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ABSTRACT

This research studies the impact of distributed generators to distribution power loss in
two aspects i.e., the impact of firm contract capacity of distributed generators addressed in a
power purchase agreement and the impact of the real time optimal power injected from biomass
based distributed generator to distribution power loss. The research framework is formulated as
optimization problems and solved by approximating relationship between distribution loss and the
power supplied from distributed generator as a quadratic function with satisfied results. The data
obtained from feeder No. 8 of Ubonratchathani substation, consisted of 93 buses with 7.5 MW
distributed generator connected with bus No. 42, is adopted as a tested system. The daily load
profile of this feeder is manipulated under suggestions stated in a load research project, which is a
research studied in the Provincial Electricity Authority of Thailand.

The obtained results from the simulation revealed that the optimal firm contract capacity
and the real time optimal dispatching power can reduce the distribution loss to 18.734 % and
14.296 % of the based case respectively.

Although there are no regulations to include incremental distribution loss impacted from
distributed generator in electricity tariff. However in deregulated electric system, location and real
time power dispatch of distributed generator is included in a spot pricing of electricity to reflect
the truth cost of production of electricity under competitive environment. This requires for

further research in Thailand.
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- Palm Oil Residue Power Plant (15.3MW)
B Rice Husk and Eucalytus Bark Power Plant (J1MW)
I MswW Power Plant (2.55MW)

B 52gasse Power Plant {264.8MW)

Biack Liquor Power Plant (254W)

Eucalytus Bark Power Plant (8MW)

Para Wood Waste Power Plant (20 2MW)
B rice Husk Power Plant (83.5MW)
S iogas Power Plant (5.79MW)

BB Rice Straw Power Plant (1.34MW)
Total Sold to Grid {Qct 2007) 551.78MW
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{c) double-reheat
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To power system

{b) Single reheat, 3600/3600 r/imin shaft speeds
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{c) double-reheat, 3600/3600 r/min shaft speeds
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Generator stator Compressor Air bearings
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M35197 6.2 Yoyavesmiodmiwvesszuy 93 van linaou

1 2 0.00052 0.01048 45 46 022723 0.4325
3 2 0.73436 1.39776 46 47 0.11852 0.22558
4 3 0.09451 0.1799 47 48 0.01341 0.02552
5 6 0.0072 0.01371 48 49 0.03444 0.06555
5 4 0.04969 0.09458 49 50 0.20237 0.38517
[ 7 0.00958 001823 51 50 0.00583 00111
8 9 0.16622 0.31638 51 52 0.20709 0.35417
3 7 0.09058 0.1724 52 53 0.03396 0.06465
9 10 0.10758 0.1408 53 54 0.02147 0.04087
10 11 0,04042 0.0529 54 55 001116 0.02124
12 11 0.44273 0.57942 55 56 0.02124 0.04043
13 12 0.14345 0.18773 56 57 0.29906 0.56922
13 14 0.05225 0.06838 57 58 0.01313 0.02498
15 16 0.03236 0.03386 58 59 0.08471 0.16123
15 14 0.00352 0.0046 59 60 0.02416 0.04599
16 86 1.34383 0.75833 60 61 0.13379 0.25464
17 18 0.17145 (.22438 61 62 0.06582 0.12528
17 16 0.25327 0.33146 62 63 0.14196 0.27019
18 19 (.23438 0.30674 64 63 (1.38686 0.73634
20 21 0.19441 0.25444 64 65 0.13149 0.17885
20 19 0.07718 0.10102 66 67 0.00564 0.01074
21 22 0.09413 0.12319 66 65 0.01214 0.02311
22 23 0.12197 0.15963 67 68 0.01212 0.02308
23 24 0.25031 0.32759 68 69 0.07893 0.15023
24 25 0.45091 (0.59012 69 70 0.02562 0.04876
26 27 0.19343 0.25315 70 71 0.03302 0.06284
26 25 0.48927 0.64033 72 41 0.00587 001117
27 28 0.08001 0.10471 73 72 0.02117 0.0403
28 29 0.52044 0.68113 73 74 0.01116 0.02124
29 30 0.05997 007849 75 74 0.29461 0.56076
30 31 0.18035 0.23603 76 75 0.0294 0.05595
31 32 0.09091 0.11897 76 77 021159 0.40273
32 33 Q01215 0.0159 77 78 0.02945 005605
34 33 0.23632 0.30929 78 79 0.02985 0.05682
34 35 0.47491 062154 79 80 0.36632 0.69724
35 36 0.0406 0.05314 80 81 0.33171 0.63136
36 37 0.11979 0.15677 81 82 0.11632 0.2214
37 38 0.06554 008578 82 83 0.08295 (0.15789
38 39 001769 0.02315 83 84 (33251 0.63289
39 40 (3.02412 (0.04592 84 85 0.04758 0.09057
39 90 0.98002 0.55304 87 86 2.19338 1.23776
41 42 0.01729 0.0329] 88 26 3.86674 2.18208
41 36 0.03008 0.03937 88 89 3.7334) 2.10683
42 43 0.02435 0.04635 90 91 3.48007 1.96387
43 44 0.10005 0.19043 90 92 5.61345 3.16777
44 45 0.03145 0.05986 92 93 526677 297214
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FROMANNIAULA0uTqA (Energy Loss Minimization) a303110' 14 luaunisi (7.1)

