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Why a smart city?

The population living in urban areas is expected to double by 2050

—> any new process will require more than just an incremental
upgrading of the cities’ organization, infrastructure and the
services provided to its citizens.
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Services for a smart city
SMART CITY

In the coming years, cities are expected to deal with an increasing
number and type of services for their citizens

These services all have to do with overarching goals, such as

Sustainability
Environment
Quality of (working) life T
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Transactive Control in Smart Cities

By A. M. Annaswamy, Y. Guan, H. E. Tseng, H. Zhou, T. Phan, and D. Yanakiev

lINVITED PAPER| This paper explores the use of dynamic tariffs in order to increase the
quality of urban mobility through transactive control.

The Price of Anarchy in Transportation Networks: Data-Driven
Evaluation and Reduction Strategies

By J. Zhang, S. Pourazarm, C. G. Cassandras, and I. Ch. Paschalidis

INVITED PAPER| This paper studies transportation networks under two different routing
policies, the selfish user-centric routing one and the socially optimal system-centric one,
and proposes an index, the Price of Anarchy (PoA), to increase efficiency.

Information Patterns in the Modeling and Design of Mobility
Management Services
By A. Keimer, N. Laurent-Brouty, F. Farokhi, H. Signargout, V. Cvetkovic, A. M. Bayen,

and K. H. Johansson
INVITED PAPER| The focus of this paper is on the increasing impact new mobility services

M= 1))} VIR e on traffic patterns and transportation efficiency in general.
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Crowdsensing Framework for Monitoring Bridge Vibrations Using
Moving Smartphones
By T. J. Matarazzo, P. Santia, S. N. Pakzad, K. Carter, C. Ratti, B. Moavenie,

C. Osgood, and N. Jacob

[INVITED PAPER| This paper discusses new services that can be delivered to urban environ-
ments through big data generated by the public’s smartphones, enhancing the relationship
between a city and its infrastructure.

Versatile Modeling Platform for Cooperative Energy Management
Systems in Smart Cities

By Y. Hayashi, Y. Fujimoto, H. Ishii, Y. Takenobu, H. Kikusato, S. Yoshizawa,

Y. Amano, S.-I. Tanabe, Y. Yamaguchi, Y. Shimoda, J. Yoshinaga, M. Watanabe,

S. Sasaki, T. Koike, H.-A. Jacobsen, and K. Tomsovic

[INVITED PAPER| This paper presents a modeling platform, including cooperative energy
management systems (EMSs), which reproduces the model of a smart distribution network
by using data obtained from the real world.

Smart (Electricity) Grids for Smart Cities: Assessing Roles and
Societal Impacts

By M. Masera, E. F. Bompard, F. Profumo, and N. Hadjsajd

lINVITED PAPER| This paper discusses the main impact that smart erid deployment has, in

different respects, on smart cities and then presents a methodology for an extended cost
t analysis.
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City-Friendly Smart Network Technologies and Infrastructures:
The Spanish Experience

By A. Gomez-Exposito, A. Arcos-Vargas, ]. M. Maza-Ortega, J. A. Rosendo-Macias,
G. Alvarez-Cordero, S. Carillo-Aparicio, J. Gonzdlez-Lara, D. Morales-Wagner,

and T. Gonzd lez-Garcia

INVITED PAPER| This paper reviews the fast evolution of power systems of the last decade
and illustrates, through featured success stories, how several smart grid concepts and
technologies have been put into practice in Spain.

Data-Enabled Building Energy Savings (D-E BES)

By S. Abrol, A. Mehmani, M. Kerman, C. J. Meinrenken, and P. J. Culligan

|INVITED PAPER| This paper illustrates that creating an affinity between a building resident’s
thermal preferences and a building apartment’s unregulated thermal environment
represents alternative means of generating an energy-efficient environment for multifamily,
residential buildings.

Smart Governance for Smart Cities

By M. Razaghi and M. Finger

[INVITED PAPER| This conceptual paper brings together insights from sociotechnical systems,
systems theory, and governance literature to shed light on why city administrations should
ollow these changes and adapt the governance approaches accordingly.



(o)

Table of Content of the Special Issue on the
Proceeding of the IEEE

690 Predicting Chronic Disease Hospitalizations from Electronic

708

723

MEDPOWER2018

Health Records: An Interpretable Classification Approach

By T. S. Brisimi, T. Xu, T. Wang, W. Dai, W. G. Adams, and I. Ch. Paschalidis

[INVITED PAPER| This paper focuses on the two leading clusters of chronic disease, heart
disease and diabetes, and develops data-driven methods to predict hospitalizations due to
these conditions, as urban living in modern large cities has significant adverse effects on

health.

