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1. Network Operation and Planning under Uncertainty

2. Enhanced Fault Level Assessment in Smart Grids

3. Reliability Enhancement under Uncertainty from DERs

4. Optimal Energy Management: Hybrid Micro-Grids

5. Conclusions: Quality of Supply & DERs
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Key Drivers: N s

S & &

current reality <€-========-- O A— G L — S R— S — T — >

Increase of distributed energy resources {DER) leads to:

environmental and regulatory pressure

. : OR Smart grid
"Tg) market liberalization and overall efficiency / Copparpiate / L applications

) y y R Passive control Active control
®) security of supply + increase quality of service {Micro-grid, VPP, DSI, etc.)
Generation pattern Load diagram

) “copper” investments postponement

Q) increasing dispersed renewable generation (DG)

flexibility (storage, electric vehicle, active demand)
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Decision Making under Volatility and Uncertainty?
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Planning

is still based on:

... but has to:

Operations Planning Trend

real-time or near “long-time” shorten planning
real-time decision cycles

decisions

alternative alternative future is “foggy”
scenario scenario is highly  and it is difficult to
(contingency) is scrutinized realize impacts
always “prepared”

operational analyses new variables to
procedures are procedures are be incorporated
fundamental also fundamental

decisions evolve
risk

decisions affect
the present

risk highly
mitigated

decisions affect
mostly the future

risk incorporation

systems
integration to
improve decisions

=)

Demand forecast

Load data
forecast

Planning
alternatives
(scenarios)

Approach

macroeconomic
and historical
models

customer usage
and territorial
planning

compliance with
standards based
on traditional
supply side
options

deterministic
models

forecast for load
and DG
production(*)

incorporate
information on
DER development

considerate active
network solutions

and integrate risk

variable

switch to
probabilistic

(*) extreme scenarios
considered
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/% ; \' MV/LV Distribution Network Planning =T
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...motivated by different factors (Objective Functions)

d  Minimum cost (building, maintenance, losses) @
7D
d Load density (urban, semi-urban, rural areas) M

d Environmental constraints (/akes, forest, historical buildings)

O Continuity of supply (penalties/rewards from regulators, network automation)

n me ~ | “Today, while of interest to many utilities, —— 1) lack of planning tools,
.1 ADN concept fails to be taken seriously by | Main reasons: .
btilities as viable alternatives in the planning process.” 2) lack of ad hoc business cases.
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Network Layout Sample
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MV Overhead Distribution Network
(sub-urban and rural areas)
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Network Layout Sample E=A
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MV Underground Distribution Network
(metropolitan and urban areas)
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Traditional Distribution Planning e
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<Defini“05“t§(§yp'a““‘“9 v Deterministic calculations

' v Simple load models

CIRED

d a|tzlr?\r$?iic§(s) v Operational issues fixed at the planning/design stage
v v’ Single-Objective (costs)

Deterministic
network calculations

The occurrence of worst
scenarios is rare.

Any

Cost [ yes ; :
evaISaStion f{?&ztt:z':.f Network reinforcement The assumpt|0ns for
1 identifying the worst case are

subjective
No quantification of risk

Acceptable
planning
solution?

yes
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d Electricity produced by d New markets
Renewable Energy Sources 3 Information and communication
d Electricity increasingly produced technologies
by or closer to consumers/load O Advanced metering infrastructure
center.s. | O Energy Storage (electrical,
J Electrification of transport (plug- mechanical, chemical, thermal, etc.)
in EV);
Increase of distributed energy resources (DER) leads to:
4 T
OR Smart grid
Copperplate applications
- >
Passive control Active control

(Micro-grid, VPP, DSI, etc.)
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New Philosophy for Network Planning =S
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cost-effective <- Enhanced load and generation
traditional :
i ictri ; representation
Pnetwork —— Active Distribution Network (ADN) P
solutions <~ Load/generation profiles

< Time series

Limits/bands for demand and generation Coordinated volt-var control < Detailed description of Smart Grid
; connection/operation Static var compensators gobiE g A ;
Voltage rise/drop o aration trFi)pping Coordinated di%patch of DER < Distribution State Estimation
Capacitor banks On-line reconfiguration Measurement System
. . Network reinforcement (e.g. lines, Coordinated dispatch of DER ; it
Hosting Capacity transformers) On-line reconfiguration v lPef grr]r:;tcl)on and Communication
Dependency on transmission network Coordinated volt-var control 9y
Reactive Power Qapacitor banks ' Static var compengators & Multi-objective, probabilistic, risk-
Support Limits/bands for demand and generation Coordinated reactive power —— :
connection/operation dispatch of DER oriented planning
Adjustment Of protection settings . <> Operation actions are planning
Protection New protection elements On-line reconfiguration f
Limits for generation connection Dynamic protection settings options

Fault ride through specifications for generation

i p www.cired2021.0rg



Novel Planning — Go Probabilistic
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Definition of
planning study

" Customers’ Data
Modelling

.

