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A.1 Introduction

What is OPTIMUS DSS?

The OPTIMUS DSS is an integrated web-based Decision Support System (DSS) developed
to support the decision making process. It aims at identifying the best energy saving
opportunities in selected public buildings presented as weekly action plans. Action plans are
designed to optimize the energy use in public buildings, therefore reducing energy
consumption, CO2 emissions and energy cost in the municipal premises and also increasing
the renewable energy production.

Why is it important to use OPTIMUS DSS?

One of the major challenges that the European Union (EU) faces within the scope of
sustainable energy development is the increasing energy demand patterns of cities. Cities
consumeovertwo-t hi rds of the world’'s energy and
ecological footprint. Across the EU, buildings are responsible for 40% of energy consumption
and 36% of its CO; emissions. Energy efficiency of buildings is a key to achieving the EU
climate and energy objectives, such as fighting climate change and working towards a more
sustainable future. In this respect, the OPTIMUS DSS can help local authorities identify the
best energy saving opportunities available in their public buildings, by suggesting relative
actions towards energy optimization.

Who should use OPTIMUS DSS?

As permanent bodies that plan for the long term, local authorities are uniquely placed to play
a significant role in achieving the EU 2020 targets and enabling a shift towards a low carbon
economy and a cleaner, more sustainable environment. As a result, OPTIMUS DSS is
targeted towards municipalities and focused on Signatories to the Covenant of Mayors (CoM)
which want to optimize energy useint hei r bui |l di ngs, become

become a “greener” place. I n he engrgytmarmagers oftthie e

municipality or buildings.

What are the main benefits of OPTIMUS DSS?

OPTIMUS DSS is on the top of existing energy management systems, integrating five
multidisciplinary data sources ( we at her conditions, spfeadbacki
provided by occupants, energy prices and energy production), in order to propose short-term
action plans for energy managers.

The key benefits of the OPTIMUS DSS focus on the:

¢, Support of short term decision-making on energy planning, so as to reduce energy
consumption, CO, emissions and energy cost.
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¢, Offering of an advanced and intelligent turn-key solution addressed to any municipality
that has as purpose to implement Sustainable Energy Action Plans (SEAPS).

¢, Implementation of state-of-the-art ICT technologies and analytics for energy optimization.
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A.2 OPTIMUS DSS overall procedure

Through the successful combination of advanced ICT tools (OPTIMUS SCEAF, OPTIMUS
Tracker, OPTIMUS DSS) and smart technologies (smart meters, etc.), OPTIMUS provides an
integrated solution for energy managers and energy consultancies, addressing the following
guestions:

How OPTIMUS is your city / building in terms of energy optimization?
What is the potential of the city / building for optimization?

What domains / action plans can OPTIMUS DSS support in your case?
What are the results after one year of application?

(SN o CEN e N O 8

Figures 1 illustrates the overall procedure for the application of the proposed package of SEC
consulting tools by the energy manager of the city and/or building. Detailed presentation of
the OPTIMUS package, step by step, is analyzed in the following paragraphs.
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Figure 1: Overall Procedure

How OPTIMUS is your city / building in terms of energy optimization?

Before implementing the OPTIMUS DSS, the municipal buildings first need to be assessed in

terms of energy policy, energy and environmental profile, and related infrastructures and ICT

solutions. OPTIMUS SCEAF (Smart City Energy Assessment Framework) Tool
(http://sceaf.optimus-smartcity.eu) provides energy managers with a framework for assessing

the performance of the city / building in a coherent, transparent and integrated way. It handles

as input numerical and linguistic indicators and aggregates them in order to provide a rating
output. The SCEAFi ncl udes two versions, namely the “ Who
customized “Municipal Building Level SCEAF”.
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The added value of the SCEAF is that as part of the evaluation it highlights under-performing

sectors, providing authorities with a <clear ove
regard to public buildings in order to be able to lead targeted energy action plans and achieve

a transition towards a “Smart City"”.

Using appropriate indicators, the progress of the city/building in that direction can be revealed

by analyzing and evaluating three pillars: *“Poli
Profande" Rel ated I nfrastructures and | CT"”. t [
detailed assessment of the status of the city in relation to them, prior to the application of the

OPTIMUS DSS (ex-ante).

What is the potential of the city / building for optimization?

