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Introduction

Examples of Remote ‘Off-Grid’ Communities

Lasqueti Island — remote community
(population: ~500)

= _earn from real-life experiences

» Voice of the Customer

» Observe, listen and learn
Understand customer’s perspective

. -
Madeira Park

HaMon Bay
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Introduction

Energy Appreciation — Rural/Remote ‘Off-Grid’ Communities
» Self-energy generation
(solar/hydro/wind)
= Example of micro-hydro generator cr i e RS -
(kitchen-ware based construction) Ny ey S

A el W
s ;!’I_-’f_:@f

z W e ——

= Get ‘more from less’ energy REeW o [ o
* |[mprove existing systems towards e .
clean energy

= Develop robust, efficient and
affordable systems
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Renewable & Energy Storage System Integration

.,

DC-Coupled System Architecture — Developed for Off-grid & Grid-connected
=Solar PV
= DC-AC Inverter Battery
Battery s

1 DC-Coupled System  DC-AC Inverter e
Micro Hydro ) ™ ' AC Grid
= Solar MPPT Converter
- AC Grld DC-DC Solar _.i Energy
Voltage [

Energy Sources & Key Components
* Energy storage

Converter T
= AC Loads / PR

* Option: Micro-hydro

-
Battery
Current
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2. System Architectures
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Renewable & Energy Storage System Integration

DC-Coupled Systems

= Solar PV
= Solar MPPT Converter

= Energy storage
* DC-AC Inverter

= AC Grid DC-DC Solar

= AC Loads Converter

=Daily solar PV production example
(Vancouver, Canada):
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Renewable & Energy Storage System Integration

DC-Coupled Systems

» Advantages:
» SoC & SoH maintenance
* |nstallation & upgrade

» Disadvantages
= Lower efficiency: PV-to-EV and BESS-
to-EV
» Location/distance of ESS with DC-DC
Solar and DC-AC Inverter EV

(need co-location) @/

Charger

a )
= Solar PV - BESS - AC - EV: ~90%

= BESS - AC = EV: ~93%
" AC - EV: ~96%

J/
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AC Loads
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90%
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Renewable & Energy Storage System Integration
AC-Coupled Systems

AC-Coupled System
» Advantages:

98%
= Distributed architecture 98% —= AC
" Ease of Installation & upgrade —~ AC Girid
» Disadvantages pv + [HM ~ *\t'
= SoC & SoH maintenance DC Optimizer 079 @
= Lower efficiency: PV-to-EV and - —
BESS-to-EV BESS D N AC Loads

9311ﬁ1 98% 98% m

EV =

4 ) N N
» Solar PV > AC > EV: ~92% il |§~—/ /]7 ~
* BESS > AC > EV: ~93%

DC-DC AC-DC
" AC - EV: ~96%
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Renewable & Energy Storage System Integration

Proposed DC-Link-based Systems

Value proposition
*Advantages:
* Flexible Configuration to DC-link
* Higher system efficiency
* SoC & SoH maintenance
» Ease of Installation & upgrade
= Distributed architecture
* New DC Grid for Loads
» Disadvantages
= No retrofit to older systems
» DC Grid Standards ?

4 N\
= Solar PV - AC = EV: ~96%

» BESS - DC - EV: ~95%
" AC - EV: ~95%
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DC-Link-based System
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Renewable & Energy Storage System Integration

DC-Link-based System Components

DC-Link-based System

AC Grid

J..t

QO

98%  DC
=] 97%
PV + E —
DC Optimizer
97% -~
- = DC-AC
BESS . Inverter
V2G —

El:l?’-—/ =

DC-DC
96% | Char_ger
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Key Component
= Solar DC Optimizer: 4-switch Buck-Boost

= Modules series connected

DC-DC Optimizers

Beri o o i e e i e e S e

4-Switch Buck-Boost Optimizer

F
|
|
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I

- C Vo

(12-60)V (13-60)V
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Renewable & Energy Storage System Integration

DC-Link-based System Components  key component

DC-Link-based System = Battery Cc_)nverter: 4-switch Buck-Boc_)st
» Stationary Energy Storage (optional)

98% DC = Battery power conditioning (SoC, SoH)

=
PV+|:—Z

DC Optimizer
97%

BESS“ _‘
El:l?——’ _ =z

DC-DC
Char_ger

97% AC Grid

s

DC-AC DC

AC Loads

DC
Loads

96%
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Renewable & Energy Storage System Integration

DC-Link-based System Components  key component

DC-Link-based System * AC Inverter: Full-bridge

» Bidirectional inverter (50/60Hz)
98% DC

]
PV + E‘;

DC Optimizer
97%

- =
BESS
05%)....o2 08 m
V2G =

- AC Loads
=) —

DC-DC
Char_ger

97% AC Grid

PARY, DC o
~ < Full-bridge inverter topology

DE-AL e e et "
Inverter |

96%

o ||
T LA

T
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Renewable & Energy Storage System Integration

Key Component

DC-Link-based System Components
= EV Charger: DAB-based converter
» DC-Link to EV Charger (elimination of AC-

