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Executive Summary

For the first two years of SmartHG, the

website was designed as a repository to -
keep project information, newsletters, and
related publications. The website look was
as clean and simple as shown in Fig. [A]
The technical section only contained
experimental and economic evaluation in-
formation concerning all SmartHG services
but showed no information on the hard-
ware deployed in SmartHG testbeds.
Moreover, the SmartHG project was
introduced to social media such as Face-
book and Twitter but it was not catch-
ing the social attention it could earn. Fi-
nally, SmartHG test-beds, deployed hard-
ware and technology benefits were not il-
lustrated in a way suitable for the general audience.

site Home Page

Figure A: 15 (left) and 2"¢ (right) Year Web-

TechnicalSecton

Figure B: New Website

Home Page

Our goal with new and completely redesigned SmartHG
website (Fig. is to provide our visitors (energy distribu-
tors, retailers, residential users or simple onlookers) with an
easier way to learn about SmartHG aims, services, and ben-
efits. Besides an improvement in the integration with social
media (Facebook, Twitter, and Linkedin) the site contains an
initial animation showing the idea behind SmartHG services.
This introductory movie tells a story to the general audience,
showing the differences in energy usage and costs between a
quarter without SmartHG technology and one equipped with
our technology. This story should attract more visitors and
convince them that it is worth investigating on the whole
website and on project results.

Amongst the new features and improvements in the web-
site general section both in graphics and structure (Chapt. ,
the site contains also a revised and easy-to-use technical sec-
tion expressing useful information on data directly gathered

from SmartHG test-beds, by means of SmartHG facilities (Chapt. . Security and pri-
vacy issues have been duly taken into account in selecting the project data that can be
made public through the project website.

More than that, the new technical section shows an attractive showcase exposing all

information on the hardware (sensors, gateways,

...) deployed in SmartHG test-beds.
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Chapter 1

(General Section of SmartHG Project
Website

The SmartHG website is aimed at a widespread dissemination of the project, consortium,
objectives, expected impacts and main achieved results, when publishable.

The current SmartHG website has been realized in WordPress (https://wordpress.
com) platform. Similar to Joomla (https://www.joomla.org/) used in the previous
version, WordPress is a free software package that allows easy publishing, managing and
organizing of a wide variety of contents on a website. WordPress software is sustained by
the following peculiarities as well:

e [t provides flexibility, scalability and simplicity for the website construction, content
generation, general maintenance and upgrades;

e [t offers a user-friendly interface to navigate;
e Documentation, and a community of developers provide technical support;
e It is an open source solution (General Public License (GNU)), therefore it is free.

Furthermore, WordPress is used by more users and web platforms, it offers more
plugins, some of which are considered as essential in current version.

Different from the last version, the current website is more user friendly, user oriented
and interactive. Menus are reorganized and grouped in a proper way; more graphic icons
are inserted making the new website more attractive and easy understanding.

Besides the default home page, the main menu of the website contains the following
bookmarks: SmartHG Overview, Project, Consortium, Benefits, Technical Section, News
& Events, Downloads, Networking, Newsletter, and Contact (see Figure . Short
description of the functionality of these bookmarks will be given in the following sections.

1.1 Home page

Figure [1.2] shows the latest design of the Home Page of the SmartHG project website.
It is composed of 3 main parts:

1. Animation of SmartHG Project.

It is a responsive animation made with 3D drawings. After loading the website,
the animation will be started automatically showing the general ideas of SmartHG

2
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Figure 1.1: Bookmarks of the website

project and benefits for Distribution System Operators (DSOk) in a dynamic way.
The main goal of such animation is not to show all the achieved scientific results
and benefits to the user, which is too complex for the first visit, but to give a first
impression and core ideas of the project.

In current animation, two districts are presented: SmartHG District on the left side,
where SmartHG technologies are applied in houses, power grid and the [DSOl and
Normal District on the right side, where no smart technologies are used. In each
side, there is a load curve, which shows the total consumption of the substation of
each district.

Figure [1.3[shows a frame of both districts at 3:00 at night, at such hour, both loads
are in the valley position as shown in the curves, since there are no user activities
in homes and only few consumptions, but looking into the details of each district,
the substation of the left side are working with more loads and the electrical load of
the houses to the grid are also higher than the right side, thanks to the SmartHG
technology, at such hours, batteries of each house and electrical vehicles are making
use of the cheap electricity, batteries are being charged and some appliances, such
as the washing machines are working. In this way, direct benefits are expected for
the left side, such as the consumption are shift to the off-peak hour, energy bill
is reduced, substation load is balanced etc. while on the right side, maybe cheap
electricity is wasted due to the small amount of consumption and the cost for
could be higher.

Figure [I.4] shows a frame of both districts at 21:00 at night, at such hour, both
loads are in the peak position as indicated in the curves, more in-house activities
are shown and thus causing higher loads to the grid. Looking into the details of
each district, the substation of the left side are working with less stress and is still
in green status, while the substation of the right side are overloaded and has passed
the safety limit, houses on the left side have caused less stress to the grid and
the load bars are not full, while on the right side, all the houses are in red status
demanding more electricity from the grid. The easy status of the left side is due to
the use of SmartHG technology, batteries are discharging and providing electricity
to the appliances, bearing a certain stress for the substation, some appliances (i.e.
the washing machine) are off, note that the electricity tariff at such peak hour is
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¥ f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation

ﬁ ﬁ SmartHG Overview Project Consortium  Benefits ~ Tachnical Section ~ Mews & Events Downloads ~ Networking Mewsletter Contact

