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Abstract

New hydropower with pump can be a continuous development within the national energy system. Their principle
is to cheap energy consumption power P1 E1 produced at the base of the schedule task for pumping water from a
reservoir situated at odds, in a lowered reservoir situated at height. While producing more energy expensive peak
E2 to power P2 is achieved by whirling such volumes.

The difference in cost between the basic energy absorbed by pumping the peak produced at whirling ensures
profitability of these facilities. Regarding the current hydropower system nationwide to establish the existence of
hydro-technical systems with pumping and gravitational systems this can be turned into ones with pumping. In
analysing the conditions of work opportunity and search engine optimization of wind energy at the base of
hydropower facilities with pumping system may be transformed-High Barzava. Limits are fixed to the unit cost of
wind energy is competitive for its use as a primary source.
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loss, the difference between the elevation where this source is restores Figure 1: Wind map Romania, potential of 14,000 MW.
and the place where it is returned to the environment through a

whirling. In areas where we have wind energy we can use at primary

(pumping), when its cost is lower than the peak energy (Figure 1).

In 2010, Romania has adopted the law for the promotion of
renewable energy, an important step in the development of renewable
energy in our country. Estimated annual energy potential of wind in
Romania is estimated at around 23 TWh, and areas of interest are
those in which the average wind speed is at least equal to 4 m/s.

At the beginning of 2012 in Romania there were over 1000 wind
turbines that produce 3% of total energy [1]. Windings power stations
in our country are producing an average of 150-200 megawatts/hour.
The cost of wind energy is 170 euros per megawatt/hour, nearly three
times as much in relation to energy produced from hydroelectric
power plants.

On the basis of the evaluation and interpretation of the data
recorded in Romania you can mount the wind installations with a
capacity of up to 14,000 MW, which means a contribution of electricity
almost 23,000 GWh/year [2-4]. According to a study of ErsteGroup,
the country's wind power potential, estimated at 14,000 MW, is the
largest in South-Eastern Europe and the second in Europe [5].

Analysis of Schemes for Hydropower Facilities

The necessity of construction of AHP (arrangement scheme with
pumping) results and the need to cover the variable energy
consumption over time, both in terms of variation in daily and
seasonal and annual consumption. After the operation, AHP were
classified [6]: closed circuit, where pumping volume equal to the
volume of gross, and whirling falls are equal

(Vi =V Hyy = Hyy).
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Closed circuit-mixed: V, =V{+AV; H,1=Hy,
With open circuit: V1=V ; Hy,= Hy,+AH
Open-circuit-mixed: V, =V ;+AV; Hy,= Hy,+AH

Figure 3: AHP with open circuit.

The principle of these schemes with hydropower (AHP) is the
consumption of cheap energy E; P, power produced at the base of the
graph of the task for pumping water from a lake located the build-up
descended into a reservoir located high and energy more expensive
peak power P, E,, whirling volumes thus accumulated. The difference
in cost between the energy absorbed by the base and the peak primary
produced from secondary arrangement ensure profitability. Cycle
energy transformations through AHP consist of two distinct phases,
namely:

- mayor phase (pumping) in which energy network are taken power,
the water being pumped from the lower reservoir in the superior
lake(Figures 2 and 3);

- phase relation (whirling) in which the water stored in Lake
superior is being restored to power whirled network;

In certain circumstances become cost-effective AHP [7]:

AHP closed circuit

AHP Closed
(Hy=Hpy=Hy,),

H1>H2-Waterfall net with Hl = Hb + hrl and H2:Hb-hr2; Qil<Qi2_
installed debits for P;<P,;

E»=E» (1 = 0.60-0.70).

circuit characterized by driving head equal

The loss of energy is:
AE = E;-E; = (1-n) E; = (0.3- 0.4) E ;[KWh/cycle] 8]

Considering the ratio between peak energy value p, energy
produced and p; base consumed for pumping 4 ratios, gross income
and expenses of the pumping energy will be:

E

E

P P
2 2 _p? =065 4=26
1'P1 Py

AHP mixt closed circuit

AHP mixt closed circuit is inserted into the addition volume AV
(m3/cycle) from rainfall collected on hillsides or in capturing some of
the tributaries, and in this case the energies will be:

1=ﬂ 1-Hy [KWh/cycle]

E, =k(V,+AV)H, -n, [KWh/cycle]

BN (e

Eq Vi 1 72 vy 1 72

- AV
By writingn = 1, - 1), results: E, = El(l + V—)n
1
Energy loss in a cycle will be:
AE=E, —E,=E|1—[1+ 5L |n|(kwh/cycl
=Ly Ey=Eq11 — +V_17][ /cycle]

Taking into consideration the overall efficiency n=0.65(7] it has
been established that

If AV >0.54V;, AHP produces more energy than the energy
consumed for pumping.
AHP with open circuit

The energies will be:
k
E, = ﬂvl “Hp, [kWh/cycle]

E = kv (Hy  +4v)-n,

Ey Hy +0H AH

AH
— =—F—T"N{'1 =(1+—)n —-E =E(1+—)n
Eq Hy 7172 Hpq 270 Hyy
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Loss of energy will be;

AH
AE:El_EZ_E[l_(1+H_)n]

bl
AH_ > 043-067, E,>E, Prod h
H,, >0.43 - 0.67; E,>E roduces more energy than

consumed energy for pumping.