7

Minimize E, = Z(P;"At) (1.1)
i=1
Taoh
N N
Plos = > Y |Vi|V | ¥s|cos(Oy -5 +61), vieT (7.12)
iw] j=i
N
(Ply +70, V=2 (P;+jQ}). VieN, VieT (7.1b)
j=l
P{=Ps§, VreTl VseT (7.1c)
Pyin S Py < PP, VteT (7.1d)
Qrn<QL <Qr=, VteT (7.1¢)

vimnsvlsvpres, YkeN,VieT (7.19)
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Loss (MWh)
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36 - LOSS {MWh)
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128 ,Loss (MWh)
1.26 1
1.24 1
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1.20 4
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15 0.44114P°-3.68656P+8.78258 | 4.178447 | 0.003074483 1.09674528
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% This program obtains Bus Admittance Matrix for power flow calculation
& “Optimal Power Dispatch of Small Power Producers to Reduce Real Power
Loss in Distribution System”™

basemva = 100; accuracy = 0.0001; maxiter = 100; lamda=1;
j = sqrt(-1});

nl = linedata(:,1); nr = linedata(:,2); R = linedata{(:,3);

X = linedata(:,4); Bc = j*linedata(:,5); a = linedata(:,86);
nbr = length{linedata(:,1))}:; nbus = max(max(nl), max{nr));

Z
Yy

I

R + 3*X%; %branch impeance
ones({nbr,l)./2; 3%branch admittance

[

Vm=0; delta=0; vyload=0; deltad=0;
c=0;d=0;Nslackb=0;Nloadb=0; NPV=0;NQV=0;
% Defined column of Busdata
for k=1:nbus
n=pusdata(k, 1) ;kb(n)=busdata(k,2); Vm{(n)=busdata(k, 3):
delta(n)=busdata (k,4):Pd{n)=lamda*busdata(k, ) :
Qd(n)=lamda*busdata(k,6);
Pg(n)=lamda*busdata(k,7); Qg(n) =
busdata{k,8);0min (n)=busdata(k, 9):
Omax (n)=busdata(k,10) ;0sh (n)=busdata(k,11);

if Vmi{n) <= 0 Vm(n) = 1.0;

else delta(n) = pi/l80*delta({n);
P(n)=(Pg(n}~Pd(n))/basemva:; % Formulated P
Q(n)=(Qg(n)-Qd(n)+ QOsh(n)) /basemva; % Formulated Q
S(n) = P{n) + 3*Q(n); % Formulated S

end

end

for k=1l:nbus
switch kb{k)

case 0
angleindex(k) = ¢ + 1l; % bus angle index
¢ = angleindex(k):;
voltindex(k) = d + 1; % bus voltage index

d = voltindex(k);
Nloadb = Nloadb + 1;

case 1
Nslackb = Nslackb + 1:
case 2
angleindex(k) = ¢ + 1; % bus angle index

c = angleindex(k);
NPV = NPV + 1;

end
end
Nbangle = length(find{angleindex));
Nbvolt = length(find{veoltindex)); % Matrix to convert

Matbangle = find(transpose([angleindex])};:
Matbvolt = find(transpose([voltindex]));

