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Abstract:

This paper presents a sequential method for sizing a stand-alone photovoltaic (PV) system that supplies the full
electrical demand of a residential house. The method computes the daily energy demand, applies a loss margin,
and then determines the PV array power, the battery bank capacity, the charge controller current rating, and the
inverter power rating. The method is applied to a house with a daily demand of 1160 Wh, a 24 V DC bus, and a
design autonomy of two cloudy days. The results give a PV array of 400 W (two 200 W modules), a battery bank
of 24 V' / 200 Ah formed by two 12 V / 200 Ah batteries in series, a 25 A MPPT charge controller, and a 300 W
pure sine wave inverter. The paper also examines how sensitive the result is to peak sun hours, depth of discharge,
and load growth, and it states the limits of the calculation, which does not replace a complete design to the
applicable standards or field validation.
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paaall malill MATLAB 258 :galall

clear; clc; close all;

%% --- (1) LOAD INPUT ---
% Each row: [Quantity, Power (W), Hours/day]

loads = [
4,10,6; % LED lamps
1,80,6; % TV
1,80, 4; % Computer
1,20,6 % Receiver

I

loadNames = {'LED Lamps', TV, '‘Computer’, 'Receiver'};

% Basic validation
assert(all(loads(:) >= 0), 'All load values must be non-negative.");
assert(all(loads(:,1) >= 1), 'Quantity must be >=1.");

%% --- (2) DESIGN PARAMETERS ---
L loss  =0.30; % Total system loss factor (30%)
PSH min =4.0; % Worst-month peak sun hours (h/day)
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V_system =24; % DC bus voltage (V)

D_autonomy =2; 9% Days of autonomy (cloudy days)
DoD_max =0.70; % Max depth of discharge (30% reserve)
eta_inv  =0.90; % Inverter efficiency

I_sc_panel =8.5; % Short-circuit current per panel (A)
margin_ctrl =1.25; % Charge controller safety margin
margin_inv =1.30; % Inverter safety margin

% Market options

panel_options = [100 150 200 250 300 350 400]; % W
batt VV_options =[12 12 12 12 12]; %V
batt_Ah_options = [80 100 150 200 250]; % Ah

%% --- (3) STAGE 1: DAILY ENERGY (Eq. 1) ---
E_device = loads(:,1) .* loads(:,2) .* loads(:,3); % Wh/day per device
E_daily =sum(E_device); % Total Wh/day

fprintf(\n ====== (1) DAILY ENERGY CONSUMPTION ======\nY);
fprintf('%-14s %-5s %-8s %-8s %-12s\n’, ...

'Device’, 'Qty', 'P (W), 't (h)", 'E (Wh/day)");
fprintf('%s\n’, repmat(’-', 1, 55));

for k = 1:numel(loadNames)
fprintf('%-14s %-5d %-8d %-8d %-12.0f\n’, ...
loadNames{k}, loads(k,1), loads(k,2), loads(k,3), E_device(k));
end

fprintf('%s\n’, repmat(’-', 1, 55));
fprintf('E_daily = %.0f Wh/day (%.3f kwh/day)\n\n', ...
E_daily, E_daily/1000);

%% --- (4) STAGE 2: DESIGN ENERGY (Eq. 2) ---
E_design = E_daily * (1 + L_loss);

fprintf('======(2) DESIGN ENERGY (with %.0f%% loss) ======\n', L_loss*100);
fprintf('E_design = %.0f Wh/day (%.3f kWh/day)\n\n’, ...
E_design, E_design/1000);

%% --- (5) STAGE 3: PV ARRAY SIZING (Eq. 3) ---
P_array_req = E_design / PSH_min;

fprintf('====== (3) PV ARRAY SIZING ======\n");
fprintf(PSH_min = %.1f h/day\n', PSH_min);
fprintf('P_array_required = %.2f W\n', P_array_req);

% Choose best option: minimum panel count, then minimum over-size
bestP = struct('N', inf, 'P_panel', 0, 'P_total', 0, 'waste’, inf);

for pp = panel_options
n = ceil(P_array_req/ pp);
ptot = n * pp;
w = ptot - P_array_req;

if n <bestP.N || (n == bestP.N && w < bestP.waste)
bestP.N = n;
bestP.P_panel = pp;
bestP.P_total = ptot;
bestP.waste = w;
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end
end

fprintf('Best choice: %d x %d W = %d W (over-size %.1f W)\n\n', ...
bestP.N, bestP.P_panel, bestP.P_total, bestP.waste);

fprintf(All candidates:\n");
for pp = panel_options
n = ceil(P_array_req/ pp);
fprintf(" %d x %d W = %d WAn', n, pp, n*pp);
end
fprintf(\n");