Restricted Area

Power requested 1o substation

Subs, Safaty

Uimie

Benefits

Technical Section Benefits Downloads

Learn everything about SmartHG Platform SmartHG Platform helps DSOs in reducing M&0O Enjoy SmartHG downloadable material
software and hardware deployed at our testbeds, cost, improving grid performance, reducing CO2 publications, presentations. reports. brochures,
analytics on gathered data, evaluation of our emissions for society and energy cost for posters and videos.
product residential users

SmartHG Project Tweets —

designdenergy GoesignesneryEy zon o
oo @BiMgCs @thinkBIM @bimacademy I

The SmartHG project delivers a suite of Integrated software services (the SmartHG Platform) supporting {@ArchDigest @TheBIMHub
management of the Elactrical Distribution Network (SmartHG Grid Services) as well as of energy storage € :::‘éﬁf:;ﬁ;% @éﬂﬂ'éf;'
devices, such as batteries or electrical vehicles, at residential homes (SmartHG Home Services) in order to: @autodesk @Ace_Cae

1. Keep operating conditions of the electrical grid within given healthy bounds (@worldarchnews

2. Minimise energy costs 3 Retweeted by SmarlHG project

3. Minimise CO2 emissions @ Expand

Such possibly conflicting objectives are achieved by project samt eprae <
SmartHG @smanneergject s oo

1. Exploiting knowladge (demand awareness) of electrical energy preduction/consumptien habits of i September 29 2015: Final £SmartHG
residential users as gained from SmartHG sensing and communication infrastructure workshop at IMDEA Energy Institute,

2. Developing a two-tier hierarchical control schema where at the top tier the D50 computes (SmartHG hgz;r:n(cﬁ:")' #smartgnd #eneray
Grid Services) power censtraints for each home and at the bottom tier each home controls (SmartHG pic.twitter.com/SHGwRbUeFY
Home Services) energy storage devices in order to meet DSO provided power constraints. ? Y

+ Optimize energy usage
+ Reduce energy cost

Intelligent
Automation

Services

= Grid operation Optimization
= Costreduction

@ Expand

Twest to @SmanHGRTDject

Back to top

Figure 1.2: Home page of SmartHG Website
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Power requested to substation
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Figure 1.3: Animation at 3 o’clock at night

high, but the electricity from the battery is obtained from the valley hour, thus the
SmartHG houses are spending less money on their power consumption, while the
is happy with the balanced load and less cost and maintenance problem. All
things are changed for the right side, the electrical vehicle is charging and the peak
loads from each house cause higher stress to the substation, and all the cost are
higher compared to the left side as well.

Figure 1.4: Animation at 9 o’clock at night

There are more frames showing the different status of the substation, electricity load
of each house, status of charge of the batteries and appliances. By visualizing this
animation, it is expected to perceive a certain understanding of the project ideas in
an easy way.

2. Main entries of the website.

There are three main direct entries (see Figure [1.5]) to the following three parts of
the website: Technical section, Benefits and Downloads.
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Technical Section Benefits Downloads
Learn everything about SmartHG Platform: SmartHG Platform helps DSOs in reducing M&0 Enjoy SmartHG downloadable material:
software and hardware deployed at our testbeds, cost, improving grid performance, reducing CO2 publications, presentations, reports, brochures,
analytics on gathered data, evaluation of our emissions for society and energy cost for posters and videos.

product residential users m
More info More info

Figure 1.5: Main direct entries

The main purpose of having these three main entries is not only for the esthetical
design of the web page, but also to give more emphasis on these three sections and
to catch more users’ attention. For the benefits section, the icon (Figure here is
designed to show directly the most important benefits that SmartHG can provide,
which cover benefits for the [DSO| Grid, environment, and residential users. By
clicking the “More info” button, users will be directed to the corresponding webpage
with detailed descriptions.

Home: Optimize
Energy Usage
Grid:
Load Balance

Home:
Bill Reduction

Benefits

Grid:
Cost reduction

Environment:

CO2 Reduction
Grid:

Optimize operation

Figure 1.6: SmartHG benefits
3. SmartHG Project Overview and tweets.
The main goals of the project are summarized in a way to be interesting and easy

understanding for the wide public, which are clear and simple. The high level
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methodology used in the project is also presented in such section with technical
description and graphic, more details about the platform can be visualized in the
page SmartHG Overview. On the right side, latest tweets are also listed, visitors
can easily click in to check more details and follow our tweets. Figure [I.7 shows the
detail of the part 3 of the home page.

SmartHG Project Tweets 3 o

The SmartHG project delivers a suite of Integrated software services (the SmartHG Platform) supporting
management of the Elactrical Distribution Metwork (SmarntHG Grid Services) 2s well as of energy storage
devices, such as batteries or electrical wehicles, at residential homes [SmartHG Home Services) in order to:
1. Keep operating conditions of the electrical grid within given healthy bounds
2. Minimise energy costs

3. Minimise CO2 emissions @ Expand
Such ibl flicting objectiv achieved by:

uch possibly contiicting objectives are achieved by . SmartHG project @smanHGPoject 5 Oct
1. Exploiting knowledge (demand awareness) of electrical energy production/consumption habits of * Septemnber 29 2015: Final #SmanHG

residential users as gained from SmartHG sensing and communication infrastructure workshop at IMDEA Energy Institute,
Madrid {_S_paln). Hsmartgrid #energy

2. Developing a two-tier hierarchical control schema whare at the top tier the D50 computes (SmartHG Hemar

#smal

Grid Services) power constraints for each home and at the bottom tier each home controls (SmartHG -
Home Services) energy storage devices in order to meet DSO provided power constraints.

