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global T cond m EXH T _EXH mLHV eta pump eta Turb wf W GTG p_ cond S g A S C S DS ASB

TBTCTDTA
wf=char ('toluene');

m6=83;
W6=30340;

T cond=40+273;
m_EXH=3*m6;

T EXH=510;
mLHV=230e3;
eta pump=0.7;
eta Turb=0.80;
W_GTG=30340;

LB=[m EXH/3 200 200 70 1000];
UB=[m_EXH 250 250 200 2500];

LB=[m EXH/2 175 175 100 1750];
UB=[m EXH/2 175 175 400 1750];

d0 oo

NVARS=length (LB) ;

options=gaoptimset () ;
options=gaoptimset (options, 'PopulationSize',500);
options=gaoptimset (options, 'generation',500);

options=gaoptimset (options, 'plotfcn', {@gaplotpareto,@gaplotscorediversity}) ;

[X opt,Fval] = gamultiobj (@My obj,NVARS, [],[],[],[],LB,UB,[],options);

eta ove=-Fval(:,1);

e u=-Fval(:,2);
[eta_ove,indx]=sort (eta_ove);
e u=e u(indx);

X opt=X opt (indx,:);

eta_GTG=3*W_GTG/mLHV;

polyf=polyfit (eta ove,e u,5);
E_U=polyval (polyf,eta ove);

figure (2)
plot (100*eta_ove,100*E_U, '-r', 'linewidth', 2)
holdon

axison

xlabel ('\eta O v e (%)','fontangle','italic', 'fontname', 'times new
roman', 'fontweight', 'bold', 'fontsize',13);

ylabel ('\epsilon u(%)','fontangle','italic', 'fontname', 'times new
roman', 'fontweight', 'bold', 'fontsize',13);

axisauto

set (gca, 'fontname', 'times new roman', 'FONTSIZE',12)

set (gca, 'XMinorTick', 'on', 'YMinorTick', 'on')

title (' pareto frontier', 'fontangle','italic', 'fontname', 'times new
roman', 'fontweight', 'bold', 'fontsize',13);

eta A=eta ove(l);

eta B=2/3*eta ove(l)+1/3*eta ove(end);
eta C=1/3*eta ove(l)+2/3*eta ove(end);
eta D=eta ove(end);

[~,ind A]l=min (abs(eta ove-eta A));
[~,ind B]l=min (abs(eta ove-eta B));
[~,ind C]=min (abs(eta_ove-eta C));
[~,ind D]=min (abs(eta_ove-eta D));
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X A=X opt(ind A,:);

X_B=X opt(ind_B,:);

X C=X opt(ind C,:);

X D=X opt(ind D, :);

ETA 4pP=[eta A eta B eta C eta D];

E U 4p=polyval (polyf,ETA 4P);

figure (2)

plot (100*ETA 4P,100*E U 4P, 'bs', 'markersize',5, 'markerfacecolor','b")

x1im([44.5 48.5]);

ylim([46.5 591);

tt=text (99.85*ETA 4P(1),99*E U 4P(1),'A");

set (tt, 'fontname', 'timesnewroman', 'fontsize', 12, 'fontangle', 'italic', 'fontweight', 'bold")
tt=text (99.85*ETA 4P (2),99*E U 4P(2),'B'");

set (tt, 'fontname', 'timesnewroman', 'fontsize',12,'fontangle','italic', 'fontweight', 'bold")
tt=text (99.85*ETA 4P (3),99*E U 4P(3),'C");

set (tt, 'fontname', 'timesnewroman', 'fontsize', 12, 'fontangle', 'italic', 'fontweight', 'bold")
tt=text (99.85*ETA 4P(4),99*E U 4P(4),'D");

set (tt, 'fontname', 'timesnewroman', 'fontsize', 12, 'fontangle', 'italic"', 'fontweight', 'bold")
hleg=legend('Pareto Frontier', 'Selected Points', 'location','NE'");

set (hleg, 'fontangle','italic', 'fontname', 'times new roman', 'fontsize',12);

[eta ove A,e u A,W pump r A ,W Turb r A,W net orc A,eta ORC A,Q boil A,Q hw A,Q wast A,

T max A] = ORC_ResultsT Q_A )

[eta_ove B,e u B,W pump_r B ,W _Turb r B,W net orc_B,eta ORC B,Q boil B,Q hw B,Q wast B,

B );

bl

T max B] = ORC Results (

[eta ove C,e u C,W pump r C W Turb r C,W net orc C,eta ORC C,Q Coil C,Q hw C,Q wast C,

T max C] = ORC_ResultsT Q_C ) ;

[eta_ove D,e u D,W pump r D ,W Turb r D,W net orc_D,eta ORC D,Q Doil D,Q hw D,Q wast D,

T max D] = ORC Results( X D );