Generation of

N

[Multi]-Objective 5
alternative evaluation

no

planning
alternative(s)

v

1. Probabilistic models
2. Risk assessment
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I

Probabilistic
Network Calculation

)

ACTIVE MANAGEMENT

Unacceptable

Acceptable

risk of constraint
violation?

(no-network solutions)

yes
<Management examined?

yes o

planning
solution?

STOP )

T

Compromise among network
and no-network solutions
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ﬁi Probabilistic Calculation e
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Main Issue: data availability for probabilistic models definition.

€ Nerwork. B
4 m I CALCULATION

Probabilistic Load

Flow algorithms

~— ]

adoption of suitable
available wmmm | probability density functions

If the probabilistic \ Monte Carlo

data are simulations

experience and Fuzzy Set theory
\ unknown - knowledge -
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Operation and Planning with Smart Grids =M
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Definition of |  Customers’ Data v' SG Actions continuously applied in
planning study Modelling normal operation
+ v' SG Actions executed during faults and
Generation of contingencies
> planning

alternative(s)

&
-

r

Probabilistic 2 ( ACTIVE MANAGEMENT \
Network Calculation | (non-network solutions)

Active
Management used?

no Unacceptable yes
risk of constraint

violation?

[Multi]-Objective -
alternative evaluation |

Acceptable
planning
solution?

yes I STOP ) Compromise among network

\ and non-network solutions )
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Multi-objective Programming and Decision Makin =S
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v" Need to find compromise
solutions for the conflicting
' goals of stakeholders

Generation of v' Different objective functions (not

planning
alternative(s) only COStS).

CIRED

Customers’ Data
Modelling

Definition of
planning study

v

v

<@
-

A 4

Probabilistic
Network Calculation

ACTIVE MANAGEMENT
(non-network solutions)

¥

[Multi]-Objective

alternative evaluation

'

Active
<Management examined?

Unacceptable
risk of constraint
violation?

Acceptable
planning
solution?

Compromise among network
and no-network solutions

yes N a2 )
" STOP
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CIRED Demand-side Integration — Active Demand ”““é%‘.;%'é&ux

ELECTRICITY MARKET

AGGREGATOR

SUPPLY AND DEMAND OF ENERGY
EV / CUSTOMER INFORMATION

g w: ol

CUSTOMERS / EV OWNERS
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CIRED Distribution Network Design
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 Generic MV/LV distribution

Radial
TOTAL: 9120 customers LV Distribution
(48 transf. x 190 customers/transf.)

N etW or k mo d e I S (Pase = 2.27KWicustomer) 0k (oeorom o)

Total Load max av.= 20.7 MW

0.4kV

- Residential customer groups

Reflection Centre

33kV Qr————————-T-——-1
—p *2 *3 |
r a n 375m  375m  375m  375m  375m  375m  375m  375m 150m! 3 3 !
ki b ! To anotherl

—{—»"2 | 2

Primary
A _D_3 P *3 | Substation |
- Cable ‘0’ | Underground |
O - — =g = === — cable loop >
iy iD—P*‘l | amrangement |
5 5 x8 | |
: 15— »

Z545=0.0269 + j0.1822 NP 11/0.4 kv | |
(p.u. on 100MVA) ! > <5 Transformers | |
| |
| |

z=000 411 __i_*“__;_s__iﬁ_____
Rural (RU) Suburban (SU) e .