.com/SHGwWRbUeFY

= Optimize energy usage
= Reduce energy cost

Intelligent.
Automation

Services

= Grid operation Optimization
* Cost reduction ¢ Expand -

Tweet to @ SmartHGProject

Figure 1.7: SmartHG Project Overview and tweets

1.2 General page structure

In current web design, the layout of the general section of website is further simplified
aiming to show directly the key messages and facilitate the operation to the users, all the
menus are grouped and positioned in the top area, so that the visitors can easily find all
information in which they may be interested.

The general structure of the webpages is made up of the following parts (see Figure

i3)
1. Top area (header):

Project logo;

Acronym and full name of the project;
Links to SmartHG Twitter account, Facebook and Linkedin page;
Pull-Down Main Menus with foldable effect as shown in Figure [I.9]

2. Central area: the main content of the current page of the website. Depending on
the webpage that the visitor enters, the content could be different, for instance, for
a higher level of webpage (i.e. Downloads page), more buttons or icons are provided
for further selection instead of direct downloads.
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€ | @ smarthg di.uniromal it/ project/ C || Q Search wB U ¥ A 08 =
=S U v f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation
A-SmarttG-R
“ A SmartHG Overview Project Consortium Benefits - Technical Section ~ News & Events Downloads ~ Networking Newsletrer Contact
Header

Project

Project Acronym: SmartHG
Project Title: Energy Demand Aware Open Services for Smart Grid Intelligent Automation
Project Number: 317761

Starting date: Ocrober 1, 2012

Duration in months: 36

Funding: € 3,299,998.00

Call (part) identifier. FP7-1CT-2011-8

Work programme topic addressed:

* Challenge: 6: ICT for a low carbon economy

* Objective: ICT-2011.6.1 Smart Energy Grids

® Target Qutcome: d) Home energy contrelling hubs that will collect real-time or near real-time data on energy consumpticn data from smart household
appliances and enable intelligent automation.

Funding scheme: Collaborative project

Coordinating parson: Enrico Tronci, Department of Computer Science, Sapienza University of Rome

The research leading to these results has raceived
funding from the European Uni rventh
Framework Programma (FP7/2007-2013) under

grant agreement n* 317761. @ SmartHG 2015

Figure 1.8: General webpage structure
Downloads ~ Networking
Publications
Prescntation
Reports
Brochures

Posters

Videos

Figure 1.9: Foldable menu

3. Bottom area (footer):

e European Union flag;
e Acknowledge to SmartHG funding;
e Back to Top link.

1.3 Responsive display
In current version, the web page are designed as responsive, depending on the device

used or the navigator’s size, the organization of the content could be different aiming to
facilitate the most comfortable visualization and operation for the visitors.

8,26
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For instance, for full window navigation in a PC, the top menu could look like Figure

11O

€ | 9 @& smarthg.diuniromal.it/smarthg-platform-2/ Ed v & || Q Search w8 +$ A/ O =
- | : : : :
x ¥ f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation
i-smartH{G8
Ja “ B SmartHG Overview Project Comsortium  Bencfits - Tochnical Soction - Mews & Events  Downloads - Networking  Nowslettor  Contact

Figure 1.10: Normal menu

When the visitor is scrolling down and checking detail contents, the main menu could
be pull-up and the logo’s size will be reduced leaving more spaces for the central area,
which looks like Figure|1.11

€ ) % @ :marthg.diuniromal it/smarthg-platform-2 Elv @ || Q Search wlBa + A & =

. ~

ek SmartHG Overview Project Consortium  Bencfits ~  Technical Section ~  News & Events  Downloads ~  Networking  Newsletter  Contact

SmartHG platform is built with a hierarchical control schema where the Distribution System Operator (DS0) computes, for cach user, an individualised energy usage
profile to be followed. To this end, the DSO proposes to cach user 2n individualised price policy defining costs for consumed anergy as wall as rowards for producad
cnergy. As for cnergy consumption [production (c.g.. from solar pancls)]. for cach time slot (say cach hour} the DSO price policy defines an interval of energy
consumption [production] with s low cost [high reward]. Outside of such an interval the energy cost [reward] is high [low]. In order to minimise cnergy costs cach

Figure 1.11: Menu with reduced size

When the visitor is visiting through mobile device or with reduce window size, the

webpage could looks like Figure [1.12], and by clicking the menu button E, a full menu
list will be shown as Figure [1.13

€ | @ smarthg.diuniromal.it/prej v & || Q Search i B » =

-

o o ()
’%—-S‘m'c‘r"rHG“!,
i ()

w f @ Energy Demand Aware Open
Services for Smart Grid Intelligent
Automation

Project

Project Acronym: SmartHG

Project Title: Encrgy Demand Aware Open Services for Smart Grid Intelligent
Automation

Project Number: 317761

Starting date: October 1, 2012

Duration in months: 36

Funding: € 3.299.998.00

Call (part) identifier: FP7-1CT-2011-8 v

Figure 1.12: Navigating with reduced window size or mobile device
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€ smarthg.diuniremal.it/proj c Search {? B 9 =» =
w £ A Fnerav Demand Aware Onen S

SmartHG QOverviow

Figure 1.13: Menu shown in a list style

1.4 SmartHG Overview

The “SmartHG Overview” page aim at providing a general description of SmartHG project
ideas, key components, control schema and simplified structure. By visualizing this sec-
tion, it is expected that the visitor could gain basic understanding of the entire project
and have the first vision on the Intelligent Automation Services and impression of how
different components are connected with the help of pictures inserted.