OPTIMUS Tracker (http://tracker.optimus-smartcity.eu) constitutes a web tool for the energy

managers, in order to assess the potential of the city / building for optimization and identify

specific buildings where the OPTIMUS DSS can be applied.

Providing information about energy consumption overall figures, renewable energy production

and selecting action plans that are more suitable for application in each building, OPTIMUS

Tracker offers the opportunity to create different scenarios of the DSS application. These

scenarios can be compared in terms of the expected impacts, through the calculation of the

DSS indicators:

¢, Reduction of energy consumption.

¢, Reduction of CO, Emissions.

¢, Energy cost reduction.

¢, Increase of RES production.

In this way, the energy manager can take the decision to plug in single buildings and/or

buildings connected to energy production and other energy systems.

What domains / action plans can OPTIMUS DSS support in your case?

Based on real-time data monitored (wWwe at her condi ti ons, buil dings’

provided by occupants, energy prices and energy production) and predicted data produced by
the prediction models, OPTIMUS DSS (http://optimus-smartcity.eu/optimus-dss) introduces a
list of practical Action Plans for the energy managers, structured upon a number of inference
rules. A total of seven Action Plans, supported by nine inference rules, are available from the
OPTIMUS DSS, ready to accommodate energy managers willing to plug - in their buildings.
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The Action Plans refer to the energy optimization in buildings, examining them not as isolated
entities. Taking into consideration their interaction with energy systems, they can foster
efficient management of energy flows at a broader level, integrating energy demand, energy
generation and data/energy infrastructures.

OPTIMUS DSS is characterized by a combination of advanced technologies that enables
integration of multiple domains. The action plans are categorized, according to their
applicability, to buildings and/or block of buildings, with some of them allowing more comfort,
functionality, and flexibility through integration of energy generation and storage systems

(“Sustainable Districts & Built Environment” Do
enable the interconnection of energy infrastru
I nfrastructures & Processes across Energy and | C

Table 1 presents the interrelationship between action plans and SEC domains. This table
defines the eligibility of action plans according to the available data and equipment in the

selected buildings.

Table 1: Interrelationship between Action Plans and Smart Energy Cities Domains

Domains
Sustainable Districts & Built Integrated Infrastructures&
: Environment Processes across Energy and |
Action Plans of the OPTIMUY{ C :
DSS o o c
o 58 . B| 02| ® e @ ol 2 8| o
= Sl B | @9 E| E | g = 0 © & © G| € o
] S5 5 2| 80| =g g8 @ FL T 5| ET
5 |83 25| 58|28 ET g8 o2ES
@ D300 | sr|ESa=d=0|a8 53
AP1| Scheduling and
management of theg X X X X
occupancy
AP2| Schedulin the set
: 9 X X X X
point temperature
AP3| Scheduling the ON/OF
g. X X X X
of the heatingsystem
AP4| Management of the ai
. g . X X X
side economizer
AP5| Scheduling the
photovoltaic PV)y X X X X X
maintenance
AP6 | Scheduling _ the X X X X X X
sale/consumption  of
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the electricity produced
through the PV system

AP7| Scheduling the
operation of heating
and electricity systemy X X X X
towards energy cos]
optimization

OPTIONAL
OPTIONAL

Following the installation and configuration of the OPTIMUS DSS and the training of the users,
the selected Action Plans will be fully operational to be applied to the buildings.

What are the results after one year of application?

The application of the ex-post component of OPTIMUS SCEAF Tool (http:/sceaf.optimus-

smartcity.eu) will allow the energy managers to fully assess the achieved impacts, in terms of

reduction in energy consumption, cost and CO, emissions, as well as increase in RES

production. The indicators of the OPTIMUS SCEAF Tool will be calculated again, in order to

point out the achieved benefits deriving from the introduction of ICT and the accomplished

targets. The analysis of the dataevolut i on wi |l I | ead to the evaluatic
and added value to the city / building. OPTIMUS Rating Chart supports the classification

according to the rating resulted from the analysis, based on a computational model.

Assessment
(SCEAF)

Implementation
of Action Plans
(Energy
Manager)

Suggestion of
Actions
{OPTIMUS DSS)

Figure 2: OPTIMUS implementation cycle
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A.3 How the OPTIMUS DSS works

This section offers a general overview of the OPTIMUS DSS with a brief presentation of its
core elements and how they work.