Using Smart City Technology to Make Healthcare Smarter

By D. J. Cook, G. Duncan, G. Sprint, and R. L. Fritz
[INVITED PAPER| This paper discusses how smart city ICT can also improve healthcare

effectiveness and lower healthcare cost for smart city residents.

Predicting Frailty Condition in Elderly Using Multidimensional
Socioclinical Databases

By F. Bertini, G. Bergami, D. Montesi, G. Veronese, G. Marchesini, and P. Pandolfi
[INVITED PAPER| This paper proposes two different predictive models for frailty by
exploiting a number of socioclinical databases. In the last decades, life expectancy has
increased globally, leading to various age-related issues in almost all developed countries,
iis article is aiming to address in part.
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738 The Need of Multidisciplinary Approaches and Engineering Tools for
the Development and Implementation of the Smart City Paradigm
By O. Andrisano, I. Bartolini, P. Bellavista, A. Boeri, L. Bononi, A. Borghetti, A. Brath,
G. E. Corazza, A. Corradi, S. de Miranda, F. Fava, L. Foschini, G. Leoni, D. Longo,
M. Milano, F. Napolitano, C. A. Nucci, G. Pasolini, M. Patella, T. S. Cinotti, D. Tarchi,

F. Ubertini, and D. Vigo

[INVITED PAPER| This paper is motivated by the concept that the successful, effective,
and sustainable implementation of the smart city paradigm requires a multidisciplinary
approach and a strict cooperation among researchers with different, complementary
interests.
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On the adjective ‘smart’

The relevant technologies are nowadays labeled with the

ubiquitous word smart.
= s TR e

Technology has always been smart - this adjective serves
to underline the widespread use of Information and
Communication Technologies (ICT), sensors and
intelligence, e.g. software embedded in the various parts,

components and infrastructures forming an urban area.
TG R ™ o L. | A

- we label people living in the city/using its facilities as smart
as well, in that they own portable smart devices and meters
communicating with existing ICT networks, which are

instrumental to the accomplishment of such a goal.
- e



The first definition

europeansmart 3.0 (2014

home | why smart cities? | smart cities model

the ranking ‘ benchmarking |
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The smart city model

A Smart City is a city well performing in 6 characteristics,

built on the ‘smart’ combination of endowments and

activities of self-decisive, independent and aware citizens.
Smart Economy Smart Mobility

N

Smart Governance Smart Environment

/

Smart Living Smart People

12



The methodology

The smart city model
A Smart City is a city well performi

fields of urban development, built on the ‘smart’ combination of endowments and activities of self-decisive, independent and aware citizens.
Smart Mobility

Smart People
~Standardization and aggregation
To compare the different indicators it is necessary to standardize the values. One method to standardize is by z-transformation (see formular). This method ‘ Smart City
transforms all indicator values into standardized values with an average 0 and a standard deviation 1. This method has the advantages to consider the ¥ ,,
heterogeneity within groups and maintain its metric information. Furthermore a high sensitivity towards changes is achieved. - Key fields

Z-transformation i

LY
" [TFD\  oomais
X, =X -

1

= B / 90 \ Indicators

§
Data

To receive results on the level of factors, characteristics and the final result for each city it is necessary to aggregate the values on the indicator level. For
the aggregation of a respective group of indicators to domains we consider also the coverage rate of each indicator. A certain result from an indicator of an
indicator covering all cities weights therefore a little more than from an indicator covering only for instance 60 cities. Besides this small correction the results were aggregated on all levels without

any weighting. The aggregation was done additive but divided through the number of values added. That allows us to include also cities which do not cover all indicators. Their results are calculated
with the values available. Still, it is necessary to provide a good coverage over all cities to receive reasonable results.

13
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IEEE Standards Help Enable Smart City Technologies for Humanity

IEEE 1547™ Series DER IEEE 1484™ Series el earning Technologies

IEEE 1815™ Distributed Network Protocol 1EEE 1278™ Series Distributed Interactive Simulation
IEEE 2030™ Series Interoperability IEEE 1516™ Series Modeling and Simulation

IEEE C37™ Series Grid Critical Infrastructure IEEE 1730™ Serjes Distributed Simulation Engineering
and Execution Process

S e 4 r---=+ Learning Technologies
I
|
|
|

Intelligent Transportation + - - - - - —— - - ———— -
IEEE 1609™ Series Wireless Access Vehicle Environment
1EEE 1901™ Series Power Line Communications (PLC)
IEEE 802.15.4p™ WPAN Rail Communications and Control
IEEE 1512™ Emergency Management System

r-—--+ Smart Home
: IEEE 802® LAN/MAN
IEEE 1901 ™ Series PLC
IEEE 1905.1™ Home Netwaork for
Heterocgeneous Technologies
IEEE 2030.5™ Smart Energy Profile

eHealths - —= " =0 o o

1EEE 11073™ Senes Medical Devices

IEEE 139™ RF Emission from ISM Equipment

1EEE 602™ Healthcare Fadilities ”“"