This webpage is designed as Figure

1.5 Project

The “Project” page aims at describing key information of the project, including the project
funding, start/end time, call identifier, coordinators etc. A screenshot of the page is
reported in Figure [1.15]

1.6 Consortium

Figure shows the “Consortium” page, where the SmartHG partners are presented. By
clicking the logo of a partner, a brief introduction and contact information of the selected
organisation will be shown, which include the project partner description, web link and
logo.
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E1v @ Q Search wBea 9 3 &4 0 =

€ ) 9 @ smarthg.diuniromal.it/smarthg-platform-2

v f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation

- |
'qu‘-S m'c:'r'tH'G'
T )

SmartHG Overview  Project  Consortium  Benefits ~  Technical Section ~  Neows & Events  Downloads ~  Networking  Newsletter  Contact

SmartHG Overview

SmartHG platform is built with a hierarchical contrel schema where the Distribution System Operator (DSQ) computes, for cach user, an individualised energy usage
profile to be followed. To this end. the DSO proposes to cach user an individualised price policy defining costs for consumed cnergy as well as rewards for produced
cnergy. As for energy consumption [production (e.g. from solar pancls)], for cach time slot (say cach hour) the DSO price policy defines an interval of enargy
consumption [production] with a low cost [high reward]. Outside of such an interval the energy cost [reward] is high [low]. In order to minimise energy costs cach
user is advisad to follow 3 power profile with low anergy cost (for consumption) or with high energy reward (for production). Users will exploit load shifting, enargy
storage {c.q.. batteries or plug-in hybrid clactric vehiclos) and energy production {e.g.. from solar pancls) to follow the encrgy profile proposed by the DSO.

The following figure summarises the SmartHG hicrarchical control schema.

Gloval feedback

Distribution
System
Operator

Grid Intelligent Automation Services
{GIASS)-

Support the DSO in computing. for cach user and
for cach time slot, an offoctive, fair and safe cnergy
usage profile communicated to the user by means of
a price policy.

Home Intclligent Automation Services
(HIASS):

Support users in following their DSO suggested
power profile by computing a control strategy for
home appliances.

Communication services— Database and
Analytics (DB&A)-

Support data cxchange between all entitics involved
namely: GIASs, HIASs, DSO, home davices.

oBA

nternet - -
Smart Home Smart
sensors Automation  Appliances

Control Hub
HECH, HIAS Vehicle

+ Smart Mater Electrical

funding from the Europ

Framework Program

under grant
agreement ri” 317761

Figure 1.14: SmartHG Overview page
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Project

Projact Acronym: SmartHG
Project Title: Energy Demand Aware Open Services for Smart Grid Intelligent Automation
Project Number: 317761

Starting date: October 1, 2012

Duration in months: 36

Funding: € 3,299,995.00

Call (part) identifier: FP7-1CT-2011-3

Work programme topic addressed:

 Challenge: 6: |CT for a low carbon economy
* Objective: ICT-2011.6.1 Smart Energy Grids
* Target Qutcome: d) Home energy controlling hubs that will collect real-time or near real-time data on energy consumption data from smart household
appliances and enable intelligent automation.
Funding scheme: Collaborative project

Coordinating person: Enrico Tronci, Department of Computer Science, Sapienza University of Rome

The research leading to these results has received
funding from the Europaan Union's Saventh

Framework Programme (FP7/2007-2013) under
grant agreement n* 317761. © SmartHG 2015

Eacktatop

Figure 1.15: Project page
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Consortium

The Consortium is composed of 11 partners from 6 differant countries (Italy, Denmark, Israel, Spain, Germany, and Belarus). It includes 2 universities, 2 research
institutions, 1 public entity. and 6 companies. thus resulting in a multidisciplinary partnership. that mix bath theoretical and applied research, as well as a strong
experience in real-world applications.

Find more details by clicking the logo.

SAPIENZA

UNIVERSITA DI ROMA

Sapienza University, one of the largest universities in Europe, has 2 long standing experience in participation and coordination of European
Projects. Its Computer Science Department has about 40 faculties, 15 Ph.D. Students and 5 Post-Docs covering most of subjects in
mainstream computer science. The project will be carried out by the Model Checking Research Lab of the department

The lab, led by Prof. Enrico Tronci, focuses on model-checking-based algorithms and toois for the automatic verification and synthesis of
mission- or safety-critical systems

Role in the project- UNIROMAL, the project coordinator, will focus on the design and development of model-checking-based software
services to compute price policies and to formally verify their safety.

Web: http://mclab.di.uniromal.it/

Panoramic

POWER

Salintel -

seas-nve i)

G=io

Manace=

funding from the

Fr: rk Programm
n' 317

Figure 1.16: Consortium page
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1.7 Benefits

Figure [[.17] shows the “Benefits” page, which is accessible from the direct entry on Home
Page and categorized in three types: Customer benefits, Residential user benefits, and
Environmental benefits. It is important to know that in SmartHG project, the [DSOk are
defined as end users and targeted customers strategically. Having a glance at the icons
for each category, visitors can also get to know the key message of each one, depending
on their personal interests, they can choose to get more details, by clicking on the “More
info” button, visitors will be redirect to the corresponding page (i.e. Figure and
more detail descriptions of the benefits will be presented.

i
%—S‘muﬂ GR

B SmartHG Overview Project Consortium Benefits = Technical Section ~ News & Events Downloads » Metworking Newslatter Contact

v f B Energy Demand Aware Open Services for Smart Grid Intelligent Automation

»

Benefits

The SmartHG Platform is valuable for our direct users: DSO. which can help our customer to reduce cost in maintenance and operation. improve Load Balance for
grid and substations, optimise the EDN operation atc. At the meantime, by adopting SmartHG Flatform, DSO can alse bring relevant benefits to its
clients (residential users) in terms of energy cost reduction, and making the environment more green by reducing COZ emissions and energy consumption.