%% --- (6) STAGE 4: BATTERY BANK (Eq. 4) ---
% Simplified formula (matches paper Eg. 4, accounting for DoD)
C_bat_req = (E_design * D_autonomy) / (V_system * DoD_max);

fprintf(====== (4) BATTERY BANK SIZING ======\n");
fprintf('C_bat_required = %.2f Ah at %d V\n\n', C_bat_req, V_system);

% Battery bank configuration search
fprintf('Battery configurations (V_system = %d V, C_req = %.1f Ah):\n, ...
V_system, C_bat_req);

bestB = struct('N’, inf, 'V_b', 0, 'Ah_b", 0, ...
'N_series', 0, 'N_parallel', 0, 'C_bank', 0, 'err', inf);

for k = L:numel(batt_V_options)
Vb = batt_V_options(k);
Ahb = batt Ah_options(k);

Ns = ceil(V_system / Vb);

if Ns * Vb ~=V_system
continue;

end

Np = ceil(C_bat_req / Ahb);
Ntot = Ns * Np;

Cbank = Np * Ahb;

err = Chank - C_bat_req;

fprintf(' %d X (%.0f\V//%dAh) -> %dS%dP = %d units, %d V, %d Ah\n’, ...
Ntot, Vb, Ahb, Ns, Np, Ntot, Ns*Vb, Chank);

if Ntot < bestB.N || (Ntot == bestB.N && err < bestB.err)
bestB.N = Ntot;
bestB.V_b = Vb;
bestB.Ah_b = Ahb;
bestB.N_series = Ns;
bestB.N_parallel = Np;
bestB.C_bank = Cbhank;
bestB.err =err;

end

end

fprintf('Best: %d X (%.0fV/%dAh) = %dS%dP -> %d V, %d Ah\n\n', ...
bestB.N, bestB.V_b, bestB.Ah_b, ...
bestB.N_series, bestB.N_parallel, ...
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bestB.N_series*bestB.V_b, bestB.C_bank);

%% --- (7) STAGE 5: CHARGE CONTROLLER (Egq. 5) ---
|_ctrl_req = bestP.N * |_sc_panel * margin_ctrl;

ctrl_std = [10 15 20 25 30 40 50 60 80 100];

idx = find(ctrl_std >= 1_ctrl_req, 1, 'first’);

if isempty(idx)
|_ctrl_std = ceil(l_ctrl_req/10)*10;

else
|_ctrl_std = ctrl_std(idx);
end
fprintf('====== (5) CHARGE CONTROLLER ======\n);

fprintf('l_ctrl_req = %d x %.1f A x %.2f = %.2f A\n, ...
bestP.N, 1_sc_panel, margin_ctrl, I_ctrl_req);
fprintf('Standard selection: MPPT %d A @ %d V\n\n', |_ctrl_std, V_system);

%% --- (8) STAGE 6: INVERTER (Eq. 6) ---
P_peak = sum(loads(:,1) .* loads(:,2)); % all loads ON simultaneously
P_inv_req = P_peak * margin_inv;

inv_std = [300 500 800 1000 1500 2000 3000 5000 8000];
idx = find(inv_std >=P_inv_req, 1, ‘first);

if isempty(idx)
P_inv_std = ceil(P_inv_req/500)*500;

else
P_inv_std = inv_std(idx);
end
fprintf('====== (6) INVERTER ======\n");

fprintf('P_peak = %.0f W\n', P_peak);
fprintf('P_inv_req = %.1f W\n', P_inv_req);
fprintf('Standard selection: %d W Pure Sine Wave\n\n', P_inv_std);

%% --- (9) FINAL SUMMARY ---

fprintf('===== FINAL DESIGN SUMMARY ======\n);
fprintf('Daily energy (E_daily) : %.0f Wh/day\n', E_daily);
fprintf('Design energy (E_design) : %.0f Wh/day\n', E_design);

fprintf('PV array 1 %d x %d W = %d W\n', ...
bestP.N, bestP.P_panel, bestP.P_total);
fprintf('Battery bank 2 %d x (%.0fV/%dAh) - %d V, %d Ah\n', ...

bestB.N, bestB.V_b, bestB.Ah_b, ...
bestB.N_series*bestB.V_b, bestB.C_bank);

fprintf('Charge controller : MPPT %d A @ %d V\n', ...
|_ctrl_std, V_system);

fprintf('Inverter : %d W Pure Sine Wave\n', P_inv_std);

fprintf('Days of autonomy - %d\n', D_autonomy);

fprintf('===== \n\n);

