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Active distribution grids and flexibility

Flexibility CINELDI definition: "Flexibility is defined as the ability and willingness to modify generation
injection and/or consumption patterns, on an individual or aggregated level, often in reaction
to an external signal, to provide a service within the energy system or maintain stable grid
operation"

(in the power system) <

contributes to

G. Kjglle, K. Sand, and E. Gramme, ‘Scenarios for the future electricity distribution grid’, in
Flexibility resource CIRED 2021 Conference, Geneva / virtual, 2021, Paper 0858.

For a review of flexibility definitions and flexibility resources, see also:

M. Z. Degefa, I. B. Sperstad, and H. Szle, "Comprehensive classifications and
characterizations of power system flexibility resources", Electric Power Systems Research,
vol. 194, p. 107022, 2021. Available:
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Active distribution grids and flexi

Flexibility

(in the power system)
A

contributes to

Ly

Dispatchable

Supply side (flexible Curtailable

generation)

Flexibility

Flexibility resource <

A
involves active

utilization (in
grid operation)

Flexibility measure

resources

Demand side
(flexible load)

Energy storage

Shiftable
advance
Shiftable delay
Shiftable
Shiftable
Curtailable LI

Stand-alone

Stationary

With
generation

For a review of flexibility definitions and flexibility resources, see also:

M. Z. Degefa, I. B. Sperstad, and H. Szle, "Comprehensive classifications and
characterizations of power system flexibility resources", Electric Power Systems Research,
vol. 194, p. 107022, 2021. Available:
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https://doi.org/10.1016/j.epsr.2021.107022
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Flexibility measure <

Active distribution gri

Flexibility

(in the power system)
A

contributes to

ds and flexi

Ly

Flexibility resource <

A
involves active

utilization (in
grid operation)

Supply side (flexible
generation)

Demand side

(flexible load)

Energy storage

Grid hardware and
interconnection

Flexibility
resources
Flexibility
solutions
Flexibility
enablers

IT systems
(for active grid
operation)

Regulatory
frameworks

Third-parties
(aggregators, etc.)

Dispatchable

Curtailable

Shiftable

Curtailable

Stationary

Network
tariffs

Shiftable
advance

Shiftable delay

Shiftable
advance/delay

Stand-alone

With
generation

Implicit

Rule-based

Explicit
(interruptible)

Connection
agreements

Market-based

Bilateral
contracts

Flexibility
markets

Source: H. Szle, I. B. Sperstad, K. Wang Hgiem, and V. Mathiesen, “Feasibility study for utilising flexibility in
operation and planning of the electricity distribution system,” submitted for peer review, 2022.

Pre-print version available online:



https://doi.org/10.36227/techrxiv.20593740.v1
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Active distribution grids and

Flexibility
(in the power system)

A

contributes to

Flexibility resource

4

A

involves active
utilization (in
grid operation)

Flexibility measure

isa
type of

ACtive measure /

(in grid planning)

flexibility

Active measures

Flexibility measures

Active measures in the grid

Active measures with grid users

Active use of voltage
regulators

Coordinated voltage
control

Dynamic transformer
tapping

Dynamic line rating

Dynamic grid
reconfiguration

Enabling islanded
operation (microgrid)
in grid area

Utilization of grid-
connected energy
storage system

Utilization of mobile
energy storage
system

| Shifting of electric water

heater loads | | Residential load shifting |

Utilization of behind-the-
meter batteries

Commercial/industrial
load shifting

Reactive power provision

Active power curtailment of
from charging stations

charging stations

Grid connection agreement Flexible/curtailable grid
with conditions for flexibility tariff

Flexible/coordinated home
charging of electrical vehicles

Spatial flexibility from
fast-charging stations

Active curtailment of and/or reactive power provision from
prosumer PV generation

Active curtailment of and/or reactive power provision from
small-scale hydropower generation

Flexibility provision from local energy communities, grid-
connected microgrids etc.
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Active distribution grids and

flexibility

Flexibility

(in the power system)
A

contributes to

Flexibility resource

A
involves active

utilization (in
grid operation)

Flexibility measure

is a isa
type of type of

is a type of
Measure <«——— Active measure

(in grid planning) (in grid planning)

Measures the planning of distribution grids

Active measures

Flexibility measures

Grid reinforcement

Active measures in the grid

Active measures with grid users

Active use of voltage
regulators

Building new grid

Utilization of grid-

| Shifting of electric water
connected energy

Residential load shifting |

Utilization of behind-the-

Coordinated voltage
control

heater loads | |

storage system | Commercial/industrial |

meter batteries load shifting

Installing grid assets for
improving power
quality (for example
harmonic filters)

Dynamic transformer
tapping

Utilization of mobile
energy storage |
system

Active power curtailment of
charging stations

Reactive power provision
from charging stations

Dynamic line rating

(Asset management
measures not
considered long-term
planning measures:

Grid reinvestment,
refurbishment,
maintenance, ...)