TOTAL: 3344 customers
(44 transf. x 76 customers/transf)

-«— ~9km

Radial LV
TOTAL.: 646 customers Distribution

(34 transf. x 19 customers/transf)

Radial LV
Distribution

| (Overhead lines)
Puax av.= 2.27kW/customer

Total Load vax av.= 7.59 MW

Puax av.= 2.27kW/customer

Total Load yax av.=1.46 MW

33kV 11kV
11kV
33kv _AEFE 1.;«“ O Q— - —- —> SS ridl
05 | 05km Interconnection S ;z;; SMVA
with adjacent MV ystem
Grid substation or If |
network | A2
g“;p'}"] 423MVA | *
ry_e_ —_— Source | Zys 1| smva
1 I 2smva ————
lgeMVA : T T hi 1 Zsy5=0.0991 + j0.2146 ANet
ource e IS 05k 0.5km T Toswm 50— (p.u. on 100MVA) ‘
7| oskm interconnection I_r:tr:en;qnnec!uhaﬂr{/
| o.5n with adjacen
Zsys=0.277 +j0.6782 Zr=0.14+j1.3 substation or
network
(p.u. on 100MVA) Tlakm (p.u. on 100MVA)
7| 1m
AR
_ . {1 S L} elecontolle
Z7=0.3609 +j2.8 [ L 15km 05km  05km (~05km cicuit breaker
.. 0n 100MVA)
(P on 100NNA) Noskn O automatic sectoralsr o
circut brecker iti
T 5 ;rkm - disconnector (n.closed) automatic e A_dtdmonal fe‘_eder
0.5km . ) ) sectionaliser (interconnection)
7| 0.5km ~Q@- disconnector (n.open S discomector =10 Transformers
tloas AR autoredlosing fitted < ~ 6km >

R pole-mounted autorecloser
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Single-Line (1-ph) vs Three-Phase (3-ph) Models
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E

ADMD =2.27 kW/cust.

Power Factor = 0.95 lag R}

e LP2
i Transformer !
~_@_ . : 30m L 11 cust. L &P4 t
H AZF i cust.
: e L04kv D|60m E|30m
i —f~ Fuse(-Phase) | DBusbar
i AR-CB i
! _mm—  AR-CB(3-Phase) | H . H H, H
oo T 50m L 30m - 30m ~ 30m
11kV
3-Phase E]30m
LP8
LP1L
€ oust. 3 cust,
E L 1.P6 L
315KVA
Transformer 30m 16 cust.
76 customers D 90m E |30m

H H H H H H i H

30m. L 30m  30m  30m.L 30m 30m 30m 30m
E(30m E|30m E |30m
»LP5 > 1p7
H - Overhead Line L 5 cust. L 10 cust.
D, E - Underground Cable
*L type Service Line Length = 35m Iglzzst.

Single-line

model (SLM) of a

‘balanced’
generic suburban LV network

Hernando-Gil, Ighacio

— Tutorial 3

—( () r—Transformer

< 0 (LP2R 3 cust] (LP4/R 1 cust,)
60m| >

0.4 kV Busbar

—Z+ Fuse i RYB

—Z1~  Fuse (3-Phase) . | ]

—m— AR-CB i A=

ARCB (3-Phase), IR % Om 301“ 30‘“5 30m 30m
777777777777777777777777777777 E30m

(LPlfR 2 cust) (LP3/R 5 cust.)
60m |73
.rL AR H H

(LPZfY 4eust) gL g (LPA/Y 1 cust)
3 Om %BOm
H

AR

30m. L 30m 30m 30m

30m (LP1Y 2 cust)

Om~ 30m
L.m (LP3IY4cust]

30m [LPZ!’B 4 cust. ) (LP4/B 2 cust.)
60m|py
H H ik

30111;% 30m 30m 30m
(LPIB2cusl)

30m 30m
(LP8/R 1 cust.)

(LP3/B 4 cust. )
(LP6/R 6 cust.)
E[30m

315 KVA
Transformer 90m 30m
76 customers 2R H
P S0
ADMD = 2.27 kW/cust. m..L 30m 30m m. Om 30m 30m 30m
Power Factor = 0.95 lag E[30m (LPS/Y 1 cust) E 30m
(LPSR 1 cust) (LP'NR dous)
(LP6/Y 5 cust.)
90m 30111 E3Om (L 9/11 2 cust.)
21}:’ AR H
Om 30m 30 Om 30111 30m 30m
E30 LP8/B [ cust.) £|30;
L’“ LPs/Y 2cust] ¢ ) £{30m
(LPT/Y 3 cuqt)
(LP6/B 5 cust.) A
90m D30m o LPY/Y 3 cust)
2B AR
Om 30m 30m 30m 30m 30rn 30m
H - Overhead Line L(I PS/B 2 cust) L(I P7/B 3 cust.) £{30m
D, E - Underground Cable L
*L type Service Line Length = 35m (LPY/B 3 cust.)

