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LOAD FLOW ANALYSIS

1 Problem definition

In electrical power networks, several planning problems must be studied and solved for satisfactory, reliable,
and high-quality operation. One of the important problems studied—both in planning (for potential network
expansions) and during operation—is power flow or load flow calculation.

Power flow calculation involves determining all power transits and voltages in the network for a given load
case. It is defined by a set of equations derived from Kirchhoff's laws and applied to the network buses.
Additionally, operational constraints on the network are taken into account. The problem is nonlinear because
power is the product of voltage and current. A steady-state sinusoidal regime is assumed (thus algebraic rather
than differential equations), with operating conditions fixed for each study.

2 Power flow equations

Consider the representation in Fig. 1 below for an n-bus electrical network.

Generators/Loads Loads
W l
Q Electric
Network
v (linear) v
= }
_T_Reference

Fig. 1: Schematic representation of an electrical network

A node or bus (busbar) is a point in the electrical network where apparent power is either consumed by a load
or delivered by a generator connected to that bus. Buses connect the lines and thus form the sources and loads
of the electrical network.

Indeed, in addition to lines and transformers, the possible elements connected to a bus are generators, loads, and
shunt elements.

31



Univ. 20 Aot 55- Skikda, Dépt. Génie Electrique A. LAIFA 2025/2026
Master 1 Réseaux Electriques Modeling & Optimization of Power Networks

Vi

Sik l
e
Spi

N

Fig. 2 : A bus i of the network connected to other buses k et [

For this bus, we can define the injected power:

Si = Sei = Spi (1)
where Sg; is the power generated at bus i and Sp; is the power consumed or requested at bus i.

The law of conservation of power states:
n

§=Z§j i=12,..,n @)

j=1
where S;; is the power that flows in the line ij connecting buses i and j.

The current injected at bus i (Fig. 3):

n

Ii= IGi_IDizzlij i=1,2,...,7’l (3)
j=0
with:
Iy = yi;(Vi = V;) (4)

andV; =0 forj =0 (reference bus).

Hence:

n n n
h=§kﬂw4®=WZwr-§:m% (5)
j=0 j=0

=T
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Fig. 3: Representation of the electrical network with injected currents and admittances

In matrix form:

In compact form:

- n
23’1] — Y12
j=0
n
—Y21 Zyzj
j=0
n
—Vi1 T Vi e e e Zyij
j=0

[ = [YpuslV]

-~ Vin

—Yin || Vi

Z Inily, |

j=0

(6)

(7)

Yyus 1S the nodal admittance matrix. For simplicity, it will be denoted simply as Y. Yy, is also called the
short-circuit admittance matrix. Its elements are calculated by:

YVij=-wj 1#]
n

Yii = Z)’ij
j=o
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The complex power injected at bus i is written as:

n * n
S=VE =V | QT =V ) W i=12.m ©)
j=1 j=1
Several formulations are possible because the complex elements of Y, or complex voltages and currents, can be
written in rectangular or polar coordinates.
By writing the voltages in the form:
V;=VelS5i  and V; =V;el
By expressing the element (i, j) of the matrix Y by
Yij = Gij +jBjj
and noting: 611 = 81' — 6]
We obtain:
Si =P +jQ; = X}, ViV;e%i (Gyj — jBy;)

n
= Z ViVi(cosdyj + jsind;;)(Gij —jB;j)  i=12,..,n (10)
j=1
The active and reactive power injected at the buses can then be written as:
n
P, = Viz V;(Gijcosb;; + B;jsind;;)
o i=12,..,n (11)

Qi =V
J

n
Vj(Gijsinc?ij - Bl-jcos5l-j)

=1

These are the power flow equations where the injected powers are known, and the magnitudes and angles of the

voltages at the various buses must be determined.

The resulting power flow equations are nonlinear and cannot be solved analytically. Iterative methods are used:

this is a repetitive operation that starts with an initial solution estimate, which is combined with the original

equations to compute a first solution, then a second, and so on until a satisfactory solution is reached.