D=[3*W_GTIG W net_orc_A Q hw A Q wast A
3*W_GTG W _net orc B Q hw B Q wast B
3*W_GTG W net orc C Q hw C Q wast C
3*W _GTG W net orc D Q hw D Q wast D]/1000;
figure (3)
hBar = bar (D, 'stacked');
xt = get(gca, 'XTick'");
set (gca, 'XTick', xt, 'XTickLabel', {'A'"'B''C''D'})
tl(

gca, 'fontname', 'times new roman', 'fontangle','italic', 'fontsize',12)

yd = get (hBar, '¥YData');
yjob = {'GTG power''ORC power''Hot Water''Wasted Heat'};
barbase = cumsum([zeros(size(D,1),1) D(:,1l:end-1)]1,2);
joblblpos = D/2 + barbase;
for k1l = 1l:size(D,1)

text (xt (k1) *ones (1,size(D,2)), joblblpos(kl,:), yjob,

'HorizontalAlignment', 'center', 'fontname', 'times new

roman', 'fontangle', 'italic', 'fontsize',10)

end

ylabel ('Energy Current (Mw)','fontname', 'times new

roman', 'fontweight', 'bold', 'fontsize',12);

h=legend('Gas Turbine Generators',6 'ORC Turbine power',6 'Hot water',6 'Wasted

Heat', '"location', 'northeastoutside');

set (h, 'fontname', 'times new roman', 'fontangle','italic');

legendboxoff

title ('Energy Balance', 'fontname','times new roman','fontangle','italic','fontsize',12)

D=[eta GTG 0 e u A

eta ove B eta ORC_ B e u B
eta ove C eta ORC C e u C
eta ove D eta ORC D e u D]*100;
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igure (5)

x=[3 12 15 18 217];

% CC=[602.5 599.9 605.9 600.4 612.2; 470.52 426.16 461.91 543.78 542.57 ;466.39
452.35 454.72 540.59 533.48];

o° Hh

CC=[ e u A eta GTG eta ORC A
e u B eta ove B eta ORC B
e u C eta ove C eta ORC_C
e u D eta ove D eta ORC D]'*100;

Year=['A''B''C''D'];

hbar=bar3 (CC) ;

xt = get(gca, 'XTick'");

set (gca, 'XTick', xt, 'XTickLabel', {'A''B''C''D'})

set (gca, 'fontname', 'times new roman', 'fontangle', 'italic', 'fontsize',12)

yt = get(gca, 'YTick');
set (gca, 'YTick', yt, 'YTickLabel', {'\epsilon u''l\eta a v e''\eta O R C'})

set (gca, 'fontname', 'times new roman', 'fontangle','italic', 'fontsize',12)
zlabel ('Efficiency (%) ")

X_ANALYSIS=X_B;

F = My obj( X _ANALYSIS );
P up orc=X ANALYSIS(5);

T point=[T A T B T C T _DJ];
S point=[S A S B S C S DJ];

figure (6)

f = T_S diagram( wf );

holdon

plot (S_point,T point, 'm.', 'markerfacecolor','m', 'markersize',5);

f = iso p plot( S D,S A,P up orc,wf ,[1 0 0]);

f = iso_p plot( s _C,S B,p_cond,wf, [0 O 1]);

line([S_A s _B],[T_A T B],'LineWidth',2, 'Color', [0 1 0], 'linestyle','-=");
line([S_C s D], [T _C T D], 'LineWidth',2, 'Color', [0 1 0], 'linestyle','-=");
tt=text (1.05*s D,1.07*T_D,'D");

set (tt, 'fontname', 'timesnewroman', 'fontsize',12,'fontangle','italic', 'fontweight', 'bold")
tt=text (1.05*S C,0.95*T C,'C");

set (tt, 'fontname', 'timesnewroman', 'fontsize', 12, 'fontangle', 'italic"', 'fontweight', 'bold")
tt=text (1.04*S A,1.02*T A, 'A");

set (tt, 'fontname', 'timesnewroman', 'fontsize',12,'fontangle','italic', 'fontweight', 'bold")
tt=text (1.04*S B,T B, 'B');

set (tt, 'fontname', 'timesnewroman', 'fontsize', 12, 'fontangle', 'italic"', 'fontweight', 'bold")
axison

xlabel ('S (kj/C) "', "fontangle','italic', 'fontname', 'times new

roman', 'fontweight', 'bold', 'fontsize',13);

ylabel ('T (k) "', 'fontangle', "italic', 'fontname', 'times new

roman', 'fontweight', 'bold', 'fontsize',13);

axisauto

set (gca, 'fontname', 'times new roman', 'FONTSIZE',12)

set (gca, 'XMinorTick','on', 'YMinorTick', 'on'")

title(' T-S diagram (Case D)','fontangle','italic','fontname', 'times new
roman', 'fontweight', 'bold', 'fontsize',13);

figure (3)