Phases - Red (R), Yellow (Y) and Blue (B)

Three-phase model
(TPM) of an

‘unbalanced’
(& realistic)

generic suburban LV
network
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Model Order Reduction for Reliability Assessment =S
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e e e Formulation of Reliability Equivalents of LV Networks by
State Enumeration and Monte Carlo Simulation Techniques

| |
: 30m N ( tomers) sus }
N e
| 3om ] aom  aom - 3om 30m - 30m |
1KV u.4kv: £ JO“L £|3om }
| sus |
A% V] e O pasones |
H R ‘ ED System States Aeqr, MTTR gy - :
o1 - el | SE+MCS Y TPM Single Equivalent Component Parameters
Transformer | " (16 customers) |
[ presog D |a0m £ 30m ‘é
N \ Reduced number of states i
B e oS Aggregate Eqv-PC | o b MITRyq, | Computational
| Eft N L and accurate reliability indices load (failures/year) (hours) Time Saving (%)
| | 0
| I, .. B G2 TPM 1.555 0.588 99.98%
| (5 customers) |
! su3 sus” |
: * L type line length = 36m (10 customers) (8 customers) |
Detailed LV model Minimum error ® Equivalent PC
Time-consuming MCS Faster MCS ® Same unavailability
1 — — e ——

0.08

—
[\
\e]
(=]
o O
©o O
Q
O
Q
L
N

= 10 = 0.07 : — o — Original
= i > o
Z 0s 3 0.06 E o 0.7  EEEEEEEEEEEEEE T ED1
2 / S oo 3 z 06 , — -EQV_PC
5 06 g 004 % 10 S 05 r
< o4 = 0.03 = <
= 0 Z S 04
= S o002 Z s =
< 02 - 0.3
wvi 0.01 ' N
0.0 0.00 0 0.2
SLM TPM SLM TPM SLM PM 0.1
Network Network Network 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
(a) SAIDI (b) SAIFI (c) ENS ENS (kwWh/customer/year)
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ﬁi Fault (short-circuit) Level in Distribution Networks £l"/\
CIRED St

« How is it going to (likely to) change? : :

G59 & P28 EMC Compliance (QoS, PQ, V, flicker...) =—> | DER Hosting capacity! 21 — E

Hernando-Gil, Ignacio — Tutorial 3 www.cired2021.org
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e ————— T —

* How is it going to (likely to) change?
Average Combined Heat and
Power Fault Level Infeed —

National Grid’s projection of fault level reduction from 2015 to 2025 4. 5MVA/MVA

Reduction in SCL (%) 2025 vs 2015

0%

Average Inverter Fed Generator
Infeed — 1.2MVA/MVA
Even if the Power Station was
- equivalent to a CHP unit a
-60% 2000MW station would have an

70% infeed value of 9000MVA

-80%

55 EE E:ﬁ g:ﬁ; E:ﬁ; &5 E If all that power was generated by
;B;E Eg £6 21 S0 -Eﬁ L, inverter fed distributed generation
§ 3 38 the fault level infeed would be
B Gone Green B No Progression reduced by 6600MVA to 2400MVA
B Slow Progression B Consumer Power

\ ” www.cired2021.org



CIRED Generic Fault Levels and Z,,;: UK Case Study =
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UK RESIDENTIAL CONSUMERS’ COMPLEX SUPPLY IMPEDANCE FOR 1-PH

SYSTEM FAULT LEVELS: COECTIONS AT 30112 [13]
. Percentage of consumers with supply impedances
= I nd | CatO IS Of Network Strength Country equal to or less than the listed complex values

(regardless Voltage level) 98% 90%
MV A values for network planning United Kingdom |  0.46+j045Q 0.25+j023 Q

IEC TR 60725:2012 ‘ll

@ Highly-Urban @ Urban & Suburban  mRural 0.7

20 " 0.46 +j0.45 Q (98% - IEC 60725) 0.614 +j0.239
18 7 2 06
16 % g
§14 / % § )
=3 7 o —
3o / — S o 04 0.25 +0.23 Q (90% - IEC 60725)
o e - IF TP st bttt
- / -, g
6 / MV (11kV supply) > 02 0.138 +0.078
Q.
4 / S o1 , 0.066 +j0.038
2 % 7 3 0.052 +j0.023
. % - 7% W o
LV Distribution board (0.4kV supply) LV (0.4kV) Customer supply point Highly-Urban Urban Suburban Rural
Point in the distribution system Type of Network
MV (11kV) and LV (0.4kV) system fault Disaggregation of supply impedance maximum
levels at different points/locations values for UK-generic distribution networks

www.cired2021.org
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= ‘General framework’ flexibly adapted to different network characteristics

—> ODbjectives:

= Assess gradient of fault level variations according to diverse feeder structures

=  Dependency of short-circuit levels to electricity demand & DG Connection:
Demand & DG (time)-varying fault level monitoring.