Such benefits are summarized in the following three categaries:

Customer henefits Residential user benefits Environmental benefits

imeressatne | substation:
capacityof ff PeakShaving
Network [ and longer ife

from the European U
ork Programme (FP7)
17761 ¢

Figure 1.17: Benefits page

fﬁ—S‘m'u-r‘I( v f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation
g A
()

o) SmartHG Overview Project Consortium Benefits - Technical Section ~ News & Events Downloads - MNetworking Newsletter Contact

SmartHG customer benefits

The main benefits that SmartHG Platferm can bring to our customer — DSOs are:

« Reduction in maintenance and operation cost.
« Improve Load Balance for grid and substation, and thus extend the lifecyle of grid components, specially the substation.
« Optimisation in EDN oparation and management.

* Improve the image of the enterprise: be more green and environment Friendly.

In specific. by using SmartHG Platform services for grid. DSOs can:

« Shape demand for electricity by warking with pricing palicies

« Obtain peak shaving and stress relaase for the substations, which slows down substations wearing and cbtain saving stemming from T&D investment
deferral (estimated to be 0.6 EUR/year per residential user)

« Monitor the low voltage grid more closely and control the grid more intelligently to balance central and local production with the growing demand

@ Test grid and test lab: possibilities for a DSO to carry out the testing and developing work in a safe testing environmant

® Contribute to the green city and reduction of GHG

The research leading to these results

funding from the European
Framework Programme (FP: 07-2013) under
qgrant agreement n* 317761, SmartHG 2015

Figure 1.18: Customer benefits
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1.8 Technical Section

Figure [I.19 shows the “Technical Section” page, which is accessible from the direct entry
on Home Page as well and is categorized in five types:

e SmartHG Platform

e Platform: Grid Services

e Platform: Home Services

e Testbeds Data Analytics

e Showcase: Deployed Hardware & User Monitoring & External Data

Similar to the “Benefits” page, user can go into more detail of each category. More details
regarding such page are available in Chapter [2]

%—S‘m'a'rTHG-l, v f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation
: AA

SmartHG Overview Project Consortium Benefits v Technical Section v News & Events Downloads ~ Networking Newsletter Contact Restricted Area v

Technical Section

Learn everything about SmartHG Platform: software and hardware deployed at our testbeds (Kalundborg-Denmark, Central District-Israel, Minsk-Belarus),
analytics on gathered data, showcase of deployed hardware and proprietary external software.

| [
L pairot [ eskshovre
@ ek [ v lonertc
Optinnize. Grid:
B o
artion I

SmartHG Platform

Platform: Grid Services Platform: Home Services

Ererty a
Reduction

Testbads Data Analytics Showcase: Deployed Hardware &

User Mehitsring & External Data
= i

The research leading to these results has received
funding from the European Union's Seventh

Framework Programme (FP7/2007-2013) under
grant agreement n° 317761. © SmartHG 2015

Back to top

Figure 1.19: Technical Section page

15/26



D7.2.2: SmartHG Project Web-SiteSmartHG Project Web-Site
Chapter 1. General Section of SmartHG Project Website

1.9 News & Events

Figure [I.20] shows the “News & Events” page, where information on relevant upcoming
or past events of interest for the project (both within the consortium and outside) is
reported. This page is continuously updated with the support and inputs of the whole
consortium. Latest event is allocated in the first position, passing mouse on the event,
detail information will be shown in a pop-up window (Figure or by clicking the event
title. Visitors can also check the past events in a calendar view by clicking the Agenda

button (Figure

2)

|
=Smar

N

»

“ SmartHG Ovorview  Project Consortium  Benmefits - Tochnical Soction - Mows & Events  Downloads ~  Motworking  Newslotter  Contact

News & Events

mé @EED Join us atthe final SmartHG wor.

N Add~
< [ OCTOBER 2012 — SEPTEMBER 2015 | > & || @ Collapse All | € Expand All [E] Agenda~
[ ocT I
October 2012: Article publi: on i Journal on in Software
23 oOct 23 EESD

Tue
2012

(

24

Wed
2012

Qctober 2012: 5|

ynthesizing Control Software from Booiean Relstions®, an article of Federico Mari, Igor Melatti, vano Salvo and Enrico Tronci has been published on International Journal on
Advances in Soft

Full article details are avaiable here.

Read more

October 2012: Paper presented at IAC 2012
oOct 24 EESD

October 2012: The paper “Colisboration on ISS Experiment Data and Knowledge Representation” of Ed Kuipers, Luigi Carotenuto, Jean-Cristophe Malapert, Daniela Markov-Vetter, igor Helatt,
Andrea Oriandini, and Ranni Pinchuk has been presented at the B3rd Interational Astronautical Congress (IAC 20127 ),

Full paper details are avaiable here

Read more

Figure 1.20: News & Events page

Join us at the final
SmartHG wor...

sep 29 EEED

tea

EJoin us at the final SmartHG wor... ]

The final SmartHG workshop

Demand Aware Services for

Smartgrids will be held at

IMDEA Energy Institute in

Madrid {Spain) on

September 29th, 2015. Here |OCTOBER 2012 — SEPTEMBER 2015 | »

you can find the websits

with the updated
programme and the...]