IEEE 1363™ Series Encryption

”l ”l -+ gGovernance

E Efficlency » - =2 —— - ——memoe | IEEE PT002™ Data Privacy Process
nergy Eficlency = _ IEEE PT004™ Child and Student Data

1EEE 1801™ Low Powver, Energy Aware Yy
Electronic Systems ImEEE vl ! L -
IEEE P1889™ Electrical Performance of Energy £ ransparent Employer

Saving Devices

IEEE P1823™ Universal Power Adapter for
Mobile Devices

1EEE P1922.1™-1EEE P1929.1™ Series for

Energy Effident Systems

IEEE PT006™ Personal Data
Artificial Intelligence (Al) Agent

— - = Cyber Security
1EEE PBO2E™ ePrivacy
1EEE 1363™ Series Encryption
IEEE 1402™ Physical Security
IEEE 1686™ Imtelligent Electronic

Internet of Things (loT) - -
IEEE P2413™ loT Architecture

IEEE 1588™ Precision Time Stamp
IEEE 1451™ Series Sensor Networks

IEEE P1451-99™ Harmonization of IaT 5G &+ ——-- Devices (IEDs)
Devices and Systems 1EEE P1914.1™ Fronthaul

1EEE P191 & 1™ Tactile Internet

IEEE 807* LAN/MAN

1EEE P1915™-1EEE P1921.1™ Series Software Defined Newworks

IEEE STANDARDS ASSOCIATION



ISO Standards

ISO standards help make
cities smarter. Below are

just a handful of the many
ISO technical committees
that develop them.

IS0/TC268

1S0/TC59

m_l_

150/TC 282

150/TC 251 ISO/PC 283




The need for a multidisciplinary approach

Behavioral : Computer
. : Architectural .
Science Science

. Engineering
st /ﬁ: .&%

Economics

Electrical

Electronic . Social
_ Medicine )

Telecom . Science

" |'+ Engineering

=

To achieve the challenging goals mentioned above, drastic changes
are required that involve a multitude of new technologies relevant
to various disciplines e.g.

MA MATER STUDIORUM
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An Interesting Definition

LIVABILITY

SmartCitiesCounci| | woweun L N N

SUSTAINABILITY

HOME | OURPARTNERS | CITY RESOURCES | PREMIUM RESOURCES* | GLOBAL ALLIANCES | JOINSCC |

Definitions and overviews

The smart city sector is still in the "l know it when | see it" phase, without a universally
agreed definition. The Council defines a smart city as one that has digital technology

embedded across all city functions; click on any of the articles below for additional
perspectives.

The Smart Cities Council is a for-profit, Partner-led association for the advancement of the
smart city business sector. It promotes smart cities in general and our Partners in particular.

Allied Telesis ® Alstom Grid ® Bechtel ® Cisco ® Cubic Transportation Systems -
Enel ® GE ¢ IBM e Itron, Inc. ® MasterCard ® Mercedes-Benz ® Microsoft ®
Ooredoo ® Qualcomm ® S&C Electric Co. ® Schneider Electric

LMA MATER STUDIORUM
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Also the traditional power grid is smart

Greatest Engineering Achievements
0F THE 20™ CENTURY

Welcome!

How many of the 20th century's greatest engineering
achievements will you use today? A car? Computer?
Telephone? Explore our list of the top 20 achievements and
leamn how engineering shaped a century and changed the world.

Electrification -

Akl BRI LA
Alrplane
Water Supply and Distribution
Electronics
Radio and Television
Agricultural Mechanization
Computers
Telephone

. Alr Conditioning
and Refrigeration

= 000N ;AW R

11.
12.
13.
14,
15.
16.
17.

18.
19.
20.

Highways

Spacecraft

Internet

Imaging

Household Appliances
Health Technologles
Petroleum and
Petrochemical Technologies
Laser and Fiber Oplics
Mueclear Technologies
High-performance Materials

ill'i Greatest

Achiervemaents

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA




Italian Power Generation Mix

Classification Plants (k) Power (GW) Plants (k) Power (GW)
Hydroelectric 2 21,1 2,9 22,5
Thermal power 1,9 62,2 3,9 76,9
Wind 0,1 1,1 1,4 8,5
PV 0 0 559,4 18,5
Total 4 84,4 567,6 126,4