Jacobian to real
bus index

(SO

Ybus = zeros(nbus,nbus):; % initialize Ybus fo zerc
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% formation of the off diagonal elements

for k=1l:nbr:
Ybus (nl (k) ,nr{k))=Ybus(nl(k}),nr{k))-y(k}/alk);
Ybus{nr(k),nl(k))=Ybus{nl(k),nr{k}}:

end

% formation of the diagonal elements
% fermation with tap a:l in the reverse sides of tap 1l:a
for n = 1l:nbus
for k = l:inbr
if nlik)==
Ybus{n,n) = Ybusin,n)+y(k}/(a(k)"2) + Bc(k);
elseilf nr(k)==n
Ybus (n,n}) = Ybus(n,n)+y{(k) +Bc{k};
else, end
end
end
Ym = abs({Ybus); teta = angle(Ybus);
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% Power flow calculation by Newton-Raphson methced within PQ Limit
% “Optimal Power Dispatch of Small Power Producers to Reduce Real Power
Loss in Distribution System”

maxerror = 1; converge = 1;
iter = 0;

fasd

while maxerror >= accuracy & iter <= maxiter % Test for max. power
mismatch

Jacobl = zeros (Nbangle);

Jacob2 = zeros(Nbangle,Nbvolt):

Jacob3 = zeros (Nbvolt,Nbangle); 3Initializing Jacobian matrix
Jacobd4 = zeros(Nbvolt):

iter = iter+l;

$Formulated elements of Jacobian matrix J1
for mm = l:Nbangle
for n = l:nbus
m = Matbangle (mm);
if n~=m
Jacobl (mm,mm) = Jacobl (mm, mm) +
Vi (m) *Vm(n) *Y¥m(m, n) *sin(teta(m,n)- delta{m) + delta(n)});
else ,end
end
end
for mm = 1l:Nbangle
for nn = l:Nbangle

m = Matbangle (mm):
n = Matbangle(nn);
if n~=m
Jacobl (mm,nn)= -Vm{m)*Vm(n)*Ym{m,n) *sin(teta(m,n)- delta(m)
+ delta{n)):
else ,end
end

end
tFormulated elements of Jaccbian matrix J2
for mm = l:Nbangle
for nn = l:Nbvolt
m Matbangle (mm) ;
n Matbvolt {(nn);
ifn==m
Jacob2 (mm,nn)= 2*Vm{m)*¥Ym{m,m) *cos{teta{m,m));
for k = l:nbus
if k ~=m
Jacob2 {mm, nn)= Jacob?2 {(mm,nn)+
Vrm{k)*Ym(m, k) *cos (teta{m, k)~ delta{m) + deltal(k)):;
end
end
else , end
end

i

i
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end
for mm = 1:Nbangle
for nn = 1:Nbvolt
m = Matbangle {mm) ;
n Matbvolt {(nn);
if n~=m
Jacob?2 {mm, nn)= Vm{m)*Ym(m,n)*cos{teta{m,n)—- delta(m) +
delta({n});
else ,end
end
end

tFormulated elements of Jacobian matrix J3

for mm = 1l:Nbvolt
for nn = 1l:Nbangle

m = Matbvolt (mm);
n = Matbangle(nn);
if n ==

for k = l:nbus
if k ~=m
Jacob3 (mm,nn) =
Jacob3 (mm, nn} +Vm (m) *Vm (k) *Ym{m, k) *cos (teta{m,k)- delta{m)+delta(k)}:
end
end
elseif n~=m
Jacob3 (mm, nn)= ~Vm{m)}*Vm{n)}*Ym(m,n)*cos(teta(m,n)~ delta(m) +
delta(n)):
else ,end
end
end
$Formulated elements c¢f Jacobian matrix J4
for mm = 1:Nbvolt
m = Matbvolt {(mm};
Jacebd (mm, mm)= -2*Vm{m)*Ym{m,m)*sin{teta({m,m)};
end
for mm
for
m

1:Nbvolt
= 1l:nbus
Matbvolt (mm);
if n~=m
Jacobd (mm,mm)= Jacobd {mm,mm}— Vm{n)*Ym(m,n}*sin{teta{m,n)-
delta({m) + delta(n})):
else ,end
end
end
for mm = 1l:Nbvolt
for nn = 1l:Nbvolt
m = Matbvolt (mm);
n = Matbvolt{(nn};
if ne~e
Jacobd (mm, nn}= -Vm{m)*Ym{m,n) *sin{teta{m,n)- deltaf{m) +
delta(n));
else ,end
end
end
Jacob=[Jacobl Jacob2;Jacob3 Jacobd}:

[[-T}
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e e e Finished Jacobian Session-—---=--—==—=———--

2

% Calculated P & Q at each Jacobian bus
Pcal = zeros(l,Nbangle);
for mm = l:Nbangle
m = Matbangle {(mm) ;
for k = l:nbus
Pcal (mm)= Pcal{mm)+ Vm(m)*Vm(k)*¥Ym(m, k) *cos (teta(m, k)~ delta(m)
+ delta(k)):

end

Psched{mm)} =P (m) ;

