOpd
otnAd®v.", call. = FALSE)

sell sum <- sell sum + sell frac * P[, idx]

e Hpepnolto kb6otoG/é00da KUl KEPSOG —=————=——-
cost vec <- buy sum * power MW
revenue vec <- sell sum * power MW

daily profit <- revenue vec - cost vec

# Clamp opvnT LK)V (undbeon: dev Aeltoupyel og (nuioydveg
peEpeqg)

daily profit[daily profit < 0] <- 0

# EtfcLo képdog (EUR) * OUVTEAEOTAC

total profit EUR <- sum(daily profit) * profit factor

return (total profit EUR / le6) # oe MEUR



master script 24hours

# MAIN — 24wpo ue onacIéc wpeg (Grid + OLxkOVORLKA ovAAUOCH)

options (stringsAsFactors = FALSE, scipen = 99)

 ———— 1) ®OpTwON OUVAPTHCEWY ———-—
root <- "C:/Users/user/Desktop/AININOMATIKH"

src _base <- file.path(root, "tpump p calc params")

deps <- c(
file.path(root, "make project params.R"),
file.path(root, "compute dam.R"),
file.path(src base, "load and sort rows.R"),
file.path(root, "compute tpump.R"),
file.path(src base, "compute total profit.R"),
file.path(root, "compute total cost.R"),

file.path(root, "evaluate psp.R")

invisible (lapply (deps, function (f) {

if (!file.exists(f)) stop(sprintf ("Aeimer: %s", f))
suppressMessages (suppressWarnings (source (£, encoding = "UTF-
8")))
1))
# ---- 2) Params ----
params <- make project params (dam type = "CFRD",
)
# And mbdéoecg dpec va “Eexlvdel” OewpnT k& n pépa (0 = dnwc

Thpa, B..Y)



# 0=B..Y, 1=C..Y,B, 2 =D..Y,B,C,

params$day shift <- 0L

# -———- 3) El{codolL DAM (A = HMEPA, B..Y = 24 @peg) --—-—-
dam path <- file.path(root, "dam gia ergasia.xlsx")
dam range <- "A2:Y1981" # meplAouPével HMEPA + 24
bpec

dam keep rows <- 154:1981

sorted df <- load and sort rows(

file path = dam path,

range dam range,

keep rows dam keep rows,

day shift = params$day shift

# ---- Helpers: profit av& étoc¢ (MEUR) & profit Setloag (MEUR)

profit yearslto5 <- function(sorted prices, buy hours,
sell hours, power MW, params) {

df <- sorted prices

n <- nrow(df)

year idx list <- params$Syear ranges_eval

if (is.null(year idx list) || !length(year idx list))
stop ("params$Syear ranges eval elval NULL/xevd.")

profits <- numeric(0)
for (idx in year idx list) {
11 <- idx[idx >= 1 & idx <= n]
if (!'length(ii)) {
profits <- c(profits, NA real )

next



dyy <- df[ii, , drop = FALSE]
val <- try(

compute total profit(

sorted prices dyy,

buy hours buy hours,

sell hours = sell hours,
power MW = power MW,
params = params

),
silent = TRUE
)

v <- if (inherits(val, "try-error")) NA real else
suppressWarnings (as.numeric(val) [1])

profits <- c(profits, v)
}

profits

profit sum 5y <- function(sorted prices, buy hours,
sell hours, power MW, params) {

prof5 <- profit yearslto5(sorted prices, buy hours,
sell hours, power MW, params)

sum (prof5, na.rm = TRUE)

# -—--- IRR helper: (diL0 “poviéro” cashflows pe evaluate psp --

compute irr from cashflows <- function (CAPEX MEUR,
annual OM MEUR, profits 1lto5 MEUR, params) {

if (!is.finite(CAPEX_MEUR) | CAPEX MEUR <= 0)
return (NA real )

if (!is.finite(annual OM MEUR) || annual OM MEUR < 0)
return (NA real )

if (is.null(profits 1to5 MEUR) ||
!length (profits 1to5 MEUR)) return(NA real )



T constr <- if (!is.null(params$construction years))
params$construction years else 5

T oper <- if (!is.null(params$lifecycle years))
params$lifecycle years else params$om years

if (!is.finite(T constr) || T constr < 1) return(NA real )

if (!is.finite(T oper) || T oper < 1) return(NA real )

profits 1to5 MEUR <- as.numeric(profits 1to5 MEUR)
mean after5 <- mean(profits lto5 MEUR, na.rm = TRUE)

if (!is.finite(mean after5)) return(NA real )

cf constr <- rep(-(CAPEX MEUR / T constr), T constr)

cf oper <- numeric(T_ oper)
n real <- min(T oper, length(profits 1to5 MEUR))

if (n_real > 0) cf oper[l:n real] <-
profits 1to5 MEUR[1l:n real] - annual OM MEUR

if (T oper > n real) cf oper[(n real + 1):T oper] <-
mean after5 - annual OM MEUR

cash flows <- c(cf constr, cf oper)

years cf <- seqg along(cash flows) - 1

npv_fn <- function(r) sum(cash flows / ((1 + r)“years cf))

# robust bracket search

grid r <- c(seq(-0.9, 0.5, by = 0.05), seq(0.6, 2.0, by =
0.1))

vals <- sapply(grid r, npv_fn)
ok <- is.finite(vals)

if (sum(ok) < 2) return(NA real )



rr <- grid rlok]; vv <- vals[ok]
sgn <- sign (vv)
chg <- which(sgn[-1] * sgn[-length(sgn)] < 0)

if (!length(chg)) return(NA real )

lo <= rrichg[l]]

hi <- rr[chg[l] + 1]

out <- try(uniroot(npv fn, interval = c(lo, hi)) $root,
silent = TRUE)

if (inherits(out, "try-error")) return(NA real )

out

# ---- 4) INAéypa —---—

tproduct seq <- if (!is.null (params$tproduct seq))
paramsStproduct seq else seqg(2, 9, by = 0.5)

power seq <- if (!is.null (params$power seq))
params$power seq else seq (100, 1000, by = 10)
# --—- 5) Grid ----

Ntot <- length (tproduct seq) * length (power seq)
rows <- vector("list", Ntot)

k <= 1L

for (tprod in tproduct seq) {

for (P in power seq) {

# —-—-— YOopoauALlx&: compute tpump —--

tp res <- try(compute tpump (tproduct = tprod, power MW =
P, params = params), silent = TRUE)

tpump h <- NA real

Vday m3 <- NA real



if (!inherits(tp res, "try-error") && is.list(tp res)) {

if (!is.null(tp resStpump)) tpump h <-
suppressWarnings (as.numeric (tp resStpump) [1])

if (!is.null(tp res$Svolume m3)) Vday m3 <-
suppressWarnings(as.numeric(tp_res$volume_m3)[1])

}

# ov amotUxel, xp&ta NA Kol IpOXOpPX

if (!is.finite(tpump h) || tpump h <= 0 ||
!is.finite(Vday m3) || Vday m3 <= 0) {

rows[[k]] <- list(

tproduct h=tprod, power MW=P, tpump h=NA real ,
Vday m3=NA real ,

V_useful hm3=NA real , KSL m=NA real , ASL m=NA real ,
Z crest m=NA real ,

Hf m=NA real , Vd hm3=NA real , profit MEUR=NA real ,
cost MEUR=NA real , irr=NA real

)
k <- k + 1L

next

# --- Ppb&ypa: compute dam yLa 1OV WQEALPO nuepnoLlo OykKo —-

V_useful hm3 <- Vday m3 / le6

dam out <- try(compute dam(V_useful hm3, params), silent =
TRUE)

if (inherits(dam out, "try-error")) {
rows[[k]] <- list(

tproduct h=tprod, power MW=P, tpump h=tpump h,
Vday m3=Vday m3,

V_useful hm3=V useful hm3, KSL m=NA real ,
ASL m=NA real , Z crest m=NA real ,

Hf m=NA real , Vd hm3=NA real , profit MEUR=NA real ,
cost MEUR=NA real , irr=NA real

)



k <- k + 1L

next
}
KSL m <- dam outS$resultSlevels$SKSL m
ASL m <- dam outS$resultSlevels$SASL m

Z crest m <- dam outSresult$levels$Z crest m

Hf m <- dam outS$resultSdamSHf m
vd hm3 <- dam out$resultS$Sdam$Vvd hm3
# —--- Képdoc (MEUR) — ZYNOAIKO 5egtiag ---

profit val <- profit sum 5y (

sorted prices = sorted df,
buy hours = tpump h,
sell hours = tprod,
power MW = P,
params = params
)
# --- Kbéotoc (MEUR) + breakdown (CAPEX, annual 0O&M, total)

params_ line <- params
params_ lineScomputed dam <- list(
KSL m = KSL m,

ASL m = ASL m,

Z crest m Z crest m,

Hf m

Hf m,

vd hm3

vd hm3,

V_useful hm3 = V useful hm3

cost det <- try(compute total cost(power MW = P, params =
params line, return details = TRUE), silent = TRUE)



if (inherits(cost det, "try-error")) {
rows[[k]] <- list(

tproduct h=tprod, power MW=P, tpump h=tpump h,
Vday m3=Vday m3,

V_useful hm3=V useful hm3, KSL m=KSL m, ASL m=ASL m,
Z crest m=Z crest m,

Hf m=Hf m, Vd hm3=vVd hm3, profit MEUR=profit val,
cost MEUR=NA real , irr=NA real

