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‘Strategic platform to support high-level government attention and action for the accelerated development
and deployment of smarter, cleaner electricity grids around the world’

T + An initiative of the Clean Energy
JMINISTERIAL Ministerial (CEM)

* Organized as the Implementing
RIS b Agreement for a Co-Operative
s Programme on Smart Grids (ISGAN)

The CEM is the only multilateral forum dedicated exclusively to the advancement of
clean energy technologies and related policies.
ISGAN is the only global government-to-government forum on smart grids
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Activities of ISGAN ISGAN ,.

« Annex 1: Global smart grid inventory
* Annex 2: Smart grid case studies.
o Drivers and

) ) SGAN Acodemy T
« Annex 3: Cost-benefits analysis and toolkits. p
« Annex 4: Insights for decision makers e

| _ Annexes

« Annex 5: Smart Grid International Research P

sustainability evoluations of smort

Facility Network (SIRFN) grds projects

* Annex 6: Power T&D systems. .
» Annex 7: Smart grid transitions. o

Annex 8: ISGAN smart grid academy
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Key drivers

L]
INTERMNATIONAL SMART GRID
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Scenarlo _— — 9 _— 1 9 - . .- T * - . . - } e e . L
BaU >
~100 MW
current reality <€
. Increase of distributed energy resources (DER) leads to:
environmental and regulatory pressure =
%
Smart grid
a® : . . - Cop !ﬂte OR . \
-”!) market liberalization and overall efficiency / il applications
. >y
y y i " Passive contral Active control
®J security of supply + increase quality of service {Micro-grid, VPP, DSI, etc.)
e y Generat ion pattern Luul diagram
ofF) “copper” investments postponement
Q) increasing dispersed renewable generation (DG) ‘\/—\_/\
flexibility (storage, electric vehicle, active demand) o
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Decision making under volatility and

uncertainty?

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

14/02/2018

risk highly
mitigated

decisions affect
mostly the future

risk incorporation

systems
integration to
improve decisions
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Decision making under volatility and
uncertainty?

ISGAN- *:

e e
® « @
—
Operations Planning Trend Planning is still based on: ... but has to:
real-time or near “long-time” shorten planning Demand forecast macroeconomic forecast for load
real-time decision cycles and historical and DG
decisions models production(*)
alternative alternative future is “foggy” Load data customer usage incorporate
scenario scenario is highly  and it is difficult to forecast and territorial information on
(contingency) is scrutinized realize impacts planning DER development
always “prepared Planning compliance with considerate active
alternatives standards based network solutions
operational analyses new variables to (scenarios) on traditional and integrate risk
procedures are procedures are be incorporated supply side variable
fundamental also fundamental options
decisions evolve risk highly risk incorporation Approach deterministic switch to
risk mitigated models probabilistic

decisions affect
the present

14/02/2018

decisions affect
mostly the future

systems
integration to
improve decisions
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Smart Grid — the answer ISGAN- © -
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A shared global definition of active distribution networks was developed by ° . ..'.
CIGRE Working Group C6.11:

“Active distribution networks have systems in place to control a
combination of distributed energy resources (DERs), defined as
generators, loads and storage with power electronics. Distribution
system operators have the possibility of managing the electricity
flows using a flexible network topology. DERs take some degree
of responsibility for system support, which will depend on a
suitable regulatory environment and connection agreement.”
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MV distribution network planning ISGAN:*: "
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Different choices ... e @

O Primary distribution voltages (1.1 kV + 66 kV)

O Neutral earthing (solid, via impedance, unearthed)
O Network architecture (radial, meshed)

O Network path (contrasting requirements)

Star architecture Excessive long feeder

(extremely expensive) (bad continuity) Good compromise
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MV distribution network planning ISGAN- © -
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... motivated by different factors ( ) ¢

Jd  Minimum cost (building, maintenance, losses)

d Load density (urban, semi-urban, rural areas)

a

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

Optimal Distribution Planning is an NP-Hard
problem
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MV distribution network planning

Evaluation of the alternatives: feeder calculation.