DelP{mm) = Psched{mm) - Pcal {(mm);
end
Qcal = zeros(l,Nbvolt):

for nn = 1l:Nbvolt
n = Matbvolt (nn):;
for k = l:nbus
Qcal{nn)= Qcal(nn)—- Vm{n)*Vm{(k)*¥Ym{n,k)*sin(tetai{n, k)~ delta(n)
+ delta(k)):

end
Qsched(nn}=Q(n);
DelQ(nn) = Qsched(nn) - Qcal(nn):
end
B e e e Finished Calculatd P & Q-----—=—==-——-——-~

[P ——

% Updated angle and voltage each iteration
Delmat = inv{(Jacob)*transpose([DelP DelQl);
for mm = l:Nbangle
m = Matbangle (mm) ;
ang{mm) = delta(m);
end
for nn = 1l:Nbvolt
n = Matbvolt(nn);
volt (nn) = Vm{n);
end
angvolt = Delmat + transpose{[ang volt]}):
for m = l:nbus
for nn = l:Nbangle
n = Matbangle(nn);
if n ==
delta(m) = angvolt{(nn):;
else , end
end
end
for m = l:nbus
for nn = 1l:Nbvolt
n = Matbvolt{nn);
if n ==
Vm{m} = angvolt {nn+Nbangle);
else , end
end
end

for n = l:nbus
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if busdata(n,2)==
Qcal(n) = 0;
for k = l:nbus
Qcal(n)= Qcal(n)- Vm(n)*Vm(k)*¥Ym(n,k)*sin(teta(n, k)-
delta(n)+delta(k) )
end
QOg({n) = Qd(n)+Qcal {n)*basemva-Qsh(n);
if Qg(n)< Qmin(n) | Qg(n)> Qmax(n)
if Qg{n)< Qmin(n)

Qg(n) = Qmin(n);
elseif Qg{n)> QOmax(n)
Qg (n) = Qmax(n};
else end
kb(n) = 0;

Q(n}={Qg(n)-Qd(n)+ Qsh(n))/basemva;
c = 0;d = 0;
for k=1l:nbus
switch kb(k)
case 0
angleindex(k) = ¢ + 1; % bus angie index
¢ = angleindex{k):
voltindex{(k) = d + 1; % bus voltage index
d = voltindex(k};
case 2
angleindex({k) = ¢ + 1; % bus angle index
c = angleindex(k);

end
end
Nbangle = length({find(angleindex));
Nbvolt = length{find{voltindex)): % Matrix
to convert
Matbangle = find({transpose([angleindex])); % Jacobilan
to real
Matbvolt = find(transpose({voltindex]}); % bus
index
maxerror = 1;
else , end
else,end
end
maxerror = max(abs (Delmat)):;
end
FEEISS5IE .. 0. . e, End Whiie Locop
if iter == maxiter & maxerror > accuracy

fprintf ("\nAWARNING: Iterative solution did not converged after *)

fprintf('%g’', iter), fprintf(' iterations.\n\n')

fprintf ('Press Enter to terminate the iterations and print the
resuits \n')

converge = 0; pause, else, end

if converge ~=
tech= ('ITERATIVE SOLUTICON DID NOT CONVERGE'); else,
tech={'Power Flow Sclution by Newton-Ragrhson Method');
end
V = Vm.*cos{delta)+j*Vm.*sin(delta);
deltad=180/pi*delta;



i=sqgrt(-1);
k=0;

P = zeros({l,nbus};
for m = l:nbus

for k =

l:nbus

maRuInn 7

P(m}= P{m)+ Vm(m)*Vm(k)*¥Ym(m, k) *cos(teta({m, k} - delta(m) +

delta{k));
end
end

Q = zeros(l,nbus);
for n = l:nbus

for k =

l:nbus

Qi{n)= Q(n)- vm(n)*Vm(k)*Ym(n, k) *sin(teta(n, k)~ delta{n) +

delta(k)):
end
end

for n = l:nbus
if kb(n) ==

k=k+1;

S(n)= P(n)+3j*Q(n);

Pg(n) = P(n)*basemva + Pd(n):;

Qg(n) = Q(n)*basemva + Qdi{n) - Qsh(n);
Pgg(k)=Pg(n};

Qug (k)=Qg(n); %3une 97

elseif kb(n)

k=k+1;

S(ny=P(n)+j*Q(nj};