In fact, the power flow problem may have no solution, one solution, or multiple solutions. Four quantities are
associated with each bus in the system: active and reactive powers, as well as the magnitude and phase of the
voltage. Only two of these four variables are known at a bus, with the other two determined during the
calculation. Three combinations, defining three types of buses, are generally used:

» Buses PQ for which active and reactive power injections are fixed: A bus PQ is directly connected to a load
and has no energy source.

» Buses PV where the known quantities are active power and voltage magnitude: A PV bus is directly
connected to a generator or reactive energy source. Reactive energy production is limited by lower and
upper values, Qsmin et Qemax, respectively. If one of these limits is reached, the value is fixed at that limit,
and the voltage is released; the bus then becomes a PQ bus.
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» The swing or slack bus, for which the complex voltage is given in magnitude and phase, serving as the
system reference: This bus is included in the power flow calculation to compensate for active losses and
ensure equality between active power demand and generation. Without defining this bus, convergence—
and thus a solution—is impossible.

3 Problem-solving methods

3.1 Gauss-Seidel method

The Gauss-Seidel method is an iterative method used to solve systems of linear equations with multiple
unknowns. This method first assigns initial values to the unknowns for the first calculation of results. These
new values are then used as initial data for a second iteration, and so on. The iterative process stops once the
difference between values obtained from two consecutive iterations is less than a tolerance denoted by e.

3.1.1 Principle of the method

Consider the system of equations
allxl + alzxz + a13X3 + -+ alnxn = bl
Az1X1 F Q2% + Az3Xx3 + -+ + AynXy = by

: : : . : : (12)
Ap1X1 + ApaXy + Ap3Xs + -+ apnXy = by,

This system of equations can be written in another form where we derive the expression for x; from each
equation:

( by — ay2x; — ag3x3 = — AypXy
x1 =
aiq
Y = by — a1 — Ap3x3 =+ — dapXy
, =
X Ay (13)
by — ap1X1 — ApaXy — - — App_1Xp_q
Xp =
ann

a;i * O, i = 1,2,"',Tl

If we denote by k the number of iterations, this method consists of evaluating x** from x*. The previous
system of equations can then be written.

k k k
(x k+1 _ by — a12x;" — a3X3" — = — Ay
1 =
a1
k k k
K+l by — az1%," — A3X3" — - — AxpXy
Joy+t = (14)
25 Y)
ka1 Dn—an1xX1 — anax; ©— Oppn-1Xn—1
U T
aTlTl
which can also be written:
k
e+l b; —anx," — apx; AinXn .
X; = i=12,-,n (15)

or:
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1
xl;c+1 =— b, — z aijx}‘ i=12,-,n (16)
Jj=1,j#i

The Gaussian method, also known as the Jacobi method, requires a vector of initial values to begin the iterations.

xy

0
xoz x.Z

X0
The iteration process will stop once the convergence condition is met:
|t —xf|<e i=12-,n (17)

The Gauss-Seidel method is an improvement on the Jacobi method which consists of calculating the unknown
at iteration k + 1, x**1 as a function of the values x* of iteration k and x*** available at iteration k + 1 as

follows:
1 i-1 n
k+1 _ k+1 k P —
x; = a— bi — al'ij - 2 al’jxj i=12,-,n (18)
u ]:1 ]=l+1

The number of iterations of the Gauss-Seidel method can be improved by using an acceleration factor o at each
iteration as follows:

xft = xf + a(xf - xF) (19)

3.1.2 Application to the power flow problem

The power flow calculation equation leads us back to the calculation of voltages at the network buses.

F=Y v (20)

n
S=P+jQ =TT =T [ Y %7 (21)

Taking the conjugate of the apparent power, we have:

-1 n
A A R AR A A DR RN A B A7 22)
j=1 j=i+1

The Gauss-Seidel iteration process can then be applied as follows:

—x i—-1 n
—k+1 1 Sl —k+1 —k
Vi =yl Y - E YV (23)
w\" =1 j=it1

This equation does not apply to the swing bus where VV and & are given; P and Q are to be determined.
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For PV buses, the reactive power is unknown. It must be calculated using the following equation:

i-1 n
—xk —k —ht1 7
0+ = —imag T v T+ S 7 Y w7 (24)
j=1 j=i+1

If the value calculated from the previous equation violates one of the specified limits, the value of Q; is set to

the violated limit. Then, the calculation of IZk+1 is performed as before for a PQ bus.