%% --- (10) FIGURES ---

% Plot 1: Load distribution

figure('Name', 'Load Distribution’, ‘Color', 'w', 'Position’, [100 100 700 400]);
bar(E_device, 'FaceColor’, [0.3 0.6 0.9]);

set(gca, "XTickLabel', loadNames, "XTickLabelRotation', 20);
ylabel('Energy (Wh/day)";

title(sprintf('Daily energy per device (total = %.0f Wh)', E_daily));

357 | Journal of Insights in Basic and Applied Sciences



grid on;

% Plot 2: Required battery capacity vs system voltage

V_list = [12 24 48];

C_list = (E_design * D_autonomy) ./ (V_list * DoD_max);

figure('Name', 'Battery Capacity vs Voltage', 'Color', 'w', 'Position’, [120 120 600 400]);
bar(V_list, C_list, 'FaceColor', [0.9 0.5 0.2]);

xlabel('System voltage (V)");

ylabel('Required capacity (Ah)");

title(sprintf('Battery capacity vs system voltage (D=%d days)', D_autonomy));
grid on;

set(gca, 'XTick', V_list);

set(gca, 'XTickLabel', {'12 V', 24 V', '48 V'});

% Plot 3: Battery capacity vs autonomy days for each voltage
days = 1:0.5:5;
figure('Name', 'Autonomy Sensitivity', 'Color’, ‘w', 'Position’, [140 140 700 450]);
hold on;
colors = lines(numel(V_list));
for i = 1:numel(V_list)
C = (E_design .* days) ./ (V_list(i) * DoD_max);
plot(days, C, "-0', 'LineWidth', 1.6, 'Color’, colors(i,:), ...
'‘MarkerFaceColor', colors(i,:));
end
xlabel('Days of autonomy');
ylabel('Required capacity (Ah)");
title('Battery capacity vs days of autonomy (DoD = 0.7));
legend(arrayfun(@(v) sprintf('%d V', v), V_list, 'UniformQutput’, false), ...
'Location’, 'northwest');
grid on; hold off;

% Plot 4: Required PV power vs peak sun hours
psh = 3:0.5:7;
figure('Name', 'PV Power Sensitivity', ‘Color', 'w', 'Position’, [160 160 700 450]);
plot(psh, E_design./psh, '-s', 'LineWidth', 1.8, ...
'Color', [0.1 0.5 0.2], 'MarkerFaceColor', [0.1 0.5 0.2)]);
xlabel('Peak Sun Hours (h/day)");
ylabel('Required PV power (W)";
title('Required PV power vs peak sun hours");
grid on;
hold on;
yline(bestP.P_total, -r', 'Installed");
hold off;

% Plot 5: System block diagram

figure('Name', 'System Diagram’, 'Color’, ‘'w', 'Position’, [180 180 900 300]);
axis([0 13 0 4]); axis off; hold on;

blocks = {{0.51521} {3515241} {6515221}, {951524 1}};

colors = {{1.00 0.85 0.30}, {0.40 0.80 0.60}, {0.60 0.70 1.00}, {1.00 0.60 0.60}};
labels = {'PV Array', 'MPPT Controller', '‘Battery Bank', 'Inverter (AC)'};

fori=1:4
rectangle('Position’, blocks{i}, 'Curvature’, 0.2, ...
'FaceColor', colors{i}, 'EdgeColor', 'k', 'LineWidth', 1.5);
cx = blocks{i}(1) + blocks{i}(3)/2;
cy = blocks{i}(2) + blocks{i}(4)/2;
text(cx, cy, labels{i}, 'Horizontal Alignment', ‘center’, ...
'FontWeight', 'bold'’, 'FontSize', 10);
end
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plot([2.5 3.5], [2 2], 'k->', 'LineWidth', 2, 'MarkerSize', 14);

plot([5.9 6.5], [2 2], 'k->', 'LineWidth', 2, 'MarkerSize', 14);

plot([8.7 9.5], [2 2], 'k->', 'LineWidth', 2, 'MarkerSize', 14);

plot([11.9 12.7], [2 2], 'k->", 'LineWidth', 2, 'MarkerSize', 14);
text(12.85, 2, 'Loads', 'FontWeight', 'bold’, 'Horizontal Alignment', 'left’);
hold off;

%% --- (11) SENSITIVITY TABLE ---
psh_range = 3:0.5:7;
sens = zeros(numel(psh_range), 3);

for i = L:numel(psh_range)
Preq = E_design / psh_range(i);
sens(i,1) = psh_range(i);
sens(i,2) = Preq;
sens(i,3) = ceil(Preq / bestP.P_panel);
end

fprintf('Sensitivity: PSH vs required PV power (panel = %d W)\n', bestP.P_panel);
fprintf(" PSH(h) Preq(W) N_panels\n’);
for i = 1:numel(psh_range)
fprintf(" %4.1f  %7.1f  %d\n’, sens(i,1), sens(i,2), sens(i,3));
end
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