Qgin) = Q(n)*basemva + Qd(n} -~ Qsh(n);
Pgg(k)=Pg(n):
Qag{k)=Qg(n); % June 1997
end
ylead(n) = (Pd{n)- j*Qd{n)+ji*Qsh(n))/ (basemva*Vm(n)"2);

end

busdata(:,3)=Vm';

Pgt = sum{Pg}; Qgt

sum(Qsh};

sum{Qqg); Pdt

sum{Pd) ;

Qdt

busdata(:,4)=deltad’';loss=sum{P);

sum{Qd) ;

Qsht
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% Formulated Curl of Power loss by angle and veltage magnitude
% “Optimal Power Dispatch of Small Power Producers to Reduce Real Power
Loss in Distribution System”

CurlPLa = zeros (Nbangle,l):;

for m = l:Nbangle
k Matbangle (m) ;
for 1 = 1l:nbus
if k ~= 1
termkl = Vm({k)*Vm(l)*¥Ym(k,1l)*sin{teta{k,1l)~-
delta(k)+delta(l});
termlk = -Vm{(k)*Vm(1l)*Ym({k,1)*sin(teta(k, 1)~
delta(l)+delta(k)):
CurlPLa(m,1)= CurlPLa(m,1) + termkl + termlk:
PPP(m,1l) = termkl + termlk;
end
end
end

it

CurlPLv = zeros(Nbvolt,1l}:;

for m 1:Nbvolt
k Matbvolt (m);
for 1 = l:nbus

[l

i

if k ~= 1
termkl = Vm(l)*Ym{k,1l)*cos(teta(k,l)-delta(k}+delta(l)):
termlk Vm({l)*Ym({k,l)*cos(teta(k,l)-delta(l)+deltal(k)}:

CurlPLv(m,1l)= CurlPLv{m,l) + termkl + termlk:
VVWim,1l}) = termkl + termlk;
end
end
CurlPLv{m, 1)= CurlPLv{m,1)}+2*Vm(k)*¥Ym(k, k) *cos(tetal(k,k)):
end

CurlPLav = [CurlPLa;CurlPLv];
CurlPloss = inv(transpose (Jacob))*CurlPlLav;



% This program prints the power
% on the screen.

xclc

disp(tech)

fprintf ('Maximum Power Mismatch

MARUIN N G

flow solution in a tabulated form

g \n', maxerror)

fprintf{'No. of Iterations = 2%g \n\n', iter)
head =[° Bus Voltage Angle  -—=--— Load~-==~= ~---Generaticn---
Injected!
' No. Mag. Degree MW Mvar MW Mvar
Mvar °
‘1
disp{head)
for n=1l:nbus
fprintf (' %5g', n), fprintf(' %7.3f', Vm{n)),
fprintf (' %8.3f', deltad{(n})), fprintf(' %9.3f', Pd{(n)),
fprintf (' %9.3f', Qd{n)), fprintf(' %29.3£f', Pg{(n)),
fprintf{* %9.3f ', Qgi{n)), fprintf{' %8.3f\n', Qsh{n))
end
fprintf (' An'), fprintf(® Total '3
fprintf(' %9.3f', Pdt), fprintf(* %¥9.3f', Qdt),
fprintf (' %9.3f', Pgt), fprintf(' 29.3f', Qgt), fprintf(’
%9.3f\n\n", Qsht)



% This pr
for the

o0

SLT = 0;

fprintf ('
fprintf (®
fprintf ('
Transform
fprintf (’
tap\n'}

for n = 1
busprt =
for L

if

fp
P(n)*base

fp
abs(S(n)*

bu
el
if
In
1k
Sn
Sk
SL
SL
el
In
Ik
Sn
Sk
SL
SL
el

end
end
SLT = SLT
fprintf ("'
fprintf ('
*clear 1k

aapuan n 10

ogram is used in conjunction with LFNewton

computation of line flow and line losses.