The OPTIMUS DSS core elements

The OPTIMUS DSS brings together the following components,the® dat a capt uri ng mo

the “semantic framewor k"™ ,DStSh e n“vD 3D nanmeqritmsd”. and t
ll“v:-'::; | De contrafined ¢' RES
tnmuwl Feedback prnh'm- |
Semantk fyaﬁmgwork
Historical data
Monitored data
PREDICTION
MODELS
Predicted data
INFERENCE RULES DSS INTERFACE

DEMONSTRATION
Q - O Relations between input
4 data (real time and
: predicted data, and static
'o, O user inputs) for suggesting
e ——
DSS ENGINE

¢, Data capturing modules: They are responsible for collecting data from five different
sources: weather forecasts, de-centralized sensor-based, o ¢ ¢ u p derdback, energy
prices and renewable energy production.

¢ Semantic framework: The collected data are integrated under the semantic framework
and sent to the DSS engine for further processing.

¢, DSS environments: The city and/or building energy manager is communicating with the
OPTIMUS DSS using its interface and the web-based environments.

¢ DSS engine: This element is responsible for forecasting variables and applying the
inference rules of the OPTIMUS DSS in order to suggest possible action plans to the users.

In detail, raw data of multidisciplinary data sources are captured from the buildings and their
context. A semantic framework integrates the different data sources using relative web
technologies. Then, the prediction models use historical data to forecast the building
behaviour (energy production and energy consumption) for the following 7 days. The same
stands for external variables such as energy prices, indoors and outdoors temperature etc.

10
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Finally, based on the historical and real-time data, inference rules are applied in order to
suggest specific short-term action plans to the final user. The OPTIMUS DSS interfaces are
responsible for navigating the user in the system, displaying the monitored and predicted
data and providing the short-term plans in order to support their decisions. Both the
predictive models and the inference rules are encapsulated in the DSS engine.

Weather
Forecasting

Reliable Information

Real time data acquisition of
environmeantal parameters
and electrical distribution
throughout bulldings and
integrated to provide the
detailed energy performance
data you need

Right energy decisions

You c¢ah now implement
concrete improvements to
lower building operating costs
and achieve measurable
reductions to energy
consumption and carbon
footprint

Prediction Models

Energy
Production

Intuitive dashboards

Graphical display of energy
consumption, temperaturs and
other environmental parameters.
Access to electrical distribution
key parameters

Associate information to building
usage

Continuous - automatic metering
ensures real-time information to
respond guickly to malfunctions
and wasted energy. Real time
electrical distribution monitoring
enables you to improve operation
and maintenance

Four prediction models have been developed and operate within the OPTIMUS DSS and refer
to the prediction of renewable energy production, energy consumption, indoor temperature
and energy prices.

é

¢

Renewable Energy Production.
Energy Consumption.
Indoor Temperature.

Energy Prices.

11
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Prediction models need streams of data as input that they acquire from the data capturing
modules. The data capturing modules that feed each prediction model are presented in the
following figure.

DATA CAPTURING MODULES PREDICTION MODELS

Indoor Air Temperature

Weather

Encrgy:Production Renewable Energy Production

De-centralized

Energy Consumption
Energy Prices

Social Feedback

Energy Prices

Figure 3: Data capturing modules and prediction models

Action Plans - Inference Rules

Based on predicted data and fed by real-time monitored data from the data capturing modules,
the OPTIMUS DSS supports the implementation of action plans, structured upon a number of
inference rules?.

Energy managers log in the system, inspect the monitored buildings, review the suggestions
of the OPTIMUS DSS and accept a part or all of them. Then, the building manager proceeds
with their accurate implementation. After a reasonable duration of time has passed (e.g. a
year), the building will be evaluated again through the OPTIMUS SCEAF (ex-post
assessment) and conclusions can be made regarding energy savings, the most efficient action
plans of the OPTIMUS DSS and the current condition of the municipal buildings.

1 An inference rule is a rule-based knowledge that can be expressed in a logical form (if-then), with a graphic
expression (flow-chart, table etc.) or as a mathematical equation. The inference rule process is a part of the
scenario modelling that allows elaborating the action plan suggested by the OPTIMUS DSS.