)
k <- k + 1L

next

CAPEX_MEUR <- COSt_det$CAPEX_MEUR
annual OM MEUR <- cost det$Sannual OM MEUR

total cost MEUR <- cost det$total MEUR

# -—-— IRR (cashflows, (dL0 poviéro pe evaluate psp) ---

profits 1to5 <- profit yearsltob5(sorted prices =
sorted df,

buy hours = tpump h,
sell hours = tprod,

power MW = P, params =

params)

irr val <- compute irr from cashflows (

CAPEX MEUR = CAPEX MEUR,

annual OM MEUR annual OM MEUR,

profits 1to5 MEUR profits 1to5,

Pparams = params

rows[[k]] <- list(

tproduct h tprod,

power MW P,



tpump h

Vday m3

V_useful hm3

KSL_ m
ASL m

Z crest m
Hf m

vd hm3
profit MEUR
cost MEUR
irr

k <- k + 1L

tproduct h
power MW =
tpump h =

Vday m3 =

V_useful hm3
KSL m =
ASL m =
Z crest m =
Hf m =
vVd hm3 =
profit MEUR =
cost MEUR =

irr =

tpump h,

Vday m3,

V_useful hm3,
= KSL m,

= ASL m,

= Z crest m,

= Hf m,

vd hm3,

profit val,

total cost MEUR,

= irr val

grid <- data.frame (

sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,

sapply (rows,

"tproduct h"),
"power MW"),
"tpump h"),
"Vday m3"),

"V _useful hm3"),
"KSL m"),

"ASL m"),

"Z crest m"),
"Hf m"),

"vd hm3"),
"profit MEUR"),
"cost MEUR"),

"irr")



gridSnet MEUR <- with(grid, profit MEUR - cost MEUR)

gridSratio PC <- with(grid, ifelse(is.finite(cost MEUR) &
cost MEUR > 0, profit MEUR / cost MEUR, NA real ))

# ZtpoyyulonolAoeLC
gridStproduct h <- round(grid$tproduct h, 2)
gridStpump h <- round(gridStpump h, 4)

gridSprofit MEUR <- round(grids$profit MEUR, 3)

gridS$cost MEUR <- round(grid$cost MEUR, 3)
gridSnet MEUR <- round(grids$net MEUR, 3)
gridsvday m3 <- round(gridsvday m3, 2)

gridsVv_useful hm3 <- round(gridsSV_useful hm3, 4)

gridSHf m <- round(grid$Hf m, 1)
gridsvd hm3 <- round(grids$vd hm3, 3)
gridSratio PC <- round(gridS$ratio PC, 4)
gridSKSL m <- round(grid$KSL m, 2)
gridSASL m <- round(grid$ASL m, 2)
grid$Zz crest m <- round(grid$Z crest m, 1)
grid$irr <- round(grid$irr, 6)

# ——-- 6) EmiAoyh BEATLOTOU OUVOUNOHOU ——--
criterion <- "ratio"™ # "ratio" 1# "net"

idx best <- if (criterion == "ratio") {

which.max (ifelse(is.finite(gridS$ratio PC), grid$ratio PC, -
Inf))

} else {

which.max (ifelse(is.finite(gridSnet MEUR), grid$net MEUR, -
Inf))

}

best row <- grid[idx best, , drop = FALSE]

# ———= 7)) Képdn Setlac avd étoC¢ via 1OV BEATLOTO ——--—
profits5 best <- profit yearslto5(

sorted prices = sorted df,



buy hours = as.numeric (best rowStpump h),

sell hours as.numeric (best rowStproduct h),

power MW = as.numeric (best rowSpower MW),
params = params

)

# --—-- 8) OLxovoulxn av&Aiuon pe evaluate psp ----

fin <- evaluate psp(

best combo best row,

params = params,

annual profit yearsltob = profits5 best

# ———-— 9) Excel (2 @UAAA) —--—-—
if (!requireNamespace ("openxlsx", quietly = TRUE)) {

stop ("NelmetL 1o makéTo 'openxlsx'. Eykatéoinoé 10 ueg
install.packages ('openxlsx').")

}

suppressMessages (library (openxlsx) )

# ®UAN0 1: AmoteAéopata (full grid)
out df <- grid[, c(
"tpump h","tproduct h","power MW",
"profit MEUR", "cost MEUR","net MEUR","ratio PC","irr",
"Vday m3","V _useful hm3","vd hm3",
"KSL m","ASL m","Z crest m","Hf m"
)]
names (out df) <- c(
"Qpeg &Gvtanong (h)",
"Qpec mapayeyne (h)",
"IoxUc (MwW)",
"SUVOALkSO Képdog Setlag (MEUR)",

"SUuvoALlkd Kbébotog (MEUR) ",



"Alogpop& (MEUR) "™,
"Képdog/Kbotog",
"IRR",

"V_nuépac (m3)",
"V_oeéritpo (hm3)",
"vd epdypatoc (hm?3)",
"KZA (m)",

"AZA (m)",

"StéyYn (m)",

"Hf (m) "

wb <- createWorkbook ()

addWorksheet (wb, "AmoteAéouoata")

headerStyle <- createStyle (textDecoration = "bold", halign
"center", border = "Bottom")

numStyle3 <- createStyle (numFmt = "#,##0.000")

numStyle2 <- createStyle (numFmt = "#,##0.00")

numStylel <- createStyle (numFmt = "4#,##0.0")

writeData (wb, "AmoteAéopata", out df, headerStyle =
headerStyle, withFilter = TRUE)

addStyle (wb, "AmoteAéouata", numStyle3, rows =
2: (nrow (out_df)+1), cols = c(4,5,6,7,8), gridExpand = TRUE)

addStyle (wb, "AmoteAéouata", numStyle2, rows =
2: (nrow (out df)+1), cols = ¢(9,10), gridExpand = TRUE)

addStyle (wb, "AmoteAéouata", numStylel, rows =
2: (nrow(out df)+1), cols = c(15), gridExpand = TRUE)

freezePane (wb, "AnoteAéopata", firstActiveRow = 2)
setColWidths (wb, "AmoteAéopata", cols = l:ncol (out df),

widths =
c(l8,18,12,24,18,16,14,10,18,16,16,10,10,10,10))

# ®UAN0 2: OLxovoulkh oavdiuon (best)

addWorksheet (wb, "Oilxovouixy avéiuon")



writeData (wb, "OLxkovoulxky av&iuvuon", "IUvoyn", startRow = 1,
startCol = 1)

writeData (wb, "Oitxovouixn avé&iuvon", finSsummary df, startRow =
2, startCol = 1, headerStyle = headerStyle)

start row cost <- nrow(fin$summary df) + 4

writeData (wb, "OLlxrovoulxry avd&iuvuon", "Av&Aiuon xkdéotoucg",
startRow = start row cost, startCol 1)

writeData (wb, "Oitxovouixf avéivon", finScost breakdown df,

startRow = start row cost + 1, startCol = 1,
headerStyle = headerStyle)

start row profits <- start row cost + 3 +
nrow (fin$cost breakdown df)

writeData (wb, "Oikovoulxn avéiuon", "Képdn oavd& étog", startRow
= start row profits, startCol = 1)

writeData (wb, "Otxovoptxf avé&iuvon", finSprofits year df,

startRow = start row profits + 1, startCol =1,
headerStyle = headerStyle)

writeData (wb, "OLxkovoulky avd&iuon", "Cash Flows", startRow =
1, startCol = 5)

writeData (wb, "Oitxovoptxf avé&ivon", finScashflows df, startRow
= 2, startCol = 5, headerStyle = headerStyle)

writeData (wb, "OLxkovoulky avdiuon", "NPV vs Discount Rate",
startRow = 1, startCol = 11)

writeData (wb, "Oitxovoptxf avé&ivon", finSnpv curve df, startRow
= 2, startCol = 11, headerStyle = headerStyle)

addStyle (wb, "Oixkovoulxy ova&iuon",
createStyle (textDecoration="bold"),
rows = c¢(1l, start row cost, start row profits, 1, 1),
cols = c¢(1, 1, 1, 5, 11),

gridExpand = TRUE)



setColWidths (wb, "Otxkovoulkh ov&Aiuvuon", cols = 1:20, widths =
18)

freezePane (wb, "Olkovoulky avaiuvon", firstActiveRow = 2)

out path <- file.path(src base,
"AnoteAéouata true CFRD1.xlsx")

suppressMessages (saveWorkbook (wb, out path, overwrite = TRUE))

cat ("BéAtLo0TOCQ (RKpLThplLO:", criterion, ") :\n");
print (best row)

cat ("Apxelo amobnkeGtnke oto:\n", out path, "\n")



load and sort rows 48
load and sort rows 48 <- function(file path, range, keep rows,

decreasing = FALSE, na last =
TRUE) {

if (!'requireNamespace ("readxl", quietly = TRUE)) {

stop ("H BLRAL0OAKN 'readxl' dev eival eyrateotnuévn.")
}
if (!file.exists(file path)) {

stop (sprintf ("To apxelo dev Bpédnke: $s", file path))
}

if (!is.numeric(keep rows) || any(keep rows %% 1 != 0)) {

stop ("To keep rows mnpémel vo eival axépalol delxteg
vypoauuodv (tou data frame peté to read excel).")