* Wider range of Z, benchmark values than those in IEC 60725

—> Potential Applications for Industry:

= |nformation on hosting capacity: Connect / Disconnect Generation

= |Inform requirements for Network Reconfiguration
= Understand requirements/purpose of Dynamic Protection Settings
= Combined with application of novel ‘Superconducting’ Fault Current Limiters

= Facilitate the use of Synthetic Inertia
' s

www.cired2021.org



Fault Levels: Network Generalisation ==
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of(z) oz f(z) oz 11kV Supply LV Distribution Board LV Customer Supply Point
V. f(2)= —e + ..+ — FaultLevel FaultLevel (CSP)

Oz axl Oz axn (A) / (B) ©) FaultLevel
Sensitivity Analysis === | | l/{>
L_ 5% 11kV Feeder Circuit ‘ AY, 0.4kV Feeder Circuit | LV

(LV mains + service) customer

11kvV 11kv 0.4kv 0.4kV

36 = = «Highly-Urban = =Urban Suburban = Rural
32 _
T s N _F ;
- % \ ___________ : \ I Highly-Urban
T’é — e 3 20— I Urban
b E \ %,\ B -Suburban
°SF 2 ol Rural
S 5 2 15+
:;:’ ?_— 16 - e e —_\ ------ é%
% E N \\ ______ gg 10
? 8 \ % 5
< 4 <
T T e e e e o — — 0~ 100
0 10 20 30 40 50 60 70 8 90 100 20 40 = 0 o
MV feeder length (%) LV mains feeder length (%) 80 100 0O 20 MV circuit feeder length (%)
Impact of MV feeder length on fault levels Fault level gradients at LV CSP: network point (C), in
at MV supply: network point (A) relation to two variant feeder lengths

(LV mains and MV circuit)
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Enhanced Fault Level Assessment in Smart Grids  — -
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Demand influence on Fault Level depends on network supply locations and effect of OLTC regulation:

= Point A: before OLTC regulating transformer (33KV)

= Point B: after OLTC regulating transformer (11KV)

= PointC: primary of 11/0.4 kV distribution transformer (before LV distribution board)
= Point D: at LV customer supply point (0.4KV)

124000000 20000000 60000000 1200000
123000000
=’ ‘\ 50000000 1000000
% 122000000 15000000
‘E’ 121000000 E § 40000000 800000 _
@ 120000000 o < =
o 10000000 < 5 =
— 119000000 g 2 30000000 600000 £
— — —
S5 118000000 2 = g
£ 117000000 5000000 Z 20000000 400000
116000000
115000000 0 10000000 200000
N N N W N 0 W = W T NN O WM s = T
o o T o T g N4 N 0 0
Ll i i N (Pl o s T I T N T TV B RV e R e B B T P B P T o T T T T Y T T o T VT o
Time/h SN MTINCE XA S —ZO N F GO BRS = ol
| Time (h)
s 0INt A == == = total demand pointB  emmm=demand —es—peintC  es—nointD

orls
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Fault Case '
Balanced three-phase fault Unbalanced phase-to-ground fault
60000000 1526000 60000000
1524000
50000000 Lo22000 50000000
<
>
40000000 1520000 < 40000000
= 1518000 ; 3
=
< 30000000 - 1516000 -2 < 30000000
i % [T
20000000 114000 = 20000000
1512000 3
L
10000000 1510000 10000000
1508000
0
0 1506000 R R N R R R B B N N N N
05 2 35 5 65 8 9.5 11 12.5 14 15.5 17 185 20 21.5 23 e L T T At S S e Bt S DR A
Time (h) Time (h)
e fault steady state base steady state sssss» base transient e faylt transient

The more phases related to fault, the more influence the fault has on the Short-circuit Level.
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Micro-DG Connection