12
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A total of 7 action plans (APs), supported by 9 Inference Rules (IRs), will be available from the
OPTIMUS DSS that will be ready to accommodate municipalities willing to plug - in their
buildings to optimize the energy use, but not compromise the comfort within the building.

SYSTEM CLASSIFICATION ACTION PLANS INFERENCE RULES

f'----"-----------l
I "
) OCCUPANCY | AP1. Scheduling and management . + IF1. Rationalizing the displacement
| 1 of the occupancy of the occupants
PR i aSntnaRawelale o oi il I
5SS SR TSGR
) 1 IF2. Determination of the neutral
: 1 temperature according to TCV
) I AP2. Scheduling the set point
, : bt ' IF3. D Inati f th fi d
| . Determination of the preferre
) HERTIRS AN ESGTG : temperature according to adaptive
) N comfort model
|

'
| I AP3. Scheduling the an/foff of the
: ! heating system | IF4. Determination of the optimum
e e R et ! start/stop of the heating system
o

AP4. Management of the air side

IFS5. Assessing the free cooling

I
| AIR CONDITIONING ! : L )
\ [} economizer options
[ F-3ESOCm0 5 5 SO I
IF6. Evaluating the electricity
AP h ] he PV s
S-Scheduling the @ production of the PV system to

! 1
! 1
! 1
! I
! 1
! '
| GENERATION AND ON-SITERES
: PRODUCTION |
' :
! I
! 1
! I
! I

Figure 4: Action plans and inference rules

maintenance

AP6, Scheduling the
sale/consumption of the electricity
produced through the PV system

»—

AP7. Scheduling the battery use
towards energy cost optimization

check possible faults

IF7, Shifting electrical loads to
optimize PV performance

IF8. Determination of the energy
source to cover the demand
considering RES production, battery
charging and the grid

IF9. Shifting electrical loads to
minimize energy cost

Action Plan 1. Scheduling and Management of the Occupancy. It aims at the reduction of the
building energy consumption by changing the location of building occupants.
This way, a minimum number of thermal zones can be used and the
consumption can be reduced by turning off the heating/cooling system in the
unoccupied zones.

Action Plan 2: Scheduling the Set-Point Temperature. Based on the application of two
inference rules, this AP is aimed to adjust the indoor temperature set-point by
taking into consideration, respectively, thermal comfort as submitted by the
building users, and the adaptive comfort concept. The target is to optimize
energy use, while maintaining comfort levels in accepted ranges.

13



Action Plan 3:

Action Plan 4:

Action Plan 5:

Action Plan 6:

Action Plan 7:

OPTEMUS

Scheduling the ON/OFF of the Heating System. Based on three inference
rules, it aims at the optimization of the boost time of the heating system taking
into account the forecasting of the indoor air temperature and the occupancy
levels of the building.

Management of the air side economizer. It involves scheduling of the amount
of outdoor air to be used for cooling the indoor environment, in order to reduce
or eliminate the need for mechanical cooling when favourable conditions
occur, using air-side economizer technology.

Scheduling the Photovoltaic (PV) Maintenance. It aims at the detection of the
need for maintenance of the PV system, alerting the user to check if corrective
actions are necessary. This facilitates the identification of PV malfunctioning.

Scheduling the sale/consumption of the electricity produced through the PV
system. Optimization of selling/self-consumption of electricity produced by a
PV system considering different scenarios of energy market (green strategy,
finance strategy and peak strategy).

Scheduling the operation of heating and electricity systems towards energy
cost optimization. The real use of the infrastructures related with energy
consumption and generation (PV fields, CHP systems and electricity storage)
is simulated to specify based on the season (winter/summer) the schedule of
the heating/cooling systems and then suggestions are made regarding when
the energy generated by the systems of the buildings should be used, stored
or sold in order to minimize energy cost or even make a surplus. In case that
load shifting is possible, additional suggestions are made regarding when
energy intensive processes should be scheduled.

Prediction for action plan suggestions

Saturday

Sunday ! } I iy Wednesday Thursday Friday Saturday Sunday Monday

F

T + . - +

© ©6 6 © © ©6 © ©

Figure 5: Predictions and action plans calculations
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The figure above displays how the prediction and action plans calculations work:

In this example, on Sunday night a calculation of the next seven days forecast is invoked
(orange dashed line). The predictions mainly refer to the energy consumption and RES
production of the buildings as well as the energy prices and the weather conditions. The
predictions are calculated using the previous monitored —historical- data (grey solid line). By
exploiting the forecasted data and other relative information, the action plans are calculated
for each day individually (orange circles) and suggestions are made to the end-user.

