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The MICROGRID concept
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Available Infrastructure
- DC/AC & AC/DC Conversion
Setups already available in the AC and DC Microgrid Labs
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Microgrid Labs (
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/—\0 . . .
(/= ) After years of researching microgrids...

\ N
Ewcgg&ﬂﬁ. | decided to become a prosumer
_proctM
~—_ PV 2.4 kW

Selling EL: 1.02 kr/kWh
Buying EL: 2.20 kr/kWh

EV Charger
EV 3.7 kW
30 kWh
250 km

Like a doctor taking your own pills...
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’ N Dr House?

(again) it’s Lupus! (again) it’s a Pl control!

If you really want to do something, you will find the way.
Otherwise, you will find the excuse...

WWW.CROM.ET.AAL.DK




N“ﬂ& We talk about Al — but do we know how

Crog

E;SSE\W our brain works?

Our three brains Chakras
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EEG tests

ﬁ Mind Monitor

Gamma 54.2dB
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/ /“jg, How much of our brain we use?
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Use: 100% - Simultaneously: 2%
Due to glucose and 02 limitation

Normally we use similar NN paths
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/‘/\_“‘:‘S&s Triune brain — MacLean model 1960
~— 86,000 million neurons — interconnection (synapsis)

Neocortex:

Rational or Thinking Brain 100,000 yea rsS

Limbic Brain:

F7 toson o eeingran 200,000,000 years
Reptilian Brain: 50010001000 years

Instinctual or Dinosaur
Brain

Emotions — Decision
Rational — Justification
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PR
/ ﬂ“m Our heart

Leroe™7 Generates hormones:
1 Amitriptyline: control stress neurons
2. Oxytocin: love, trust, fidelity

Heart-Brain
n Communication Pathways

Nodose Ganglion

4
=23
Ll
] X

Vagus Nerves (Parasympathetic) _Intrinsic Nervous System‘

@ Visual Cortex {4 |
Spinal CO(d Extnn::‘cCafdlcac.Gangha Node N ’
(Sympathetic) (Thoracic Cavity) Node
Chemosensory Neurons

Mechanosensory Neurons Threat (e.g. sweating,
Dorsal Root increased heart rate...)
Ganglion Sympathetic & parasympathetic outputs =
to muscles throughout the heart

Shaffer, Fred, Rollin McCraty, and Christopher L. Zerr. "A healthy heart is not a metronome: an integrative
review of the heart's anatomy and heart rate variability." Frontiers in psychology 5 (2014): 1040.

7

ISEN 2\
/ ; “\\
\
Prero F:
" Cort; M\%

¥
ygdala

Physiological responses

XS

WWW.CROM.ET.AAL.DK



~
/E/‘i‘\\ﬁ’) Heart Rhythms Directly Affect Physical and Mental Performance

RESC;‘::MmE Heart signals affect the brain centers involved in emotional perception, decision
N making, reaction times, social awareness and the ability to self-regulate.

Cortex
Thinking Brain

Thalamus
Synchronizes
cortical activity

Amygdala
Emotional Memory

Medulla
Blood pressure and

ANS regulation

Incoherence Coherence
Inhibits Brain il & Facilitates Brain
Function S TR B Function

Source: HeartMath Institute

WWW.CROM.ET.AAL.DK




Heart Rhythm Patterns

HEART RATE

HEART RATE

Incoherence: Frustration, Anxiety, Worry, Irritation

Coherence: Positive Emotions Appreciation, Love, Courage

50 100 150 200

TIME (SECONDS)

WWW.CROM.ET.AAL.DK

Impairs
Performance

Promotes
Optimal
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/[ Electromagnetic field

EMF 5,000 bigger than the brain

2-3 meters

Source: HeartMath Institute
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A Boy and His Dog
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Microgrid Configuration
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SelfSync(C)

fy
A U, 4
h— - L P ~
f, T A j ) 3
D, 2% D, |o% ,
Frequency Voltage
droop droop
1 > t »
0 p_ p 0 Q_ Q U'_
Fig. 2.1: Control algorithm in the SMA stand-alone power inverter (SelfSync®) Q& Up

Source: SMA

www.microgrids.et.aau.dk




ion

icrogrid Configurat

M

100%

---------------------------------------------

91. Hz 52 Hz 53 Hz

50 Hz

46 Hz

Source: Fronius

5
et
jif o
=
*

ids.et.aau.dk




\ T

¢J

» l i /‘ ~
= &
Battery Bank Filter AC bus $
—_— { /
Bidirectional _ﬂW\_Q_l_ﬂm_/
DC/AC >‘
. s | ]
A
: ab a
- 1 modulation
Optional N
Central Control | Bidirectional
T a
AN
.:l : Innerloop
18 : Wy g
[ PR T ——
- ] SoC SoC .
g : | Estimator GFC
]
g | L08d3 PV Panels Fi{ter AC bus
g “-|DC/AC _ | h
8 Single Stage —IW"'\_n_-L_NW\_/__,,_l
Load, Load, DC/AC I
A :
= Innerioop =
PV system PV system [rocusen dg dg
‘f e 2
N\ SN ” "
tqu — i CCr J‘IR— GLL
- va VPV:./'\ VCR
‘.'.’;_F e S e T T e e e _ et S S e T e R 2= ._3 TVPVVonageConrro/
e : ' | V,
= | apc e -
 EN_MPPT - meas




www.microgrids.et.aau.dk




EUDP Chinese-Danish Cooperation Project

Microgrid Technology
Research and Demonstration
2014 - 2017
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- /\“‘T\ Microgrid technology research based on ((‘

”%g?‘;/ wind/PV/storage hybrid system — HyMG -\

A 200 kW hybrid PV-wind-battery microgrid site built and tested in Shanghai.

www.meter.et.aau.dk
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/%;;5\ Microgrid technology research based on
E&sr_ﬂ““ wind/PV/storage hybrid system — HyMG

PV power generation subsystem
PV array installed on the roof of
Shanghai ShenZhou New Energy B
plant, installed capacity of 130 kVA,
east-west array configuration, adopt
the fixed angle best installation.