Customer’s demand is not a certain data, but at MV level the uncertainty is
reduced, because it is typically the aggregation of several customers.

$

Traditionally, it was acceptable to represent loads in Load Flow calculation
with a single yearly power demand (peak value) or a unique load profile
(calculation repeated for each hour).
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Traditional MV feeder calculation

Simplifications in the calculations derive from the typical radial

configuration. Without Distributed Generation (DG), this means
unidirectional power flows.

These considerations led in the past to the adoption of a deterministic
approach for the network calculations.

Data known with certainty (uncertainties are neglected).
v annual power demand;

v annual power generation (negative load);
v’ power demand growth rate;
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Typical planning process

Acquiring information from markets and customers

Forecasting of demand or distributed generation

Network analysis

Alternatives research

Design of selected alternative
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Alignment with typical planning process ISGAN: ¢ -
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Acquiring information from
markets and customers.
100
Other activities, with 80
regard to planning of 6
distribution network '

Forecasting of demand
or distributed generation

Design of selected Network analysis

alternative

Evaluation and selection Alternatives
of alternativeso research o

More than 90% of respondents confirmed to perform ‘
the steps of the typical planning process

Source: CIGRE TB 591- Planning of active distnbution networks
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Research for planning alternatives '
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During development of
alternatives company policy and
objectives are considered.
Effect of potential Demand Side 100 Regulatory restrictions, codes
Integration activity. and (inter)national standards.

Information from markets
and environment.

Have adapted new approaches,
or plan to do so.

Utilize internal or national
guidelines or standards on the
identification of alternatives.

Scenarios and
forecasts.

Terms under which the problem

Consider other aspects :
in the network may occur.

which are not listed.
Load or congestion management
included in the list of alternatives.

Economical and financial Maintenance and
implications of the alternative. refurbishment plans.

State of the assets.

Source: CIGRE TB 591 — Planning of active distnbution networks
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Research for planning alternatives '
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During development of
alternatives company policy and
objectives are considered.

Effect of potential Demand Side 100 Regulatory restrictions, codes
Integration activity. and (inter)national standards.

Information from markets
and environment.

Have adapted new approaches,
or plan to do so.

Most utilities make little consideration for active network solutions

Terms under which the problem

Consider other aspects :
in the network may occur.

which are not listed.
Load or congestion management
included in the list of alternatives.

Economical and financial Maintenance and
implications of the alternative. refurbishment plans.

State of the assets.

Source: CIGRE TB 591 — Planning of active distnbution networks
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CIGRE WG C6.19 - SURVEY RESULTS

Changing of planning objectives: mostly oriented to the maximum ° . -.'-
exploitation of existing assets, by working distribution networks much
closer to their physical limits.

It is crucial that modern planning tools integrate ADN solutions in the
set of feasible alternatives (CIGRE WG C6.11) in order to identify the
best balance with traditional network expansion.

-
“Today, while of interest to many utilities,
ADN concept fails to be taken seriously by

btilities as viable alternatives in the planning process.”)

1) lack of planning tools,

Main reasons: Ry
2) lack of ad hoc business cases.
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Traditional distribution planning ISGAN ST
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CDEﬂ”‘”"S”U‘j’jﬁa”“'”g v Deterministic calculations e*
| v' Simple load models
) a|tzlran'm§(s) v Operational issues fixed at the planning/design stage
v v Single-Objective (costs)

Deterministic L
network calculations

Any
- yes
evaﬁﬁ:tti{m i'?glgttl;glr?'f Network reinforcement

Acceptable
planning
solution?

yes
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Traditional distribution planning ISGAI;I:.; b,
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CDEf'”'“"S”u‘jﬁYma”“'”g v Deterministic calculations v ®
| v Simple load models
" Planning . : : R :
| alternative(s) v Operational issues fixed at the planning/design stage

¥ v Single-Objective (costs)

Deterministic L
network calculations

Any
Cost constraint yes .
evaluation violation? NShwoic ol bedscement The occurrence of worst
l scenarios is rare.

