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Introduction

Task: Develop a Stand-Alone DC nano-grid
for a Tiny House

@ Solar, Battery and consumers
e Safe for students (< 48volt)
@ No Grid connection

@ Remote operation and monitoring

www.dc-lab.org Stand alone DC nano-grid for a Tiny House with Droop '

July 19-21, 2023

3/



DC Nano Grid

Photovoltaic Storage

DC Distribution

1_
09 B o

A(?l';‘l‘)ﬂ:vje Lights(LED) ;ES% ‘:550:’;)”
Schematic of the DC nano grid
= www.dc-lab.org

Stand alone DC nano-grid for a Tiny House with Droop ' July 19-21, 2023

4/



Droop Control
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Simplified version of droop control
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Droop Control
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Droop curves for the PV
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Droop Control

! Load A

Droop curves for the appliance
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Droop Control
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Droop curve for the battery
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Power Electronics
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Universal One Leg
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Power Electronics
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Schematic of the Universal One Leg
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Inductor charging state
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Inductor discharging state
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Schematic of the PI controller
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Control

l|void PIcontrol_buck (float goal,
float duty, float vbus, float
vsense) {

2

3 static float error=0;

4 static float K= -;

5 static float tau= —;

6 static float pwm_pi=duty;

7 static float integral=0;

8 static float output=0;

9

10 error= (goal-vsense);

11 integral += (Kxtau)=(error);

12 output = (Kxerror) + integral;

13

14|  pwm_pi= output;

15 }

Pl controller code
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Please wait....

Pl Buck

Nov 14. zuzz. 1722 ]
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Control

Lo ____________ﬁ________M_P_OS_I_Z._UU_UL_I,§_
P

B

Minimum ? @ Pos Duty ? ’ ]
Frequency ? RMS ?

RMS ? &P Maximum ? : "
& 100V J[M 2 508 J(Ch2 < -32.0mV_ <10H7 ]
Please wail.... Nov 16. zuz2. 1945

Pl Boost
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Solar Panel model
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Electronic representation of the PV
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MPP Control

-

Measure V(N), I(N)

calc delta P
cale delta V

No

deita P=0

daita V=0 PI control deita V=0

D(N)=D(N-1) = ¢s D(N)=D(N-1) - cs.

MPP control Algorithm
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MPP Control

CS3 =ax AP(K) if (AV(K) x AI(K)),)
AP(K)
AV(K))
CS1= A otherwise |

CS2 =7 if (

>=ry, » =CS(K)

a,8,v and A are defined empirically.

Current Step Size in the MPP control
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Test Setup

Battery and PV test setup
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Grid Manager
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Experimental Result
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Please wait.... Jan 27, 2023, 16i34]

DC coupled measurement of the dc grid voltage
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Experimental Result
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AC coupled measurement of the dc grid voltage

= www.dc-lab.org Stand alone DC nano-grid for a Tiny House with Droop ' July 19-21, 2023 23/



Outlook

Bus Voltage

49,10 voit

* Battery 1 PV 1 PV1
2,90 Ampere 29,34 Volt -4,24 Ampere

38,63 Volt
Battery 1 Belastingen

PV2 PV 2

q Battery 2
2'87 Ampére 29'45 Volt -6'21 Ampere Fridge 24V Fridge Current

39,01 Volt 25,07 Volt 2,40 Ampére

Battery 2

Fridge_Power_1 Sun
Socket 24V Socked Current

4 w Sun Next dawn Sun Nextdusk  Sun Next midnight
13,04 Volt 0,26 Ampére
Over 13 uur Over 7 uur Over 10 uur

Fridge_Power_1

4w

Remote operation and Monitoring(2024)
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Conclusion

e DC nano Grid (Grid Manager)
@ Especially designed for droop control using power electronics

@ Stand Alone Operation

Thank you!
www.dc-lab.org
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