—

v_i.mlcrogi:ids.et.uuu.dk




Microgrid technology research based on
wind/PV/storage hybrid system — HyMG

Wind power generation subsystem
al wind power installed capacity: 20kVA. (2 x 10 kW
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//\\\1\ Microgrid technology research based on
E”Jﬂf"/ wind/PV/storage hybrid system — HyMG
e

Energy Storage System

50kVA Bi-Directional
Converter +
Lead-Acid battery

Energy Management System




Hydropower and Microgrids
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Governor Pl controller | :- Hydraulic turbine, generator and excitation
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Point of Coupling '4

(PoC)| _ >
ﬁE:‘, I
3

T T 2
M - (6 PE
ili Central | I
Utility network o 1: b o d
Key 8 1 [T [ P pE |4
PE Possible Power Ko o s .:
Electronics interface : a] = :
Connecti '
Cl 'm:::tc:n @Motor E :
Communication (G Fo—===" ==
-~ Communicaton (G) Generator | w—{pe 8
- ]
( y- V. Isensor Photovoltaics 1

- (PV) :
Number  See text for description

<«— General load (impedance, or -1 \ 7
motor, or power electronics). -
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Microgrid Configuration %

Distribution network with multiple microgrids %6 yuve®

220 kV

g O

overhead lines

o | ||

111g

overhead lines 10KV 10 kV

04KV |

10 kV

MG1

t 4
2l

t
t

@

t
t

|
@jz “__@ MG3 “g

® e

ms: micro-source, e.g. solar panels,
domestic CHPs, small wind turbines, etc.
MG: Micro-Grid

MGS

O 0

0.4 kV

5 0

| |

MV cables
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Microgrid Configuration

Distribution network with multiple microgrids

B £ i Micro gas turbine, etc,

Distribution line 'u
ﬁi;sh
=

U

Substation 1 Substation 2

Photovoltaic power generation, etc.

T I I ) D B I L L
..L'.........'.......... L

G2 0w
19393, SF P
Tasssnrsnnnanr \ - / -J AR N R
communication network” —> /
Management systems Loop power controllers Demand and supply interface
* Managing the overall * Equalizing current electricity * Controlling distributed power generation and demand
system » Suppressing electrical surges based on information from systems and customers

.l....................ll.
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Microgrid Configuration

Microgrids with load management

sensitive loads

e

Statie i
Swinch I |E B
; I =
ﬂ- e = [HQ
adjustable loads

o
S
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Common Coupling
- —m
, i
1
Grid ﬂ S (S——
Request u

Elgctric Wires  [BE Hoal Load

0 power Flow Conroller 251 Circuit Broaker with Gurront Translormar

-

B Encray Manager

e CAMMURications - Pratedion Data

£ Miera Turbine % FY Panal .Fual Call wﬂﬁﬁmﬁm Engina e Fual Cell Car
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Microgrid Configuration

Example: Jeju Island (S. Korea)

Small Hydro ™ '
(60KY) 4 =

SR Operation ' = *':
Center . -

- Wind Turbine
(660KY)

(5"

(100K¥)
KEPCO Line

" el - === Private Line
== COmmunication e e
aau.dk

- "W Small PV
= — —WWW.microgrids.et.

/, - (100KY)
m——




Microgrid Configuration

Example: Hachinohe Project (Japan) %5yt
 Tecnnology demo

* GT+Biomass+PV+WT+BAT

* Load - 610 kW (Sewage Plant+Schools)

tility network r_r T
&—

OE e —— 40kW load
Digestion Gas holder °

(Capasity:6000m3)

I
I
~ |
T 10kW PV
)4 !
- o | - -
Wood chip boiler | [ [ | FE Kj':,an':ﬂo
(Steam production: 1t/h) city PE| |PE ! I
g —r—— building, 360kW - 1 1 60kW load
i load / [ ‘ .
Gas Engine Generator Area ‘G L[ 8w wind turbine
2x2kW wind 10kW PV | PEl @) Konakano
turbines : _}— ‘ 9 Elementary
! e
: 46KW load
Central Control System 10kW PV
. —PE — Koyo
| Ly a1l | [ g - Junior
PE| [PE| ( (G) —
I I ? [‘ 9 9 53kW load
|| Bio-gasengines | gxw wind turbine
S 3x170kW — Koo
SOKW 100kW _— PE—& ) Elementary
PV battery

46kW load

Sewage Planl



Microgrid Configuration

o 4‘:
o o o
Example: Hachinohe Project (Japan) %6 gyt
Power Network

Connection i

e I Metering system - - ~

e 4= Micro Grid ) Load forecast

Connection Tomd Load (Electric power and Heat)

line ivate ¢

Plan for demand and supply
(in every 30 minutesf

EDC

WT

i Metering

(P.QVF)

Control command | aFc e

Wood chip
boiler

Digestion gas
boiler




Microgrid Configuration

Example: Sendai Project (Japan)
= 1 MW Microgrid with sensitive loads!

BTB Test
Equipment

Integrated
Power Supply | v .
e e e T INAE
RO o5 e sae] 200 KVA
2 Rt oy 600 kVA




Microgrid Configuration

Example: Sendai Project (Japan)

University Zone

PCC g
@ Gensets

o o

-

Remote Méasuring
and Control System

Fuel Cell
MCFC

2 x 350 kW

50 kWp PV

y
Dynamic Voltage

Integrated Power
System Restorer (DVR1)

Normal Utility Quality

Lot see s0n 10 04
-

Quality 8 - Qualit
. dc B1 ;
 y v v y
L E-H
HET g :Ei_l_! —— ¥
Clinic Laboratory Servers Nursing Classroom Dormitories Hospital Nursing
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Microgrid Configuration

Example: Sendai Project (Japan)

Utility network

Cl HiEh power quality
— (DVR) loads (B3) 130kW
‘ :/ Normal '
| power CI Hi ; :
| ; igh power quality
quality loads DVR
L S 10kW '_\_;_.: (DVR) loads (B1) 18kW
1 1 ——
A PE 50kW
Central Control System 'd'/_ (DC:DC) E \ PV
| I Ly — >
| — L— PE e ‘Premium’ power
: (AC:DC) (DC:AC)| |quality loads (A)
G RE : : —PE 180kW
\ . I — ; —
sl s FC :-_‘ _-T_ :I'JDC Bus !DCDC! IDC Load 20kW
2x350kW gas ] H"h " ity
engines M Cl (DVR igh power quali
NS 250w McFe 1 & OVR) M ads (82) ad40kw




Microgrid Configuration

Fukushima




Microgrid Configuration

Fukushima




Microgrid Configuration 4

Example: Sendai Project (Japan) o e

Events timeline for the microgrid in Sendai, Japan, after the March 11, 2011 tsunami.