¥ f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation

News & Events

—= I 4 o o ——

Figure 1.21: Latest event

| | October 2012: Article published on International Journal on Advances in Software
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B

Al || [E] Agenda~
[E] Agenda
= Day

at Mo Month

Week

|
Figure 1.22: View in Agenda mode

1.10 Downloads

“Downloads” section (see Figure collects all documents that may be of interest for
the public audience, to disseminate the SmartHG project results and objectives. These
documents include brochures, posters, presentations, papers, presentations, public deliv-
erables and every other document which may be disseminated outside the consortium.
The page includes 6 different categories corresponding to the different document types:

e Publications

Presentations

Reports

Brochures

Posters

e Video

By clicking on the category, the user will able to visualize and download the selected
documents. For the publications (see Figure, a database is built to provide organized
and downloadable publications (see Figure ; visitors can search and download the
interested papers in an easy way.

1.11 Networking

In the subpage “Networking” (see Figure|1.26|), links and logos of related research projects
are provided and categorized into “Networking and cooperation” and “Other project and
activities related to SmartHG project”.
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ﬁ—S—m—uﬂHG-!, 9y P 9
“ B SmartHG Overview Project Consortium Benefits = Technical Section = Mews & Events Downloads ~ Networking Newsletter Contact

Downloads

Presentation

icati Reports Brouchures

The research leading to these resi
funding from the European Union's

Framework Programme (FP7/2007-2013) undar
grant agresment n* 317761. ® SmartHG 2015

Backiotop

Figure 1.23: Downloads page

x -
'}{—S—m—u'r’rH’G-!,
aaAa

¥ f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation

SmartHG Overview Project Consortium Benefits ~ Technical Section ~ News & Events Downloads ~ Networking MNewsletter Contact

Publications

1) 1)

SmartHG Project Publications

Other Consortium Publications

The research leading to these results has received
funding from the European Union’s Seventh

Framework Programme (FP7/2007-2013) under
grant agreement n* 317761. ® SmartHG 2015

Eackistzp

Figure 1.24: Publications page
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l SmartHG Project Publications
_S‘m'o'r'f G_i‘ Home | Show Al | 5wp>e£.aar:r\ Advanced Search

{.\\ )ﬁ\ Login

Welcome! This database provides access to our scientific literature.

main fields w Search

Browse All Publications Login:

o added: today | yesterday | last 7 days Email admin

o sdited: today | yesterday | lsst 7 cays e [T

o published in: 2015 | 2014 | 2013 | 2012

Login
List of All Publications:
2015
£ Ebeid, S. Griful, 5. Mikkelsen, and R. Jacabsen. “A Methodology to Evaluste Demand Response Communication Protoools for the Smart Grid." In IEEE intemational q e

Gonference on Communications (ICG), UK., 2015
>

B. P Hayes, and M. Prodanovic. "A comparison of MV distribution system stete estimation methods using field data.” In IEEE PES General Meeting, Denver, GO, United '
States., 2015.

>

B. P Hayes, 1. K Gruber, and M ic. "A closed-loop state estimation tool for MV netwerk monitoring and oparstion” IEEE Trnsactions on Smart Grid PP, no. 99 Q M
(2015)

»

B. P. Hayes, J. K. Gruber, and M. Frodanovic. “Shortterm load forecasting at the local level using smart meter data.” In IEEE PES Europe Conference (PowerTech), Eindhoven, § 10F
Netherlands., 2015.
>

E. Kidmase, E. Ebeid, and R. Jacobsen. “A Framework for Predicting User Behavior from the Main Smart Meter Date " In IARIA Fourth Intemationai Gonference on Smart Q™
Systems, Devices snd Technologies (SMART), Switzeriand., 2015,
[

T. Mancini. “Now or Never: unknown " of the 22nd RGRA Infemational Workshop. Ferars, taly. GEUR, 2015. (2015). Q
[ +
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>

2014

B. Hayes, and M. Prodanovic. “Shortterm Gperational Planning and Stete Estimstion in Power Distribution Networks * In Proceedings of the GIRED Eiectricity Distribution '
Workshop . 2014

>

B. Hayes, and M. Frodancvic. "Stete Estimation Techniques for Electric Power Distribution Systems " In Proseedings of the 2014 UKSim-AMSS 8th European Modelling Q™
Symposium (EMS 2014)., 2014

[
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Figure 1.25: Publications database
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SmartHG Overview Project  Consortium  Benefits ~ Technical Section ~ News & Events Downloads ~ Networking Newslarter Contact

Networking

Networking and cooperation activities with the following projects
ADyANCED testenelbil dk RSt SEPAS-NVE & )Win with new electrical habits

ADVANCED 2

(Test-en-elbil) (Vind med nye elvaner)

ﬁf‘ ) X SEMIAH
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e.oncharg'mg of electrical
T=.

storage heaters

.INCREASE B

Other projects and activities related to SmartHG project

suiding Energy Elficioncy for
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Figure 1.26: Networking page
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1.12 Newsletter

Figure [I.27] shows the page with all SmartHG Project Newsletter list. Any web visitor
will able to subscribe the Newsletter by registering her own email address. A plugin is
used to collect and manage the registered users and newsletters. After creating a new
newsletter, the system is able to send the latest newsletter to the registered user in HTML
format, and users can easily click to check more detail with the email received and keep
informed about the project updates and results.