For the calculation of Vlk“ for this type of bus, since the voltage magnitude is specified, only the phase angle

6 calculated by performing the following operation needs to be retained:
—k+1 =
|4 = lk+1| ’ |Vi,specified| (25)

o
To accelerate the convergence of the method, the voltages during successive iterations must be modified as
follows:

~

Vik+1 — Vik + a(Vik+1 _ Vik) (26)

where « is the acceleration factor.

For most electrical networks, a.is such that: 1,1 < a < 2
3.2 Newton-Raphson method

Among the various existing methods for solving a load flow calculation, the Newton-Raphson method is the
one that is commonly and widely used.

3.2.1 Principle of the method

Consider the system:
fx)=0 (27)
with:

x=[x; x5 . x5]"
f=lif - fn]t
The iterative Newton-Raphson solution is given by:
)kt — ok _ [](xk)]_llf(xk) (28)
where:
x¥ - solution at iteration k

x**1  :solution at iteration k + 1
Ji : system Jacobian
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0f: 0h i)
%, 9%, e e eee ree s o,
ax, 9%, e e eee ree s o,
J= . (29)
Ofn Ofn fn
_6x1 o1, e e eee ree s 6xn_

We often write the resolution in the form:
xk+l = xk 4+ Axk (30)
Axk = —[1(x¥)] 7" F (k) (31)
3.2.2 Application to the power flow problem
We have the power flow equations which take the form:
AP; = Pigpec — P; (32)
AQ; = Qispec — Qi (33)

withi =1,2,...,n and bus 1 considered as the swing bus.
Pispec €t Qispec are the injected powers specified in each bus (generation and load).

The system to be solved is written as:
AP
£ = [yo] = 0 (34)

with:
AP == [APZ APS Apn]t

AQ = [AQ; AQ; ... AQ,]*
X = [6 V]t = [62 63 67’1 V2 V3 Vn]t

The linear system to solve to find the increments:

J11 J12][AS AP
= (35)
J21 J221 LAV AQ
with elements of the Jacobian:
J0AP 0P
= - 36
Ju a5 ~ 36 (36)
J0AP 0P
= - 37
J12 v "~ av (37)
dAQ 9Q
J21 a5 ~ 46 (38)
dAQ 0Q
-t __ 39
J22 v oV (39)
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Using the expressions from the power flow equations:

n
AP; = Pigpec — Z ViV;(Gijcos(8; — 8;) + Byjsin(8; — §))) (40)
=1
n
AQ; = Qispec — Z ViV;(Gijsin(8; — 8;) — Byjcos(8; — 67)) (41)
=1

We can calculate the expressions for the different elements of the Jacobian:

AP,

(]ll)ij = —W = VLV](GUSI.T),6U — BijCOS6ij) (42)
AP, < , ,
U1 = 35 = Z V.V;(—G;jsind;; + Bijcosd;) = —Q; — BV (43)
L . T .
j=1,j#i
QAP ,
(]12)1']' = —W = Vi(GijCOS5ij + BijSlnSij) (44)
J
n
AP, _ P,
UlZ)ii = — aVl = Z I/j(GijCOSSij + BijSlnaij) + ZVL'G” = Vl + GiiVi (45)
j=1,j#i
0AQ; .
U21)ij = _le = ViV;(=Gjjcos8;j — Byjsindyj) = —V;(J12)i (46)
J
dAQ .
UZl)ii = —Wll = z ViVj(GijCOS(Sij + BUSln&]) = Pi — GiiViz (47)
Jj=1,j#i
dAQ; , (11)ij
Uz2)ij = _le = Vi(GijSln5ij - BijCOS5ij) == J (48)
J J
0AQ;  ~ Q
Uz22)ii = — aVil = Z Vi(Gijsind;; — Bijcosdy;) — 2ViBy = 7: — BV (49)
Jj=1,j=#i

3.2.3 Calculation algorithm
It can be summarized in the following steps:
1. Read the system data and form the admittance matrix Y.