Dynamic grid
reconfiguration

Enabling islanded
operation (microgrid)
in grid area

Grid connection agreement Flexible/curtailable grid
with conditions for flexibility tariff

Flexible/coordinated home
charging of electrical vehicles

Spatial flexibility from
fast-charging stations

Active curtailment of and/or reactive power provision from
prosumer PV generation

Active curtailment of and/or reactive power provision from
small-scale hydropower generation

Flexibility provision from local energy communities, grid-
connected microgrids etc.

isa
type of /
Passive
(traditional)
measure
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i Gap analysis for active distribution grid planning
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11010001 Survey (2017) and in-depth interview studies Literature review (2019-) of the
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0010 (2021) with Norwegian grid companies international scientific literature
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01001101 Current practice Research literature
10101100 (industrial state of the art) Gap (scientific state of the art)
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10 000 1 : e Only passive grid measures e Optimization methods consider sizing and
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el ol (little use of flexibility) siting for a single type of resource/measure

et * Little use of optimization models * Not considering timing of measures
510030007 * Neglecting variability and uncertainty * Not considering the needs driving the grid
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0100001C * Risk-averse (or rather risk-ignorant) planning process
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https://hdl.handle.net/11250/2723848
https://hdl.handle.net/11250/2689734
https://doi.org/10.36227/techrxiv.20593740.v1
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* Framework (or "systematikk" in
Norwegian) for distribution grid planning
— Still mostly describing traditional

- grid planning processes

0o

ramework for

Fase 1

Fase 2

Fase 3

Fase 4

Fase 5

Etablering av forutsetninger
Nettilknytning boligfelt og sterre nasringsbygg
Elekiriske systemdata, restriksjoner

Analyse av lastutvikling
Lastdata, estimering av energi- og effektbehov

Mei Behov for

Fastlegge alternativ
Walg av systemspenning (230/400 V)
Transformator, antall, sterrelse, bryterlasning
Tilknytning heyspent (radialiing osv.)
Dimensjonering (lavspentheyspent)

Tekniske analyser
Lastflytanalyse
Kortslutningsanalyse

Spenningsforhold ok?
Stremferingsevne ok?
Kortslutningsytelse ok?

forsterkning
hsp?

Ja

Vurdere behov i forhold til
fornyelsesplan
Bygge nytt
Framskynde fornyelse
Bygge nytt som reduserer
behov for fornyelse

Modifiser alternativ
Forsterkning lavsp./heyspent
Endre neft
Endre spenning

Sluttbrukertiltak

Palitelighetsanalyser

@konomisk analyse — skonomisk optimalisering
Investeringskostnader
Tapskostnader
Avbruddskestnader
Drifts- og vedlikeholdskostnader

Beslutning
Valg av alternativ

@mngv =

Ja

Beregn anleggsbidrag

Prosjekter anlegg



https://www.ren.no/tjenester/planbok
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Background: International research

Passive distribution grids

Active distribution grids:

planning study

4

Customers’ Data
Modelling

Multi]-Objective
alternative
evaluation

Acceptable
planning
solution?

Generation of
planning
alternative(s)

Probabilistic
Network
Calculation

Unacceptable
risk of constraint
violation?

o>

Source: CIGRE WG C6.19 (F. Pilo et al.), "Planning and Optimization
Methods for Active Distribution Systems," CIGRE, 2014.

Active
Management ACTIVE MANAGEMENT

examined? (no-network solutions)

Compromise among

network and no-network
solutions
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Identified needs/
challenges

Establish grid planning scope and premises

v

Modelling of load
[deterministic)

v

Generate measures and alternatives
[passive grid measures)

v

Technical analyses

Restrictions No

Grid
reinforcement

fulfilled-?

Discard or modify
alternatives

Economic analysis

Satisfied?

Yes

Ranked list of
feasible solutions

(building upon the work
of CIGRE WG C6.19)

Y

Identified needs/
challenges

Establish grid planning scope and premises

v

Maodelling of load demand and generation
(including uncertainty]

v

Generate measures and alternatives —

Passive
grid
measures

Active Active
measures
measures it
inthe grid grid users

v v

Modify load and generation

v

Discard or modify
alternatives

Techno-economic analysis of
alternatives and assessment of risk

No

Acceptable

A

risk?