ES ! w f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation
A-SmartTG-R
aA B SmartHG Overview Project Consortium Benefits ~ Tachnical Saction ~ News & Events Downloads ~ Networking Newsletter Contact

Newsletter

Here you could find SmartHG Newsletters.
© SmartHG Newsletter #9
04 May 2015

o SmartHG Newsletter #8
If you are interested in the News & Events of SmartHG project, you could

30 January 2015
subcribe the Newsletter, introducing your email here:

o SmartHG Newsletter #7
10 October 2014
o SmartHG Newsletter #6
Email
04 July 2014

Please fill out this field.
o SmartHG Newsletter #5

31 March 2014

© SmartHG Newsletter #4
28 February 2014

o SmartHG Newsletter #3
31 January 2014

o SmartHG Newsletter #2
16 December 2013

o SmartHG Newsletter #1

11 November 2013

The research leading to these results has received
funding from the European Union's Seventh

Framework Programme (FP7/2007-2013) under
grant agreement n* 317761 & SmartHG 2015

Figure 1.27: Newsletter page

1.13 Contact

The “Contact” page (see Figure provides contact details of the project coordina-
tor (phone number and email), through which more information on the project may be
retrieved. User also can fill the prepared form in the webpage to send inquiry directly
to the web manager; the project web manager will firstly try to solve the inquiry before
forwarding the request to the Project Coordinator.
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X ¥ f @ Energy Demand Aware Open Services for Smart Grid Intelligent Automation
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a B SmartHG Overview Project Consortium Benefits ~ Technical Section ~ Mews & Events Downloads ~ Networking Newsletter Contact

Contact

Project coordinator:
Prof. Enrico Tronci

S APIENZA Universi di Rom “Ls Sapienza”

N Dipartimento di Infermatica
UNIVERSITA DI ROMA Via Salaria 113, 00198 Roma, Italy

email: tronci@di.uniromal.it
wrl: httpz//mclab.di.uniromal.it
Tel: +39 06 4991 8361

Fax- +39 06 8541 842

If you have any comments or questions regarding SmartHG Project. please write at smarthg@di uniromal.it.

Fields marked with an * are required
Name *

Email *

Message *

What is thirteen minus 67 *

The research leading to these results has received
funding from the European Union's Seventh

Framework Programme (FP7/2007-2013) under
grant agreement n* 317761. © SmartHG 2015

Sackiztop

Figure 1.28: Contact page
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Chapter 2

Technical Section of SmartHG Project
Website

The SmartHG Technical Section (L) is a web application hosted in the website and
showing the data gathered from the project test-beds (Sects. and 2.2)), in different
languages (Sect. , as well as data showing environmental and economic benefits of the
technology developed within the project (Sect. . Of course, security issues (such as
privacy, etc.) are duly taken into account in selecting the project data that can be made
public through the website (Sect. [2.4).

2.1 Test-beds

Data from two test-beds are exposed, namely, Kalundborg and Central District. Both
historical data (i.e., prior to SmartHG sensors deployment) and data collected by sensors
deployed within the project are shown. For the sake of efficiency, instead on continuously
querying the SmartHG Database and Analytics (DB&A)) service, the interacts with an
internal database containing historical as well as real-time data gathered from test-beds.
Such data are up-to-date and will be synchronized until the end of the project.

Before the end of the project also data from Minsk test-bed will be considered.

2.2 Aggregations on data

Besides showing raw measurements, the shows also several aggregations on them.
The system follows a hierarchical approach, starting from the most general aggregations
(test-beds level) slowly moving downwards to single residential users profiles.

Before describing functionalities, we remind the reader some definitions. The
demand of a residential user u in a time-slot ¢, is what is sensed at time ¢ on u’s main
meter. Given a substation s, the aggregated demand is the sum of demands of all single
users connected to s, the average demand is the average on demands of all single users
connected to s.

In what follows we describe all functionalities supplied by the SmartHG [TS] in a
top-down hierarchical way.
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1. A very high-level view on SmartHG deployment. Namely, we show a table
(Fig. [2.1)) where for each testbed there is a row with number of monitored houses
and of hardware units deployed (gateways, meters, sensors).

== 1]
b=
High-level Deployment =
Houses Gateways Sensors
Testbed GQuantity Producer Quantity Producer Quantity
Central District, Israel 19 Panoramic Power 25 Panoramic Power 212
Develco 25 Develco 62
Svebelle, Denmark 25
Panoramic Power 25 Panoramic Power 210
Total 44 Total 75 Total 484
Houses Deployment Details e
Data Analytics ¢

Figure 2.1: High level view of SmartHG deployment (aggr. |
2. A more in-depth view on SmartHG deployed hardware (Fig. [2.2)). Namely,

we show a table where there is a row for each house with: number of gateways/bridges;
number of sensors for each appliance type; number of temperature sensors.

EmizE

High-level Deployment

Houses Deployment Details 4

yyyyyyyyy
uuuuu

Svebolle, Denmark 13 1

Figure 2.2: Detailed view of SmartHG deployment (aggr. D

3. Typical daily profile for a residential user and for the whole substation.
In particular, we show a plot with average avg (£ standard deviation), minimum
and maximum profiles (demand) for all time-slots in a day. For example, avg(0)
shows the average of in time slot 0 of all days. This aggregation is available both
at substation level (Fig. in which case we consider aggregated demand, and at
residential user level (Fig. [2.4)).
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High-level Deployment - High-level Deployment
Houses Deployment Details - Houses Deployment Details

Data Analytics - Data Analytics

Level | §

o Level | Residential level J

view | Daily aggregated demand view {Typical daily profile J

Figure 2.3: Statistics on one day of aggre-  Figure 2.4: Statistics on one day of de-
gated demand, at substation level (aggr.|3)  mand, at residential level (aggr. 3)

4. Statistics on substation users consumption for the whole period (Fig. .
In particular we show a plot with average over all residential users connected to the
substation (£ standard deviation), minimum and maximum profile (demand) on
the whole period.