}

# Atap&loupe 1O range (n 1n ypouun tou range givoal header
AOyw col names=TRUE)

raw_data <- readxl::read excel (file path, range = range,
col names = TRUE)
data <- as.data.frame(raw data, stringsAsFactors = FALSE)

n0 <- nrow(data)
if (n0 == 0) stop("To e€Upoc¢ (range) eméctpePe 0 ypouuég.")
if (min(keep rows) < 1 || max(keep rows) > n0) {

stop (sprintf ("keep rows ex16¢ oplwv (1l..%d). Ad6nkxe:
[3d..%d]", n0, min(keep rows), max(keep rows)))

}

# Kpoatdue 1L¢ (ntovUueveg ypaupéc ME TH TEIPA mou dilvelg
data <- datalkeep rows, , drop = FALSE]

if (nrow(data) < 2) stop("Xpel&lovial TOUAXXLOTOV 2 YVPUUUEQ
via va oxnuatiotel 48wpo.")

if (nrow(data) %% 2 == 1) {

warning ("llept116C aplOUdC ypouudv: n teievtala 6o ayvonbel
Vi va oxnuatitotouv (eguydploa.™)



data <- data[-nrow(data), , drop = FALSE]

# Helper: pertarpomnn keLluévou o¢ numeric (rkoéupo—tedela,
apailpeon X LAL&DWV)

to numeric if possible <- function(x) {

if (is.numeric(x)) return (x)
if (is.logical(x)) return(as.numeric(x))
if (is.character(x)) {

x2 <- gsub("\\.", "", x, fixed = FALSE)
x2 <- gsub(",", ".", x2, fixed = TRUE)
suppressWarnings (as.numeric (x2))

} else {

suppressWarnings (as.numeric (x))

out list <- list()

row names <- character ()

# Smbue oe dLadox Llk& (euvydpla: (1&2), (3&4),
for (i in seqg(l, nrow(data), by = 2)) {

block <- datafi: (i+1l), , drop

Il
g
>
=
n
™

# dtib&yxvoune label and 1n othAn HMEPA (av und&pxel)
if ("HMEPA" $in% names (block)) {
day labels <- as.character (block$SHMEPA)

row_names <- c(row_names, pasteO(day labels[1l], " - ",
day labels([2]))

block <- block[, names(block) != "HMEPA", drop = FALSE]
} else {

row names <- c(row names, sprintf("Pair %d-%d", i, i+1))



# Kpoatdue pdévo aplbuntLlkéc othAec (petatpénmoviag Omou
xpet&letal)

block num <- as.data.frame (lapply (block,
to numeric if possible), stringsAsFactors = FALSE)

num cols <- sapply(block num, is.numeric)

if (!any(num cols)) stop("Aev undpxouv aplBUntLKEG OTNHAEG
vioa Taéivoéunon.")

block num <- block num[, num cols, drop = FALSE]

# Eedlmiopa 2 nuepdv oe 1 didvuopa kol Tof Lvounon
(Onvé—axrp L P& av decreasing=FALSE)

vec <- as.numeric(t(block num)) # mpdta ot tTLpéc tng 1Ing
pepag, petd Ing 2ng

vec sorted <- sort(vec, decreasing = decreasing, na.last =

na last)

# Mio ypouprn pe V1..V48 () doec TLpéc mpokUyouv)

df row <- as.data.frame (t (vec sorted), stringsAsFactors =
FALSE)

colnames (df row) <- pasteO("V", seq len(ncol(df row)))

out list[[length(out list) + 1]] <- df row

out df <- do.call(rbind, out list)

rownames (out df) <- row names

out df



compute total profit 48

compute total profit 48 <- function(sorted prices, buy hours,
sell hours, power MW, params) {

# MetaTpom)) wpdv og axképalo + rA&ouw
buy full <- floor (buy hours)

buy frac <- buy hours - buy full
sell full <- floor(sell hours)

sell frac <- sell hours - sell full

n pailrs <- nrow(sorted prices)

total profit <- 0

for (pair in 1:n pairs) {
prices <- as.numeric(sorted prices[pair, ])
prices <- prices[is.finite(prices)]
n _hours <- length(prices)

if (n_hours == 0) next

# —--- Amoopuyn overlap (un dimiopetpdue (diec dpeg) ---

# Av (ntdue neplLoodTepeq OUVOALKRA Gpec amd doeg undpyxouv,
k6Bouue and 10 sell.

max sell full <- max(0, n hours - buy full)

if (sell full > max sell full) sell full <- max sell full

# Av kot T OUo éxouv xAdopa KAI axplPodc "xkouupndvouv"
(m.x. buy full + sell full == n hours),

# 161e amopeUyouue oUyKpouon oto (dito "emdbuevo" keAl,
undevifoviag éva xAdopa (mpoTlpd vo xk6fw 1o sell frac).

if (buy frac > 0 && sell frac > 0 && (buy full +
sell full) >= n hours) {

sell frac <- 0

# —-—-- Kbéotog (ayopég oTLCg 0Onvodtepeg TLpég) —---



cost sum <- 0
if (buy full > 0) {
cost sum <- cost sum + sum(prices[l:buy full])
}
if (buy frac > 0 && (buy full + 1) <= n hours) {
cost sum <- cost sum + buy frac * prices[buy full + 1]
}

cost of pair <- cost sum * power MW

# —-—-- Ecoda (HwAHoelC OTLC arplLPdOTepeg TLUéQ) ——-—
revenue sum <- 0
if (sell full > 0) {

revenue sum <- revenue sum + sum(prices[(n hours -

sell full + 1):n hours])
}
if (sell frac > 0 && (n _hours - sell full) >= 1) {

revenue sum <- revenue sum + sell frac * prices[n hours
- sell full]

}

revenue of pair <- revenue sum * power MW

# —-- Kobapd xépdog leUyoug —-—-
pair profit <- revenue of pair - cost of pair

if (pair profit < 0) pair profit <- 0 # xbéping ov dev o
evdLlapépouv apvnt LK& (eUyn

total profit <- total profit + pair profit

# Epopuoyr) ouvieAeotl) peadlopoU (profit factor m.x. 0.85)
OTO OUVOALKSO KépdoCg

total profit <- total profit * params$profit factor

# Emiotpépouns og MEUR

return (total profit / le6)}



master script 48hours

# MAIN — 48wpo (leUyn 2 nuepdv) ue omoactéc dpeg (Grid +
OLkovou Lk av&iuon)

options (stringsAsFactors = FALSE, scipen = 99)

# ———— 1) ®6pTwON OUVAPTHOEWY ———-—
root <- "C:/Users/user/Desktop/AININOQMATIKH"

src_base <- file.path(root, "tpump p calc48h params")

deps <- c(
file.path(root, "make project params.R"),
file.path(root, "compute dam.R"),

file.path(src base, "load and sort rows 48.R"), # <--
48h

file.path(root, "compute tpump.R"),

file.path(src base, "compute total profit 48.R"), # <--
48h

file.path(root, "compute total cost.R"),

file.path(root, "evaluate psp.R")

invisible (lapply (deps, function (f) {

if (!file.exists(f)) stop(sprintf ("Aelmer: %s", f))
suppressMessages (suppressWarnings (source (f, encoding = "UTF-
8")))
1))
# ---- 2) Params ----
params <- make project params (dam type = "earthfill")
# -———- 3) ElcodoL DAM (A = HMEPA, B..Y = 24 Qpeg) -> 6a yivouv

48wpa (elGyn —---—-—

dam path <- file.path(root, "dam gia ergasia.xlsx")



dam range <- "A2:Y1983"

dam keep rows <- 154:1981

sorted df <- load and sort rows 48 (

file path = dam path,
range = dam_range,
keep rows = dam keep rows,
decreasing = FALSE,
na last = TRUE
)
cat ("48wpa CeUyn (ypaupéc) :", nrow(sorted df), " | Tipéc avd

(eUyog (otnAecg):", ncol(sorted df), "\n")

if (anyNA(sorted df)) message ("llpocoxh: uvn&pxouv NA oTLGC
TLpéc.")

