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SmartGen	  Project	  •  Title	  
–  “Study,	  development	  and	  validaAon	  of	  methodologies	  and	  tools	  for	  the	  

management	  of	  acAve	  power	  distribuAon	  networks	  including	  renewable	  
energy	  sources”	  

	  
	  
	  
	  
	  
	  
	  
	  
	  

•  Fundings	  
–  Funded	  by	  MISE	  (Italian	  Ministry	  for	  Economic	  Development)	  in	  the	  

context	  of	  the	  Research	  Projects	  for	  the	  Electric	  Systems	  
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•  Context: Smart Grids 
–  Operation of generators of any 

size and technology 
–  Load active role in the 

optimization of operation 
–  Availability of more information 

and wider choice of suppliers 
–  Reduction of environmental 

impact 
–  Enhancement of reliability, 

security and quality of service 
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RER/DER	  

AT/MT	   MT/BT	  

AcAve	  distribuAon	  networks	  
with	  distributed	  generaAon	  	  

Advanced	  
DistribuAon	  	  

Management	  	  
System	  	  

New	  services	  for	  
liberalised	  

market	  
operators	  



Main	  objecAves	  
Analyzing	  scenarios	  of	  smart	  grids	  and	  acKve	  interacKon	  with	  the	  electricity	  market	  
•  with	  distributed	  generaAon	  (DG)	  and	  storage	  with	  the	  possibility	  of	  load	  control	  
•  to	  idenAfy	  main	  technical	  and	  economical	  constraints	  
•  to	  define	  future	  actors	  (aggregators,	  price	  signals,	  acAve	  demand	  management)	  
	  
Defining	  and	  implemenKng	  the	  architecture	  of	  innovaKve	  DistribuKon	  
Management	  System	  
•  Interfacing	  to	  data	  acquisiAon	  systems	  and	  SCADA	  (Supervisory	  Control	  And	  Data	  

AcquisiAon)	  
•  State	  es'ma'on	  and	  simulaAon	  scenarios	  
•  Management	  of	  opAmizaAon	  problems,	  control	  of	  power	  flow,	  voltage	  and	  

supply	  of	  ancillary	  services	  from	  DG,	  and	  load	  dispatch	  
•  Study	  of	  different	  distribuAon	  management	  modes:	  normal	  ,	  dysfuncAonal,	  and/or	  

emergency	  mode	  (islanding)	  
	  
DemonstraKng	  features	  and	  benefits	  in	  real	  user	  cases	  
•  DefiniAon	  of	  complex	  reference	  scenarios	  
•  ValidaAon	  of	  real	  network	  func'onal	  efficiency	  
•  IntegraAon	  of	  real	  networks	  and	  simulaAon	  in	  pilot	  sites	  



Project	  ConsorAum	  
SoOeco	  Sismat	  S.r.l.	  	  

Project	  coordinaKon	  
System	  integraAon,	  automaAon	  and	  
communicaAon	  soYware,	  wholesale	  
market	  management	  
	  
	  

s.d.i.	  S.p.A.	  
SCADA	  &	  DMS	  design	  and	  implementaAon,	  
innovaAve	  power	  network	  management	  

Enel	  Engineering	  and	  Research	  
System	  requirements,	  DMS	  architecture	  
definiAon,	  piloAng	  and	  demonstraAon	  

University	  of	  Genova	  -‐	  DITEN	  
ScienKfic	  coordinator	  
DMS	  architecture,	  technology	  
survey	  and	  enhancement,	  
disseminaAon	  
	  

University	  of	  Bologna	  -‐	  DIE	  
DMS	  advanced	  funcAonaliAes	  
and	  monitoring	  interfaces	  
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START:	  January	  2011	  
DURATION:	  36	  months	  
COSTS	  >	  2.8	  M€	  

Financing	  =	  1.1	  M€	  



The	  product	  of	  the	  project	  
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Smartgen has developed a platform that 
"extends" a DMS with new features 

DMS	  
DistribuKon	  Management	  System	  

POWER	  GRID	  
	  
	  

	  
	  

Network	  observa9on	  and	  	  
management	  support,	  

Load	  and	  genera9on	  forecast	  
Network	  op9miza9on	  
Network	  simula9on	  

MV/LV	  networks	  

EMS	  

Electric	  
Energy	  
Market	  

Trading	  
Ancillary	  Service	  

	  