. Renewables

-Thermal

2004 2017

Start of electricity market Generation mix further changes
21



o 10 ~EeNe dabDIE
OCurrent Situation
700000
= Hydro Power Wind
= Power
600000 Geo-Thermal Solar
; |
s Power Biomass
500000
= Power
(8]
S
& 400000 m  Biomass Power
el
Q
s
2 300000
200000
100000
0
2010 2011 2012 2013 2014 2015 2016 2017
m Biomass Power 5500 7000 7700 9000 10700 11199 12248 14760
Solar Power 890 3500 7000 19420 28050 43180 77420 @
m Geo-Thermal 28 30 30 30 30 30 30 30
m Wind Power 44734 62364 75324 91413 114609 145362 168730 188392
m Hydro Power 216060 232980 249470 280440 304860 319530 334200 348870
Courtesy of Prof. Chongging Kang Tsinghua University, China ALMA MATER STUDIORUM

/ UNIVERSITA DI BOLAG@NA
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Smart grid — Europe Technology Platform

Central power plant

]
| Wind turbines

Virtual power plant

ALMA MATER STUDIORUM

UNIVERSITA DI BOLOGNA
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The smart grid — why it needs to be smart

Random availability of renewable sources
- smarter management of the system, wide ICT deployment (e.g.
metering, co-simulation tools)

- Need for storage resources

Use of renewable sources 2
- Deployment of converters (which replace synchronous generators) and

therefore loss of inertia and stability
. G ¥ N | L il AR D4R

Diffusion of electric mobility 2
- Network capacity needs to be assessed
- EV as potential power sources for the network

i\ T D, 1 T TR
Market liberalization
= From consumers to prosumers
DT T, A T T P -

Power-flow inversion
- Transit limits
- Voltage profile variation on the lines
- Abnormal behaviour of protections



Renewable Energy Curtailment in China

Renewable Resource Distribution

Catagory il resouwroe area

W Calegory | resowrce aea
Category 1l resource area

Categary IV resource area

wsan ﬂ"‘\-\l\-j"‘:j
wing [Teoveticall o Ener, HE J’““’J
! Load  |generated |, gy d -Igv Curtailme i
Province (GW) Ca(psi\cilty energy |nt$3\r’e;lte Curfre:,lv rr\:ent nt Ratio
@W) | rwpy | TWH) | (Twh)
Xinjiang | 28.04 | 18.06 45.15 319 13.25 29%
Inner 130,46 | 2670 | 646 55.1 95 s | 87
Mongolia D oggy J 33%
Gansu 13.90 | 12.82 27.98 18.8 9.18 33% % 20% 29%
Jilin 5.05 10.96 8.7 2.26 21% 8 ...
7 g 2% 1%
Hebei 11.81 28.33 26.3 2.03 7% = sk
Heilongjiang 57 | 1255 10.8 1.75 14% § g 1% jax T
Liaoning 7.11 16.32 15 1.32 8% E 10% B 7 -
Shanxi 8.72 17.6 16.5 11 6% § - I 5% 4% -
Ningxia 9.42 16.27 15.5 0.77 5% ~,. A AR RANR I | I _ l i =
Yunnan 8.19 20.47 19.9 0.57 3% 8 % Wl % AESREL IF @i UuE T RA =

MA MATER STUDIORUM

Courtesy of Prof. Chongging Kang Tsinghua University, China
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Virtual Inertia Technique of DFIGs

Lerid | —
Reactive f—ll
» Power || oo e—— ( C— Ve
Controller [ 1 T
o et et Generator \ ‘m———=_ Capacitor
o E:E:g EﬂC[‘g}-‘ t’.gcn =J fﬂml; /2 f‘,'m[] = t‘tlc Vdrll'll 2
iq lim re id lim re = _ 2 - — ] " : r
q_l - f l l d71 B f :[rl.erlla H - l)r(f.}n:f .'Ill {2 I J"irnlcd] H{l - { drI’ dc ||HI (2 '/Arated)
1
— A 5
+—> .
Transformer P.Q Power extracted from DC-link
Bus _ 1
o 1 _dV?2
. . . P==-C dc
Figure Block diagram representation of GSC control - 2 dt

From J.A. Adu et al. Proc. SynEnergy Med 2019.

LMA MATER STUDIORUM
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Virtual inertia technique of BESS

f grid P ref
Frequency

> Wﬂ\

( P meas \
PQ
v Controller

V_meas Id_ref

v

A J

Iq ref

Transformer

Bus

Figure Block diagram representation of BESS control

(A

P =-Af +@%

K, gives the droop control
and emulates the linear
damping of a synchronous
generator.

From J.A. Adu et al. Proc. SynEnergy Med 2019
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K; provides a faster
dynamic frequency
response and helps to
limit the ROCOF by
emulating the inertia.

MA MATER STUDIORUM
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IEEE modified 13-node feeder connected to an
external grid.

MAIN GRID
0.69/4.16kV CB
08 116K @ 650 g At t=0 CB opens for islanding

|
I P = ——————— el
| | BATTERY ENERGY

4.16/0.48kV ! STORAGE . .
I ' The islanding causes a frequency

WIND | 1

POWER | @ 9 —9 .—((I)—.—"HH— 1 . .. .