# —--—-- Helpers: profit av& étoc¢ (MEUR) & profit Setloac (MEUR)

profit yearslto5 <- function(sorted prices, buy hours,
sell hours, power MW, params) {

df <- sorted prices

n <- nrow/(df)

year idx list <- params$year ranges eval
if (is.null(year idx list) || !length(year idx list)) {
# fallback oce 5 (oo xouudtia
base <- floor(n / 5)
extra <- n - base * 5
sizes <- rep(base, 5)

if (extra > 0) sizes[l:extra] <- sizes[l:extra] + 1

year idx list <- vector("list", 5)
start <- 1

for (k in 1:5) {



end <- start + sizes[k] - 1
year idx list[[k]] <- start:end
start <- end + 1
}
} else {
mx <- suppressWarnings (max (unlist (year idx list)))
if (!is.finite(mx) || mx > n) {

# fallback oe 5 (oo xoppdtia (yiati ta 24h ranges dev
xwpbdve ota 48h pairs)

base <- floor(n / 5)
extra <- n - base * 5
sizes <- rep(base, 5)

if (extra > 0) sizes[l:extra] <- sizes[l:extra] + 1

year idx list <- vector("list", 5)
start <- 1
for (k in 1:5) {
end <- start + sizes[k] - 1
year idx list[[k]] <- start:end

start <- end + 1

profits <- numeric(0)
for (idx in year idx list) {
11 <- didx[idx >= 1 & idx <= n]
if (!'length(ii)) {
profits <- c(profits, NA real )
next
}
dyy <- df[ii, , drop = FALSE]

val <- try(



compute total profit 48(

sorted prices = dyy,

buy hours buy hours,

sell hours sell hours,

power MW = power MW,
params = params
),
silent = TRUE
)
v <- 1f (inherits(val, "try-error")) NA real else

suppressWarnings (as.numeric(val) [1])
profits <- c(profits, wv)
}

profits

profit sum 5y <- function(sorted prices, buy hours,
sell hours, power MW, params) {

prof5 <- profit yearslto5(sorted prices, buy hours,
sell hours, power MW, params)

sum(profb5, na.rm = TRUE)

# -—-- IRR helper: (di10 “poviéro” cashflows ue evaluate psp --

compute irr from cashflows <- function (CAPEX MEUR,
annual OM MEUR, profits 1lto5 MEUR, params) {

if (!is.finite(CAPEX MEUR) || CAPEX MEUR <= 0)
return (NA real )

if (!is.finite(annual OM MEUR) || annual OM MEUR < 0)
return (NA real )

if (is.null(profits 1to5 MEUR) ||
!length (profits 1to5 MEUR)) return(NA real )

T constr <- if (!is.null(params$construction years))
paramsS$Sconstruction years else 5



T oper <- if (!is.null(params$lifecycle years))

params$lifecycle years else params$Som years
if (!is.finite(T constr) || T constr < 1) return(NA real )
if (!is.finite(T oper) || T oper < 1) return(NA real )

profits 1to5 MEUR <- as.numeric(profits 1to5 MEUR)
mean after5 <- mean(profits 1to5 MEUR, na.rm = TRUE)

if (!is.finite(mean afterd)) return(NA real )

cf constr <- rep(-(CAPEX MEUR / T constr), T constr)

cf oper <- numeric (T oper)
n real <- min(T oper, length(profits 1to5 MEUR))

if (n_real > 0) cf oper[l:n real] <-
profits 1to5 MEUR[1l:n real] - annual OM MEUR

if (T oper > n real) cf oper[(n real + 1):T oper] <-
mean after5 - annual OM MEUR

cash flows <- c(cf constr, cf oper)

years cf <- seg along(cash flows) - 1

npv_fn <- function(r) sum(cash flows / ((1 + r)“years cf))

grid r <- c(seq(-0.9, 0.5, by = 0.05), seqg(0.6, 2.0, by =
0.1))

vals <- sapply(grid r, npv_fn)
ok <- is.finite(vals)

if (sum(ok) < 2) return(NA real )

rr <- grid rlok]; vv <- vals[ok]
sgn <- sign (vv)
chg <- which(sgn[-1] * sgn[-length(sgn)] < 0)

if (!length(chg)) return(NA real )



lo <= rr[chg[l]]

hi <- rr[chg[l] + 1]

out <- try(uniroot(npv fn, interval = c(lo, hi)) Sroot,
silent = TRUE)

if (inherits(out, "try-error")) return(NA real )

out

tproduct seqg <- if (!is.null (params$tproduct seq))
paramsS$tproduct seq else seqg(4, 18, by = 1)

power seq <- if (!is.null (params$power seq))
paramsS$Spower seq else seq(100, 1000, by = 10)

# -——— 5) Grid ----
Ntot <- length(tproduct seq) * length (power seq)
rows <- vector("list", Ntot)

k <- 1L

pb <- utils::txtProgressBar (min = 0, max = Ntot, style = 3)

step <- 0L

for (tprod in tproduct seq) {

for (P in power seq) {

# Defaults (dote NOTE va unv (nthoel variable mou d&v
un&pxel)

tpump h <- NA real

Vday m3 <- NA real

V_useful hm3 <- NA real

KSL m <- ASL m <- Z crest m <- Hf m <- Vd hm3 <- NA real



profit val <- NA real
total cost MEUR <- NA real

irr val <- NA real

CAPEX MEUR <- NA real

annual OM MEUR <- NA real

# -——- YdpauAilk&: compute tpump ---
tp res <- try(compute tpump (tproduct = tprod, power MW =
P, params = params), silent = TRUE)
if (!inherits(tp res, "try-error") && is.list(tp res)) {
if (!is.null(tp resS$Stpump)) tpump h <-

suppressWarnings (as.numeric (tp res$tpump) [1])

if (!is.null(tp res$volume m3)) Vday m3 <-
suppressWarnings(as.numeric(tp_res$volume_m3)[1])

}

# Av dev PBynke tpump/volume -> ypdye NA row KoL OUVEXLOE

if (!is.finite(tpump h) || tpump h <= 0 ||
!is.finite(Vday m3) || Vday m3 <= 0) {
rows[[k]] <= list(

tproduct h=tprod, power MW=P, tpump h=tpump h,
Vday m3=Vday m3,

V_useful hm3=V useful hm3, KSL m=KSL m, ASL m=ASL m,
Z crest m=Z crest m,

Hf m=Hf m, Vd hm3=vVd hm3, profit MEUR=profit val,
cost MEUR=total cost MEUR, irr=irr val

)

k <- k + 1L; step <- step + 1L;
utils::setTxtProgressBar (pb, step)

next

# --- Ppbypo: compute dam ---



V_useful hm3 <- Vday m3 / leé6

dam out <- try(compute dam(V_useful hm3, params), silent
TRUE)

if (!inherits(dam out, "try-error")) {
KSL m <- dam outS$resultSlevels$SKSL m
ASL m <- dam outSresultSlevels$SASL m

Z crest m <- dam outSresult$levels$Z crest m

Hf m <- dam outS$result$SdamSHf m
vd hm3 <- dam out$resultS$Sdam$Vvd hm3
} else {

rows[[k]] <- list(

tproduct h=tprod, power MW=P, tpump h=tpump h,
Vday m3=Vday m3,

V_useful hm3=V useful hm3, KSL m=KSL m, ASL m=ASL m,
Z crest m=7Z crest m,

Hf m=Hf m, Vd hm3=vVd hm3, profit MEUR=profit val,
cost MEUR=total cost MEUR, irr=irr val

)

k <- k + 1L; step <- step + 1L;
utils::setTxtProgressBar (pb, step)

next

# —--- Képdocg (MEUR) — ZYNOAIKO 5etioag ---
profit val <- try(

profit sum 5y (

sorted prices = sorted df,
buy hours = tpump h,
sell hours = tprod,
power MW = P,

params = params

) s

silent = TRUE



)

profit val <- if (inherits(profit wval, "try-error"))
NA real else suppressWarnings (as.numeric (profit val) [1])

# --- Kbéotog (MEUR) + breakdown ---
params line <- params

params_lineScomputed dam <- list(

KSL m = KSL m,

ASL m = ASL m,

Z crest m = Z crest m,
Hf m = Hf m,

vVd hm3 = Vd _hm3,

V_useful hm3

V_useful hm3

cost det <- try(compute total cost (power MW = P, params =
params line, return details = TRUE), silent = TRUE)

if (!inherits(cost det, "try-error") && is.list(cost det))

CAPEX MEUR <-
suppressWarnings (as.numeric (cost det$CAPEX MEUR) [1])

annual OM MEUR <-
suppressWarnings(as.numeric(cost_det$annual_OM_MEUR)[l])

total cost MEUR <-
suppressWarnings (as.numeric (cost det$total MEUR) [1])

}

# ——— IRR (pdvo av éxw éyrupa CAPEX & annual O&M) ---
if (is.finite(CAPEX MEUR) && is.finite(annual OM MEUR)) {

profits 1to5 <- profit yearslto5(

sorted prices = sorted df,
buy hours = tpump h,
sell hours = tprod,
power MW = P,

params = params



)
irr val <- compute irr from cashflows (

CAPEX MEUR

CAPEX MEUR,

annual OM MEUR annual OM MEUR,

profits 1to5 MEUR = profits 1to5,
params = params

)
} else {

irr val <- NA real

rows[[k]] <- list(

tproduct h = tprod,
power MW = P,

tpump h = tpump h,
Vday m3 = Vday m3,

V_useful hm3

V_useful hm3,
KSL m = KSL m,

ASL m = ASL m,

Z crest m Z crest m,

Hf m = Hf m,

vd hm3 vd hm3,

profit MEUR

profit val,

cost MEUR total cost MEUR,

irr = irr val

k <- k + 1L; step <- step + 1L;
utils::setTxtProgressBar (pb, step)