Acceptable The assumptions for

planning
solution?

yes

identifying the worst case are
(. stop ) subjective

No quantification of risk
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Need for new planning methodology ISGAN- © -
TS oY
O Electricity produced by O New markets ‘e
Renewable Energy Sources 3 Information and communication
U Electricity increasingly produced technologies
by or closer to consumers/load 0 Advanced metering infrastructure
center.s. | d Energy Storage (electrical,
4 Electrification of transport (plug- mechanical, chemical, thermal, etc.)
in EV);
Increase of distributed energy resources (DER) leads to:
e N
Smart grid
OR
Copperplate applications
S .
Passive control Active control

(Micro-grid, VPP, DSI, etc.)
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New philosophy for network planning ISGAN o3>
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cost-effective

Active Distribution Network (ADN)
solutions

Traditional
network investments

Limits/bands for demand and generation Coordinated volt-var control
s connectipnfoper_ation Static var compensators
Generation tripping Coordinated dispatch of DER
Capacitor banks On-line reconfiguration
Hosting Capacity N etwork reinforcement (e_g. lines, Coordinated dispatch of DER
transformers) On-line reconfiguration
Dependency on transmission network Coordinated volt-var control
Reactive Power Capacitor banks Static var compensators
Support Limits/bands for demand and generation Coordinated reactive power
connection/operation dispatch of DER
Adjustment of protection settings
S N_evf' protection elgments ‘ On-line reconfiguration
Limits for generation connection Dynamic protection settings

Fault ride through specifications for generation
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New philosophy for network planning as

s * I\
ISGAN- ¢.
[ ]
INTERNATIONAL SMART GRID .
ACTION NETWORK @

cost-effective

traditional " S -
. Active Distribution Network (ADN)
network investments
solutions
Limits/bands for demand and generation Coordinated volt-var control
Volane Benldre connection/operation Static var compensators
9 P Generation tripping Coordinated dispatch of DER
Capacitor banks On-line reconfiguration
Mot C . N etwork reinforcement (e_g. lines, Coordinated dispatch of DER
osting Capacity transformers) On-line reconfiguration
Dependency on transmission network Coordinated volt-var control
Reactive Power Capacitor banks Static var compensators
Support Limits/bands for demand and generation Coordinated reactive power
connection/operation dispatch of DER
Adjustment of protection settings
S New protection elements On-line reconfiguration
Limits for generation connection Dynamic protection settings

14/02/2018

Fault ride through specifications for generation
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New distribution planning

< Enhanced load and generation < Operation actions are planning

representation
< Load/generation profiles
< Time series
< Detailed description of Smart Grid

< Distribution State Estimation

options
< Volt/VAR regulation
< Power congestion management
< Generation curtailment
< Demand response and flexibility

Measurement System

< Information and Communication >
Technology

< Multi-objective, probabilistic, risk-
oriented planning
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New distribution planning

Definition of Customers’ Data
planning study Modelling

v

Generation of

> planning
alternative(s)

ISGAN- ¢ :

INTERNATIONAL SMART GRID
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Y

Probabilistic

Network Calculation

'

Unacceptable
risk of constraint
violation?

[Multi]-Objective
alternative evaluation

e, Acceptable

yes Wi >
" STOP

planning
W

ACTIVE MANAGEMENT
(no-network solutions)

<Management examined?

Compromise among network
and no-network solutions
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New distribution planning

Customers’ Data
Modelling
v
Generation of

Definition of
planning study

> planning
alternative(s)

o * I\
L ]
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Not a snapshot of the operating conditions
Data from Smart Meter to be used

Time dependent models

i
-

Y

Probabilistic

Network Calculation

'

Unacceptable
risk of constraint
violation?

[Multi]-Objective
alternative evaluation

e, Acceptable yes P

STOP >

planning >

14/02/2018

ACTIVE MANAGEMENT
(no-network solutions)

<Management examined?