2. lteration: Estimate an initial solution. x° = [§° V°]
A typical initial solution is the "flat start": V2 = 1; §° = 0 pu for all buses .
3. Evaluate the "mismatches” AP et AQ for the current solution.
4. Check the calculation tolerance (precision or stopping criterion):
|AP;| < e and |AQ;| <e i=23,..,n or max(|]AP|,|AQ|) < & where ¢ is a chosen tolerance

If yes: stop (end of iterations).
If no: go to step 5.

5. Calculate the Jacobian elements for the current solution.
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6. Solve the linear system (35) for Ax = [A§ AV].

7. Update the solution: x**1 = x* + Ax*
Skl = sk + AG* and VFYl =Vk 4 AVK
8. Increment iteration and return to step 3.

3.2.4 Voltage-controlled buses

If for a bus i the voltage magnitude is controlled and thus kept constant (V; = const) during the power flow
calculation, then the column in the Jacobian corresponding to the derivatives with respect to V; is eliminated.
This is the case for PV buses where the voltage magnitude is specified. At these buses, the injected reactive
power Q@ will be calculated after solution and convergence.

If we have m PV buses, then there will be (n — 1 —m) load or PQ buses. The dimension of the Jacobian is
then (n — 1 —m) X (n —1 —m) instead of (n — 1) x (n — 1) relative to the case where all buses except the
slack bus are of PQ type.

_ A P2 -
AP,

AP,
AQ;

AQm
AQm+1

2n-2 [ AQ,, | To remove

To erase To remove
To erase

Fig. 4 : Modification of the Jacobian matrix taking into account PV buses

Notes:

» If during the calculation, a generator reaches its reactive power production limit, it is converted to a load
bus and is no longer voltage-controlled. For this, the injected reactive power at PV buses is determined at
each iteration, and it is verified that it remains within the specified limits.

» After convergence and obtaining the solution, it is possible to calculate the active and reactive powers
generated at the slack bus, the reactive powers produced at PV buses, the power flowing in lines and through
transformers, as well as power losses and voltage drops.
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» The number of Newton-Raphson method iterations is independent of the number of buses in the network to
be calculated, but computing the Jacobian consumes a lot of calculation time. The number of iterations is
reduced due to the method's quadratic convergence. Overall, the Newton-Raphson method is advantageous
compared to other methods.

3.3 Example

Solve the power flow problem of the 3-bus system below (Fig. 5) using the Newton-Raphson method. The
impedances of all lines in pu per km are equal to (31,1 + j316).107° pu/km.

200 km

: s 83=5+j1.0 pu

150 km

V;=1.0 £0° pu

P,=20 pu
V,=1.05pu

Fig. 5: 3-bus electrical network
Classification of buses:

» Bus 1:swing (slack bus), V; and §; known, find P, and Q,
» Bus2: PV, P, and V, known, find §, and Q,
» Bus3: PQ, P; and Q3 known, find V5 and 85

Line impedances:

Z12 = (31,1 +j316).107° x 150 = (4,665 + j47,4). 1073 pu
Z13 = (31,1 + j316).107° x 200 = (6,220 + j63,2). 1073 pu
Zy3 = (31,1 +j316).107 x 150 = (4,665 + j47,4).1073 pu

Line admittances:
1 1
Y12 = Y23 = = 4,665 + j47,4). 103
1 1

Z1s (6,220 +j63,2).1073

= 2,06 —j20,9 pu

Y13 = = 1,54 —j15,7 pu

The admittance matrix:

Y, Y, Yis 3,6 —j366 —2,06+,20,9 —1,5+ 157
Y=Yy Yy Yis|= [—2,06 +j209 41-j41,8 —2,06 +j20,9]
Y31 Y32 Y33 _1,5 +}15,7 _2,06 +]20,9 3,6 _]36,6
Either:
36 =206 -—-15 -36,6 20,9 15,7
G = [—2,06 4,1 —2,06] B = [ 209 -—-41,8 209 ]
-15 -2,06 3,6 15,7 209 -36,6
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Specified quantities:

» Slackbus:V; =1,0pu, 6; =0°
» PVbus:V,=105pu,P, =2,0pu
» PQbus:P;=-50pu, Q; =-10pu
APy

[AP] _

A1 g,

AP, = 2,0 — [(V,V;(Gyq c0s(8, — 81) + Byy sin(8, — 8;)) + V2G5,
+ V2V3(G3¢08(8, — 83) + Ba3sin(6, — 83))]

Output vector (power mismatches):
AP,

AP; = —5,0 — [(V3V1(G3q cos(63 — 61) + B3y sin(63 — 61)) + V3V, (Gsy cos(83 — 6;) + B, sin(63 — 6))

+ V{Ga3]
AQ; = —1,0 — [(V3V1(G31 5in(83 — 61) — B3g cos(83 — 61)) + V3V2(G3z sin(83 — 6;) — B3, cos(83 — 83))
— V§ B3]
Vector of unknown quantities:
)
)
X = = 63“
o1-[o

The initial vector formed by the estimated initial values:

520 0
x0 =165° =[0]

V30 1,0
The complex voltage vector is then:
V46, 1,020° 1,020°
V = [V,46,| =[1,0546;| = [1,05401
V3465 V3463 1,0£0°
The Jacobian matrix:

roP, 0P, O0P,]

a6, 063 JVy

_ dP; 0P; 0P

/= 38, 963 0V

0Q3 0Q3 00Q;

106, 063 OJV;l
P, . .

35, —V5[V1(=Gyq sin(8; — 61) + Byq c0s(8; — 87)) + V3(—Ga3sin(8; — 63) + Ba3 cos(8; — 63))]
2
0P; . .
5. —V3[V;(=G3q sin(83 — 8;) + Bzq cos(83 — 7)) + Vo(—G3; sin(d3 — 8;) + B3, cos(83 — 63))]
3
dapP, )
E = V,V3(Ga3 sin(8, — 83) — B,3 cos(6, — 63))
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Oy Vi(Gaysin(S; — 5,) — B 5;— &
E— »V3(G3, sin(83 — 6,) — B3, cos(83 — 4,))
apP, .
8—V3 = V2(Gy3 cos(6, — 83) + B3 sin(d, — 63))
oP.
6_1/'3 = V(G341 cos(85 — &1) + B3q sin(83 — &1)) + V5 (G35 cos(83 — 85) + Bs, sin(63 — 85)) + 2V5G45
3
003 .
E = V,V3(—G3; cos(83 — 8;) — B3, sin(63 — 63))
aq . .
6_63 = V3[V1(G31 cos(83 — 6;) + Bz sin(63 — 61)) + V,(G3z cos(83 — 63) + Bz, sin(83 — 63))]
3
aQ . .
6_V3 = V1(G315in(85 — 6;) — B3q cos(85 — 6;)) + V,(Gz, sin(85 — &,) — Bz, cos(63 — 8,)) — 2V3B33
3

> Parameter to be specified: tolerance or precision e = 107

» Stopping criterion : max(|AP|,|AQ|) < ¢

Iteration O :
1,020°
VO = [1,0520°
1,020°
AP 2,0 — 0,216 1,718
[AQ = [-50- (—0,103)] - [—4,897]
1,0 — (=1,045)] | 0,045

max(|AP|,|AQ|) = 4,897 > & : Since the required precision is not met, the new solution is calculated.
[ 43,89 —21,95 -2,160

J°=(-2195 37,62 3,497 ‘

| 2,160 —3,702 35,53

The increments are obtained by solving the linear system:

43,89 —21,95 —2,16071[Ad, 1,718
[—21,95 37,62 3,497 !A63 =!—4,897]
2,160 —3,702 35,53 |lAV; 0,045
Hence:
A8,°1  [-0,0345
Ax® = |AS;° =[—0,1492]
AV, —0,0122

Solution update :

0 —0,0345 —0,0345
x1=x"4+Ax"=|0 |+ —0,1492] = [—0,1492]
1,0 —0,0122 0,9878
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Convergence is reached after 4 iterations:

-2,1°
x=x*= [—8,8“’]

0,98
And so:
V28, 1,020°
V=|V,28,| = [1,054 — 2,1°]
V,28;] 10,982 —-8,8°
Injected power :
S;| 3,08-,0,82
s=|s, :[2,0—j2,67]
R —5,0—/1,0

S3
3.4 Decoupled power flow method
Power transmission lines have a very low R/X ratio. For such systems, the variation in active power is more

sensitive to the variation in phase &, while the variation in reactive power is more sensitive to changes in voltage
amplitudes. It is therefore reasonable to neglect the elements in sub-matrices J;, et J,;. The system becomes:

AP J11 J12][AS J11 01148
ol Ll g
AQ J21 J221 1AV 0 Jo2llav
or
AP = J,,.AS8 (51)
AQ = J5,.AV (52)

These are the decoupled power flow equations and are solved separately (saving time and memory space).

In the literature on the power flow problem, it is common to denote J,, et J,, as H and L. For voltage-controlled
buses, the voltage amplitudes are known. Therefore, if there are m voltage-controlled buses, then H is of order
(n—1)x(n—1)andLisoforder (n — 1 —m) x (n — 1 — m). The elements of these two matrices are given

by:

oP,
Hyj = 5= = ViV;(Gyjsindy; — Byjcosd;) e
J
ap;
H;; = 6—51 = —Q;i — ByV &4
L
d20; ,
Ly = (')_V; = Vy(Gysindy; — Byjcoséy;) o
00; @
Ly = c’)_Vl = 71 — ByV; (56)
1 l

3.5 Fast decoupled method
For practical electrical networks, we generally have:

Between two adjacent buses:
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Simﬁi]- = Sin((Si - (S]) =~ 6i - 8] = 81] (58)
cosd;; = cos(8; — 6;) ~ 1 (59)
Hence:
n
Qi = Vi V](Gl]Sln(Sl] — Bi]'COS(Si]')

j=1

Qi =V

j
With approximations V;V; ~ V2 et V? = V;, we obtain:

n n
Vj(Gijsin(Sij - BijCOS(Sij) =~ Vlz Vj(GijsinSij - Bl]) K Vi Z V](—BU) K Bii- Viz (60)

1 j=1 j=1

oP;

Hy = 35, —ViBj; (61)
oP;
H;; = E = —V;B; (62)
Similarly, we can deduce the simplifications for the matrix L:
90,
Ly = W, —ViBj; (63)
90,
/A (64)
So, the decoupled equations take the following form:
P
- —_p 65
- B'.A8 (65)
A
by (66)

B’ and B"' are the imaginary parts of the nodal admittance matrix Y. They are constant matrices and are inverted
only once in the computation routine. The decoupled and fast decoupled methods require more iterations than
the global Newton-Raphson method but much less computation time per iteration.

4 Calculation of power transmission and losses in lines and transformers

4.1 Power transmitted through the lines

To calculate the power flowing in the branch connecting buses i and j, we determine the current flowing between
these buses, which is given by the following expression:

I = Y;(V; = V) + YoV, (67)

and the complex power that passes through the i — j line measured at bus i:
Sij = Vili; = Vi [V (V; = V) + Yo V] (68)
Sip = Vil? Yy = Vi U7y + 12 - Vi (69)

Similarly, the apparent power flowing from bus j to bus i is:
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Sie=G -y =V V¥ + T Yo 70
4.2 Power transmitted through regulating transformers
Considering a regulating transformer whose admittance matrix is:
Yook
_| a? a
M=%, (71)
a Y

D TH (TR | 1_ =
[..:i.y._ﬂ.yj:_.y..(_[/i_[/j) (72)

o N
Sy =Villy=Vi- |2 Yy (ST=T)| =55 W05 - =¥y - T (73

- 1 _ 1_

=g (% -27) o
N 1 e
Su=0hi=V |3 (5-30)] = I8 ¥ - v, 79

4.3 Calculation of total losses in the network
For an element of the network connecting two buses i and j, we have:

Stossij = Sij+Sji (76)
Siossi ; - complex power consumed (lost) in the branch (i — j)

fij : complex power that passes from bus i to bus j
fij : complex power that flows from bus i to bus j.