\n')
Line Flow and Losses \n\n')
-~-Line-- Power at bus & line flow ~=~Line loss--
er\n')
from to MW Mvar MVA MW Mvar

:nbus
0;
= l:nbr;

busprt == 0
rintf (' \n'), fprintf({'%ég', n), fprintf(’ %9,3f°,
mva)
rintf('%9.3£', Q(n)*basemva), fprintf('3%9.3f\n",
basemva) )
sprt = 1;
se, end

nl(L)==n k = nr(L):

= (V(n) - a(L)*V{(Xk))*y(L)/a(L)"2 + Bc(L)/a(L}"2*V{(n);

= {V{(k) = V(n)/a(L})*y(L) + Bc(L)*V(k);
k = V(n)*conj(In)*basemva;
n = V(k}*conj(Ik)*basemva;

= Snk + Skn:;
T = SLT + SL;

seif nr(L)==n k = nl(L):
= (V(n) - V(k)/a(l))*y(L) + Bc(L)*V(n);
= {(V(k} - a(L)*V(n))*y(L)/a(L}"2 + Bc(L)/a{L)"2*V(k);
k = V(n)*conj (In)*basemva;
n = V(k)*conj (Ik)*basemva;
= Snk + Skn;
T = SLT + SL:
se, end

if nl{L)==n | nr({lL)==
fprintf ('312g’, k),
fprintf ('%9.3f', real(Snk)), fprintf('%9.3f
fprint£('29.3f', abs(Snk}},
fprintf ('%9.3f', real(SL)),
if nl(L) ==n & a(lL) ~=1

¥
’

imag{Snk)}

fprintf (*'29.3f', imag(SL})), fprintf('3%9.3f\n’, a(l))

else, fprintf(’'$9.3f\n’, imag(sL))
end
else, end

/2;
\n'), fprintf(’ Total loss

$8.3f", real(SLT)), fprintf('%9.3f\n’', imag(SLT))

In SL SLT Skn Snk


http:fprintf('%9.3f
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Optimal Scheduling of Biomass-Based Distributed Generator to Reduce Real Power Loss;
Considering Limitation of Energy Supply

Komson Daroj
Department of Electrical and Electronics Engineering, Faculty of Engineering,
Ubonratchathani University, Phone 045-353367, Fax 045-353333, E~-mail: daroj@hotmail.com

Abstract

The framework of planning for scheduling biomass based
Distributed Generator (DG) to reduce real power loss in a
distribution system is proposed in this paper. The proposed
methodology is formulated as an optimization problem with
considering limitation of energy supply. A linear
programming in accordance with sensitivity factors; real
power loss to apparent power injected from synchronous DG,
is adopted to solve for the optimal solution, which is the
annual scheduled plan of DG. A 38-bus radial distribution
system is examined to verify the potential of the proposed
method for implementing in a real system.

Keywords:  distributed generator, limit energy supply, real

power loss, distribution system, sensitivity.
1. INTRODUCTION

Biomass energy has significant impact to energy policy and
management of several agricultural countries including
Thailand, which is recognized as one of the world leaders in
agricultural production and export [1]-{3]. Biomass resources,
especially agricultural residues e.g., bagasse, rice husk, palm
oil wastes, and wood residues are abundant in the country.
Traditionally, biomass has been burned for using as energy
source in rural of Thailand for decades. Rice husk can be used
as heat source in the brick-manufacturing industry and as
bedding material for animals. Besides, rice straw and bagasse
are already used as raw material in pulp and paper
manufacturing process. It is also extensively used for various
applications e.g., animal feed, compost, and soil conditioner
on agricultural land [4].

In 2002, the Very Small Power Producers (VSPPs) program
was established under Thailand’s energy policies in
supplement to the existing Small Power Producers (SPPs)
program. The VSPPs program allows a generator of a private
entity, state agency, state-owned enterprise or an individual
with his own generating unit to sell no more than 10 MW of
electrical power to the distribution utility. Connecting to the
grid may be accessed through distribution or sub-transmission
lines of the Provincial Electricity Authority (PEA) or
Metropolitan Electricity Authority (MEA). Objectives of the
additional program are to promote efficient use of domestic
natural resources which will help decrease expenditure from
imported fuel [5]. In addition, others key objectives are to
promote optimum use of energy by using efficient electricity
generation, and to alleviate the government’s investment
burden in the electricity generation and distribution systems.
However, preliminary regulations trial by various government

agencies regarding energy related affairs have not been fully
verified. This provides the opportunity for researcher to
propose administered strategies and technologies to
compatible with the new paradigm.

According to the main objectives of VSPPs program,
production of electricity has to use rencwable energy
resources, e.g. biomass or biogas, photovoltaic, wind and
micro-hydro. Although amount of these energy resources
depends mainly on government policies and drought, however
it can be forecasted after harvest season with high degree of
accuracy {6]. Rice husk and bagasse are by products of the
rice milling and sugar cane processes, which can be stored for
a future use [3]. Since VSPPs program was launched, bio-
energy has more valuable as a result it became a competitive
energy source for electricity production industry. From [5],
biomass-based power plants have the most impact to the
system consisting of 53 projects with installed capacity of 720
MW. These are 42.1% of the total number of the existing
SPPs’s projects, which contributes to 82.6% in term of
capacity signed under the Power Purchase Agreement (PPA).