Compromise among network
and no-network solutions
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Novel planning — input data Aot
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o Classification of all states in a year,
grouped into some typical conditions (clusters)

Pernod m . Scenarno with T0%
peak demand and $0% of
Peneration capacity. T,, »956nm

Pernod n: Scenaro with 100%
peak demand and 0% of

generation capacity. T,=0hrs

° & cL
e N T T
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Novel planning — input data

L
o Classification of all states in a year,
grouped into some typical conditions (clusters)
&> I dentification of distinctive daily
patterns, segmented in elementary intervals
Load Wind generation Biomass generation Photovoltaic generation
” Load p p A p A !
M : uncertainty band costant standard variable
deviation o, mean power output i,
g d
— ~ Tp=iC standarda:ineviation Op
G Hp
He _-’ ﬁ
ol - 12 24 ho:rs 0 24Vhotfrs 0 24 hours o 24 hours
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Total cost referred investment today

The role of Smart meters A

sl INTERNATIONAL SMART GRID (] #
ACTION NETWORK @ =
® « @ [ ]
A L
‘H | I| F' r ‘ = . .
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| | | ‘, |iv| ||| | | ]'1 ﬁ h} lr‘ ‘] | Bmhardmv
| |
| |
R‘\‘w ‘ 'lf B N
TR L A e PR
J oo %, e, » % %
% % g %. e € s
e Of.,
f":s% ﬂ':"':,
o}‘
— A ®

Smart meters can provide better data
Smart meters costs and ICT should be
Included in planning depending on the
regulatory model

« E. Toenne, Planning of the Future Smart and Active Distribution Grids: With emphasis on probabilistic
load and generation modelling based on data from smart meters
« PhD Thesis 2017, NTNU, Trondheim, Norway

1 2 1 4 5 b ) B8 9 10

Years of investment postponement
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Novel planning — go probabilistic

Definition of
planning study

4

Customers’ Data
Modelling

L J

S

no

[Multi]-Objective i

Generation of
planning
alternative(s)

1. Probabilistic models
2. Risk assessment

ISGAN- *:

INTERNATIONAL SMART GRID

ACTION NETWORK @

I

alternative evaluation

- Acceptable

Probabilistic

)

ACTIVE MANAGEMENT

Network Calculation

Unacceptable
risk of constraint
violation?

(no-network solutions)

Active
<Management examined?

yes

.

yes

planning
solution?
14/02/2018

=< STOP )

Compromise among network
and no-network solutions

ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO

35

.

L]
®

]



Probabilistic calculation

Main issue: data availability for probabilistic models definition.

— ]

available )

If the probabilistic

data are
\ UNKNOWN s

/m\

adoption of suitable

probability density functions

experience and
knowledge

-

4

14/02/2018 ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO
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0 NETWORK )
CALCULATION
Probabilistic Load
Flow algorithms

Monte Carlo
simulations

Fuzzy Set theory
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Probabilistic calculation A
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T L
The results of the probabilistic network | /i\
calculation are the stochastic L\
representation of nodal voltages and | / - .
I accepte
branch currents | risk of
/ : \ violation
i
‘ ‘ 30 -0 L:- ¥ T+3[}
peak value

I, with Gaussian distribution

I;’l =140 [A] (#52120 [A s o =10 [A])

Assuming to accept 10% of risk:
l," =120+1.6-(10)=136 [A] </,"

Assuming, instead, a 1% of risk:

17 =120+ 2.3 -(10) = S
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Probabilistic vs. Determinisgic

-

MYV distribution network in the north shore of the
lake of Garda (ltaly).