CIM	  

CIM	  



Smartgen	  architecture	  



SmartGen	  funcAonaliAes	  
•  DistribuAon	  State	  EsAmaAon	  (ASE)	  
•  Load	  Forecast	  (ALF)	  
•  GeneraAon	  Forecast	  (AGF)	  
•  OpAmal	  ReconfiguraAon	  (AOR)	  
•  Working	  Point	  OpAmizaAon	  (APO)	  
•  Working	  point	  Losses	  opAmizaAon	  (AWL)	  
•  Fault	  LocaAon	  (AFL)	  



MulA-‐level	  opAmizaAon	  
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Field	  	  
Measures	   State	  	  

EsAmaAon	  

RES	  forecasAng	  

Load	  forecasAng	  

Energy	  Market	  Price	  
forecasAng	  

Day-‐ahead	  
economic	  

opAmizaAon	  

Intra-‐day	  (15	  
min.)	  mulA-‐
objecAve	  

opAmizaAon	  

RES	  forecasAng	  

Load	  forecasAng	  
RES	  controls	  
regulaAon	  

Volt/Var	  opAmizaAon	  



	  	  	  CIM	  Architecture	  The	  Common	  InformaKon	  
Model	  (CIM):	  a	  power	  
industry	  standard	  adopted	  by	  
IEC	  	  to	  allow	  different	  
applicaKons	  to	  exchange	  
data	  about	  the	  configuraAon	  
and	  the	  status	  of	  a	  power	  
network	  



Field	  TesAng	  Phase	  –	  Real	  Networks	  
•  The	  ensemble	  of	  pilot	  sites	  was	  chosen	  in	  order	  to	  test	  (in	  simulated	  and/or	  in	  

field)	  all	  the	  SmartGen	  funcAons:	  
–  State	  esAmaAon	  
–  Load/generaAon	  forecast	  
–  OpAmizaAon	  of	  the	  working	  point	  
–  OpAmal	  (re-‐)configuraAon	  
–  Fault	  locaAon	  

•  Three	  sites	  are	  idenAfied	  sites	  because:	  
–  They	  allow	  to	  apply	  and	  test	  a	  comprehensive	  combinaAon	  of	  the	  DMS	  funcAons	  
–  They	  already	  have	  a	  good	  degree	  of	  instrumentaAon	  
–  More	  acAviAes	  aimed	  at	  the	  installaAon	  of	  addiAonal	  instrumentaAon	  will	  be	  possible	  

11	  

Experimental	  Area	  
	  ENEL	  I&R	  
(Livorno)	  

DistribuAon	  netwotk	  
AMAIE	  SpA	  
(Sanremo)	  

Microgrid	  
University	  of	  Genova	  

(Genoa)	  







Real	  DistribuKon	  Network	  test	  case	  	  



Sanremo	  distribuAon	  network	  -‐	  
AMAIE	  	  The	  network	  is	  composed	  of	  

–  A	  primary	  substaAon	  (HV/MV	  132/15	  kV)	  
–  10	  MV	  feeders,	  typically	  managed	  in	  a	  radial	  

structure,	  deparAng	  from	  the	  substaAon	  
–  115	  km	  	  of	  MV	  lines,	  both	  cables	  and	  overhead	  

lines.	  MV	  network	  managed	  in	  compensated	  
neutral	  

–  ~	  200	  secondary	  substaAons	  (MV/LV	  15/0,4	  kV),	  
among	  public	  and	  private	  ones	  

•  Of	  which	  about	  10%	  remotely	  controlled	  

–  ~30.000	  users	  (27.000	  for	  domesAc	  use,	  15	  for	  
industrial	  use,	  3.000	  other)	  

–  ~100	  	  PV	  plants	  
•  1	  x	  470	  kW	  in	  MV	  
•  10	  x	  (10-‐100kW)	  in	  LV	  
•  DomesAc	  <	  6	  kW	  