}

}
close (pb)



tproduct h =

power MW

tpump h

Vday m3
V_useful hm3 =
KSL m =

ASL m =

Z crest m
Hf m =
vd hm3 =
profit MEUR =
cost MEUR =

irr =

grid <- data.frame (

sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,
sapply (rows,

sapply (rows,

"tproduct h"),
"power MW"),
" tpump_h " ) ,

"Vday m3"),

"V _useful hm3"),

"KSL m"),

"ASL m"),

"Z crest m"),
"HEf m"),

"vVd hm3"),
"profit MEUR"),
"cost MEUR"),

"irr")

gridSnet MEUR <- with(grid, profit MEUR - cost MEUR)

gridSratio PC

<- with(grid,

cost MEUR > 0, profit MEUR / cost MEUR, NA real ))

# StpoyyulomoLlAoE LC
gridStproduct h
gridStpump h
gridSprofit MEUR
gridScost MEUR
gridSnet MEUR
gridsvday m3
gridsSVv_useful hm3
gridSHf m
grids$vd hm3
gridSratio PC
grid$KSL m

grid$ASL_m

<_

round (grid$tproduct h, 2)
round (grid$tpump h, 4)
round (grid$profit MEUR, 3)
round (grid$cost MEUR, 3)
round (grid$net MEUR, 3)
round (grid$vday m3, 2)
round (grid$Vv_useful hm3, 4)
round (grid$Hf m, 1)

round (grid$vd hm3, 3)
round (grid$ratio PC, 4)
round (grid$KSL m, 2)

round (grid$ASL m, 2)

ifelse(is.finite(cost MEUR)

&



grid$Z crest m <- round(grid$Z crest m, 1)

grid$irr <- round(grid$irr, 6)

# —-—-—- 6) EniLioyn BEéATLOTOU ouvduaouoU (udévo amd E&ykupeq
YPOUREG) ——--

criterion <- "ratio" # "ratio"™ 1 "net"

grid ok <- subset(grid, is.finite(profit MEUR) &
is.finite(cost MEUR) & cost MEUR > 0)

if (nrow(grid ok) < 1) stop("Aev Bp&dnkoav Eéyxupec AUCELG
(profit/cost). EAleyfe tproduct seqg/power seq 1 dedopévo DAM.",
call. = FALSE)

idx best <- if (criterion == "ratio") {

which.max (ifelse(is.finite(grid ok$ratio PC),
grid okS$ratio PC, -Inf))

} else {

which.max (ifelse(is.finite (grid ok$net MEUR),
grid ok$net MEUR, -Inf))

}

best row <- grid ok[idx best, , drop = FALSE]

# ———= 7) Képdn Setlag avd €10¢ ylia 1OV REATLOTO ———-

profits5 best <- profit yearslto5(

sorted prices sorted df,

buy hours as.numeric (best rowStpump h),

sell hours = as.numeric(best_row$tproduct_h),

power MW as.numeric (best rowSpower MW),

params = params

# cleanup NA yLlLa vo pnv oxk&el evaluate psp

if (all(!is.finite(profits5 best))) stop("profits5 best oAx
NA. EAeyée year split / dedopéva.", call. = FALSE)

if (any(!is.finite(profits5 best))) {



last valid <- tail(which(is.finite(profits5 best)), 1)

profits5 best[!is.finite(profits5 best)] <-
profits5 best[last valid]

# --—-- 8) OLxovoulky av&Aiuon pe evaluate psp ----

fin <- evaluate psp(

best combo best row,

Params = Pparams,

annual profit yearsltob = profits5 best

# —-——-- 9) Excel (2 @UAAX) —--—-—
if (!requireNamespace ("openxlsx", quietly = TRUE)) {

stop ("Nelmel 1o maxkéTto 'openxlsx'. Evykatéotncé 10 uE
install.packages ('openxlsx').", call. = FALSE)

}

suppressMessages (library (openxlsx))

# ®U0AXo 1: Amotedéopata (full grid)
out df <- grid[, c(
"tpump h","tproduct h","power MW",
"profit MEUR","cost MEUR", "net MEUR","ratio PC","irr",
"Vday m3","V useful hm3","vd hm3",
"KSL m","ASL m","Z crest m","Hf m"
) ]
names (out df) <- c(
"Qpeg &vtanong (h)",
"Qoec mapaywync (h)",
"Ioxog (MwW)",
"SUVoALkS Képdog Setlag (MEUR)",
"SuvoALlkd Kbotog (MEUR) "M,

"Alapop& (MEUR)",



"Képdog/Kbotog",
"IRR",

"V_nuépag (m3)",
"V_opéAipo (hm3)",
"vd ep&ypatog (hm3)",
"K¥A (m) ",

"AZA (m)",

"Stéyn (m)",

"Hf (m) n

wb <- createWorkbook ()

addWorksheet (wb, "AmoteAéouota™)

headerStyle <- createStyle (textDecoration = "bold", halign
"center", border = "Bottom")

numStyle3 <- createStyle (numFmt = "#,##0.000")

numStyle2 <- createStyle (numFmt = "#,##0.00")

numStylel <- createStyle (numFmt = "#,##0.0")

writeData (wb, "AmoteXéopata", out df, headerStyle =
headerStyle, withFilter = TRUE)

addStyle (wb, "AmoteAéouata", numStyle3, rows =
2: (nrow (out df)+1), cols = c(4,5,6,7,8), gridExpand = TRUE)

addStyle (wb, "AmoteAéopoata", numStyle2, rows =
2: (nrow (out _df)+1), cols = ¢(9,10), gridExpand = TRUE)

addStyle (wb, "AmoteAéouata", numStylel, rows =
2: (nrow (out df)+1), cols = c(15), gridExpand = TRUE)

freezePane (wb, "AmoteAécuata", firstActiveRow = 2)
setColWidths (wb, "AmoteAéouata", cols = l:ncol (out df),

widths =
c(l8,18,12,24,18,16,14,10,18,16,16,10,10,10,10))

# ®UGAAO 2: OLkovOulKA avéAiuon (best)

addWorksheet (wb, "Olxkovoulky av&iuon")



writeData (wb, "Olxkovoulxky av&iuvuon", "Iovoyn", startRow = 1,
startCol = 1)

writeData (wb, "Olxkovoulxky avd&iuvon", fin$summary_df, startRow =
2, startCol = 1, headerStyle = headerStyle)

start row cost <- nrow(fin$summary df) + 4

writeData (wb, "Otkovoulkny av&iuvon", "Avaiuon xkéotoug",
startRow = start row cost, startCol 1)

writeData (wb, "Otxovopixn avéiuvon", finScost breakdown df,

startRow = start row cost + 1, startCol =1,
headerStyle = headerStyle)

start row profits <- start row cost + 3 +

nrow (finScost breakdown df)

writeData (wb, "Oikovoulxn av&diuon", "Képdn oavd& é€tog", startRow
= start row profits, startCol = 1)

writeData (wb, "Oitxovoptxn av&ivon", finSprofits year df,

startRow = start row profits + 1, startCol = 1,
headerStyle = headerStyle)

writeData (wb, "OLlxkovoulky avd&iuon", "Cash Flows", startRow =
1, startCol = 5)

writeData (wb, "Otxovoptxf avé&iuvon", finScashflows df, startRow
= 2, startCol = 5, headerStyle = headerStyle)

writeData (wb, "OLxkovoulxry av&iuon", "NPV vs Discount Rate",
startRow = 1, startCol = 11)

writeData (wb, "Oitxovouixf avé&iuon", finSnpv curve df, startRow
= 2, startCol = 11, headerStyle = headerStyle)

addStyle (wb, "Oilkovoutlky av&iavon",
createStyle (textDecoration="bold"),
rows = c(l, start row cost, start row profits, 1, 1),
cols = ¢(1, 1, 1, 5, 11),

gridExpand = TRUE)



setColWidths (wb, "Otxkovoulkh ov&Aiuvuon", cols = 1:20, widths =
18)

freezePane (wb, "Olkovoulky avadiuvon", firstActiveRow = 2)

out path <- file.path(src base, "AnoteAécuata 48h true.xlsx")

suppressMessages (saveWorkbook (wb, out path, overwrite = TRUE))

cat ("BéAtLo0TOCQ (RKpLThpLO:", criterion, ") :\n");
print (best row)

cat ("Apxelo amobnkeGtnke oto:\n", out path, "\n")



find best blocks by day.R

suppressWarnings ({
if (!'requireNamespace ("readxl", quietly = TRUE)) {

stop ("Xpet1&letal 10 mMakéTo 'readxl'.
install.packages ('readxl')")

}
1)

# —-——-- Rolling sum O(n) via oaképalteg OL&pkeleg >= 1 —-——-
.roll sum <- function(x, k) {
n <- length (x)
if (k < 1L || k > n) stop("Mn éyxkupo k oto .roll sum.")
cs <- ¢ (0, cumsum(x))

cs[(k+1l):(n+l)] - cs[l:(n-k+1)]

# -——- ®bptwon nivaxka (nuépeg x dGpeg) ----

# Koat& pdvo othAec wpdv: eite TLg dnAdvelg pe hours cols
(m.x. 2:25 yvia B:Y),

# eite kOBeL autduata Date/POSIX KAl un-numeric, KPATHVIAC
numeric ®peqg.

load prices matrix <- function(file path, range, sheet = 1,

keep rows = NULL,

hours cols = NULL, # m.x.