140 MV/LV secondary substations

* summer peak demand of about 8 MW

« weakly meshed but radially operated

« planning period 5 years

+ 2% of demand growth of per year;

New
Primary °
Substation

Network issues

Low reliability of the old primary substation
Expected strong increasing of demand

\\new touristic area (4 MW)

o . ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO 38
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Probabilistic vs. Deterministic 4

ISGAN- . 0
#r A Tion nETwone. e g5’
. ® + @ ]
g..] b asi..]
.l_-EU' 7,01
57,
new f;_!’ 6,01
Primary % 5,01
Substation e 1 2 3456 7 8 S 101112131415 1617 18 19 20 21 22 23 24-
Hours of the day
_____ (_J o
Traditional planning Determl'mstlc network
[ e —< calculation:;
Wi PP v Fit & Forget paradigm
a7 (1100 k€) N~
,’ r'/ o
/ Modern » Eanl:::tzj?gtlilsr:l-c network
\ lanning approach " 5
i 9 app v" Acceptable risk of 5%
(837 k€) ~
The difference is relatively small (24% of CAPEX cut), due to the
’ - low level of uncertainties (related only to conventional loads).
f, 14/02/2018 ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO
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Probabilistic vs. deterministic ISGAN: +:
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new - e
Primary - d « Six 350 kW fast charging stations in existing
Substation - E petrol stations

« 2 MW of additional peak demand
« Expected CAPEX and OPEX increasing
+ Traditional planning: 2.128 k€

W « Modern planning: 1.017 k€
ﬁ' + Significant savings
,.’ + Risk management (voltage drop slightly
Y, larger than 10% in few nodes for less than 5

seconds per year during faults)

The higher the uncertainties the higher the worth of

probabilistic approach
% EV fast charging station
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Probabilistic vs. deterministic ISGAN: +:
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new - e
Primary - T « Six 350 kW fast charging stations in existing

Substation - E petrol stations
L W ; « 2 MW of additional peak demand
i = f « Expected CAPEX and OPEX increasing
V3 + Traditional planning: 2.128 k€
W « Modern planning: 1.017 k€

| %' + Significant savings
4 + Risk management (voltage drop slightly

: Y larger than 10% in few nodes for less than 5
' PR ~- seconds per year during faults)

The higher the uncertainties the higher the worth of

probabilistic approach
% EV fast charging station
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Operation and planning

Definition of

Customers’ Data

planning study

alternative evaluation

[Multi]-Objective

no

14/02/2018

planning
o=l

Acceptable yes

planning
alternative(s)

ISGAN- *:

INTERNATIONAL SMART GRID

-+

Probabilistic " (
Network Calculation

ACTIVE MANAGEMENT
(non-network solutions)

~

Unacceptable
risk of constraint
violation?

yes

Active
Management used?

=< STOP )

Compromise among network
and non-network solutions

\.

L/
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v' SG Actions continuously applied in

Modelling normal operation
! v' 8SG Actions executed during faults and
Generation of contingencies

43

.

L]
®

]



Multiobjective programming ISGAI;I:.; :,
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L
Definition of Customers’ Data v Need to find compromise
[INIRG=Iney it il solutions for the conflicting
v goals of stakeholders
Generation of . : . :
" il v Different objective functions (not
alternative(s) Only COStS).
Probabilistic L ACTIVE MANAGEMENT
Network Calculation | (non-network solutions)

'

¥

[Multi]-Objective
alternative evaluation

Active
<Management examined;

Unacceptable
risk of constraint
violation?

L Aci:aenprf?ane yes ,( sTOP ) Compromise among network
spomon% and no-network solutions
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Multi-objective and decision making ISGAN o
e o 8P

L
Definition of .| Customers’ Data Decision Making (e_g_ mUItl
planning study Modelling ) i i
criteria techniques) to rank
Generation of design options
> planning
alternative(s)
Probabilistic i ACTIVE MANAGEMENT
Network Calculation (non-network solutions)
M o Unacceptable
alt[-.::nL;;tt:aneb\igchE;(iaon risk of constraint anagement examined:
violation?
Accept:able yes i Compromise among network
planning < STOP - b CElsib
sakiftion? and no-network solutions
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Flowchart for novel planning process