STATION. 646 632 633 ' deviation as the result of active
|

0.4/0.48KV power imbalance of 4.56 MW.

0.4/4.16kV For continuous and safe operation of

° ° ° . ‘
611 684 671 692 675

9 B ° ° - the microgrid, fast inertia response is

@ Transformer 652 680 | v .. I . I f .

O Voltge regatr AN A critical to avoid abnormal frequencies
B N and voltages.

0 Circuit Breaker g

Before islanding occurs, the network imports
4.56 MW and 1.58 Mvar active and reactive power,
respectively, from the external grid.

From J.A. Adu et al. Proc. SynEnergy Med 2019
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Frequency and ROCOF

L
ey

without VI supports

(%]
(%]

L
o]

Z g O
- )
gt & 5
g &
5 50 Q -10
= 8 —— with BESS and Capacitor VI support
b -15

49 e with BESS VI support

-20
without VI supports
48 95
47 =0
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 03 0 0.005 0.01 0.015 0.02 0.025 0.03
Time (s) Time (s)

e Unstable frequency with no virtual inertia implementation.

* In case the BESS virtual inertia scheme is introduced in the simulation model, the frequency
nadir value improves, and it is maintained within acceptable limits.

* Frequency stability with very low frequency nadir values when the DC-link capacitor control
is also considered.

From J.A. Adu et al. Proc. SynEnergy Med 2019

LMA MATER STUDIORUM
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The ‘Winter Package’

ﬁ\ December 2018, the European Union approved the first part of a \
comprehensive legislative package entitled ‘Clean Energy for all
Europeans (CEP)’, also known as Winter Package. The EU Directive aims
to put in place appropriate legal frameworks to enable the energy
transition and give a special role to citizens and communities activities,
introducing the Energy Community into the regulatory framework. The

KCEP should be transposed into the national laws by March 2020. /

4 B

Member States should put in place appropriate measures such as
national network codes and market rules, and incentivize distribution
system operators through network tariffs which do not create obstacles
to flexibility or to the improvement of energy efficiency in the grid.

(& /

ALMA MATER STUDIORUM

UNIVERSITA DI BOLGGNA
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Local Energy

Energy Companies

BMG is powered by EXERGQGY, a

blockchain enabled platform %
which allows for local energy @ E| @
transactions through an online  Local Residential Residential

Consumers Prosumers
marketplace. m

MicrOCED [

Local Business powered by Local Business
Consumers Prosumers

Regional Energy Community Solar
Connected with a
E TAGe smart meter

.\i_\gx-?oc
{( o) ALMA MATER STUDIORUM
55/ UNIVERSITA DI BOLOGNA




Local Energy Community (LEC)

Utility Grid °

Mg I) Grid Meter

Prosumer
PV
Storage
Loads

33

A LEC is a set of residential or small
industrial sites, each connected to the
same distribution network and acting
as a prosumer.

Aim of the community is to

— minimize the power exchanges
with the utility grid (reduce
dependence, enhance self-
consumption)

— reduce the energy procurement
costs

— trade the overproduction with
others

ALMA MATER STUDIORUM

UNIVERSITA DI BOLOGNA




Billing scheme

a) In each time interval, if the LEC buys
energy from the utility grid the
relevant cost is allocated to each
consumer i proportionally to the ratio
between its consumption and the
total consumption in the LEC.

Utility Grid

Mg I) Grid Meter

If the LEC sells energy to the utility
grid, the corresponding revenue is
allocated to each producer j
proportionally to the contribution of j
to the total LEC production.

Each consumer i is also charged for the
energy bought from the producers of
the LEC. The corresponding revenue of
producer j is estimated proportionally

Prosume . . )
PV to the contribution of j to the total LEC
5{3{;’" € production as in step b).
Given the collaborative characteristic of the LEC, a prosumer ALMA MATER STUDIORUM

UNIVERSITA DI BOLOGNA

34cannot act as producer and as consumer in the same time interval
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Objective

1. Optimized day-ahead scheduling of the use of the batteries, as DG
from renewables is mainly not-dispatchable

2. Calculation of the prices of energy transactions of each prosumer j in
each time interval and allocate the network power loss for each
energy exchange

The problem has been addressed with the design of a specific
distributed optimization procedure based on the adoption of the
alternating direction method of multipliers approach (ADMM)

The ADMM solution is compared with the solution obtained by using
a centralized mathematical programming model (MILP approach).

It is assumed that the prices of exchanges with the utility grid are
predefined, although they vary according to the time of day.