PV	  impact	  	  
2007/2014	  



Smartgen	  installaAons	  at	  AMAIE	  Sanremo	  

•  HV/MV	  site	  full	  
measurements	  

•  3	  feeders	  fully	  
monitored	  

•  PV	  plant	  (470	  kWp)	  
•  2	  PMU	  -‐	  Power	  

Measuring	  Units	  
•  Meteo	  forecast	  



AMAIE	  Sanremo	  network	  
the	  goal	  is	  to	  perform:	  	  
	  
•  Analysis	  of	  the	  voltage	  profiles	  and	  

congesAon	  in	  the	  absence	  and	  
presence	  of	  PV	  distributed	  
generaAon	  (connected	  both	  LV	  and	  
MV)	  	  

•  Study	  and	  verificaAon	  of	  algorithms	  
of	  State	  EsKmaKon	  in	  distribuAon	  
networks,	  load	  forecasAng	  and	  
producAon	  of	  photovoltaic	  	  

•  In	  order	  to	  validate	  these	  studies,	  the	  
system	  has	  been	  equipped	  with	  a	  
monitoring	  system	  and	  remote	  
reading	  of	  different	  MV/LV	  
substaAons.	  	  

•  Comparison	  measurements	  /	  
simulaAons	  for	  other	  studies	  



Network	  diagram	  
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Load	  modeling	  

0 10 20 30 40 50 60 70 80 90 10030

40

50

60

70

80

90

100

110

120

15-minute intervals of the day

ac
tiv

e 
po

w
er

 [k
W

]

 

 

ANN output
typical active power profile
real power profile of a random sunday

0 10 20 30 40 50 60 70 80 90 10030

40

50

60

70

80

90

100

110

120

15-minute intervals of the day

ac
tiv

e 
po

w
er

 [k
W

]

 

 

ANN output
typical active power profile
real power profile of a random sunday

REAL-TIME 

PSEUDO-Measurement 
CASINO 

ANN#

Total&

Com.&

Res.&
P.L.& Load&Profile&with&

Fourier&Decomposi:on&

Contractual&
Power&

Time&

p&

t&



DistribuAon	  State	  EsAmaAon	  
Virtual	  	  
measure	  
(DSE)	  

PSEUDO	  
Measure	  
(SCADA)	  

Real	  	  
measure	  
(SCADA)	  

1

1.005

1.01

1.015

1.02

1.025

1.03
Modulo delle tensioni di sbarra

p.
u.

 

 

CP V
CP R

CS21
7
CS12

1
CS10

3
CS01

8
CS20

0
CS13

1
CS10

7
CS12

6

CS 21
9 3

CS 21
9 2

CS21
9 1
CS00

9
CS14

2
CS01

2
CS22

0
CS01

4
CS01

0
CS01

1
CS15

9
CS01

9
CS02

0
CS22

2

CS08
7 1

CS08
7 2
CS07

9
CS04

8

CS04
7 1

CS04
7 2

Sbarra primario
Sbarra secondario

Voltage profile 



DSE	  



Conclusions	  
•  The	  proposed	  DMS	  architecture	  and	  prototype	  can	  consAtute	  a	  

solid	  basis	  for	  the	  implementaAon	  of	  DMSs	  that	  allow	  the	  real-‐'me	  
management	  of	  energy	  distribu'on	  network,	  including	  the	  control	  
of	  generaAon	  and	  load.	  	  

•  The	  SmartGen	  DMS	  includes	  funcAonaliAes	  capable	  of	  supporAng	  
the	  involvement	  of	  the	  electric	  demand	  as	  a	  resource,	  including	  
load	  forecas'ng,	  load	  aggrega'on,	  and	  genera'on	  forecas'ng.	  
These	  faciliAes	  will	  be	  granted	  as	  a	  service	  to	  DSOs,	  load	  
aggregators,	  market	  operators,	  and	  single	  consumers.	  	  

•  Through	  SmartGen	  services,	  those	  users	  will	  be	  enabled	  to	  opAmize	  
their	  business	  from	  either	  a	  technical	  or	  an	  economical	  perspecAve.	  

•  The	  adopAon	  of	  the	  Common	  Informa9on	  Model	  (CIM)	  provides	  the	  
SmartGen	  DMS	  with	  interoperability,	  allowing	  the	  interfacing	  with	  
any	  other	  CIM-‐based	  system	  component.	  	  
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