Dverall assessment
and ranking

LDI
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Framework for planning of active distribution grids

4 )

Grid
problems

l trigger

Needs

\(for grid planninw

isindended
to meet

Flexibility

(in the power system)
A

contributes to

Flexibility resource

A
involves active

utilization (in
grid operation)

Flexibility measure

\

-

is a isa
type of type of

is a type of \
Measure <«———— Active measure
(in grid planning)

(in grid planning)
isa
type of
Passive
(traditional)

Identified needs/
challenges

A4

Establish grid planning scope and premises

v

Maodelling of load demand and generation

(including uncertainty]

L

L

Generate measures and alternatives '—\

Y

\L

Active Active
measures
IMEEsures ;
i : - with
PEEENE inthe grid grid users
grid
measures + +
Modify load and generation /

1

Y

Discard or modify
alternatives

Techno-economic analysis of
alternatives and assessment of risk

measure J

Na Acceptable

A

risk?

Dverall assessment
and ranking

LDI



s Framework for planning of active distribution grids

VOO 1000

i it Identified needs/
100100001
g T challenges

S * A framework...

,,,,,,,,

Establish grid planning scope and premises

10100100 — gives structure to the planning process v

‘ . C : . . . . Madelling qf Ioad_ demand ar_ld generation
503 [ v o _ gIVES h|gh'|eve| gUIdE|IneS lincluding uncertainty) <:|
v

\ g E v _ > (IIIUStrated ds fIOW Chart) — Generate measures and alternatives ——

.........
.......

S T SPRL Active ises it
T000010: — (In Norwegian: "systematikk") e e | g | —
: : ; : ‘; ‘; : ‘ . measures + +
100310; * A framework is not a specific (B e e
pheiaes :

010010C h d I h d d I Discard or modify Techno-economic analysis of <:|
- mEt O O OgYI mEt O ’ mo e Or alternatives alternatives and assessment of risk

1001000 tool

Y

Acceptable
risk?

A

00010011 — but different methods, models and tools -
8001103 can be integrated into each step of the Rl <

framework
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Case for the CINELDI MV reference system

16 18 19 21 22 23 24 25
1

jrh 151 F—1—1 53 54 55 56 57 58 59 60 61 62
17 20
—% 118 -
6 11 it 1154 113 64 it 117
g 27 28 29 30 31 32 43 7@ 5150 —52
— 13 S I ||
I R [ hh 112 {I | 49 106 o
114 107
1 2 3 4 5 7 9 12| 26 33 37 40 42 44 45 46 | 47 48 69 70 71| 72
l Il | | | I— | | | | | — | Il —||1 I; | |
10'?I 109
36 35 34| 0 o |, 1
> 39 110 121 773
Residential development areas / 111 it —-—74
neighbourhoods.(PotentialIocaI % 123 105 104 103 102 —=75
energy communities) -n- I I I I
d L I
iﬁg@ Fast-charging stations 88 90 99 101
84
N 87 98 100 ,
@ . Charging point for 89 % =
ﬁﬁﬂ electrical ferry 97 ﬁﬁ;ﬂ@
o omow o ow | g s lplp g popoay
l[ Wind turbine {l | | | {l 'ﬂ | | | } |1 | I }
91

Source: |. B. Sperstad, O. B. Fosso, S. H. Jakobsen, A. O. Eggen, J. H. Evenstuen, and G. Kjglle, “Reference data set for
a Norwegian medium voltage power distribution system®, Submitted to Data in Brief for peer review, 2022. Data set

and preprint version available online: https://doi.org/10.5281/zenodo.7133506.
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Selecting active measures

Identified needs/
challenges

Estahblish gric planning scope and premises

v

Trigger of grid planning needs

Fast-charging stations (FCSs)

16 18 19 21 22 23 24 25

Active measure(?)
' Voltage support by reactive power

provision from FCSs

[ I D R R T
Modelling of load demand and generation R R 1T T TR 53 54 55 56 57 58 59 60 61 62
(including uncertainty)
17 20
¥ _1.}‘ 118 -
4— Generate measures and alternatives [~ 6 11 it 115+ 113 64 ity 117
27 28 29 30 31 32 -
Active Active 8 - 13 43
measures ST ¥ 112 106
= Pagsr?éve inthe grid grid users 114 108
> 107
measures ¥ ¥ 1 2 3 4| 5| 7] 9| 12| 26/ 33 37 40 42 44 69 70 71 72
Modify load and generation ' Il — } F+H ] ] | = ] ] l } }
¢ feeder 36 35 34 38 it " 1
Discard ar modify Techno-economic analysis of 15 39 110 73
alternatives alternatives and assessment of risk I

111 it —_—74
105 104 103 102 ==75

ND | l ] 1
< Acceptable 38 ;I i 1

84 __100
Tl T Fle
Overall assessment 97
and ranking N A 86 85 8 |8 8 g0 79 78 77
£| I I I v I I 1 | ] 1 U |
} a1
NO Trigger of grid planning needs

Ranked list of
feasible solutions

New residential development areas / neighbourhoods

Active measure(?)
' Flexibility provision from local

energy communities (LECs)
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Active measures