MA MATER STUDIORUM

NIVERSITA DI BOLOGNA
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Different aspects

Planning (both users and grid investments)

Scheduling ) day ahead

Intraday scheduling and control

o wm m Em m Em e o e Em e e mm
- ——
-_ ~~
—-— —y

— —
~- _—
-——— —-—

e o o o o o o o

Services to the network

LMA MATER STUDIORUM
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Centralized Approach

Network cost/revenue

MILP model | |

: t pt t pt (1)
OF = mmZ(ﬂbubeuy_Gridi o 7z-seIIPseII_Gridi )At
teT
ieQ)
with the coupling constraint equilibrium between the energy bought from
producer i by the other prosumers and the energy sold by producer i

Equilibrium of energy

t t _

Pselli,j - 'Dbuy i 0 bought prosumer i — others (2)
(what is being offered is bought)

and other constraints for each prosumer:

» avoid simultaneous purchase and selling by the same prosumer

* Ineach time interval ¢, purchases and sales are limited by constraints
* model of the BES units

e power balance for the j-th prosumer

f"\l ALMA MATER STUDIORUM

/ UNIVERSITA DI BOLOGNA




t t gt
Pbuy_Gridi =0and 'Dbuyi,j =0 if u; =0 UI e {1,0} no simultaneous purchase and
; ; et selling (grid indicator constraint)
PseII_Gridi =0 and Pselli,j =0 if u; =1
t max t max t max t max
O < FI:)uy_Gridi < I:Jbuyi O < 'DseII_Gridi < Pselli O < Pbuyi,j < Pbuyi O < Pselli,j < 'Dselli

EI;ESi = EI;;i _I_(Pcthinchi _Pdtisi [ My )AL

Eocs, =E -‘I‘(Pt:1 77chi_'Dt:1 /Udisi)At PCIIIi:O if UIIBESi:O uéESie{l'OI

BES i max,i BES / BES i
BEs; — Cges dis i BES| 1

no simultaneous charge and discharge

I
I
I
I
I
I
I
e e ieo L, =0 if U
I
I
I
I
I
I
I

t max t max
O S PBES_disi S PBESi O S PBES_chi S PBESi
min t max
EBESi S EBESi S EBESi BES mOdeI

MA MATER STUDIORUM

IVERSITA DI BOLOGNA

38




39

Power balance

t t t t
PGi + PBES_disi + Pbuy_Gridi + Z'Dbuyi,j
jeQ
j#i

=P . +P,

BES_ch,i

1 t
seII _Gridi +Z selli,j szb,i

jeQd beB
j#i

Power loss estimation — first stage

Li),i - %(Fbt,i )2

F

b,i

Ao, P —A

Grid b,i” buy_Gridi

Pt

Grid b,i" sell_Gridi

+ZAbIJ buyi,j ZAblj selli,j

jeQ jeQ
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Power balance

t t t t
PGk + PBES_disk 77buy_Grid kauy_Gridk Zpbuy k,j
t
P
t t sell_Gridk
R+ PBES_ch k

nseII_Grid k

Power loss estimation — second stage

t t
ZLbuy_Grid b,k Pbuy k,j
77t =1 —beB 77buv ki~ pt ZL
buy Grid k Pt buy k,/ buy b,k,j
buy_Grid k beB
Pt
t . sell_Grid k
nseII_Gridk T Pt t
P, ....+>L.,_..
sell_Grid k Z sell_Grid b,k
beB

Each prosumer i compensates for losses due to its transactions

with the utility grid and sale transactions with other
40 prosumers. NIVERSITA DI BOLOGNA
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Distributed Approach

Alternating Direction Method of Multipliers (ADMM)

ﬂ-bubeuy GrldkAt ﬂ-seIIPseII _Grid kAt +
OF = min t t
; Zﬂ“ buy k, jAt ﬂ“ Z sellk,j C) (3)
jeQ jeQ
| j#k J#k ]
‘ t 2 t 2
:m'P'[Z_’Dsenk,j) +Z(Pbuyk,j ] (4)
JjeQ jeQd
j#k j#k

The distributed procedure :

- aims at minimizing the energy procurement cost of the LEC considering the power loss in

the internal network;

- the internal network losses are allocated to each energy transaction between two

prosumers or between a prosumer and the utility grid;

- the results obtained by the distributed algorithm are compared ,

centralized before described model that includes the same constraifits yower loss
4]allocation;
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Initialization

Algorithm

/ Output

Parameters initialization

.&;:-(,‘r +7T

v=1

« Constraints set
« SolveOF ¥V k
« return local optimal solution ¥ k

/- Calculate Primal and Dual residual \
terms

\- Update prices A

v=r+1

*)  m=5.10" < >

At each ADMM iteration, the power bought or
sold by each prosumer j calculated in the
previous iteration is made known to all
prosumers.

These values are considered as parameters in
the optimization problem solved by prosumer
k at the current iteration and they are denoted
by a hat in the model.