High-level Deployment
Houses Deployment Details ¢

Data Analytics B
Test-bed | svebolle, Denmark

Level | Substation level

Vview  Aggregated demand

How to inter
ows statlstics on a day, by averaging on average demand. In particular, show a plot with aver

2015/04/29: avg: 0.39 min: 0
max: 4.48

g gl ‘s W”MMWNJ‘W J' Nl‘MW‘W”“’J”W

I e R Tt

Demand (kWh)

0

2
Dec 2014 Jan 2015 Feb 2015 Mar 2015 Apr 2015 May 201 Jun 2015 Jul2015
ey T e en ot B ot oo e Lyl _VW,@

Days
FAQ

Figure 2.5: Statistics on substation users consumption for the whole period, aggr.

5. Users distribution as for average daily demand in the whole period (Fig. [2.6))
and per month (Fig. . In particular, we show a plot f with the percentage of
residential users for each possible value of average daily energy consumption (FE).
For the sake of simplicity, we split the range of consumption in classes. Figs. [2.6
and show the case where we have 4 classes. In such a case, f(3) is the percentage
of residential users having F in the range [0.28,0.42) kWh.

6. Distribution of consumptions among different kinds of appliances in the
whole period. This is shown by a pie graph where 100% corresponds to the overall
consumption of all users in the whole period. This aggregation is available both at
substation level (Fig. and at residential user level (Fig. [2.9).
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High-level Deployment - High-level Deployment
Houses Deployment Details - Houses Deployment Details

Data Analytics B Data Analytics

E estbed | Syebole, Denmar
j Level | Substation level J

j view | Users distribution for average daily consumption J

02
wan

Figure 2.6: Users distribution as for av-  Figure 2.7: Users distribution as for av-
erage daily demand in the whole period, erage daily demand for month January,

aggr. 9| aggr. [

EmiEs High-level Deployment

Houses Deployment Details

] view Consumption distribution for kind of appliance J

]

tion distribution for kind of appliance J

view | Aggregatex

@ s repssion @ s and Coning @ Applisces O

Figure 2.9: Distribution of consumptions
among different kinds of appliances in
the whole period at residential user level,

aggr. @

Figure 2.8: Distribution of consumptions
among different kinds of appliances in the
whole period at substation level, aggr. @

7. Statistics on appliance types consumptions for the whole period (Fig. .
For each type of appliance (food preparation, heat pump, ... ), we show a plot with
average over residential users connected to the substation (£ standard deviation),
minimum and maximum profile (consumption) on the whole period.

8. Anonymised users consumption profiles, i.e. raw measurements without per-
sonal information (Fig. 2.11]), also classified by appliance type (Fig. [2.12]).

2.3 SmartHG platform benefits

The system supplies also data showing environmental and economic benefits of the tech-
nology developed within the project, namely Electric Distribution Network (EDNI) oper-
ational cost reduction, energy bill reduction, and CO5 emissions reduction.

This section of the will be further improved before the end of the project, by
considering also results coming from the third year services evaluation.
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FmiZE
High-level Deployment v
Houses Deployment Details v
Data Analytics 2
Test-bed | Svebolle, Denmark j

Level ' Substation level
view = Aggregated demand for kind of appliance

Parameters Appliance type:  Food Preparation j

The graph below shows statistics on appliance types consumptions at substation level. Shows statistics for the whole period. For each type of appliance, shows a plot with average (=

deviation), minimum and maximum profile (consumption) on the whole period

4

Demand (kWh)

. HL” i wﬂﬂ WMMWM WWWWJM

| I

How to interact with the finear graphs?
standard

2015/04/18: avg: 0.06 min: 0
max: 3.08

ﬂ HMHWML

Dec 2014 Jan 2015 Feb 2015 Mar 2015
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Figure 2.10:

E =

High-level Deployment
Houses Deployment Details -
Data Analytics .
T p—— ]
Level | Residential level ]
vew  Demand J

e House 0 1 ]

. ot !
k [
£y M“q H HM Iy | H Tl {“

2ol

Figure 2.11: Anonymised users consump-
tion profile for user #1 in Svebglle, aggr.

2.4 Security issues

Statistics on appliance types consumptions for the whole period, aggr.

EmizT
High-level Deployment
Houses Deployment Details -
Data Analytics -
Test-bed | Suebelle, Denmark j
Level | Residential level j
View ' Demand for kind of appliance j

Der

it J‘ LAy MJ

an201s wizis

f} M i)

Feb20is sor 2015 ay 201¢
ﬁm poltaocth bussadiomaanltaodids o ablaintanss

anahpnfoiln, sty ulibald

Figure 2.12: Anonymised users consump-
tion profile for food preparation of user #1
in Svebglle, aggr.

The keeps all residential users information private and anonymised, so data can be

safely exposed to the general public.

2.5 Multi-language support

The system is designed to be eventually supplied in several languages, in particular:

English, Danish, Russian, Hebrew.

Up to now we have only the English version. Other languages will be delivered before
the submission of SmartHG final documentation.
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