2:25 yLa B:Y

expect hours = 24L) {

df <- readxl::read excel(file path, range = range, sheet
sheet, col names = FALSE)

if (!is.null (hours cols)) {



df hours <- df[, hours cols, drop = FALSE]
} else {

is date <- vapply(df, function(x) inherits(x,
c("Date", "POSIXt","POSIXct","POSIX1t")), logical(l))

is num <- vapply(df, is.numeric, logical(l))

keep <- which(is num & !is date)
if (length(keep) == 0) stop("Aev BpéOnroav numeric oOTAAEQ
wedv. A®oe hours cols = 2:25 m.x.")

df hours <- df[, keep, drop = FALSE]

# Av PpebolUv > expect hours numeric, xp&to 1Lc defLdTepeg
expect hours

if (!is.null (expect hours) && ncol (df hours) >
expect hours) {

df hours <- df hours[, (ncol(df hours)-
expect hours+1l) :ncol (df hours), drop = FALSE]

}

# Koye ouykekpluéveg yvpappéc (relative oto range)

if (!is.null (keep rows)) {
if (any(keep rows < 1 | keep rows > nrow(df hours))) {
stop (sprintf ("keep rows ex16¢ oplwv (1..%d). AdOnke:
[3d..%d]",

nrow (df hours), min(keep rows),
max (keep rows)))

}

df hours <- df hours[keep rows, , drop = FALSE]

mat <- as.matrix(df hours)
suppressWarnings (storage.mode (mat) <- "numeric")
if (any(!is.finite(mat))) {

stop ("Yon&pxouv un-oplluntLkEQ/KeVvEQ TLUEC OTLG OTHAELCQ
wpdv. ZTéveye TO range 1 P&Ae hours cols.")



if (!is.null (expect hours) && ncol(mat) != expect hours) {

message (sprintf ("llpocoxH: dpec/nuépa = $d (ovapévoviav

%d) .", ncol (mat), expect hours))

}

mat
}
# —-——- ZU0vBe1a abpolopata yia AEKAAIKH di&pxreilo L —----—
# T'ta x&Be start s:
# - npooBétel k = floor (L) mAfpelLC Gpeg: prices[s: (s+k-1)]
# - + £ = frac(L) 1ng emduevng opac: f * prices|[s+k]
# Emiotpéepel list(sums, n_starts, k, f).

.block sums fractional <- function(prices, L) {
H <- length(prices)

if (!is.numeric(L) || length(L) !'= 1L || !is.finite(L) || L
<= 0) {

stop ("H dldpkreila L mpémel va glival Be11kdC apLlOudc.™)

}

k <= floor(L); £ <- L - k

if (k < 1L) stop ("L mpémetl va gival 2 1 1 va éxel
kKAoopot Lkd pépog > 0.")

sums <- .roll sum(prices, k) #
length: H - k + 1

return(list (sums = sums, n starts = length(sums), k = k,
= 1))

}

if (k == 0L) {

starts count <- H



sums <- f * prices[l:starts count]

return(list (sums = sums, n starts = starts count, k = k, £
= f))
} else {
base <- .roll sum(prices, k) #

length: H - k + 1

starts count <- H - k # via
va undpxel n (k+1l)-ooth dpo

if (starts count <= 0) stop("H di&pxeia L vnepPoaivel TLC
dLabéoLuec wpeg.")

sums <- base[l:starts count] + f *

prices/|[ (k+1) : (k+starts count) ]
return(list (sums = sums, n starts = starts count, k = k, £
= £f))
}
}
# —-———- KoAUtepa blocks yia MIA pépa (dexadilkég dOLdpkeleqg,

xwplc smik&Auyn, spread20) ----
best blocks one day <- function(prices day, tpump, tproduct) {

H <- length(prices day)

P <- .block sums fractional (prices day, tpump)

R <- .block sums fractional (prices day, tproduct)

pump sums <- P$Ssums; n pump st <- PSn starts; k p <- PSk;
f p <- PSf

prod sums <- R$sums; n prod st <- RSn starts; k r <- RSk;
f r <- RSE

# ®Onvdtepn GVIANon aplotepd/def L& pe prefix/suffix minima

pref min val <- cummin (pump sums)

pref min idx <- vapply(seq len(n pump st), function(i) ({
as.integer (which.min (pump sums[seq len(i)]))

}, integer(l))



suff min val <- rev(cummin (rev (pump_ sums)))
suff min idx <- vapply(seq len(n pump st), function(i) {
as.integer((i - 1L) + which.min (pump sums[i:n pump st]))

}, integer(1l))

best spread <- -Inf
best prod st <- NA integer
best pump st <- NA integer

best side <- NA character

for (s in seq len(n prod st)) ({

prod start <- s

# LEFT: pump end time <= prod start-1 -> pump start <=
prod start - tpump

max pump st left <- floor(prod start - tpump)
if (max _pump st left >= 1L) {
iL <- min(max pump st left, length(pref min idx))
pump idx left <- pref min idx[iL]
pump_sum left <- pref min val[ilL]
spread left <- prod sums[s] - pump sum left
if (spread left > best spread ||
(1sTRUE (all.equal (spread left, best spread)) &&
(prod start < best prod st ||

(prod _start == best prod st && pump idx left <
best pump st)))) {

best spread <- spread left
best prod st <- prod start
best pump st <- pump idx left

best side <- "left"



# RIGHT: prod end time <= pump start-1 -> pump start >=
prod start + tproduct

min pump st right <- ceiling(prod start + tproduct)
if (min pump st right <= n pump st) {
pump idx right <- suff min idx[min pump st right]
pump_sum right <- suff min val[min pump st right]
spread right <- prod sums[s] - pump sum right
if (spread right > best spread ||
(1sTRUE (all.equal (spread right, best spread)) &&
(prod start < best prod st ||

(prod start == best prod st && pump idx right <
best pump st)))) {

best spread <- spread right
best prod st <- prod start
best pump st <- pump idx right

best side <- "right"

if (!is.finite(best spread)) return (NULL)

prod start <- best prod st

pump start <- best pump st

# Tedevtala «mieldpevn» dpa (av £>0, n tedevtaloa sival
pepP LKD)

prod end hour int <- if (f r == 0) prod start + k r - 1L
else prod start + k r

pump end hour int <- if (f p == 0) pump start + k p - 1L
else pump start + k p

# Sums/means (Ta sums Ndn meplhapfdvouv 1o KAXOUX TNG
Tedevtalag dpag)

prod sum <- prod sums[prod start]



pump_sum

<- pump_ sums [pump start]

prod mean <- prod sum / tproduct

pump mean <- pump sum / tpump

# Spread IIANTA un opvntLkd

(k6BeTaL oTo 0)

nonneg_ spread <- max(prod sum - pump_ sum, O0)

data.frame (
prod start hour
prod end hour
prod end fraction
prod sum

prod mean

pump start hour
pump end hour
pump_end fraction
pump_sum

pump mean

spread
side
stringsAsFactors
)
}
# ———— KUpLa: Av& "uépa"

prod start,
prod end hour int,

if (f r == 0)

0 else £ r,
prod sum,

prod mean,

pump start,

pump end hour int,
if (f p ==0) 0 else £ p,
pump sum,

pump mean,
nonneg spread, # >=0

best side,

FALSE

(cepl 24wpo, pe mibavd day shift)

find best blocks by day <- function(file path,

range,
tpump,
tproduct,

sheet = 1,



keep rows = NULL,

hours cols = NULL, #
o.¥X. 2:25 yia B:Y

expect hours = 24L,

day shift = OL) { #
NEO: shift apyxnc "upépac" oe @peg

stopifnot (is.numeric (tpump), length (tpump) == 1,
is.finite (tpump), tpump > 0)

stopifnot (is.numeric (tproduct), length(tproduct) == 1,
is.finite (tproduct), tproduct > 0)

MO <- load prices matrix(file path, range, sheet = sheet,
keep rows = keep rows,
hours cols = hours cols,

expect hours = expect hours)

H <- ncol (MO)

n days raw <- nrow (MO)

day shift <- as.integer (day shift)
if (day shift < OL || day shift >= H) {

stop (sprintf ("day shift mpémet va eival petald 0 xal %d
(d66nxe: %d).", H - 1L, day shift))

}

# Av day shift = 0 => n pépa elval n kavov ikl ypoupn (B..Y).

# Av day shift > 0 => x&Be "upépa" elval 24 ocuvexduevec ©peg,
fexi1vovTag day shift dpeg

# petd tnv apxh ITNC YPAupHg, Kol ouvexilovioag otnv enduevn
vpouun ov xpetoactel.

if (day shift == 0L) {
M <- MO
} else {

if (n_days raw < 2L) {



stop ("Xpet&lovtal TOUA&XLOTOV 2 uépeg yia day shift >

v <- as.numeric (t (M0)) # flatten:
rowl (24h) , row2 (24h), ...

total hours <- length (v)

# pe shift>0, dev umopoUupe va oplooupes 24wpo yLia TNV
Tedevtala pépa

n days eff <- n days raw - 1L

M <- matrix(NA real , nrow = n days eff, ncol = H)

for (d in seq len(n days eff)) {
start idx <- (d - 1L) * H + 1L + day shift
end idx <- start idx + H - 1L
if (end idx > total hours) {

stop ("lIpoBAnua otov unoAoyloud 24dHpou pe day shift
(dev undpyxouv apretéc wpeg).")