DG Case |+
Steady-state Fault Level after OLTC (11kV) Steady-state Fault Level at LV Transformer (0,4kV)
70000000 1200000
60000000 -
50000000 1000080 =9
< 40000000 Z 500000 YN
b Y
2 \ = 600000 S -
=/ 30000000 we = -
20000000 - — 400000 -
-y gy ™=
10000000 = 200000
0 0
T T T, Ty T, T T T BT BT BT BT B BT, B, N T T, T T T T T M \|mwy;mnuymmu,m;nuninn,meyi;nn;nn o
O NN M O~ OWOOAMNMSTIWmOMNSIONWOMO A N m O 94 N ™M F 1 O~ OW OO O o M < 1 OUM~NOMW OO O A & o
L B I I I B B B B B I o N A oV oV I oY ™ ™~ = = = = = = — — & O O N

———Bgse =memee \/Ts =me= P\/\NT

Fault Level reduces after connecting Micro-DG, especially during peak demand period (6.5pm-0.5am).
Combined PV and WTs offers a better solution to Fault Level than WTs only.

“5% ,/ www.cired2021.org
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Def.: Ability of a component/system to operate without interruptions

« The Availability Challenge:

: - The majority of system assets were installed - Increased capability: enhanced ratings
| Aﬁ,ﬂﬂiﬁgts | around 1980, with a design life of 40 years! above nameplate!

« Environmental Challenge:

- Question of analysis:

A 4
How does the energy How does the energy

Industry manage its impact » Industry manage the effects

on the environment? ) - of environment on It? |

\ ” www.cired2021.org
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,’  Faulted component will be disconnected
) by protection system
..l Permanent fault in « DNO will try to reconfigure the network
8} Distribution network to maintain supply to all customers

— Load ) Long

Consequences shedding | Residential | Interruptions
customers

Design limitations?
(n-1 criterion)

* Residential demand is responsible for around ~30% of consumption.
Residential customers are highly dispersed within LV networks

 DNOs can neither trace nor control individual demands

« Hybrid Micro-Grid systems, in coordination with E. Storage and DSM, will
maximise the number of customers with a continuous supply.

www.cired2021.org
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Reliability Planning of Active Networks
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« Energy not supplied is due to: (most frequently) g m——
— Faults on distribution system ——> Lose small amounts of load

W
o

— MV/LV networks have a dominant impact on the quality of service
seen by the end customers:

5
s 155
P [ 2]
%] e
Fel 5 E
R ) ]
Fel Fi E
R ) ]
K e F5
3l 2 2
e el B
Fel 5 E
~90% ) Cl and CML between
er
North West Powergrid Distribution

» Customer Priorities in a Climate of Rising Energy Prices: Cl & CML (UK, 2016-17)

» System-oriented evaluation masks poor reliability performance.

» Accurate reliability evaluation raises customer “Willingness To Pay”.

» Different customer perceptions of DNO services’ value. The most rated are:
 Rapid supply restoration.
 Quicker detection of supply loss.

[
=}

—_
o

Number of customers interrupted (per 100)

[=]

* Carbon reduction initiatives.

h -
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Probabilistic Impact/Risk Analysis

- Modification of conventional Monte Carlo Simulation—> Uncertainty

- Network Planning and Management —> Optimal:| - Network Reconfiguration

- Accurate Network-Reliability Equivalents - Fault Restoration

- Tailored Demand Response and Renewable Energy Storage Strategies

- Statistical Modelling of System/Load Indices =2 Quality of Supply Legislation

Prediction of Network Stochastic Behaviour
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Data Analytics for renewable generation and weather data:

e Seasonal Prediction Model of PV output (vs irradiation) (vs wind) (vs temperature)

Summer Winter

.

Hernando-Gil, Ignacio — Tutorial 3 www.cired2021.org
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Urban networks Average ENS: Urban MV/LV distribution network

400

. m Final ENS
* Metropolitan areas 350 ' |

Reduction by ES

* Underground 300

arrangement % - N B Reduction by DSR
g |
. >
* Meshed operation |2 ng
. < 200 |
radially, =
. . Z 150
* High loading u
o, . [@))
conditions and g 100
R II || II | I|| I|| || | II | I

1 23 456 7 8 910111213 14151617 18 19 20 21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
Load Supply Points

» E. Storage offers a more significant contribution to ENS reduction because it represents a post-fault
corrective action, while DSR is deployed as a preventive action

www.cired2021.org
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° Kl (3 Phase) iﬁ;’% £|30m K|30m £|30m K|30m K| 30m
SG Performance in Rural LV Networks? e
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e Likely due to low-peak load profile
* DSR suits higher density networks

* DSR schemes have small effect on reliability indices:

e Cumulative energy supply from E. Storage:

 Loads down radials benefit more

1

4 6 7 9 10 11 12 13 14 15 17
Load

Average ENS for all modelled SG scenarios

1 2

Hernando-Gil, Ignacio — Tutorial 3

16

18 19

3 5 8

* PV case (75% penetration): largest improvement
(21% ENS/cust./year)
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Wide network Diversity!