>

. B:anch power flow
. transactions i - j
+ Prices A of transactions

* BES units State of Energy //
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Distributed ADMM approach
iterative procedure

Lagrangian decomposition for each prosumer k Hat = parameter

From Constrain
Network cost/revenue = OF rro __CO.Sti t
Equﬂlbrlum

| | |
ITagrange mL{I I|er
OF - mIrlzﬂ-buy buy Grid kAt seIIPseII GndkAt-I— Zﬂ’t buy k, j ﬂ'k I:)ellk JAt-I—ft

teT JeQ jeQ
JEL JEL

_m P [Z( buyj.k SeIij) +Z( buyk, j P;"jak)z]

| j_eQ J_EQ
Penalty parameter— | 17K J#k

Augmented by squared norm

Constraints are the same as those used in the Centralized approach,
and to improve the convergence we have added two constraints:

P, +2 R,
sellk,j — buy_Grldj buy j,i
ieQ
i=]j
<
t t
I:)buyk i — I:)sell _Grid j +Z sell j,i
ieQ
i
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Distributed ADMM approach
update of Lagrangian multipliers

= iteration
Primal residual for prosumer k

Prices update

| |
l;/+1:/’]"l’_|_2m.p.rk‘/ “ rk z buy j .k Z 2ol K, |

jeQ jeQ
j=k j=k
yo | resi | term
u 2a;e o v
P k Z sell K, j Z sell K, j
1 t jeQ jeQ
P = pv/z S, ) ) @& s - v-1
o otherwise [Z buyk;} [Z buykjj
jeQ jeQ ]

. . t
stop criteria: |I’k | <&
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Test case

Utility Grid 1 day, divided into 96 periods of 15 minutes each.

2 LV feeders, each feeder consists of five lines.

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

E o 5 prosumers are connected to each feeder: prosumers 1-5
5 IZ:ZI Eﬁ ==+| to a feeder and prosumers 6-10 to the other. Each prosumer

. A j is equipped with a BES, a PV system and a load.
: _ The total daily consumption of the LEC is 313 kWh and the
E:]Emlz_#lnﬂ | corresponding PV production is 231 kWh (73.8% of the
load).

o F The total capacity of the BES units is 30 kWh (13% of the
daily PV production).
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Load, PV production and price profiles

power profile in kW

___size (kwh) [
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time in h

 prosumer | 11213 /4 /51671809 |10 VEEYEETGEENIEEER)
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2
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0.35
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ADMM convergence
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Exchange of energy with the grid

50

50

40 I__ Centralized 40 Centralized

30 30 L

20 |
20 L 0

10 |

-10 |

-20 |

power exchange with the grid (kW)
o
I
power exchange with the grid (kW)

-30 : ‘ -40 ! ! !
0 6 12 0

time (h)

time (h)

without BES units with BES units
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Price calculation

0.4

o
w

energy price (€/kWh)
(=]
i o

o
[y
'
s
H
.
.
*

centrali

49

with BES units

0.4
¢ prosumer
-
i =03
=
er]
5
8o2
......................................... ... =
o0
uh]
01 b
P ...m....!.,...... .............
| 0
12 16 0
time (h)

zed model

......... n_se“ - prosumer
ooy sevengeer
P I [—— ey W I
°'“'“'“""""“u'i'i;;i".;; ...... ;I"...!...i.l.... ...... P S ':"- ..... 1:'; """"""
8 12 16 20 24
time (h)

ADMM procedure
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Energy in the battery energy storage

30
=
=
X<
]
E
3 20
Ll
o
[}]
]
£
& 10
Q
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0
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OF and power loss

without BES units

T oF@ tosses (cwh)
27.19 362
BT 36

with BES units

| OF(g) llosses(kwh)
18.06 3.41
DT 18.06 3.44
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Advantages for the prosumers

Energy Procurement Cost in € (negative values indicate revenues) for each
prosumer in Feeder 1 and 2 without BES units

__ prosumer | 1 | 2 | 3 | 4 | 5
6.82 0.87 2.09 -0.43 0.22
. ADMM X 0.89 2.08 -0.44 0.19
7.36 1.03 2.16 -0.20 0.37

____ prosumer | 6 | 7 | 8 | 9 | 10
-0.08 15.90 2.17 0.10 -0.65
. ADMM R 15.95 2.17 0.09 -0.66

without internal exchanges -0.16 17.45 2.40 0.18 -0.22

The total energy procurement cost of the LEC is around 11% less than the
corresponding cost without internal transaction among the prosumers.
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Advantages for the prosumers

Energy Procurement Cost in € (negative values indicate revenues) for each
prosumer in Feeder 1 and 2 with BES units