March 13, 2011 March 14, 2011

March 11, 2011 I March 12, 2011

Tohoku Electric 4
Power Service Grid tied

Power Natural Gas — L - 5

Supply Engine Generators N/A Online - Island operation N/A

PV Modules i ; U\ /\
NS - :

dc Circuit Grid tied g Battiaries Natural Gas Engine Generator Grid tied

Power

Distribution ac Circuit B1 Grid tied gaatweri?-” Natural Gas Engine Generator § Grid tied

ac Circuit B3 Grid tied Natural Gas Engine Generator Grid tied

i i -
ac Circuit a Grid tied 'Batteri&c- Natural Gas Engine Generator Grid tied
g | : | |
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AC Microgrids

e Definition

* Configuration
* Operation

* Control

* Conclusions

www.microgrids.et.aau.dk



AC Microgrids

Definition
Configuration
Operation
Control
Conclusions
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Microgrid Operation

Typical structure of a microgrid

Renewable Energy Resources Energy Storage
Thermal and Compressed Systems

Air System

o=

Main Grid

!
!
( ) I -
== = |
i
!
|

= = Power
Electronics |

==
g | | |
o | 5 L]}

—m t ot m— — — —h — — —h — — —h — — — — — —

Communication
Power Distribution / System
Intelligent
Network Bypass Switch Programmable
(18S) Loads

e e e e e e e e e e e — — — . — — — — — —

S
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Microgrid Operation

Operation modes:
Grid connected
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Microgrid Operation @

Islanded operation modes

* Preplanned islanded operation: If any events in the main grid are
presented, such as long-time voltage dips or general faults, among
others, islanded operation must be started.

* Non-planned islanded operation: If there is a blackout due to a
disconnection of the main grid, the microgrid should be able to

detect this fact by using proper algorithms.

w.hifrogrids.et.uuu.dk




Microgrid Operation

Example: Rural electrification using microgrids

XingXingXia, XinJiang Province, China
AR IBR, B g

—@ 100kW genset
80kW

Utility network
_ 380V feeder

1
—PET battery

M40 homes, 3 businesses ¢
(90kW peak load, night)
o v HPEH_[pElL N7 o




Microgrid Operation 4

Power Balance

1. Electric Power Generation

Engine Generator ~ 100kW

PV 70kW
Bateries 80kW (400kWh)
250kW

Shop and || Village

2. Peak Load 90kW (at night time)
3. Distribution feeder 380V /500m

Digribution line

Home consumer
(40 families)




Microgrid Opefatm’

Load and Generation Curves
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AC Microgrids

e Definition

* Configuration
* Operation

* Control

* Conclusions

www.microgrids.et.aau.dk



AC Microgrids

Definition

Configuration
Operation
Control
Conclusions
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Microgrid Control 4

Master-slave control

| Load

m

Voltage Source
(Grid forming)

Current Controlled
Sources (Grid Feeding ) )

L




Microgrid Control

Droop control of AC systems
i v

Grid—formingéé

_EVc:osqo—V2
o= X

flnverter 1 i

VE .
P=—s:sing Reactive power

Active power
X
Frequency droop Amplitude droop

0] E
@* 4 x E* A *
w=0 —mP E=E -nQ
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Microgrid Contr

Inertia principle
In a synchronous generator, energy conservation implies that

P.-P =Ja

where
P is the generated real power,

P, is the load power,
Jis the system inertia, and w is the frequency.

When P.>P, the system frequency increases (w > wnom).
When , P.<P, the system frequency decreases (w < wnom).

e e

e alogrils-th.aav
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Microgrid Control 4

Inertia principle

* Synchronous generator transient response
+ 60H |
AFf
FREQUENCY
POWER

[

I:)O
TIME - SECONDS

e 3

e —
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Microgrid Control

Energy store

Virtual Synchronous Generator (VSG)

Virtual synchronous generators
~
Power generaion Electronic Converter
% Power exchange
Cistributed Power exchange
Generator
Cantrel signal
L A—
ual grid voltage
VSG algorithm

but also local storage energy system.

Inertias means not only load-dependent frequency (droops),

Europ

~VSYNC~ | &
—  WwW.

ean Project VSYNC:

mi’-c.rdgrids.et.uuu.dk




Microgrid Control

Understanding how inertia helps synchronization

— www.microgrids.et.aau.dk




Microgrid Control

Droop control

* Trade-off power sharing / amplitude - frequency regulation
o=w —mP E=E —-nQ
)




Microgrid Control
Droop control “Ong s
Storage Generation
P<0 Q P>0

Capacitive load
Q>0

Inductive load

Q<0

A O
\\\\\ E*

\\\‘\ ED* IA(D
r~\\;\\\
generation C load | L load
> > BB
+Pmax — =
————— _—— — —— — — — www.microgrids.et.aau.dk




Microgrid Control 4

Droop control
Grid

iy
O

~ Power p
Controller '

Power
DG Controller

fles)—

Power
Controller

peoT

-’
| PEOT

This area consists of DG’s with the droop control.




Microgrid Control

Hierarchical Control Principle

»Primary Control: Modeling + Inner loops + droop Control (P/Q Sharing).

»Secondary Control:

- f/V Restoration (Island) : Set-points assignation from MGCC to the DGs .
- Synchronization (Island to grid Connected mode)

Power System recovery
Quality after faults
Microgrids S ystte.m
Concerns... Stability

» Tertiary Control: Power Import/export from/to the grid.

£/Q flow Control

/sland detection
and Grid Synchronization

——

, wWiv.niicrogrids.et.uuu.dk




Microgrid Control 4

‘- Secondary Control
50.250
f [Hz] ?
50.150 -
50.050 |
f°=50.010 f50
f1
49950
f‘l
49850
f2
300 400 500 600 700 800 900 1000 1100
R
t[s]

0 100 200

, WWw.lﬁicrogrids.et.uuu.dk




Microgrid Control

Secondary control

fa
f
S
Permanentf Temporary LA R RR "SRR NERNNNN] Secondary
dropin ° Permanent drop in ' ] sponse
frequency . increase in  frequency rimar? . Permanent
Primary : generation /increase in
responsey : response : _
— : = : generation
H - : P - : P
Pref Pmax I:)scheduled Pref Pmax
b)

I:)scheduled
Using secondary control

a)
No secondary control

Primary control ensures P sharing by drooping the frequency

Secondary control:
Restore the nominal frequency




Microgrid Control

Centralized Vs Distributed Control

Centralized Control

Main grid

%

_

Bilateral
contract

--* Aggregator/

l Load DNO

Slow Aggregates
communication €S€rves

I dink

Main grid
Wind Turbine “ Z
//// ’4
oS .
- - -:,1 Power line
Bilateral
1 Load contract/
| | Communlcatlon Reserves
' link Market
l |/
& § Aggregator
=
" | Load Aggregates
: | v reserves
CHP : : - Provides
1 ‘ set-points
_;;_' i* | Responsive
= :| & Load
! | 1 e :
Energy Storage : . : i
.l Setpoints N '] |
_________ - - ———
Measurements frequency

Load

'mi’crdgrids.et.uuu.dk



Microgrid Control

MicroGrid Central Control
7~ Tertiary Control
Secondary Control

Primary Control

/

Microgrid < I Commiiwﬁm/ I >

Local Control Local Control Local Control

Local and Centralized
Controllers.