14/02/2018

PLANNING ALTERNATIVE
Tobeevaluated in normal and e mergency conditions,
in each hour f of the typical day

|

For existing branches use available data, for new branches
assign minimum allowable cross section

METWORK PRE-SIZING

b=0 safe configuration

ADN options:
active and reactive power
flows management

emergencyconfiguration without 5" networkelement

——tl  [lnoael= 1 noacl’ |

Yes

—It M=[lnoae¥ |I-

Solve Probabilistic Load Flow | 0l=0 ¥ | ADN options:
[V node) & [hranch ) il i Contingency operation

Evaluate the
alternatve
with O.F

Riskof any
constraints’
violations?

Is the ADN
allowed?

INTERNATIONAL SMART GRID . *
ACTION NETWORK @ .

| (Z)=[Z cazedl® [*

Has the ADN
been used?

Can “network
solutions” be used?

Discard
Alternative

Search for
available network

solutions
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Different Planning Approaches

Deterministic - Fit and Forget (F&F)

14/02/2018 ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO
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Different Planning Approaches as

INTERNATIONAL SMART GRID . *
ACTION NETWORK @ .

.
® =« 8 »
[ ]

Deterministic - Fit and Forget (F&F) :

Probabilistic approach with 5% of allowable risk of constraint violation and traditional

passive network (Prob 5%)
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Different Planning Approaches ISGAN: ¢ -

INTERNATIONAL SMART GRID 9
ACTION NETWORK @ =

IR Deterministic - Fit and Forget (F&F) "

Probabilistic approach with 5% of allowable risk of constraint violation and traditional
passive network (Prob 5%)

Probabilistic approach with 20% of allowable risk of constraint violation and traditional
el passive network (Prob 20%)
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Different Planning Approaches ISGAN: ¢+

o L
INTERNATIONAL SMART GRID 9
ACTION NETWORK @ v @

Deterministic - Fit and Forget (F&F) «®

Probabilistic approach with 5% of allowable risk of constraint violation and traditional
passive network (Prob 5%)

Probabilistic approach with 20% of allowable risk of constraint violation and traditional

passive network (Prob 20%)

ADN with control of active and reactive DG power, and 20% allowable risk of
constraint violation (AND _PQ)
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Different Planning Approaches ISGAN: ¢ -

/ .-.

.
INTERNATIONAL SMART GRID . -

ACTION NETWORK @ ™ . .

® oo @

Deterministic - Fit and Forget (F&F) " ®

Probabilistic approach with 5% of allowable risk of constraint violation and traditional
passive network (Prob 5%)

Probabilistic approach with 20% of allowable risk of constraint violation and traditional
passive network (Prob 20%)

ADN with control of active and reactive DG power, and 20% allowable risk of
constraint violation (AND_PQ)

ADN with installation of storage (3 MW — 8 h) in node 10, and 20% of allowable risk of
constraint violation (DES)
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Example — small MV network ISGAN: +:

i L ]

pe =TT i INTERNATIONAL SMART GRID . ®
4 ACTION NETWORK @ =

® + @ [ ]

Total demand 13.8 MW
Planning period O years

SrOME rate - ts‘%t) 5 new PV generators
one urpan aistric ::23
Zone B rural area -. to be connected

————
-

. Primary substation
m  MV/LV trunk node
o MV/LV lateral node

@ DG (WT = wind turbine)

(PV = photovoltaic)

PV—-2.5 MW

PV —2.5 MW

—— Trunk branch

- - - Emergency links
—— Lateral branch

-
______________________________
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Results — Deterministic (F&F) SGAN D
e o 8P

Due to overload building of a new trunk line
expectation in the urban refurbishment of all existing trunk feeders
district no upgrades of laterals

1600 === == === = = == = = e e
1400 1{---
12001---
1000 {---
800 {---
600 {---
400 {---
200 {---

Network CAPEX [k€]

F&F Prob_5% Prob_20% ADN_PQ DES

3
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Results - Probabilistic approach ISGAN: *
@