__ prosumer | 1 | 2 | 3 | 4 | 5
5.25 0.09 0.98 -0.97 -0.63
. ADMM [ 0.10 0.99 -0.96 -0.61
5.47 0.29 1.12 -0.79 -0.43

___ prosumer | 6 | 7 | 8 | 9 | 10
-0.21 14.86 1.66 -0.45 -2.23
| ADMM RN 14.85 1.66 -0.44 -2.24
-0.14 16.47 1.74 -0.29 -1.63

The total energy procurement cost of the LEC is around 16% less than the
corresponding cost without internal transaction among the prosumers.
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LEC — Conclusions of the study — recently accepted for
publication on IEEE Trans on PWRS

Day-ahead Scheduling of a Local Energy
Community: An Alternating Direction Method
of Multipliers Approach

Stefano Lilla, Student Member, IEEE, Camilo Orozco, Student Member, IEEE, A, Borghetti, Fellow,
IEEE, F. Napolitano, Senior Member, IEEE, F. Tossani, Member, IEEE

In the centralized procedure, the prices are the Lagrangian multipliers of the
constraints (2). In the distributed procedure, the prices are updated at each
iteration to reduce the mismatch between the energy sold by each prosumer i
and the energy bought by the other prosumers from prosumer J.
Notwithstanding these differences, the profiles of the prices are similar for both
the cases with and without BES units.

For each prosumer, the results confirm the cost reduction or revenue increase
in the LEC compared to the case in which it can only transact with an external
energy provider.
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Day-ahead scheduling of a local energy community

The application of the ADMM procedure in a LEC is characterized by novel

aspects with respect to the approaches already presented in the

literature:

e presence of various energy storage systems,

e inclusion of the power losses of the local network and their allocation
to each transaction

e reduction of the information that each prosumer must share with the
other prosumers or with a coordinator

A centralized approach, in which a control unit performs the entire optimization =
prosumers communicate all the details of the equipment features as well as the load and
production forecasts.

ADMM-based distributed procedure = reduces the amount of shared information: the only
information that every prosumer must communicate is the profile of the exchanges with
the external grid and with the other prosumers for updating the multipliers at each

iteration and for the evaluation of the transaction efficiencies.
ALMA MATER STUDIORUM

IVERSITA DI BOLOGNA
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For further reading

The need of multidisciplinary approaches and engineering tools for the development and implementation of the smart
city paradigm. Andrisano, O.; Bartolini, I.; Bellavista, P.; Boeri, A.; Bononi, L.; Borghetti, A.; Brath, A.; Corazza, G., E.;
Corradi, A.; de Miranda, S.; Fava, F.; Foschini, L.; Leoni, G.; Longo, D.; Milano, M.; Napolitano, F.; Nucci, C., A.; Pasolini, G.;
Patella, M.; Salmon Cinotti, T.; Tarchi, D.; Ubertini, F.; and Vigo, D. Proceedings of the IEEE, 106(4): 738-760. 4 2018.

Electric power engineering education: cultivating the talent in the United Kingdom and italy to build the low-carbon
economy of the future. Chicco, G.; Crossley, P.; and Nucci, C., A. IEEE Power and Energy Magazine, 16: 53-63. 2018.

Mixed integer programming model for the operation of an experimental low-voltage network. Lilla, S.; Borghetti, A.;
Napolitano, F.; Tossani, F.; Pavanello, D.; Gabioud, D.; Maret, Y.; and Nucci, C., A. In 2017 IEEE Manchester PowerTech,
pages 1\textendash6, 6 2017. IEEE

Comparison between multistage stochastic optimization programming and Monte Carlo simulations for the operation of
local energy systems. C. Orozco, A. Borghetti, S. Lilla, G. Pulazza, and F. Tossani in IEEE International Conference on
Environment and Electrical Engineering (EEEIC), 2018.

Robust optimization for virtual power plants. De Filippo, A.; Lombardi, M.; Milano, M.; and Borghetti, A. In Advances in
Artificial Intelligence AI*IA 2017, Lecture Notes in Computer Science, vol 10640., pages 17-30, 11 2017. Springer, Cham

An ADMM Approach for day-ahead scheduling of a local energy community. C. Orozco, A. Borghetti, S. Lilla, F. Napolitano,
F. Tossani, IEEE PowerTech Conference, Milan, Italy, 2019.

Virtual Inertia in a Microgrid with Renewable Generation and a Battery Energy Storage System in Islanding Transition, J.A.
Adu, Juan D. Rios Penaloza, F. Napolitano, F. Tossani, Proc SynenergyMed, Cagliari, Italy, May, 2019.

Day-ahead Scheduling of a Local Energy Community: An Alternating Direction Method of Multipliers Approach, S. Lilla, C.
c Orozco, A. Borghetti, F. Napolitano, F. Tossani, accepted for publication on IEEE Trans on PWRS, 2019.
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