MicroGrid
Distributed Secondary Control

Centralized
< Communications
Secondary
Control
Secondary Secondary Secondary
Control Control Control
Primary Primary Primary
Control Control

Control

1s.et.aavu.dk




Microgrid Control

Multiple Microgrids Clusters Hierarchical Control

! Stiff grid
, v
Tertiary SG C]‘

SecondarySG 1

Primary SG/Tertiary Cluster
Secondary Cluster y

X
1
\
+--PPCCH1 D-<>pCC#2

Primary Cluster
Tertiary

Secondary

~ Clusterll | |
—www.microgrids.et.aau.dk
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[/ Electric Cars

Cars also going to electric

Leaf to home: bidirectional converter

Battery Plug-In Hybrid

Electric Vehicles Electric Vehicles Electric Vehicles
g 2 S 25 s 3
F ] Cormaran] ¢ | Corrtumes
} Tage | Trgee
- -' ' (e
3 | [ ¢ { T |
\| o« Monw — e v M 4@ |
' 1 1‘ |
| ,
1 A A
|
L BEVs \ PEVs L HEVs

Source: Nissan

WWW.CROM.ET.AAL.DK
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CONFIGURATION DIAGRAM DC- & AC-COUPLING

Home Bateries

S'ITO! T0 e
PV-GENERATOR EMERGENCY GRID
(Optional POWER =
\d POWERWALL
n TESLA HOME BATTERY
...... Cammunxaton path b
’ — Poraec zath BYD th[EJ\-
FRONIUS 4
SOLAR BATTERY HOUSEHOLD CONSUMERS
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Flexible Electric Vehicle Charging Infrastructure Flex-ChEV
(- w

5 PROG

Qg '"“1‘

DC Electrical Vehicle Char;m ' ((‘ i

Primary
Control

Primary
Control

Primary
Control

2 Y
Primary
Control

=

—— www.microgrids.et.aav.dk




More electrical aircraft is here: Boeing 787

Electrical loads \ -

Forward electrical equipmentbay

- < RO e TP owe
Rermote Power @tribution Units
Distribution Units. e N — =
= s (LA Forward EEBay
AEEBay [

External powerreceptacles

m—.
Vanable-frequency starter generators, a
iable Freguency

two perengine

Starter Generators

Aft electrical equipment bay

Li-ion batteries key advantages that suit it for modern jet application:
» Required high voltage and high current production

 Improved power quality

* An ability to recharge quickly

« Similar functionality than NiCd batteries, while weighing 30% less

» Compact — about the size of the average car battery

Remote power distribution units

Auxiliary power unit
starter generators

Source: Boeing

; WWw.microgrids.et.uuu.dk




N State-of-the-art of SPS

~
RESEAR E o \“‘"
_pROG \/ °
2 ®e yniv®
More electrical aircraft is here ACS/G L1 ACS/G L2 APU GEN 1 APU GEN 2 RAT ACS/G R1 ACS/G R2
230V HVAC 28V |.i |.i |i li |.i |.i
Primary TRU LVDC-1__
B Ee - T e T T T e
Main Generator Ei—- %_E:dq I I I I
S Eis fo Lo b foss fors  fese boss
£270V LVDC2 L | 1
Transmission HVDC DC :Il; BATZ cos 1 I' 'I' ™ “oe
230VAC Lines ATRU b 28V e o :
Engine . 360-800Hz  iRie  Line Loads N il ¢
Spool \Sf/ T i DJWE% C%i e
| [Dual buck] ¢ ! WIPS ATR ATR ATR
i | topology | : TN L c1 £2 R TN "N
]_, Two-stage Inversion I 5—?;’;';0 |
H T ; . Z
Proposed APF ATU.__ POwer supply e — ,

Four-leg inverter

} - ==
| +-20voceusie | | |
e | |

Bus Bus
EM As: I' I'
1.Flight Control Actuators:
@ ght Control Actuators CAC ECS  HYD HYD cAC I | cac Ecs mw CAC NGen HYD
==
e REXT

ATRU: Autotranstormer Recufier Umit HVAC ESS Motor Drive System

GCU: Generator Control Unit H=‘]
i

SG: Synchronous Generator
TRU: Transformer Rectifier Unit
ATU: Autotransformer Unit H

BAT: Battery 2. Electric Braking: Fan CTR1 Demand -~ Fan CTR2 System Demand
EMA: Electromechanical Actuator : ; 3.Electric Fuel Pumps; LEXT

WIPS: Wing Ice Protection System 4 Electric Valve Drivers: PWR  |Cheree PWR

ESS: Essential EMA

APF: Active Power Filter

CHEN et al.: HARMONICS ATTENUATION AND POWER FACTOR
CORRECTION OF A MORE ELECTRIC AIRCRAFT POWER GRID

S e =
— —www.microgrids.et.aau.dk



State-of-the-art of SPS

ic
MRESEAR E
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S
Vessel automation system

Machinery protection & control

Electrical distribution

Secure power

Source: Schneider Electric

|

Electrical propulsion & thrusters

-www.microgrids.et.aav.dk
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Emgggéﬁﬁﬁ. SLATE=-01=tNE=-aIt OF dF> . :
- & )
P\RO_G_\/ %% yuiv®
I Integrated Power System (AC) l Integrated Power System (DC)
Switchboard
Game changer: I e — |
. L. Prime Service
Growing demand of electricity I Service I |Mover - Loads
“ | Loads I
| I = Electric
Switchboard I I Battery 23 Propulsion
| |
Prime Service | IS
Mover Loads : Electric Propulsion | Game changer: Energy storage
| Shatft Generator | Shaft Generator
Reduction . -
Prime Reduction . l Propulsion I Reduction .
Mover and Gearbox Propulsion i Gearbox : Gearbox Propulsion
. ) I Switchboard Service I ---
Conventional Ship » witchboar Loads # —| Battery
| : |
Reduction . )
l Gearbox Propulsion | Service
i I Loads
1 1




(1) Electric Motor 0. A
2 Inverter (5) Central Control Desk B
(3 Engine-generator (6) Battery Converter

(4) Switchgear (7) Battery Storage

o e

Source: Typhoon HIL

www.microgrids.et.aau.dk
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Queen Elizabeth Il — cruise ship Integrated electric propulsion configuration
— Diesel Generator Set 1
| Gl
O OO ~ S e‘g VSD —@:
Diesel Generator Set 2 Low Voltage
Switch Board
O OO ~—] |
. . —u.._ Ship Service
. . eg Loads
Diesel Generator Set 9 —