}

M[d, ] <- v([start idx:end idx]

n days <- nrow (M)

results <- vector("list", n_days)

for (d in seq len(n days)) {
prices day <- as.numeric (M[d, ])
out <- best blocks one day(prices day, tpump, tproduct)
if (is.null (out)) {

results[[d]] <- data.frame

prod start hour = NA integer ,
prod end hour = NA integer ,

prod end fraction = NA real ,



prod sum = NA real ,

prod mean = NA real ,

pump start hour

pump end hour

pump _end fraction = NA real ,

NA integer ,

NA integer ,

pump sum = NA real ,
pump mean = NA real ,
spread = NA real ,
side = NA character ,

stringsAsFactors = FALSE

} else {

results[[d]] <- out

ans <- do.call(rbind, results)

ans$day index <- seq len(n days) # 1

shift)
ansS$Stpump <- tpump

ans$tproduct <- tproduct

# ®LALKRA oOgLpd OTNAGV
ans <- ans/[, c("day index", "tpump",

"spread",

.. #240pwv (petd TO

"tproduct",

"prod start hour", "prod end hour",
"prod end fraction", "prod mean", "prod sum",

"pump start hour", "pump end hour",
"pump end fraction", "pump mean", "pump sum",

"Side") :l



# —-—-—-- ouvoAlkd spread (&dBpoloua OAwWV TV NUePAOLWV spreads,
e clamp20 Ndn £eapPuocuévo)

total spread <- sum(ans$spread, na.rm = TRUE)

attr (ans, "total spread") <- total spread

ans

# —--—-- Helper via va ndpelc €UKOAX TO OUVOALkKO spread amd 10
data.frame ----

get total spread <- function(by day df) {

attr(by day df, "total spread")



master script 24hours contiguous f
inal

# Grid (24h, ocepl Gpeg) + compute tpump + compute dam + Costs
+ evaluate psp

options (stringsAsFactors = FALSE, scipen = 99)

# -—-—— PYOMISH DAY SHIFT (MONO AYTO ANNAZEIR) —---—-
# 0 = pépa 6nwg oto Excel (B..Y)

# 1

apxn oInv 2n opa, TéAog otnv 1n tng emduevng uépocg
# 2

apxh otnv 3n, K.O0.K.

day shift <-7L

# ———— 1) ®bptwon sfapthocwy —----

deps <- c(
"C:/Users/user/Desktop/AININQMATIKH/make project params.R",
"C:/Users/user/Desktop/AININQMATIKH/compute tpump.R",
"C:/Users/user/Desktop/AINNQMATIKH/compute dam.R",

"C:/Users/user/Desktop/AININQMATIKH/compute total cost.R",

"C:/Users/user/Desktop/AINNQMATIKH/tpumpcons p with params/fin
d best blocks by day.R",

"C:/Users/user/Desktop/AININQMATIKH/evaluate psp.R"

)

invisible (lapply (deps, function (f) {

if (!file.exists(f)) stop(sprintf ("AelmetL apxeio: %s", f))
suppressWarnings (source (f, encoding = "UTF-8"))

1))

# —-—-- Excel noxkéto —----

if (!requireNamespace ("openxlsx", quietly = TRUE)) {



stop ("Nelmel 1o makéto 'openxlsx'. Eyxatécinoé 1o ue
install.packages ('openxlsx').")

}

library (openxlsx)

# ---- helpers ----

o°

| |%$° <= function(a, b) if (!is.null(a)) a else b
num or na <- function (x) {
x <- suppressWarnings (as.numeric (x))

ifelse(is.finite(x), x, NA real )

# —--—-- helper: xépdn Setlag avd étog us
find best blocks by day ----

profit yearslto5 blocks <- function(dam path, dam range,
dam keep rows,

tpump h, tproduct h,
power MW,

hours cols, expect hours,
params,

day shift = OL) {
n <- length(dam keep rows)

if (n < 5) stop("IloAU Alyeg pépec yia 5 é1n.")

base <- floor(n / 5)
extra <- n - base * 5
sizes <- rep(base, 5)

if (extra > 0) sizes[l:extra] <- sizes[l:extra] + 1

idx list <- vector("list", 5)
start <- 1L
for (k in 1:5) {

end <- start + sizes[k] - 1L

idx list[[k]] <- dam keep rows|[start:end]



start <- end + 1L

profits <- numeric(5)
for (k in 1:5) {
kr <- idx 1list[[k]]
val <- try(

find best blocks by day(

file path = dam _path,
range = dam range,
tpump = tpump h,
tproduct = tproduct h,

keep rows kr,

hours cols hours cols,

expect hours = expect hours,

day shift day shift
)
silent = TRUE
)
if (inherits(val, "try-error")) {
profits[k] <- NA real
} else {
ts <- attr(val, "total spread")
if (is.null(ts) || !is.finite(ts)) {
profits[k] <- NA real
} else {
profit factor <- params$profit factor %|[% 1

profits[k] <- ts * power MW / le6 * profit factor
MEUR/ét10C¢

}

profits



# --—-- 2) Params épyou —-—-—-

params <- make project params (dam type = "earthfill")

# —---— 3) DAM input (24h: k&Be ypouun = pépa, B:Y = 24 wplLaleg
TLpég) —---

dam path <=
"C:/Users/user/Desktop/AININQMATIKH/dam gia ergasia.xlsx"

dam range <- "A2:Y1983" # A: nuepounvia, B:Y: 24
bpeg

dam keep rows full <- 154:1981 # mAnpeg S5etég mapddbupo
oe Excel rows

hours cols <= 2:25 # B..Y

expect hours <- 24L

# —-—-—-- 3a) dLATpb&plopa "kabBapdv" nuepdv oto Setég range —-——-

dam raw <- openxlsx::read.xlsx(

dam path,
sheet = 1,
rows = 2:1983, # Excel rows 2..1983
cols = 1:25 # A..Y
)
rel idx <- dam_keep rows full - 1L # row2 -> indexl

o1o data.frame

hours mat <- dam raw[rel idx, hours cols, drop = FALSE]

ok rows <- apply(hours mat, 1, function (x) {
xx <- suppressWarnings (as.numeric (x))
all(is.finite (xx))

1)

cat ("Hpépec Setlac:", length(dam keep rows full),



dam keep rows clean <- dam keep rows full[ok rows],

" | KabBapég:", length(dam keep rows clean), "\n")

if (length(dam keep rows clean) < 5) {

stop ("II&po oAU Alveg kaboapéc nuépec petd 10 @LATP&pLOoua.")

# -——- 4) Grid optlopol ----

tproduct seq <- seq(2, 9, by = 0.5) # 2..9 dpeg NAPAYWOYNACQ
(ogpl)

power seq <- seqg (100, 1000, by = 10) # 100..1000 MW av& 10

combos <- expand.grid(tproduct = tproduct seq, power MW
= power seq)

n_total <- nrow (combos)

# —-—--- 5) ExktéAgon Grid ----
results <- vector("list", n total)
pb <- utils::txtProgressBar (min = 0, max = n_total, style = 3)

on.exit (try(close(pb), silent = TRUE), add = TRUE)

for (i in seq len(n total)) {
tp <- combosS$tproduct[i]

P <- combos$power MW[i]

err msg <- NA character
tpump h <- volume m3 <- volume hm3 <- NA real
Qprod m3s <- Qpump m3s <- NA real

Hf gen out <- NA real

# dam outputs

KSL m <- ASL m <- Zcrest m <- Hf dam m <- Vd hm3 <- NA real

total spread <- gross profit meur <- total cost meur <-
net profit meur <- NA real



profit cost ratio <- NA real

# 5.1 YdpauAik&: compute tpump
tp res <- tryCatch ({

compute tpump (tproduct = tp, power MW = P, params =
params)

}, error = function (e) {
err msg <<- pasteO("compute tpump: ", eSmessage); NULL

1)

if (!is.null(tp res)) {
tpump h <- num or na(tp resStpump)
volume m3 <- num_or_na(tp_res$volume_m3)
Qprod m3s <- num or na(tp res$Qprod m3s)
Qpump m3s <- num or na(tp res$Qpump m3s)

Hf gen out <- num or na(tp res$Hf prod m %|[%
tp resSHm prod m %||% params$HE)

if (is.finite(volume m3)) volume hm3 <- volume m3 / le6

# 5.2 Ppbypa: compute dam
if (is.finite(volume hm3) && volume hm3 >= 0) {

dam out <- try(compute dam(volume hm3, params), silent =
TRUE)

if (!inherits(dam out, "try-error")) {
if (is.list(dam outS$resultSlevels)) {
KSL m <- num or na(dam outSresult$levelsSKSL m)
ASL m <- num or na(dam outSresult$levelsSASL m)
Zcrest m <- num or na(dam out$Sresult$levels$Z crest m)
}
Hf dam m <- num or na(dam outSresult$damSHf m)

vd hm3 <- num or na(dam outSresult$dam$Vd hm3)