1600 === === === === === oo
1400 {---
1200 {---
1000 {---
800 {---
600 {---
400 {---
200 {---

Lateral
refurbishment
325 mm=

WWWWWW

Network CAPEX [k€]

- o F&F Prob_5% Prob_20% ADN_PQ DES
High risk (20%) N y

Lateral
refurbishment

25 mm=

]

With 5% risk CAPEX is more than halved with higher
risks it is reduced almost to one third of the F&F cost
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Results — Probabilistic approach ISGAI;I:;E'

[ ] £ 4
INTERNATIONAL SMART GRID
ACTION NETWORK @ L]

N | oW risk (5%) bV v
. 51 . - .

Lateral
refurbishment

1.02 4
1.015 1

1.01 1
— Prob_5%

- Prob_20%

Voltage [p.u.]
S

0.995 1

~. Lateral
~_refurbishment 0.99 T T T T

o 25 mma2 4
) Substations

Quality of voltage improved!
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Results — Active Distribution Network

The absence of controllable
energy resources in the
urban portion of the network
(Demand Side Integration)
does not make it possible to
avoid the trunk feeder
refurbishment.

Better results by including
Demand Response

14/02/2018

1600
1400
1200
1000
800
600
400
200

Network CAPEX [k€]

L ]
L ]

ISGAN- *.
® ."‘

INTERNATIONAL SMART GRID .
ACTION NETWORK @ ®
® + @ [ ]
[ ]
L

F&F Prob 5% Prob 20% ADN_PQ DES
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Results — Distribution Energy Storage ISGAN'.

Trunk feeder
refurbishment
150 mm?2

ot
b
o
o

I

I

|

Network CAPEX [k€]
00
3

W

F&F Prob_5% Prob_20% ADN_PQ DES

14/02/2018
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Results

maxvoltagerise

nominalvoltage

maxvoltage drop

— F&F
—— Prob 5%
— Prob 20%

ISGAN- * .

INTERNATIONAL SMART GRID

14/02/2018

ACTION NETWORK @
® o+ 0
—— ADN_PQ = =+ maxvoltagerise — F&F —— ADN_PQ ol
DES - = - nominalvoltage —— Prob 5% DES
- =+ maxvoltagedrop —— Prob 20%
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Traditional Planning
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Software package for optimal planning

B Primary substation
" MV/LV trunk node
= MV/LV lateral node
DG (WT = wind turbine)
(PV = photovoltaic)
— Trunk branch
- = Emergency links
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Software package for optimal planning
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INTERNATIONAL SMART GRID 9 ®
ACTION NETWORK @ Y
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B Primary substation
" MV/LV trunk node
= MV/LV lateral node
DG (WT = wind turbine)
(PV = photovoltaic)
— Trunk branch
- = Emergency links
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Comparison

NETWORK COST

0.00 k£
587 k&
0.00 k€

0.00 k&
0.00 k€

+ + 4+

G T O L O e mes s it et et e e ke

COST FOR ENERGY NOT DELIVERED ........csvsmsissmsmsusisiomsiasmasississiar

NNECTION I

587 k£

| 3387 ke
[T
000 ke
[Team ke
[To00 ke

TOTAL COST OF THE NETWORK [ 49807 I kE

——— LEVEL OF QUALITY OF SUPPLY
Long intemaptions
Average duration for intermuptions
Average number of internupbions [SAIF])

1].8 |

1h 5%
0.06

between results

ISGAN- *

INTERNATIONAL SMART GRID

ACTION NETWORK @

L= ]

METWORK COST

for 1ASSDs........

DV e e L

55847 k£
587 k€
0.00 k€

0.00 k€
0.00 ke

+ + +

+

UPGRADING COST ......ooominirmrmsnasssiemamissas s e o B RS AR

T L LG
COST FOR ENERGY NOT DELIVERED ...