OO OF ~_
MSB

16-cylinder Wartsila 16V46CR EnviroEngine marine diesel engines, providing 67,200 kW (90,100 hp)@514 rpm




State-of-the-art of SPS 1 .
Radlal AC distribution system o+ S

Diesel
nglne 1 Engine 2

6.6kV 60Hz High Voltage Main Supply Bus
%

The 2 busses: / e 1 1 J J e ]
= port side bus ’j—‘ 8@ (&) () g (“5
= starboard side bus i “ “
are linked with bus-tie switches. Harmonic @ L% i}k @ Harmonic
|
These switches can be opened to Auxiliary A
disconnect the faulty bus from the E@ e E @
healthy bus in the event of a fault and e
thus potential blackouts can be Oy W _ 440V 60Hz Low Voltage Main Supply Bus
g

|
prevented 1 E 1§ o
1 Emergency A
Huang, K.; Srivastava, S.K.; Cartes, D.A.; Sun, L.-H. Market-based multiagent e Generator %
-
I

system for reconfiguration of shipboard power systems. Electr. Power Syst.
Res. 2009, 79, 550-556. \ \ \ \ \ T
Hall, D.T. Practical Marine Electrical Knowladge, 3rd ed.; Witherby
Seamanship: Livingston, UK, 2014.

Fuel
cell

220V 60Hz Emergency Supply Bus 440V 60Hz Emergency Supply Bus Battery

‘\iﬁﬁerognds et.aau.dk
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Notional AC zonal electrical distribution system / IEEE Std 45.3-2015

| Zone#5 | Zome#4 | Zome#3 | Zone#2 1 Zone#l |

i | ! | Bus Tie! | 'Bus Tie | ! | !

| i Non-Vital I | ' Non-Vital |

: LC O Lo : LC : LC e e |

: ' Loads | ; . Loads :

| Y i i v | v ; ;

! Non-Vital Loads ! ! Non-Vital Loads ! Non-Vital Loads ! !

i . Vital § ' Vital

Engine —— | i Engine —~— || Engine s :

Non-Vit;l Loads SWBD| | Non-Vitil Loads SWBD | Non-Vitil Loads SWBD||

i LC Non-Vital 7} = i LC | LC Non-Vital 7/ -7 |

! i Loads ! ! ' Loads !

| | Bus Tie - | Bus Tie. | ; |

S S | I . . | s | S . |

LC — Load Centre, ABT - Automatic Bus Transfer, G — Generator, SWBD - Switchboard

Modern electric ships tend to use zonal electrical distribution system (ZEDS) architecture based IPSs over radial architecture:
It is a real multi-microgrid cluster
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““‘ﬁ@ A Comparative Study of MG and SRS (1

A
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22

Defining Shipboard Microgrids:

Recommended by IEEE STD 1709-2010 [8], a DC shipboard MG is ' -
composed by gensets, centralized or hybridized ESSs, alternative power —— =
sources (APSs) [e.g. fuel cell and PV array], electric propulsion system and | [Propusin
ship-service loads. j§ ~
Port-side microgrid #1 Port-side microgrid #2 Senerator Set 1
/ | | $ )
) ¢ > iliary
O S I‘@“ @ [ ] G
1 @ E 3 -g__ = :-j:lerator Set#:ir — ) oads
:£\| Zone 3 | toad :‘,\ Zone 2 — =
—— a — g_ uel ce acl
= E Load p— P
ol | B OEE e \

A Y | g 4 EDLC Bank

Single-Line Diagram of a
sectionalized microgrid
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 State-of-the-art of SPS

AC Shipboard Power System

A A A O

Ee Sl

Ol

\

cB

| AC Main
| Switchboard

Prenc, Rene, Aleksandar Cuculi¢, and Ivan
Baumgartner. "Advantages of using a DC power
system on board ship.” Pomorski zbornik 52.1
(2016): 83-97.

www.microgrids.et.aau.dk
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State-of-the-art of SPS

Onboard DC grid — Multidrive power system scheme

| BlueDrive PlusC
24 | from SIEMENS

www.microgrids.et.aau.dk
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\ State-of-the-art of SPS «

Onboard DC grid — Multidrive power system scheme

On-shore \

charging station

BlueDrive PlusC \

Battery

Source: SIEMENS

—WWW. mlcrogrlds et.aau.dk




State-of-the-art of SPS

Onboard DC grid — Distributed power system scheme

@ © 9 @“%

EEEEEEEEE

ABB Concept

cs

566 §6 ¢

L
<

N SN

www.microgrids.et.aau.dk
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Onboard DC Grid
Vessel layout example — Onboard DC Grid

i




State-of-the-art of SPS .
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Hotel “'\ / . P
Loads L ‘\\ = / A \"‘\\‘ i "_’_/'/ N
Energy 195
Storage
190 s 1 ' 8 e 'S ' '
—— — — 0 0.5 1 1.5 2 25 3 35 <

Load Condition (pu)
Schematic diagram of fuel efficiency characteristic for diesel generation (in fixed speed)
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/g‘j:\ State-of-the-art of SPS M .

|
p 11kV
48— 60 Hz

~ .

I 11kV
\ 48 -60 Hz

440 V 48 — 60 Hz $

|

3
--_I‘".-—

@3

Source: ABB

~www.microgrids.et.aau.dk
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SEE
Dynamic AC concept — DAC by ABB
B Conventional diesel-electric power plant

Dynamic AC power plant
130 100
125
120 80
SFoOCc % Engine
% load 60
(%] 110 [%]
105
40
100 p—— . o
I - N‘ P
20
40 45 50 55 60 65 70 75 80 85 90 95 100 60 70 80 90 100
Engine Load [%] Engine speed [%]
Source: ABB

95
20 25 30 35

Benefits of Dynamic AC- Up to 6 % annual fuel savings for large cruise vessel (+20MW)
‘ rids.et.aau.dk
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Operating modes (PTO/PTI) of a shaft generator/motor system with VFD-
VED - \ .», ,‘ | o
&3 7/

MAIN ENGINE |
“‘“ ~
J;‘;/)’
% 4
I\ -

SHAFT GENERATOR / MOTOR |

We may switch-off a DG!

w— NO POWER
w AC POWER
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Platform support vessel (PSV)

AC —DC

GENERATOR#1 GENERATOR#2 GENERATORN3
BIOV/B0H2/3ph B90V/60H2/3ph 690V/60H2/3ph

(= - DC Architecture
1000V DC
(PORT) é % :’—3_*5
l% /M

GENERATOR#4
690V/I60HZ/3ph

www.microgrids.et.aau.dk
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Benefits of using a DC ship power system

290
Engine Fuel Consumption

270

e Improvement of prime mover efficiency and -
reduction of fuel costs,

e Weight and space savings,

e Generators operating with a unity power factor,
e Lower transmission losses,

e Faster and simpler parallel connection of
generators,

e Simpler implementation of energy storage. =

230 —e—Fixed Speed Engine

—e—\Variable Speed

210 Engine

SFOC [g/kWh]

190

170

0 20 40 60 80 100 120
P/Pn

Rao, Srinivasa, et al. "An exercise to qualify LVAC and LVDC power system architectures for a Platform Supply Vessel." Transportation Electrification Asia-
Pacific (ITEC Asia-Pacific), 2016 IEEE Conference and Expo. IEEE, 2016.