Energy Not Supplied
AGGREGATE Network:

Energy Not Supplied
DISAGGREGATION of
Reliability Performance:

(variability of performance
due to network configuration,
demand and mix of
components)

Reliability Enhancement under Uncertainty from DERs
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0 1-50 51-100 101-150151-200 >200

1-50 51-100101-150151-200 >200 0

Energy not Supplied (kWh/customer/year)

0.7 = » Limiting ENS raises customer
R 0.6 B Base case (Avg 113.20) WiIIingneSS to pay
= 05 PV+DSR (Avg 84.94) ] ] o
& 4 = ES+DSR (Avg 67.36) « Aggregation significantly lowers
2 . the collective probability of having
ER ‘zero’ ENS in the network
& . .
0.1 . EI I . I 5 « ES+DSR increases the probability
0 - : : m rew : -
0 1-50 51-100 101-150 151-200 >200 Of IOW ENS ValueS glven the .
combined average reduction in all
Energy not Supplied (kWh/customer/year) constituent networks
0.7
0.6 W Base case
o os PV+DSR
i‘D:L o Rural . Suburban Urban = ES+DSR
> b
E 03 :
£ I :
5: 0.2 E § I §
i .. I SIHI Iﬁ Ilglnlﬁlﬂ

1-50 51-100 101-150151-200 >200
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Deterministic vs Probabilistic Assessment:
Variations of demands + DG power outputs + dynamic thermal ratings (DTR) of network components

«. 5t percentile power curve === 95t percentile power curve —— Spring/Autumn STR -+ summer STR === Winter STR

24 T—
1.0 - :
2 0.8 TS =
é o T —
S 0.6
Q
5
@]
5 0.4 4
=
s
0.2 1
0.0 A T T T T T - T - T T - T T T T T
0 5 10 15 20 25 1 3 5 7 9 11 13 15 17 19 21 23
Wind Speed (m/s) Time of a day (h)
Wind speeds for which an actual WT variations in minimum and maximum DTR values for OHL
produces 1 p.u. power output Type S for wind speeds of 14.5 m/s (up) and 23 m/s, and

wind directions of 0° and 90°
(example of coincidental DTR values with max/min demands)

Hernando-Gil, Ignacio — Tutorial 3 www.cired2021.org
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Comparison of ranges of LHC values assessed by deterministic
and probabilistic approaches at individual network buses (for a
single DG unit connected at a considered bus in generic MV network)
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b) LHC values corresponding to firm capacity allocation (0% constraint violation limit)
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Locational Hosting Capacity (LHC) for Wind-Based DERs

universite
“BORDEAUX

=STA

INSTITUTE OF TECHNOLOGY

Comparison of two optimisation
methods (IEEE 33-bus network)
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« Integration of electric power, gas and heating

« High flexibility

Transmission connections

§ -'ﬁ,- :: ) Eﬁdﬁzﬁ%ﬁgﬁﬁmmm « High reliability
wl Blomass, -gas and-fuels . .
& ettt ! « Cost efficiency
& F |EL|:-:tCLt|aE|_ng Biomass I I Erergy storage (Vehirle-to-grid, VIR,
eiricity binfuels, heat, gas, ) .
+  Fuel shift
T 1 + Consumption
time
< > 1¢ ) i
§ o E ; . fshlf’ct{thermal
% q ﬂs‘ h Gas system I Iner Ia
sy, District Heating I ' ¢ Sto ra g e
£ 4 3 &
ek
PN =
z - S TTI

Electric {Hher
vehicles I I Cansumption

Industry, Fuels for

Heat purmps II Heating process etc. Transportation II
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Smart Energy Management Systems

—> Aims:
- Maximise self-consumption of local generation (multi-energy)

- Minimise use of peak-price electricity (dispatchable microgrids in the pool market)
- Gain revenue through resolving network congestions

—> |nsights into: - Local (renewable) generation
- Real-time modelling and forecasting of: | - Local consumption / storage
(hardware) - Supplier’s time-of-day pricing

- DSR Aggregation: Battery Storage for network balancing
- Improve security of supply through storage of excess energy
- Control algorithms for an optimal PV-Battery management (fail-safe control)

- Peer-to-Peer Energy Trading (technically tested for the first time) — new business models

|/ S www.cired2021.org
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Comparison of building energy management systems algorithms
—> Criteria:

|.  Ability to consider predictions.
Il. Calculation complexity.