DC-Link-based System
g e DC PFC stage)
E:j 97% AC Grid
%\é Bptimizer =" &:@
:T% — DAB-based Bidirectional -
BESS I[)nsei;" Converter T ﬂ I;}
S 98% ﬁ g o
= i
3 b || B3
¢ . - @
I %
H i

V2G _
E l:l?-—/ =
DC-DC Vd . —
% I

06 | Char_ger
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Renewable & Energy Storage System Integration

DC-Link-based System Components Charge modes P1=3W, 11380V, 1252V
= EV Charger: DC-Link to EV (elimination of AC- i i.-‘r 7 | ]

DC PFC stage)

» Key waveforms

DAB-based Bidirectional -— -7
Converter T H ﬂé} _

T I
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3. DC-Link-based System Architecture
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Charging Infrastructure & Electric Vehicles

t Battery Voltage Range

Application & Motivation: 020Vde = |~~~
Challenges examples in Electric t
Vehicle Deployment | BV eBus eTruck
Hv 800V  550-800Vee  000-850Vide
= Charging Infrastructure 1 DCEC
= Increased Charge voltage range (€.9.  500Vdc— ¢ —mmmmmmmmmmmmmm et e
100-1000)V 200-920V e
= Grid Capacity Challenge 1 | DCEC EV
200-450Vdc
200 -500V e
200Vde —» 3~ ==
1 Infrastructure Electric Vehicle
< < l:
{} ;g L—
| —
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DC Grid Architecture

DC-Link-based System for Fast Charging (Level 2)
* Integrated System Approach
» Cost reduction (single-stage DC Fast charge due to AC-DC front end elimination)

Proposed DC-Link-based Architecture

DC-Link-based Key-components
» Solar PV

» DC Fast Charger (simplified)

» Reserve Energy Storage

= DC-AC Inverter

AC Gnid
Smart

AC @

Panel

J

BMS |
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DC Grid Architecture

DC-Link-based System Architecture
= Smart AC Panel
= [oT Communication

Proposed DC-Link-based Architecture
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DAB-based Converter Example

DAB-based Converter Description

* Proposed DAB-based topology architecture

* Power devices normal operational (30...70)%VDs

* Power derating/curtailment for Vbcmax = (70...75)% VDs

T Hél} H LOT (Safe Osga%ng Area)
; 1 qpi Fonax et —
- A -11—? 1d —-'—“ﬁr—‘ﬁ ‘-
B33 | | B3| o umon |}
7 C) | M ; ¥ { | C:) v, Turn-off —
OTL 17 [ ETEF] -

Drain current

B33 | et LT
. %0

Rl
il It (S — voltage Vd  Vmax

» Re-use the same low voltage devices for higher voltage applications
= Optimization of power devices voltage utilization for SOA operation

Emanuel Serban, PhD, PEng, 2023

Power devices
voltage utilization

E[I} _H
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DAB-based Converter for Voltage Range Extension
DAB-based Converter Description

(v,) = {Qpl A Qpl =0,0;=1, if v; <Vpgnax
= Employs three additional bi-directional switches WD T QA Q= 1.0 =10; if v3 = Vs
= 400V (500Vmax): Qp1, Qp2= active on, while Qs=off ( 0, if v; < Vinin
= 800V (1000Vmax): Qs=active on, while Qp1, Qp2=off Vintbas |1+ 5 (ot — 1), if Vi & % Vit
» Example: use of 650V/750V SiC power devices pilus) = & Vil if Vigme < v2 < kViimu
Pn (1 +§kv;i;ivf:$:mx)aif VIimH sSBLs kvaax
i \ 0: if () e kvaax
P AW] (v) *Vultage Range Extcnsiﬂnh i A[A]
Vin ] S -

I
| —

—
| —

V [V]
' - L+ »
: - Vn ' ( Vn‘I‘A VE):I) Vout
= Double voltage utilization extension with parallel-series DAB-based topology

= Expansion of power capability
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Electro-mobility: EV Chargers Example

Off-Board Chargers
= Unidirectional Power Conversion - current Pn
= Bidirectional Power Conversion - future

AC Gnid

i

' 9

Voltage Range Extension .
p(v) e—2ETE » i AI[A]

““b
o
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> (VatAVex)
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// 400/800Vde NF( 100 +1000)V

AC-DC BESS

DC-DC Bidirectional Converter
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Charging Infrastructure & Electric Vehicles

Electric Vehicle Chargers

= Charger Voltage extension — it can accommodate wide battery-types

= 100V to 1000V voltage extension

=

BMS

!
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=N
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eTruck
DCFC 800Va  550-1000Va: ~ 600-100Vee
T 100-1000V de
I/ — 000 EEEE 0
| EV
DCFC 100-1000Vde
* 100 - 500Vde
we R B @
< lnfrastructure} < Electric Vehicles >
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Conclusions

Renewable & Energy Storage System Integration for Flexible Operation in Residential-based Applications
Energy appreciation - Energy availability - Energy security/reliability

DC-Link-based architecture: Proposed DC-Link-based Architecture
= Modular = Flexible in installation @~y

and operation

= Reduced number of Converters
—->Higher system efficiency

2 B2

» Cost reduction - System
simplification (AC Level 2 charger
reduced from 2-stage to 1-stage
conversion)

———————————————————————

* Integration of System
Monitoring &
Communication
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