# 5.3 BéAtiota “oepl” blocks avd 24wpo (oe ONO 1O S5etéc
nop&bupo, udévo kabopéc uépeqg)

if (is.finite(tpump h) && is.na(err msg)) {
total spread <- tryCatch ({

by day <- find best blocks by day(

file path = dam_path,

range = dam range,

tpump = tpump h,

tproduct = tp,

keep rows = dam keep rows clean,

hours cols hours cols,

expect hours expect hours,

day shift day shift

)

ts <- attr(by day, "total spread")

if (is.null(ts) || !is.finite(ts)) O else ts
}, error = function (e) {

err msg <<- pastel("find best blocks by day: ",
eSmessage); NA real

)

# 5.4 Otrovoplkd& (MEUR) — XuvoAlkd Setlacg
if (is.finite(total spread) && is.na(err msg)) {
profit factor <- params$profit factor %|[% 1

gross_profit meur <- total spread * P / le6 *
profit factor

}

# Hepvbaue HE/VA oto params yla KOCTOCQ
params line <- params
params_ lineScomputed dam <- list(

KSL_m = KSL_m,



ASL m = ASL m,

Z crest m = Zcrest m,
HEf m = Hf dam m,
Vd hm3 = Vd hm3,

V_useful hm3 volume hm3

total cost meur <- tryCatch ({

as.numeric (compute total cost (power MW = P, params =
params_line))

}, error = function (e) {
err msg <<- paste0("compute total cost: ", eSmessage);
NA real

)

if (is.finite(gross profit meur) &&
is.finite(total cost meur)) {

net profit meur <- gross profit meur - total cost meur

if (total cost meur > 0) profit cost ratio <-
net profit meur / total cost meur

}

# 5.5 Tpoupn amnoteAsop&twv (grid)

results[[i]] <- data.frame (
IoxUg MW = P,
tpump Gpeg = tpump h,
tproduct &peg = tp,
Qpump m3s = Qpump m3s,
Qprod m3s = Qprod m3s,
volume hm3 = volume hm3,
K3XNA m = KSL m,
ASA m = ASL m,
STEYN m = Zcrest m,

Hf ep&ypotoc m = Hf dam m,



vd ep&yuatoc_hm3 = Vd hm3,

Spread total = total spread,
Kéctog MEUR = total cost meur,
Axob&pLoto MEUR = gross_profit meur,
Képdog MEUR = net profit meur,
Profit to Cost = profit cost ratio,
Hf Topoywyhc m = Hf gen out,

PHOIPN IO = err msg,

check.names = FALSE

utils::setTxtProgressBar (pb, i)

grid <- do.call (rbind, results)

names (grid) [names (grid) == "Spread total"] <- "Spread ZUvolo
(€/MWh ‘h) "

# —-—-—- 6) Emidoyn BEéATLOTOU combo ———-

criterion <- "ratio" # "ratio" 1 "net"

grid ok <- subset(grid, is.finite(Képdoc MEUR))

best row <- NULL

fin <- NULL

if (nrow(grid ok) > 0) {
idx best <- if (criterion == "ratio") {

which.max (ifelse(is.finite(grid ok$Profit to Cost),
grid ok$Profit to Cost, -Inf))

} else {

which.max (ifelse(is.finite (grid ok$Ké¢pdog MEUR),
grid ok$Képdog MEUR, -Inf))

}

best row <- grid ok[idx best, , drop = FALSE]



# ———-— 7) Képdn Setiagc avd étoc yvia tov BéAtTLoto (MEUR/ét10CQ)

profits5 best <- profit yearslto5 blocks(

dam path

dam range

dam keep rows
tpump h
tproduct h
power MW
hours cols

expect hours

dam path,

dam range,

dam keep rows clean,
as.numeric (best rowStpump &peg),
as.numeric(best_row$tproduct_@p€g),
as.numeric (best row$SIoxUc MW),
hours cols,

expect hours,

params = params,
day shift = day shift

)

if (all(!is.finite(profits5 best))) {

stop ("profits5 best 6Aa NA yLa tov BEéATLOTO combo.")

}

if (any(l!is.finite(profits5 best))) {

last valid <- tail(which(is.finite(profits5 best)), 1)

fill value <- profits5 best[last valid]

profits5 best[!is.finite(profits5 best)] <- fill value

# ---- 8) Oixovoplxn av&iuon pe evaluate psp ----

best combo psp <-
tproduct h = as.
power MW = as
tpump h = as.
HEf m = as.
vd hm3 = as
Vday m3 = as.

data.frame (

numeric (best rowStproduct &peg),

.numeric (best row$IoxGg MW),

numeric (best rowStpump dpeg),

numeric (best row$SHf epdypatog m),

.numeric (best rowsvd gp&ypatoc hm3),

numeric (best rowS$volume hm3) * le6,



stringsAsFactors = FALSE

fin <- evaluate psp(
best combo = best combo psp,

params = params,

annual profit yearsltob profits5 best

cat ("\n— BEATIZTO (xpLthpLo:", criterion, ", day shift =",
day shift, ") —\n")

print (best row[, c("IoxGc MW", "tpump @peg","tproduct &pec",

"Kéotoc MEUR", "AxkaB&plLoto MEUR", "Képdog MEUR","Profit to Cost"
) 1)

} else {

warning ("Aev un&pyxouv €yKUPX amoTeAéopata oto grid.")

# -——— 9) Excel export (2 @UAAa: Grid + OLkoOvVOuLKA avdAiuon) --

wb <- createWorkbook ()

# ®UAAO 1: Grid AmoteAféouoTta
addWorksheet (wb, "AmoteAéoupoatoa")

writeDataTable (wb, "AmoteAéopota", x = grid, tableStyle =
"TableStyleMedium9", withFilter = TRUE)

style meur <- createStyle (numFmt "#,#4#0.000™)

style hm3 <- createStyle (numFmt "4, ##0.000000")

style ratio <- createStyle (numFmt = "0.000")

cn <- colnames (grid)

cols meur <-
match (c ("Kéotog MEUR", "Axkab&pioto MEUR","Képdog MEUR"), cn)



col ratio <- match("Profit to Cost™, cn)
col hm3 <- match ("volume hm3", cn)

rng_rows <- 2:(nrow(grid)+1)

cols meur <- cols meur/[!is.na(cols meur) ]

if (length(cols meur)) addStyle(wb, "AmoteAéoupata",

style meur, rows = rng rows, cols = cols meur, gridExpand =
TRUE)

if (!is.na(col hm3)) addStyle (wb, "AmoteAféopata", style hm3,
rows = rng rows, cols = col hm3, gridExpand = TRUE)

if (!is.na(col ratio)) addStyle(wb, "AmoteAéoupata",

style ratio,rows = rng rows, cols = col ratio, gridExpand =
TRUE)

setColWidths (wb, "AnoteAéopata", cols = l:ncol(grid), widths =
"auto")

# ®UAAO 2: OLKOVOULKL aVAAUOT

addWorksheet (wb, "Oilxovouixy avéiuvon")

if (!is.null (fin)) {

headerStyle <- createStyle (textDecoration = "bold", halign =
"center", border = "Bottom")

writeData (wb, "Otkovoulixkny av&Aiuvon", "IGvoyn", startRow = 1,

startCol = 1)

writeData (wb, "Oitxovopixf avé&ivon", finSsummary df, startRow
= 2, startCol = 1, headerStyle = headerStyle)

start row cost <- nrow(finSsummary df) + 4

writeData (wb, "OLxrovoulxry av&iuon", "Av&Aiuon xkdéotoucg”,
startRow = start row cost, startCol = 1)

writeData (wb, "Otxovoupitxf avé&iuvon", finScost breakdown df,

startRow = start row cost + 1, startCol =1,
headerStyle = headerStyle)



start row profits <- start row cost + 3 +
nrow (finScost breakdown df)

writeData (wb, "Otxkovoulxrfy avéiuvon", "Képdn ova &£tog",
startRow = start row profits, startCol = 1)

writeData (wb, "Otxovoptxn avé&ivon", finSprofits year df,

startRow = start row profits + 1, startCol = 1,
headerStyle = headerStyle)

writeData (wb, "OLlxkovoulxry av&iuon", "Cash Flows", startRow =
1, startCol = 5)

writeData (wb, "Otxovoptxf avéiuvon", finScashflows df,
startRow = 2, startCol = 5, headerStyle = headerStyle)

writeData (wb, "OLxovoulxky av&iuon", "NPV vs Discount Rate",
startRow = 1, startCol = 11)

writeData (wb, "Otxovoptxf avéiuvon", finSnpv curve df,
startRow = 2, startCol = 11, headerStyle = headerStyle)

addStyle (wb, "Oilkovoutlkny av&iuvon",

createStyle (textDecoration="bold"),

rows = c(l, start row cost, start row profits, 1,

cols

Il
Q
—
=
~
=
~
=
~

5, 11),

gridExpand = TRUE)

setColWidths (wb, "Oixkovoulxkn avéiuvon", cols = 1:20, widths =
18)

freezePane (wb, "Olkovoulky ava&iuvon", firstActiveRow = 2)

# ---- 10) save ----

out xlsx <-
"C:/Users/user/Desktop/AINNOMATIKH/tpumpcons p with params/Ano
Teléopota true7.xlsx"

saveWorkbook (wb, out xlsx, overwrite = TRUE)

cat ("Apxelo amobnkelGtnke oto:\n", out xlsx, "\n")
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