Ill. Model dependency.
IV. Flexibility concerning Building Micro-Grid expansion.
V. Robustness against uncertainties.

Category Algorithm I | 1] IV \"
Metaheuristic Genetic Algorithm . ) °e ceoe .o
Deterministic Fuzzy Logic . . ceee oo oo
Predictive control MPC secee oo oo ceoe ceee
Artificial intelligence Q-learning so0 seoe . s EEEE
Stochastic & Robust CVar oo seee coe seoe ceee
Legend: e verylow e e o0 o:very high

Hernando-Gil, Ignacio — Tutorial 3 www.cired2021.org
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Proactive Operation Management of Building MicroGrids

Smart operation of buildings:
from reactivity to proactivity

—> QObjectives:

= self-consumption

= self-management

= self-monitoring

= self-healing

= self-optimization

= comfort, safety, well-being,

= new associated business models

Energy Cloud
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Towards Self-Sufficient Zero Emision Local Energy Communities

Control and Optimization
Building-integrated Microgrid based

on Hybrid PV/Hydrogen/Energy

Storage Systems

Concept H2Gremm
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Energy for homes

h 4

Forecasted
customer AC &
DC load

Wholesale

energy 4
price 5
\ 4 3
Forecasted
renewable Read TOU = 25
B =<
energy tar ff o 2
“\ generation (PV) Z
w88 55 !

m Cold

N Storage DHW
# Storage heating = Direct heating
m Critical load

z Wet
7 Direct DHW

23

=)
1 N
= » 2
Optunal battery 0.5 42/ ’ ﬁ
ACDC o B Z<UNREAN " pEEEEEEEEEEEEEEEEE
B 8 12 16

-
switching 0 4
x Time (h)
Battery charge/discharge Sunny Cloudy Rainy
duration & amount 3 1
I
)48 3:
Charge Bi-directional - 0'.
controller converter = 2 oé 2y
& 1.5 0.5 =
1 g Q
£ 01
- ' 4 - 0.2
i kagt " o1
& 25 0= 0 0
Z o6 3 :’ﬁ; < . 4 8 12 16 20 24 4 8 12 16 20 24 4 8 12 16 20 24
g9 L e Time (h)
é . 'Y : . L W
- ¥ PR T v . .
Eoa bt R Appliance and SOC consumption
= s e . . . .
£, scheduling for HEMS optimisation
1}
0.4 0.6 0.8 1

Fig. 2. PV output forecast for application with HEMS

Real PV output (p.u.)
Sumy days  + Cloudy days « Rainy days
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Two-stage coordinated Volt-Pressure Optimization (VPO) for Integrated Energy Systems (IES)
networked with Energy Hubs considering Renewable Energy and Power-to-Gas (P2G) sources

CASE ILLUSTRATION

Case P‘C\;;g':;gn Gas system Gas quality
No. (KVA) connection  management

1 400 Yes Yes

2 400 P2G Yes

3 400 G2P Yes

4 400 No Yes

5 800 Yes Yes

6 400 Yes No

Economic-effective
day-ahead preparation
and real-time adaptive
operation scheme

PV Q output (case 1)
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(c). Voltage profile of case 3.
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(d). Voltage profile of case 4.
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Low voltage systems in planning

Impact of active demand in planning

Data analytics for load modeling

Choice of proper time granularity

Interface TSO/DSO

Reduction of complexity

Integration of multiple services/infrastructures/energy

R T R S S

Simulation of the role of energy and service markets in distribution

planning

www.cired2021.org
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<> DSOs still adopt traditional planning tools
< Traditional planning is not suited for smart distribution

< New planning methodologies are required
< Data Modelling and Smart meters
< Operation & planning
< Role of flexible demand/generation/storage in planning
< Risk and reliability analysis
< Co-simulation of ICT and Power Systems

\ ” www.cired2021.org
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Thanks for listening
Questions?

Dr Ignacio Hernando-Gil

ESTIA Institute of Technology (University of Bordeaux)
i.hernandogil@estia.fr
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