Pross ij = Reel{gLoss ij} (77)
Qross ij = gmag{gLoss ij} (78)

Pyoss ij - active power lost in the branch (i — j)
QLoss ij - reactive power lost in the branch (i — j)
The total power lost in the network is equal to the sum of the power lost in all branches of the network.

'§Loss = Z '§Loss ij (79)
Pposs = Reel {Z 5:Loss ij} (80)
Qross = Jmag {Z §Loss ij} (81)
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5 Representation of power flow results

Consider the network in Fig. 6 below.

P, =825 MW
Q,=200 MVAr Us=1pu
o3=0°
Bus 2 380 KV Bus 3
70 km
75 km
- 150 kV |
Bus 1 Bus 4
P1L=200 MW P](}= 600 MW
Q: = 100 MVAr Ui =1,01 pu
Fig. 6: 4-bus network
The data for this network are shown in the following tables.
Lines Transformers
Line i|J R X U l Transfo | i | j R X S
Q/km) | (Q/km) | (kV) | (km) (%) | %) | (MVA)
0 0.2875 150 75 1 1] 2 0 13 295
3 0 0.2100 380 70 2 314 0 13 295
Buses
Bus | Type | U (pu) | Pg (MW) | Qz (MVAr) | PL(MW) | Q,(MVAr)
1 PV 1.01 600 0 200 100
2 PQ - - - 825 200
3 | Slack | 1.00 0 0 0 0
4 PQ - - - 0 0

Power flow results

The results of the load flow calculation applied to this network are listed below. This represents the electrical
state of the network for the imposed constraints (PV, PQ, and slack buses; scheduled generated and consumed
powers). For each bus, the first line gives the nominal voltage (kV), the current voltage (pu), and the phase shift
with respect to the slack bus. The other lines represent the connected loads and generators, as well as the power
flows in the lines and transformers. We can directly verify that the sum of active or reactive powers entering a
bus is zero.
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BUS 1 Bus 1 150.0 MW Mvar MVA % 1.0100 5.52 11
GENERATOR 1 600.00 199.36R 632.3

LOAD 1 200.00 100.00 223.6

TO 2 Bus 2 1 330.65 88.79 342.4 34 1.0000NT 0.0

TO 4 Bus 4 1 69.41 10.56 70.2 7
BUS 2 Bus 2 380.0 MW Mvar MVA % 0.9819 -2.94 11
LOAD 1 825.00 200.00 848.9

SWITCHED SHUNT 0.00 0.00 0.0

TO 1 Bus 1 1 -330.65 -38.12 332.8 33 1.0000TA 0.0

TO 3 Bus 3 1 -494.35 -161.88 520.2 5
BUS 3 Bus 3 380.0 MW Mvar MVA % 1.0000 0.00 11
GENERATOR 1 424.94 186.65R 464.1

TO 2 Bus 2 1 494.35 190.45 529.8 5

TO 4 Bus 4 1 -69.41 -3.80 69.5 7 1.0000TA 0.0
BUS 4 Bus 4 150.0 MW Mvar MVA % 1.0021 1.75 11
TO 1 Bus 1 1 -69.41 -5.93 69.7 7

TO 3 Bus 3 1 69.41 5.93 69.7 7 1.0000NT 0.0

Graphical representation

Graphical interfaces make it easier to visualize the electrical quantities of the network and to monitor its state.
One example of such a representation is provided by the PowerWorld software: power transfers are shown by
arrows along the lines, and at the buses the voltages and injected powers are displayed (Fig. 7).

OMVR  825MW 425 MW
200 MVR 187 MVR
N
0.98 pu 1.00
X .00 pu
2.94 Deg 0.00 Deg
805 AMP
493 MW
162 MVR
515 AMP
(A 331 MW
™) 38.1MVR
267 AMP
69.4 MW
10.6 MVR
1.01pu 2 N
552Deg __ & T
1.00 pu
1.75 Deg

200 M
600 MW

Fig. 7: Example of a power flow presentation
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