CC=[3*W_GTG/ (3*W_GTG+W net orc A)
3*W_GTG/ (3*W_GTG+W_net orc B)
3*W_GTG/ (3*W_GTG+W_net orc C)
3*W_GTG/ (3*W_GTG+W _net orc D)

17
CC=flipud(CC);

hbar=bar3 (CC) ;

yt = get(gca, 'YTick');
set (gca, 'YTick', yt, 'YTickLabel', { 'D''C'"'B''A' })
set (gca, 'fontname', 'times new roman', 'fontangle', 'italic', 'fontsize',12)

zlabel ('CO_2 production/MW power ratio')
view ([90 01)

z1lim ([0.5 0.9])

gridoff
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function F = My obj( X )

global T cond m EXH T _EXH mLHV eta pump eta Turb wf W GTG p_ cond S g A S C S DS ASB
TBTCTDTA

mll=X(1);

T12=X(2);

T22=X(3);

m_orc=X(4);

P_up_orc=X(5);

h C=refpropm('H T',T cond, 'Q',0,wf)*1E-3;
T _C=T_cond;

p_cond=refpropm('p','T',T cond, 'Q',1,wf);
S_C=refpropm('s','T',T cond, 'Q0',0,wf)*1E-3;

S D isn=S C;

h D isn=refpropm('H','P',P up orc,'S',S D isn*1E3,wf)*1E-3;
W _pump_isn=m orc*(h D isn-h C);

W _pump r=W pump isn/eta pump;

h D=h C+W pump r/m orc;
S_D=refpropm('s','H',h D*1E3,'P',P up orc,wf)*1E-3;

T D=refpropm('T','H',h D*1E3,'P',P up orc,wf);

T11=T EXH;

hll = Air prop( T11l );

hl2 = Air prop( T12 );

Q b=mll*(h11-h12);

OM=Q b/m_orc;

h A=h D+Q b/m orc;

S _A=refpropm('S','H',h A*1E3,'P',P up orc,wf)*1E-3;

S g A=refpropm('S", ', P up orc,'Q',1,wf)*1E-3;

Turbine

T A=refpropm('T','H',h A*1E3,'P',P up orc,wf);
if (T_A>480+273 || S A<S g A || S A>1.4);

F=[-0.3 -0.51;
else

S B isn=S A;

h B isn=refpropm('H','P',p cond,'S',S B isn*1E3,wf)*1E-3;
W_Turb_isn=m _orc*(h_A-h B isn);

W_Turb_ r=W Turb isn*eta Turb;

h B=h A-W Turb r/m orc;
S_B=refpropm('S','H',h B*1E3, 'P',p cond,wf)*1E-3;

T B=refpropm('T','H',h B*1E3,'P',p cond,wf);

5506000600006 000060006000606000600006000606000600066000660006 heat rYeCoOvVery 5566660060600

m2l=m EXH-mll;

T21=T EXH;

h21 = Air prop( T21 );
h22 = Air prop( T22 );
Q hr=m21* (h21-h22);

net work %%
W net orc=W Turb r-W pump r;

2 objective function %

eta_ave=(3*W_GTG+W net orc)/mLHV;
e u=(3*W_GTG+W net orc+Q hr)/mLHV;

F=[-eta_ave -e_u];
end
end



Abstract:

In present study, modeling & optimizing the process for simultaneous production of the
electric power & hot water are examined through there models of GE LM2500 gas
turbines. The exhaust heat from these three gas turbines were used to generate power in
Organic Rankine cycle (ORC) and to produce hot water. Bi-objective optimization was
done using the genetic algorithm (combined cycle efficiency &productivity factor). Five
thermodynamic variables from combined cycle were considered as independent variables
which includes flow rate of Rankine cycle, boiler pressure, flow rate in power generation
branch, output temperature from optimizationrecovery of power generation & sector’s hot
water production.

Results from bi-objective optimization suggested that the maximum efficiency
available for combined cycle is about %48, which coefficient ofproductivityis minimumfor
this mode. In addition, maximum acquirable coefficient of productivity is %57.6 for this
mode, which the efficiency of its corresponding combined cycle is minimum (i.e. % 44.8).
Theamount of power generated from Organic Rankine cycle was determined between 17
and 30 MW variably. In fact, the amount of power generated changes depending on the
amount of thermal load generated by hot water. The amount of thermal load generated by
hot water was obtained between 0 and 29MW variably. Compared to the base state, the
amount of CO2 produced per each megawatt of power generation decreased between 16
and % 25. As the boiler pressure increases (when remaining variables are constant), input
temperature (the highest temperature of Cycle) of ORC to turbine is increased. According
to the Carnot’s Theorem, it optimizes the efficiency of Organic Rankine Cycle. Increasing
the efficiency of ORC means generating more power. It refers to the increasing the

efficiency of the combined cycle and the coefficient of productivity.

Keywords: Organic Rankine Cycle- Combined Cycle-Simultaneous Production- Genetic
Algorithm
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