C) GREENLINE

YACHTS

Lithium battery technology available: a 11,5 kWh on
Greenline 33, 23 kWh on Greenline 40 and 46 kWh on
Greenline 46 (battery pack with a permissible discharge of
100%).

www.greenlinehybrid.si
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Overview of a ship-to-shore power connection
I/ B o M
% s
m m
SRHEES Ber.th Onboard installation
terminal

Power | p
oo ealon substation

Main incoming substation

s g » High voltage shore connection (HVSC)

« 1-20MVA, 6.6-11kV

» Low voltage shore connection (LVSC)
<1MVA, <1kVac, 1.5kVdc

and cable drum

TAAAAAAAALRARAAAL I :
[ lAHuutuuu:::::::::j, ;
‘ = Sub-station
(incl-50/60 HZiconverter)
M .
dc cold ironing ?

" Hlunnuun

S

= Shoreside
transformer kiosk
——www.microgrids.et.aau.dk

[

e
3 i Poweroutlet
6,6 KV 11KV,

________________________

HV underground cable
(distarice 15 k)




Ship-to-shore Configuration ( d

=
f%
®6 yniv®
—/ﬂ—@—/ﬂ— dc bus
L Onboard
Main grid COIS |trotr.\|ng # dc/dri #— battery
substation EMI Rectifier | ,, converter packs
filter PFC v
ac chargin
Onshore |ug & —> Other loads
/ dc/ac . Plug
battery [+ 777
oacks converter
v' Mature technique
Communication link SoC_ | gMs Voltage/
current dc bus

EMI Rectifier dc/dc DnlzsiE dc/dc

. e # battery # #

filter PFC converter —_ converter

Main grid Cold |ror.1|ng dc charging
substation plug
Other loads <}

DC fast charging bypasses the onboard charging devices.

v
v" No constraint in ship size or cost.
v" Smart charging enabling adjustment of charging level to suit battery status.




Ewcrsz) Cold Iro E]Lﬂ.bg’ % (‘ ¢
PBOG 00#3 '""“QQ

DC distribution configuration

High Voltage Qutput inverter
Utility incomer . . . .
150 "*Z DC —Z —(0)— * By extending of two previous configuration
— ~~~

50Hz  cqid ironing Wlth II’]tI"OdUCIng DC bUS-

substation
—i‘ @ : e Easier to integrate with any energy storage
() 6.6kV .

50/6012 device

Z_ :g: JSereide o Able to use in small quay area
N

Distribution
rectifier

;’\' @ E E. A. Sciberras, B. Zahawi, D. J. Atkinson, A. Juando, and A. Sarasquete,

“Cold ironing and onshore generation for airborne emission reductions in
ports,” Proc. Inst. Mech. Eng. Part M J. Eng. Marit. Environ., vol. 230, no. 1,
p. 1475090214532451, 2014.

’rwww.ﬁiicrogrids.et.uuu.dk
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Bz Cold lroning
SP2S case
Phase currents of the synchronous generator during
synchronization with low voltage AC grid

Synchronization
If Ship tries to synchronize bulky DG with the shore,

huge inrush currents appear due to inertia

4A/div
20ms/div

Simplified block scheme of S2SP system

TUSQSP fszsp EETUQ‘E.'I ~{ fgen :
[ Experiment ]

AC@ AC/DC/AC
i Converter P
H LOAD :
_SHIP | |
e R

Source: Ship-to-Shore vs. Shore-to-Ship Synchronization Strategy, R. Smolenski, et al., IEEE TEC, 2018
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ey Port Cranes .

2000 TERRE
/\/\'\"\ - 'I‘ilﬁg
1500
= 1000 / \'\
e I A B N
ﬂ 0 l_!—/n /| I |\ ] !
3.21644 9,59 12.8 16 19122&254286318
500 o
-1000
B3 fu] (sec)
IMlm ene——so—ur—ce_ cAof.:vlgr%r ﬁ' uh ‘&”
! DC/AC
| ICE generator set lnverte
i ﬂ_|_._ 0 Source: Nan Zhao, Nigel Schofield, and Wangqiang Niu
B—E-d il Energy Storage System for a Port Crane Hybrid Power-Train
e T - IEEE TRANSACTIONS ON TRANSPORTATION ELECTRIFICATION, VOL. 2,
E"'W'm" J: ‘ . NO. 4, DECEMBER 2016
— | e = P —— L
\- :capsa'::?t:)rrs "/ l DC/DC = : = o=

converter

fftz re-upo;;ernuner o — —_—— ——— www.microgrids.et.aauv.dk
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e ®e ynive
S Controlied| | 300
' Resistor !
: =5 N ; : 250 |
g sl Alternator * @ i —_— H
ngine dc Bus ~— Q’my i | 2 200
= * = I
Rectifier Inverter i Bdc N E —
’ : us : 5]
Hoist Motor Drive 1 :‘ Rectifier Inverter { % 150
. 5 2
Controlled Hoist Motor Drive -[~~~=""="="=="==========m=mmeees \ I
Resistor ; ors E’ ‘ 100 Flywheels
. Flywheel and E | : S0r
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Reference Spectra Standard for Space Application
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Standard sunlight spectrum for (a) terrestrial and (b) space solar cells.
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Microgrids in Nanosatelites . .