Measures the planning of distribution grids

Grid reinforcement

Building new grid

Installing grid assets for
improving power
quality (for example
harmonic filters)

(Asset management
measures not

Active measures

Flexibility measures

Active measures in the grid

Active use of voltage
regulators

Coordinated voltage
control

Dynamic transformer
tapping

Dynamic line rating

Dynamic grid
reconfiguration

Enabling islanded
operation (microgrid)

Utilization of grid-
connected energy
storage system

Utilization of mobile
energy storage
system

Active measures with grid users

Shifting of electric water
heater loads

Residential load shifting

Utilization of behind-the-
meter batteries

Commercial/industrial
load shifting

Active power curtailment of
charging stations

Reactive power provision
from charging stations

Grid connection agreement
with conditions for flexibility

Flexible/curtailable grid
tariff

Flexible/coordinated home
charging of electrical vehicles

Spatial flexibility from
fast-charging stations

Active curtailment of and/or reactive power provision from
prosumer PV generation

Active curtailment of and/or reactive power provision from
small-scale hydropower generation

considered long-term
planning measures:

in grid area

Grid reinvestment,
refurbishment,
maintenance, ...)

Flexibility provision from local energy communities, grid-
connected microgrids etc.
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Load development
scenarios (MW)

Identified needs/
challenges
i . Establish grid planning scope and premises
00001001 +
et Modelling of lnad demand and fi > i T ~o
01000¢ odelling of load demand and generation <:| 1 10 VYear -l - D

operator
(converter strategy

(including uncertainty) /e - K ~
RS / aly N,
‘ — '-I_Lb ( @ |
oy + . I_@: \I | l|-> o= j
S S ~ . . s 7
S e e — Generate measures and alternatives - 7 e Fast.charglng 1 Tl
10110 e | stations (FCS) . .
b D4 B0T 8 v e (grid planning '\ TL_-L
10000101 measures framework inCI. \ v[‘ .
measures : ~
SR - | : h Local ener ‘- s — |:'
________ Passive inthe grid i 8y - g
grid users % e OPF model \ - L
> grid <‘. communities (LEC) ) N !

B measures + + N | !
SR | g : \‘ \ % !
T _ N X ;

A : : ' 1 Maodify load and generation . Load ~ T =i~% S ]
~~~~~~~ 1) Operational models
(simulating active measures)

¥

i Discard or modify Techno-economic analysis of

&bt Ao alternatives alternatives and assessment of risk <::|

operator
(peak shaving

2) Investment model
(estimating needed grid

>
o >

) optimisation /.-
< No Acceptable reinforcement) model)
risk?
Comparison of total net
present value of

Overall assassmant <:I investment+operational

and ranking i R
costs for different grid

development plans

No

Grid development plans:

Which branches to be
reinforced when, combined ‘ I N L D I

<:I with utilization (or not) of
active measure

Ranked list of
feasible solutions




Y

Identified needs/
challenges

Establish grid planning scope and premises

v

Modelling of load demand and generation
(including uncertainty)

v

Generate measures and alternatives —

Active Active
measures ec=iies
Passive : ! with
inthe grid grid users

d
megrslures + +

Modify load and generation

v

Discard or modify
alternatives

Techno-economic analysis of
alternatives and assessment of risk

< ND Acceptable
risk?
Overall assessment
and ranking
No

Ranked list of
feasible solutions

z
o /_/
®
I o
Aé 5
(]
o
©
i)
2 0
1 6
Year
Alternative 2021 2025 | 2026

...with reinforced branch 5-7, 12-26 and 47-48

...with reinforced branch 12-26

Existing grid with active measure (LEC)

Existing grid

Grid development plans:
Which branches to be
reinforced when, combined
with utilization (or not) of

:“ active measure
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Reducing grid investments by active measures
utilizing local energy communities

b) With active measures

a) With Passive measure
1000000 g 1000000 m LEC flexibility costs —
= Investment costs < 800000 Investment costs
[%2]
< 800000 2
S S 600000
o 600000 9
2 = —
= 400000 E 400000
&
3 200000 S 200000
< <
0 0
2025 2028 2030 2025 2028 2030
Year Year
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Combinations of active measures:

Local energy communities (LEC) and
i fast-charging stations (FCS)
g 1400000 r —
%; 1900000 L Investment costs

% 1000000 | m LEC flexibility costs
c_g 800 000 |
fip O 000w |
00010013 = 400000 | —
_________ >
S S .'GC_J‘ 200000 L

£ 0

Passive Active: Active: Active: ClN LDI

LEC FCS LEC & FCS
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* Framework for planning of active distribution grids giving a
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01001101 structure to the grid planning process
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* Methodology suitable for the use case can be integrated into the
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* Challenge: Bridging gap between current practice and research
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