AHP open mixed circuit

Captures the reservoir an additional volume (AV) to the same
energy E; at primary, and the energy produced to secondary will be

[9]:

V,+4v

1 AH
E,=k-n (—)(1+—)
2 2| 77, Hy|

The ratio of energies:

E
= (1 )y
1 1 bl

AH 1
f(1+—)(1+j)>5—>E2>E1

Case Study

Geographic location and characteristics

River Barzava has a basin with an area of 971 km?, all being small
tributaries with areas why not exceeding 100 square kilometres. Due to
both the large industrial and drinking water in the municipality of
Resita hydro technical works were required, aimed at supplementing
water for using stock by transferring some flows from neighbouring
basins and redistribution of leakage through the dam Lakes. The
system now comprises hydro technical Barzava Superior(Figure 4)
channel Nera (6,575 km. length, peak discharge 1.75 m3/s) with the
role of one of some water flows from the Nera river basin catchment
area in Barzava; - Semenic-channel (1L=23.3 km, Q=1.43 m3/s) with the
role of one of certain flows of water from the water catchment basin in
Barzava - accumulation “Trei Ape” (6,008 million gross volume m3;
useful volume 4,363 mil.cm) situated on the upper course of Timis,
aiming for an additional reserve of water in the catchment area
Barzava after transfer through pump station and Semenic channel. -
Gozna accumulation (12,357 mil.m? gross volume; volume useful of
10,269 mil.m?) Valiug accumulation (1, 06 gross Volume mil.m3,
volume useful 0,916 mil.m?, maximum outflow of 87 cm/s, emptying
the bottom is clogged). Accumulation Secu (gross volume 11,109 m?,
maximum outflow of 135 m?¥/s). The system comprises a series of
canals and water transport (main Channel, channel Gozna, etc.) with
the role of transporting water to hydroelectric and the water
utilizations. Crainicel, Breazova and Grebla hydro powers has arranged
in cascade and utilizes a total waterfall of 323 m.
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Figure 4: The system hydro technical Barzava Superior.

Hydro powers Crainicel, Grebla andBreazova mostly natural debt
collected from ponds Barzava, Timis, Nera. Their arrangement in a
tandem allows the use of the natural loss of the river Barzava, although
not managed just a capitalization 40% of the natural waterfall of 323 m,
which results in possible future expansions of the hydro arrangements
from the point of view of energy.

Analysis Results and Discussion

Mixed open circuit (Figure 5) was put in operation for the
derivation of water from the river Timis in Barzava through pumping
from the three UHE (Crainicel, Breazova and Grebla) located in the
waterfall on the river Barzava and other utilizations (water supply,
industry, etc.).

upstream canal
——t

!

Hb1 =195 m /r
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Timis River

L Barzava River

UHE Grebla

Figure 5: The arrangement of Barzava River.
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If you apply the theoretical methodology for system Barzava-Timis,
where:

-Mayor consists of “Trei Ape” reservoir located on the river Timis,
delivery pipe and Electro pumps that upset jumping V; towards
upstream channel with Hy,; =195 m.

-The second arrow is composed of three hydroelectric power plants
located in the Waterfall on the river Barzava with Hy,=745 m and
AH=550 m.

E
2 AH Y _ 550\ _
E_l = (1 + H—bl)T] . 065(1 + —195) =23

From the above date results report energies (relationship 15) being
2.3, so the energy produced by the E, is 2.3 times higher than E,
consumed by the pumps. The ratio between the gross income and the
cost of pumping energy is:

E,P P

e = 2355 = 2304 =92

11 1

What ensures the recovery of investment in the primary (the one in
the secondary being amortized) in a time T,<8 years (secondary
investment does not enter into consideration, because the investments
were amortized hydroelectric power stations) [10]. Considering that
the energy needed for pumping high expense represents (considering a
function period (T,) of 1,500 hours for AHP) [7] taking into
consideration is the preferable option of unparalleled energy. For
taking into account wind energy, it is important and unparalleled cost
of this energy (p;e). An evaluation of this cost results from:

P

- = 152 22 =266

1 P1e

Having regard to this and applying for AHP for the river Barzava

will result:

EyPie

E

P2

= 23— =2.3x2.66 =6.1
11 Ple

By comparing the ratios of gross revenues and expenditures with the
energy needed for pumping data relationships [11] and [12] shall
establish a decrease of their value because it replaces a primary energy
cheap one with me about 50% more expensive at pumping water.
Analysing the terms of relationship recovery time of the investment, in
this case we have:

AHP:
1
T p—
r Vbr -C
Where:

T,=investment recovery time and must fulfill the condition: T,<Ty
Tn=recovery time of the normed

I=Investments made for the realization of the AHP in the utilization
assumption primary

power base of the national energy
Vp,=gross income realized by AHP in the same hypothesis
C=the annual costs of production in the same hypothesis

Replacing the primary power source to wind power pumping result:

_ 1+ Al
re
(vbr + AVbr) —(C+40)

T

Where:

Al - the investment that is needed to supplement the replacement
power supply

AV, = E p,- Additional gross income achieved through the use

for other purposes the primary energy taken for pumping from
national energy networkAC = E - ap,-additional production costs,

using wind energy for pumpingap, = p;, — p;-represents the cost of

pumping increase energy using wind energy more expensive

In order to achieve the same as AHPE (economic efficiency as well

as AHP must: T, =T\,
1 I+ Al 1 Al
vV, —C_ SV, ¢~ 4v, —ac It
br (v, +av,,)—(C+40) Vi br

results so that investment should be recovered while at the same time
with the investment of additional income realized through use in other
purposes of pumping energy, taking into account the increase in the
cost of energy from the unparalleled [13].

Taking into account the fact that AVy, = E;p; and AC = aE;p,;
results:

Al 1

T.= Ep — aE p4 orT, = l-—a Eqpq

setting the degree of increase (a) you incur the cost of wind power

energy to basic energy, if you know the expenses necessary for the

AHP version pump (using energy), additional investment for achieving

AHPE and Tr recovery time of AHP.

a criterion that allows
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