Solar Panels PCU and Storage PDU
Converter

Switch Switches
EZ " B
X Unregulated o |
Converter i
— i
\ Converter
’-_ S —
Converter = |
+ Converter |

Battery Pack CAM/

\_ Payload
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Solar Cell Efficiency (%)

GomSpace NanoPower P110
[Courtesy GOMSpace].
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Lunar Base Microgrids

Robotic site
preparation

1 Deployment and
initial phase

2 Growth phase
3 Self sufficiency

4 Science and
commercial

[6] Z. Khan, A. Vranis, A. Zavoico, S. Freid, and B. Manners, “Power system concepts for the lunar outpost: A review of the power generation, energy storage, Power

Lunar base construction period

Minimum or no human presence
3 to 4 personnel

Approximately 10 personnel
10 to 100 personnel

More than 100 personnel

In 15 to 20 years

WWW.CROM.ET.AAL.DK

No stay

4 to 6 months

1 year
Extended periods

Unlimited duration




Lunar Base Microgrids

Lunar base power system

Power
Power Energy storage
eneration systems (ESSs) Loads management
& and distribution

[6] Z. Khan, A. Vranis, A. Zavoico, S. Freid, and B. Manners, “Power system concepts for the lunar outpost: A review of the power generation, energy storage, Power
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Lunar Base Microgrids

Lunar base power system

| | ]
Power

Loads management
and distribution

Power Energy storage
generation systems (ESSs)

Solar energy Nuclear fission based “kilopower” Electrostatic charge
reactor

Not hazardous
* Convenient * Hazardous S LOW TRL — In laboratory
Comparatively light * Complex infrastructure 4 G

Tested technology * More weight |:> ‘,/‘ Less reliable!
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Lunar Base Microgrids

Lunar base power system

Power

Energy storage

generation systems (ESSs)

Power
Loads management
and distribution

Near Side
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Lunar Base Microgrids

Lunar base power system

Power Energy storage
generation systems (ESSs)

Loads

Power
management
and distribution

Low declination angle
of 1.5°

Little variation in solar
elevation

Continuously available
throughout the year

WWW.CROM.ET.AAL.DK

g 4\
* Steep terrain at polar regions

* Transition to sunlight regions
* More than 15 days (high terrain)
* Less than 15 days (low terrain)

* At non-polar regions, sunlight and
dark periods around 15 days each

* Eclipse of about 5 hours twice a year
due to earth

* Polar region interests
* South pole — Shackleton crater
* North pole — Peary crater

&




Lunar Base Microgrids

Highly dependent on
location and site!!

Lunar base power system

| | ]
Power

Loads management
and distribution

.

Power Energy storage
generation systems (ESSs)

Shoemaker

- o .‘b 73 % &> 5

North pole - Peary Crater
[9] H. J. Fincannon, “Lunar Environment and Lunar Power Needs,” pp. 1-5, 2020.

Meande
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./\f\ Lunar Base Microgrids
) s

r
Crog
Méﬁsﬁgfﬁﬁﬁ 2
_pROC Lunar base power system
NI P y
]
Power
Power Energy storage management

generation systems (ESSs)

and distribution

4 N N

. ::l Battery

Region with frequent short

illumination-darkness periods Requirements:

* High specific energy
(more than 500 Wh/kg)
* Long life
(more than 5 years)

ESSs can be fast recharged in

the short illumination period Regenerative

* Long cycle life Fuel Cell
(more than 1000 cycles) (RFC)
* High specific power
Reduction in ESS size and (500 W/kg)
mass
o Yy /

[7] A. ). Colozza, “Small Lunar Base Camp and In Situ Resource Utilization Oxygen Production Facility Power System Comparison,” NASA Technical Reports Server (NTRS), March, 2020.
[11] ). Fincannon, “Characterisation of lunar polar illumination from a power system perspective,” 46th AIAA Aerosp. Sci. Meet. Exhib., May, 2008.
Rlasi = “Enporg orage echnalogie 0 e Planeta ience.Mission Al Pe fa o e P o ie e P o n
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Lunar Base Microgrids

Lunar base power system

I ]
Power
Power Energy storage q
eneration systems (ESSs) Loads management
: and distribution

e High specific energy Li-ion battery e Better mass advantage
e Operation Capabi“ty at low e Small increase in mass with an
temperatures increase in discharge time
e Lower slope of recharge — less

e Suitable for short discharge
durations since mass increases for
longer durations

e Higher efficiency

efficiency

® Proton Exchange Membrane RFC
(PEM-RFC) proved to be more
advantageous than Solid Oxide Fuel
Cell (SOFC) based on RFC mass,
volume and specific energy

[7] A. ). Colozza, “Small Lunar Base Camp and In Situ Resource Utilization Oxygen Production Facility Power System Comparison,” NASA Technical Reports Server (NTRS), March, 2020.
[12] J. Blosiu et al., “Energy Storage Technologies for Future Planetary Science Missions Work Performed under the Planetary Science Program Support Task,” December, 2017.

[13] M. C. Guzik, I. J. Jakupca, R. P. Gilligan, W. R. Bennett, P. J. Smith, and J. Fincannon, “Regenerative fuel cell power systems for lunar and martian surface exploration,” AIAA Sp.
Astronaut. Forum Expo. Sp. 2017, no. 203999, pp. 1-18, 2017.

[14] Mason and M. Rucker, “Common power and energy storage solutions to support lunar and Mars surface exploration missions,” Proc. Int. Astronaut. Congr. IAC, vol. 2019-Octob, pp.
019
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O/\ﬁs Lunar Base Microgrids
/ T\ -

Highly dependent on
location and site!! Lunar base power system

]
Power

management
and distribution

Energy storage
systems (ESSs)

* ESS Mass and size depends on:
* Base location
* Solar power availability
* Loads
* Reduce night-time load
* Loads not at full power
* Operate at ideal state (Low
power state)

1 month illumination condition of the
Shackleton crater

[7] A. J. Colozza, “Small Lunar Base Camp and In Situ Resource Utilization Oxygen Production Facility Power System Comparison,” NASA Technical Reports Server (NTRS), March, 2020.
0 RBintaudi ioplalond ekke nd emouli “Desian .o pace-Microgrid-for-Manned n Base:-Spinniagai _st‘r_ial_]:echﬂ‘ ""

...... V)i
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Lunar Base Microgrids

Lunar base power system

]
Power

management
and distribution

Power Energy storage
generation systems (ESSs)

,.* Ei
So it's'going to be really exciting for us, | think, to try and
do this for the first time all on board the space station

Laboratory and exploration

g g%;—i e
55 ﬁ (g)
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Lunar Base Microgrids

Power
generation

Lunar base power system

Energy storage
systems (ESSs)

L

Power

management
and distribution \Q &

L
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Hierarchical Control of Space Closed Ecosystems
— Expanding Microgrid Concepts to
Bioastronautics
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/’/M} Closed Ecological Systems
é\&i:érogf systems (CES) are:

cH
d Ecosystems without any matter exchange with outside environment

* Ecosystems rely on recycling and reutilization

Man-made CESs applications:
* Investigating fundamental processes
* @Gaining insight into the function of the Earth’s biosphere
e Studying interactions of ecosystems
* Creating space-based life support system for
space explorations

