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1 Introduction
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Introduction

Context

e Electrification process is being developed in communities without
access to electricity

¢ No AC connection is available

e The installation must be
affordable, simple and reliable

e Small isolated microgrids are '
d

constructed based on: Y

e Solar photovoltaic  (PV)

generation 4
e Energy storage — batteries — - ; o=
* Households loads s e

Photo: ME SOLshare (IEEE Spectrum)
¢ Interconnection using Low Voltage DC

¢ Direct connection between the different elements
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Introduction

Motivation of the study

¢ General objectives

e Develop a tool to design a generic LVDC microgrid through a technical-
economical analysis to reduce the cost of energy of the installation

e Understand the particularities of this type of installations (typical network
layouts, voltages, cables used, protections, etc.)

e Collaborate with companies that are currently building this type of
installations.

¢ Specific objective of this work

e Compare the usual network layout
used in these installations with
alternative  network  topologies
including converters

Eduardo Prieto-Araujo 31 |nternational Hybrid Power Systems Workshop 9/5/2018 5/24

Outline

2 DC network topologies
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Converter-less topology

Usual network topology (based on existing projects)

e Converter-less network:
* PV generation
e Battery
e Loads
* No converter

¢ Interconnected in DC (12 or 24 V)

¢ Independent connection of generation and loads

Network scheme

Node 1 Ling}l-z Node 2 Lim:.{z-:i Node 3
77 7
Line PV1-1 F #Line PV2.1 < Line B-2 Line L1-3 FLine L2-3
PV B
. attery (B Loads (L,
Generation y (B) (L)
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Network topologies

Scope of work — Four alternatives compared through a power flow analysis

Configuration 1
Converter-less topology

H B

Generation Battery (B) Londs (L)

Configuration 3
Central battery DC/DC converter

Line V1.1 Fline FV21

. Battery (B) Loads (L)
Generation 2
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Configuration 2
Converters connected to each PV

Lise 2.3 Node 1

Generation Battery (B) Loads (L)

Configuration 4
Converters connected to PVs and battery

“w“,.:,“i““ Battery (B) Loads (L}
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3 System description and modelling
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Alternatives comparison

Comparison method description

¢ Steps to compare the different alternatives

¢ QObtain a steady-state model for each alternative including
* PV model
e Cables
¢ Simple model of the battery
e Simple model of the system loads

* Define the different scenarios to study the performance:
e Full/Low PV irradiance: 1000 W/m? (Day) — 0 W/m? (Night)
¢ Full/Low load: 50 W-0W

¢ Define the battery voltage

e Define converters operation mode (whenever they are present):
* PV converter — MPPT
e Battery converter — Voltage control

¢ Solve and compare the system power flow
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Steady-state model

Modelling a converter-less network

Node 1 Line 1.2 Node 2 Line 2.3 Node 3
L4 |nitia| System Line PV1-1 FLine PVZ.1 Line B2 Line L1-3 FLine L2-3
Gcnz\jr\l':tion Battery (B) Loads (L)
Mot Bz, Raa,
e Model the cables as Rivii3  Rpyos Ry B3 Rusd
resistances N
Genbration T""“'"’." Ea Loads ‘a
Node 1 R 12 2 R-"'i
e Model PV and Loads l > 2 ﬂl vl |
using the Norton
eqUIvalent RI'\'].[EE ) Rpyaa: C} Ry.a C) RI.I-!EE } Ris 5: C
e V/I PV characteristic T oo ] ey T s ]
curve used
Eduardo Prieto-Araujo 31 |nternational Hybrid Power Systems Workshop 9/5/2018 11/24
4 Case study
Eduardo Prieto-Araujo 31 |nternational Hybrid Power Systems Workshop 9/5/2018 12 /24

18.05.2018



Case study

Six house system

The presented network topologies will be compared based on the following
system:

* 6 houses - P
PV Generation in each house —— foseemun "
¢ House load profile:
e Consumption no higher than
50 W and 4 hours a day
¢ Location: Dhaka (Bangladesh)
e DCgrid voltage—12 V

Assumptions:
* PV panels receive the same irradiance
e Same temperature for all the PV panels
e Equal demand for all houses

e Cable sections are considered equal for all connections

9/5/2018
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Case study

Model of the system — Converter-less approach

The presented network topologies will be
compared based on the following system:

(PV collection )
circuit Node 1A Riaza  Node 24 Ranan Node 3A Ranan  Node 4A  Rinsa  Node 54
I T W T A T T W T 1
Riwin 3 (D) Rinind () Ruzand berel(T) Roan 2 bl R B thn(@)  Russad ters(D)  Ruesnd tunl]
{ Loads circuit  Node 1B Ruan Node 2B Ran Rywyn Node 4B Ruwsa Node 58 N
| ] ] " INode 3B l i ] ]
Rucin 3 (D) R k() Rund ku() Rurn () Russod () Ruesn3 heas(])
\. J
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Case study