3285 kE

[ 000 ke
[ 000 ke
[ o0 ke

TOTAL COST OF THE NETWORK [~ 82398 | k€

LEVEL OF QUALITY OF SUPPLY
Long intemuptions
Avetage duration for intermuptions
Average number of mtertuptions [SAIFI)

0K l

1h 55'
0.06

o

L
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Outline ISGAN: & "
 About ISGAN MoseRima oo

« Context and motivation

 Distribution planning

* Deterministic distribution planning

* Novel Distribution Planning
 Input data - Examples
« Managing uncertainties and risks - Examples
* Planning with Smart Grids - Examples

* Future works

« Conclusions
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INTERNATIONAL SMART GRID .

Low voltage systems in planning AcTonNETwoR @ ', 8

Future work

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

Simulation of the role of energy and service markets in distribution

planning
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Outline ISGAN: & "
« About ISGAN MoseRima oo

« Context and motivation

 Distribution planning

* Deterministic distribution planning

* Novel Distribution Planning
 Input data - Examples
« Managing uncertainties and risks - Examples
* Planning with Smart Grids - Examples

« Future works

« Conclusions
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Italian rural network (projection to 2020)
Passive operation

Maximum and minimum nodal voltages in p.u. from 21-Jun-2020 to 21-Jun-2020 23:00:00 (passive mode)
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Italian rural network (projection to 2020)
Active operation ISGAN-* .’
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Conclusions |SGAN ,.

® =+« 9 @

<> 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
< CIGRE WG C6.19 with TB 591/2014 started working on the topic of new planning
< CIGRE/CIRED JWG C1.C6.37 on TSO/DSO integrate planning is on-going
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Demand side integration - active demand ISGAN: +
T TN NETWORK @ .'
EEEEEEE _—
EEEEEEE

ELECTRICITY MARKET

AGGREGATOR

SUPPLY AND DEMAND OF ENERGY
EV / CUSTOMER INFORMATION

m
¥
"
L
&
&
&
+
+
*
*
s E
&
&
% ; : J i

14/02/2018 ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO 69

CUSTOMERS / EV OWNERS



Decentralised control systems '
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EVs=59  (40% residential loads)
Number of EVs Tin Toa 50¢;, S0C,
41 (70% of tot Evs) 18:00 7:00
30% 100%
18 (30% of tot Evs) 17:00 23:00
Homes involved in the active demand program = 147
AD Model parameters: f ;= 0,55; f, =0,4; f,=0,05
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FLOWCHART ISGAN: ¢ -
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EV Charging/AD Profile
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14/02/2018

ISGAN- *

INTERNATIONAL SMART GRID o °*
ACTION NETWORK @ ™
v ® -« 8 @
INPUTS > sTART | ‘e
5] v
Sal Initialization |
EV i
sched i i (MA iteration)
e (Agents)
CONSTRAINTS - (time intervals) k=l£|
AV sy = AV, gy Master
Pf_‘['_; = U T == "(* - _J} - - o == 1 —N_ = Agent
-
PTe) 1
Fops = Foneas ¥2d,,,, [ap™®] / ” avg(P) = Z Pi(t) “~ .
(o] [ -
\ D) + N (Pgy () + Pap(t
|[V‘u.]_[A;,I.n]_*[,_:u_-.]l O gt No N p(t, Pt) = f( ( ) Ei—l( .E'V.l( ) AD,:( )))
0 ves L i _ Per
[ﬁV‘“]-[S][&PE“](——{[AE'“]—[ﬁ(“—f‘,’“’_”]] o — s S

OUTPUTS
Voltage profile
EV Charging/AD Profile

ISGAN ACADEMY WEBINAR - PROF. FABRIZIO PILO

(SoCgy,or T,

Relax preferences for
flexible EV owners

72



Dumb charging SGANLS]
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Average Voltage Profile by Feeder
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Smart charging — no active demand

0,995

0.990

0,985 -
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Smart charging and active support ek
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ICT — the enabling technology
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Reliability studies with Smart Grid
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Reliability studies with Smart Grid
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Cyber-physical simulation ISGAN: ¢
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