According to the size and connected location, generators
under VSPPs program can be classified into a broad definition
of DG. This kind of generation has significance impacts to the
system both in a normal operation and transient state. In a
steady state view point, benefits of using DG to reduce loss
and improve voltage profile are basically interested [7}-[9]. In
literatures, this can be achieved through both the planning and
real time operation procedures. From planning perspective,
selecting the optimal type, size and location of the DG are
interested in literatures. These schemes always have limitation
for a real implementation in practice. For example, in
Thailand, gaining benefits from DG under VSPPs program
through planning stage cannot be implemented owing to type,
size, and location of DG are normally proposed by private
sectors without intervention from the government agencies.
Thus, enhance benefits use from DG in real time operation is
very is very interested scheme.

In this paper, the scheduling plan for dispatching biomass
based Distributed Generator (DG) to reduce real power loss in
a distribution system is proposed. This is a real power
management scheme, which can be applied in real time
operation. It is formulated as an optimization problem with
considering limitation of energy supply. A linear
programming together with sensitivity factors of real power
loss to apparent power are adopted to solve for the optimal
solution, which is the annual scheduled plan of DG. A 38-bus
radial distribution system is examined to verify the potential
of the proposed method for implementing in a real system.
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2. PROBLEM FORMULATIONS

Consider a system comprised N buses. Subscripts G, P and
Q are denoted for generation bus, real and reactive power
respectively. The superscripts min and max represent
minimum and maximum values. The calculation framework
can be described as follow;

2.1 Real Power Loss Sensitivity Factors
Real power loss of a system can be expressed in (1).

N N
Pross = ZZIV{:“V!:HY(:&]COS{ Gap —8a+6s) §)]

=] b=]
where
|Va| and|V| are the voltage magnitude at bus-a and b,

|[Yas| is the magnitude of elements of bus-admittance

matrix, at row-a and column-b,
Gas s the angle of Y, and
&, and &5 are the angle of V, and V), respectively.

To obtain OPrys /0Px and OPiess 7/ 0Q« , we first calculate
Pioss / 06k and BPioss / 0|V« defined by (2) and (3).

ano:s - z aPIo;s OP, Ofu 6P loss aQu (2)

ek OPy 661' aQu '6(5&
and
OPioss - Z OPoss . aPu + apfms . aQu . (3)
olve| 4| oP. “ovi| 8Qu “o|vi|
These relationships can be presented in (4).

aPIaS.'F 6PIoss
36« 7| OPx
OP, loss _[ ] OPioss ) (4)
alvi| 80«

where the terms OPoss /86k and Ploss /8|Vk| can be

obtained from (5) and (6) respectively. The [J ] is a Jacobian
matrix used in a traditional Newton-Raphson power flow.

6;’::;:: _ Z Vi |Val|Yea|5in(0ka =55 +8a)  (5)
a=J#k
3})105:
= Va||Yie| sin(6ka — 55 + &
alvkl aékl 3“ w'sm( ket &+ a) ©)

+2| V|| Yk | 5in i

The term &Pjyss / OPr and OPpss /0Q« are real power loss

sensitivity factors due to an incremental change of real and
reactive power at bus-k, which can be solved from (4).

2.2 Loss Minimization of a Specified Period

Minimizing real power loss for a specified time period T
with considering energy limit can be stated as below.

Po 5,
Minimize Z Z (aa;” tp Pe 6313 : Qg,h} @)
2.k g

h=1 geG

subject to
N
Ssem = Z Sy (7a)
J=1e
r
Er =) (Pgnxh) (7o)
h=]
pmin < P < pmzuc (?C)
Q min < Qg‘ < Qma.\' (7d)
Vin <V gy (7e)

The objective function of (7) is to minimize real power loss
for a specified period T according to real and reactive power
dispatching. Equality constrains (7a) are power flow balancing.
Equality (7b) is an energy limited supply constraint amount of
Er for a specified duration 7. The duration of T may be
selected based on a cycle of a load profile e.g., daily, weekly
monthly or seasonally. The inequality constraints (7¢) and (7d}
are to ensure that the injected real and reactive power are
within specified limit, whereas constraint (7e) is to confirm
that all bus voltage magnitude are within an acceptable range.