Converter-less approach

e Power flow Results

POWER FLOW RESULTS - NO CONVERTERS

Parameter G = 1000 Wim' G =0 Wi G = 1000 Wim’
Name Py =50 W Py =50 W PL=0wW
Sum Mean Sum Mean Sum Mean
Py, 06w 17.34W 0w oW 10824 W 1804 W
=300 W -50 W =300 W -50 W ow ow
2407 W 2407TW 35066 W 35066 W SI0343 W (10343 W
12.61 % - 13.02 % - 354 % -
20,06 A 2922 A 8619 A
44.76 W S50.66 W 434 W
Discussion:

e Fullirradiance — Full load (1%t col)

e Panels - 75 % production [104 W]
e Fullirradiance — No load (3" col)

e Panels - 75% production [108 W]
e Loads connected (1%t and 2™ col)

e Losses are approx. 50 W

Generation Loads (L)

Battery (B)

Graphical example

Case Full load/Full irradiance
PV panels conditions

5 10 15 0
Volge (V]
gp—
20 H=—1V carve
—— V1
E 15 L
g ||
2 10| ——rv4
= VS |-
S |——rve
[ 5 o 15 m

Voluge [V]
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Case study
Converters connected at the PV output 1
Loads (L)
e Power flow Results .
Graphical example
POWER FLOW RESULTS - PV CONVERTERS Case FuII Ioad/FuII irradiance
Dy T e PV panels conditions
fame : Mean
F] v :m: W
- w <50 W 0w 0w
W0322W  I03ITW 133 W 1AW p— Tp—
1247 % - 454 % . —15H oy
1694 A 1119 A < we T 1T T
44.79 W 725 W g H—rvs
E - PV4
S gsh|——rvs
Discussion: —
e PV power production improvement o 5 el 15 20
(MPP operation mode)
[increase from 104 to 140 W] — M
e Losses are still high [*50 W] ~m
B -—PV4
e No load scenarios, equal to the o
previous case. .
0 5 n 15 20
Voltage [V]
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Case study

Hattery (B) Loads (L)

Converter connected to the battery

n
Gerserntion
e Power flow Results

POWER FLOW RESULTS - BATTERY CONVERTER

Graphical example
Case Full load/Full irradiance

Parameles O = 1000 Wim® G =0 Wi €5 = 1000 Wim? L.
Nane Py =50 W Py =50 W P =0 W PV panels conditions
Sum Mean Sum Mean Sum Mcan

[EENERY Ri6W W W [E1RERY W
-300 W -50 W 300 W -50W ow 0w = = -
15906 W 15006 W 3250w 1501 W AT00W 12700 W
677 % - 677 % - 284 % - — IV curve|
1211 A - 64 A B BSS A '
[2AW - 2502 W - 426 W
1561V - 1575V - 1485 V

Discussion:

e Objective: minimize the power ‘; n m 20

Voltage [V]

exchanged by the battery

* Full irradiance — Panels producing close _xi—ivam

to the MPP (141 W) - [1%t col: 134 W] o | De
AT
* System losses are reduced compared to = :___E
the previous cases [=23 W] - . - ’
- Voltage [V] )
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Case study Y ey
Converter connected to the battery

B e Hattery () Loads (L)
e Power flow Results
350 ¢
LaNery prwes
P e
ol pelom
250 +
aid|
& *
£ ol
.
100 +
. . W W W TE w2 W m @ ®
Discussion: ' Vestaga [v]
e The MPP of the PV is not the optimal operation point from the overall system

perspective
¢ The optimal point is where the battery exchanges the minimum power
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Case study
Converters at PV output and battery é él

Cemerntion

Bastery ()

e Power flow Results

POWER FLOW RESULTS - PV AND BEATTERY CONVERTERS

Graphical example

€7 = TN Wi T

; Py m 0 W Case Full load/Full irradiance
] Mc: Sum Mean
N I A PV panels conditions
SII6AF W 13665 W

35 %
221 A

402 W
1458 ¥

4

M2
5 Iy
. . 00
Discussion: “ost e \
¢ No load results equivalent to the ones ' ' %

Curreitt [A]

in the central battery approach. Votaee [V
e Qperational improvement in terms of
losses and production Zus)
e PVat MPP[141 W] i
e Losses [23 W]

0 s T 15 0
Voltage [V]
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Discussion

Summary of the analysis

¢ Configuration 1 — Converter-less topology
e |t is able to able to extract a 75% of the nominal power of the PV
panels. However, losses are relatively high.
e Reduced initial investment cost
Configuration 2— Converters connected to the PV panels output
e |t can maximize the power extraction from the PV panels. Losses are
also relatively high.
e ‘Moderate’ investment cost
Configuration 3 — Converter at the output of the battery
e |t operates the PV panels close to the MPP while reducing importantly
the system losses.
e ‘Moderate’ increase of the initial investment cost
Configuration 4 - Converters connected to the PV panels and battery
e It is the most efficient one, maximizing the PV production and
reducing the system losses.
e Important increase of the initial investment cost

L]
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Additional studies i i
Converters at PV output and battery
L
e Daily evolution of the system
150
—PV
Load
Battery
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Time [h]
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5 Conclusions
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Conclusions

Conclusions and future work

e Systems with a central battery converter might be interesting an
interesting alternative, as they can improve the overall power extraction
from the PV generation system installed, reducing the system losses while
maintaining the simplicity of the entire system

e An additional technical-economic analysis must be carried out, combined
with this analysis, in order to see which of the alternatives is the most
interesting for each community.

e Also, the steady-state analysis should be complemented with a dynamic
analysis in order to assess the system transients and design the converter

controllers.

¢ Transfer the developed design tools to companies working in the sector
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