Examples:
e BIO-Plex- NASA Johnson Space Research Center, Houston
* Biosphere 2- Oracle, Arizona
* BIOS 3- Krasnoyarsk, Russia Biosphere 2, Oracle, Arizona
 CEEF complex- Japan
 MELISSA - Barcelona, Spain - ESA

Source: M. Nelson, NS. Pechurkin, JP. Allen, LA. Somova, JI. Gitelson, “Closed ecological systems, space life
support and biospherics,” In Environmental Biotechnology 2010, pp. 517-565, Humana Press, Totowa, NJ.
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/’/\%ﬁ% Life Support Systems (LSS)
MIC Ea
e

icrog

RCH o
Trace Contaminants

RESE M E
ﬁ‘iﬁ,gll/ ecosystems capable
of providing: food, water, and p W 1L A Trace Contaminar
air for living outside the support  [SYESSEEEEENNSY cOMNEPMR . ©. o

Hygiene H,0 0.67-25.85 % o & = Respiration 2227
of earth. 7= alEBZ

= UrineH,0 1.886
= UrineSolids 0.059

= SweatSolids 0.018
= Fecal Solids 0.032
* FecalH,0 0.091
= Hygiene H,0 0.67-25.85

| G Bk
| B

> Space-based closed LSSs: L
' Human consumables and throughput values in kg/crew member/day

Essential for deep space exploration
missions

» Ground-based closed LSSs:
Improving life quality in earth extreme
conditions (polar latitudes, mountains,
deserts, undersea)

M. Nelson, NS. Pechurkin, JP. Allen, LA. Somova, JI. Gitelson, “Closed ecological systems, space life support and biospherics,” In Environmental Biotechnology 2010, pp. 517-565, Humana Press, Totowa, NJ.
F.M. Sulzman, “Life Support and Habitability,” Space Biology and Medicine, Volum Il. University of Chicago: Abram Moiseevich Genin; 1994.
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closed-loop regenerative Life Support Systems for long-term
manned space missions

MELISSA includes six specific microbiological compartments
that reproduce the main functionalities of an ecological
system in continuous modes of operation and under
controlled conditions.

Symbol COMPARTMENTS
Cl Thermophilic Anaerobic Bacteria
Cll Photoheterotrophic Bacteria Rhodospirillum rubrum
Clll  Nitrifying Bacteria Nitrosomonas/Nitrobacter
ClVa Photoautotrophic Bacteria Arthrospira Platensis
CIVb Higher Plant
CV  The Crew Compartment

(Micro-EcoIogicaI Life

M\EtSSﬁc-rs an European pilot project that aims at developing a

Support System Alternative)

C5: Crew

Consumption of Oz,
H>20 and food and
generation of waste
and CO2

C1: Thermophilic
Anaerobic Bacteria

Decomposition of waste
compounds and generation
®  of a mixture of VFA, CO2
and biomass

C4: Photosynthetic

Production of edible food
and O for the crew and
consumption of CO2 and

nitrate through energy
capture from light

C4b: Higher

AR
PO \" g
150 -8
e of :
% & 3
Microalgae » Plants [ =
“\ % / S
% \
L < /
() \ //‘
X I‘
£
C3: Nifrification w
. - "
Conversion of it |

ammonium into nitrate
and consumption of O2

C2: Photoheterotrophic

VFA removal and CO2 and
food production
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croartd®
E é‘i/ MELISSA Pilot Plant (MPP)
Unlver5|tat Autonoma de Barcelona

CV: Crew compartment
| ——= 7 A
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1. Integration goal: O, and CO, balance (life constraints)
2. Connection of individual compartments to have a

complete operational loop.
3. Control objective: adjust illumination according to the

O, demand of the crew needs

Main challenges on modelling and control:
* Highly complex system
* Highly-nonlinear dynamics and interactions

Final goal:
To achieve a closed liquid and gas loop fulfilling 100% of O,
requirements and at least 20% of food requirements for one

crew member.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 O,
Light O, Measurement
Cascade
Controller 0, Set Point
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COMPARTMENT 1V
1Va

Photoautotrophid
Bacteria
Arthrospiraplatensi

Higher Plant
Compartment

COMPARTMENT TIT
Nitrifying
Bacteria
Nitrosomonas/
Nitrobacter

COMPARTMENT |

Thermophilic Anacrobic
Bacteria

Volatile
Fatty
Acids

Minerals

el Energy flow

Information flow

Photosynthesis | | * Photovoltaics
* (O2storage | | * Energy storage
Microbial fuelcell | | = Hydrogen fuel cell
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EM;;;Srgggﬂ ) Collaboration AAU - UAB I

GRAMME de Barcelona
~— Aalborg University (AAU) Center for Research on Microgrids (CROM)

and
Universitat Autonoma de Barcelona (UAB) Department of Chemical, Biological and Environmental Eng.

Aim at bringing their expertise in microgrids and biology to establish a new cross-domain research
and development framework.

AAU side: Advanced control and IoT knowledge applied in the microgrid areas
UAB side: Model and implementation of biological systems

Final goal:
to control the operation of close ecological systems such as life support systems in space applications.

Midterm goals:
« Modeling of components and mutual interaction inside the biological ecosystem
« Real-time remote monitoring, supervision, and control MELISSA laboratory from AAU-Denmark
« To develop a Digital Twin of the Space Biological Ecosystem

WWW.CROM.ET.AAL.DK




Multi-level hierarchical control structure of MGs and CESs

MGs CESs
Establishing long-term Supervisory Control Establishing long-term
operating strategies for MGs ® [ operating strategies for CESs
Economic, environmentally Designing long-term optimal
friendly, and resilience operation f e e . w = g TERTIARY CONTROL @- - -\ - -\ operating set points for the

entire plant

management of MGs X A
$ %
g 2
Voltage/Frequency restoration, § A Corrective actions
power quality support, =l = —. . \ prescription, flow dispatch

synchronization
Monitoring and control of the production process

Voltage and current

regulation, Power sharing fe = e e = \ Mass flow regulation

Controlling the states and behavior of a system unit

Regulating the inverters
outputvoltage and current

Sensing and manipulating
the actuators

Sensing and actuating physical processes

WWW.CROM.ET.AAL.DK




UNnB

Universitat Autonoma
de Barcelona

CROM FACILITIES (AAU) ° Real-.time (_Zommunication.Framework
* Microgrid Control Architectures
* Remote control and monitoring

MELISSA PILOT PLANT (UAB)
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Optimal Operating Schedule of C4a and
O, Tank for the Next Six-Hour Design Horizon

Gas
D Compressor
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“We can not solve our problems
with the same level of thinking
that created them”

Albert Einstein