2.3 Global Loss Minimization

The objective function (7) presented in section 2.2 has to be
applied under a long enough period to obtain a global solution.
However, load profile in a real system is periodical by nature
thereby the extended condition to solve for a global solution
by using a load cycle is described in this section as below.

For the real power loss minimized using (7); denoted
as ALy ; the total real power loss L of an extended period can
be calculated from (8).

L=t waLr ®)
Er

For an incremental change of power APgs + jAQ s added
to the solution of objective function (7}, the adjusted total real
power loss L+ AL is change to (9).

OPloss.h OPioss.n

Ex| ALt + “— APg» + — AQ o b
[ OPg n # 00 ¢k Qe J

(ET "I"Apg,h)

Subtract (8) from (9), we obtain the changed real power loss
AL as stated in (10).

Ex[a;m,h APy + c';P:mm AQeh - Zg‘r)
AL = 8. Qe.h T (10)
(Er + APgs)

L+A4L =

%)

The optimal solution of (10) must be satisfied the condition
state in (11).

aplo.rs,f: APg,h + aPlo.rs,h AQg,h _ ALt =0

Py 0Q¢h Er
A linear programming is used to obtain the optimal solution.
However, due to limit of the page, the algorithm and flowchart
for solving cannot be presented in this paper.
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3. TESTSYSTEM

A 38-bus radial distribution system from [9] as shown in
Fig. 1 is adopted as a tested system.

3% 14 L &
13 12 2
25 13 11
24 16 10
17 18 35
23 17 9
1 2 . s s 7
| & — . s
3
is 2¢ 34
20 33 27
n 32 23

2

R
2%

Figure I Network topology of a 38-bus radial distribution system

4. NUMERICAL RESULTS

In the simulation, we adopt some assumptions, which can
be described as follow;
cycle of a daily load profile as shown in the appendix is
used in the study,
DG is committed to a system all the time with
capability of injecting power within its lower and upper
limitations until its energy resource is empty.

Details of simulation with the obtained results can be
described below.

4.1 Impact of DG Placement
To evaluate the broad-view impact of DG placement

contribute to a systemn loss, the simulation is performed by
connecting DG at each bus with power injection at its full
capacity 10 MW. The obtained resuit of loss reduction in this
case is shown in the appendix. For convenience, the daily loss
reduction is illustrated in Fig. 2.

300

00 o KWh
200 4
[} ll . Ilylll A, A -

234567 8 910111213141516171819202122232425262 72829 303132333435363738
Bus No.

Figure Z Daily loss reduction of connecting 10 MW DG at each bus
4.2 Optimal Daily Loss for a Specified Energy Reserve

500

00

In this case, we first calculate the minimal loss for an
allocated energy-supply on a daily basis. The obtained result
can be shown in Fig. 3.

Supply Energy (MWh)
Figure 3 Percentage of Loss Reduction
From Fig. 3, it reveals that the trend of loss reduction in
percent compare with its based-case is quite similar regardless
from the location of DG. Moreover, the reduction of the
system loss is depended on the limitation of energy supply.

4.3 Generation Scheduling

Scheduling plan for DG is varied according to the location
of DG and its energy reserve. In the Simulation, DG at bus No.
37 has the most impact to reduce the system loss. Daily
scheduling of this unit according to a specified amount of
energy reserved can be shown in Fig 4.
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Figure 4 Optimal Dispatching of DG at Bus No. 37
4.4 Optimal Loss Reduction and Generation Scheduling

The optimal scheduling plan for DG can be calculated
according to the proposed methodology as presented in section
2.3, which can be shown in Fig. 5.

Optimal Daily Dispatch
{MWh)
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Bus No,
Figure S Optimal volume of energy dispatch
It should be noted that the optimal scheduled energy are
quite the same regardless of the connected location of DG.
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The percentage of additional loss reduction at the optimal

scheduling of Fig. 5 can be shown in Fig. 6.
251 Additional Loss Reduction
(%)
20 A
15 4
s
o NN A

12345678 910111213141516171819202122232425262728293031323334353637
. Bus No.

Figure 6 Percentage of additional loss reduction from the based case

5. CONCLUSIONS

In this paper, framework for scheduling biomass based
Distributed Generator (DG) to reduce real power loss in a
distribution system is proposed. The optimal solution is the
annual scheduled plan of DG with considering limitation of
energy supply. Applying the proposed method to a 38-bus
radial distribution system, the additional loss reduction is
about 13-20% compare with the based case without planning.
This verified that the proposed method has a potential to
implement in a real system.
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