The presented process is applied on a daily basis as a rolling procedure. For example, on the
next day (Monday), another forecast calculation is invoked at night (blue dashed line). The
action plans are again calculated, however using the new prediction from Tuesday to next
Monday (blue circles). On Tuesday a similar forecast calculation is invoked (green dashed
line), the action plans are calculated with the last prediction from Wednesday to next Tuesday
(green circles) and so on.

15
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Part B:
Using the DSS in practice
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B.1 DSS user interfaces

In this section, the main elements of OPTIMUS DSS interface, as well as the user interaction
and handling of interface is presented. The interface includes two main categories of content
according to privileges assigned to the type of user:

9 Admin interface
I User interface

Sitemap
Sitemap of the DSS end-user and
Home J management environments
Admin = Login A N
user | End-user: Cit authrity | ensrgy manager
City
- List of buldings
- Indicators at city scale
Selected Building > dashboard
- Static building data / Indicators of the buikding Selected Building > Data
- Widget of historical and forecasted data »| - Historical and forecasted data
- Widget of action plans status (AP to be selected, - Button for forecastdata
AP under progression,.....)
v Selected Bullding > Action plan (PV sellibuy)
Admin environment | - Static bulking data
- List of bullgings - Indicators of the building
- Indicators at city scale F— —————
C, Selected Building > Action plan (On/Off)
: v —| - Static bullkding data
Selected Building > Partitions | Selected Building> Sensors - Indicators of the bulksing
- List of partiions - Listof sensor
« Moeafication of partitions - Modification of sensors
Selected Building > Action plans
- List of action plans Selected Building > Action plans > Mapping
- Modification of action plans - List of partitions

- Mappings between the sensors and buiding partitions |

The Administrator (* A d phas the option of a predefined set of actions inside the DSS.
Admin can preview the admin environment with functions such as Partitions/Sensors and
Action Plans. Moreover, he can add, edit or delete buildings, sensors and action plans. This
is the user that is involved in the installation process of the DSS at a building, registering the
building for the first time and defining the building zones where the action plans will be
implemented. On the other hand, single end-users can only observe the elements of the
buildings and apply the available action plans.

The figure above shows the sitemap for both the environments. Depending on the role of the
user, the management environment is enabled or not. The blue boxes are the pages of the
end-user environment and the green boxes are the pages of the management environment.

17



OPTEMUS

Step 1: Logging on /off

1. Double-click on the OPTIMUS DSS icon
2. Enter your username and password
You will be redirected to the building list dashboard

3. When logged in, the administrator user has two options: either to enter the
fAnalyzed0 secti on or Atmindoe mtreera .t hldsenagdamaticallg
connectst o tAmalyzéd page and this option is skippec

CPTMIT LAY e Caget

e e BMCUAEE it e 0 W Pe AN st e

wra nuy e

4. Cl i ck t-oe tbhbttoo gn the top-right of the screen

OPTIMUE DEE - Sand Cugat

Step 2: The Building List Dashboard

On the first page of the end-user interface, all the registered to the system buildings are listed.
For each building, the dashboard displays the four DSS indicators values for the last 7 days.

18
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1
| Click to see the city
dashboard or the tracker

Savona

,the building’

W e N

Calomin-Partis School . L) . W )
T v wm v

L) 121 A8 )

Cangus a o el L ¥ 30 =
Wt & v v

Step 3: The City Dashboard

The city dashboard displays the aggregated values of the DSS indicators of all buildings and
al so provides a graphical representation of the

GPTIMUS Savona Bt B

Loy Dathhoang Maonday, juty 18 2016

1
| Mouse hover the graph
| for detailed values

Al Dyestings (4} B a -
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Step 4: The Optimus Tracker

The results of the Optimus Tracker tool are shown here. For each DSS indicator there are
three values, the city’s | ong t er m sofarragddhe
potential for the next year.

OPTIMUS Savona e

Pt 1t 1f ey ¢ emiirg @i
Parhxtion o CT2 srrswsions

Nern than of wmr gy tismt

MOrmse of (ersreaile eer gy v

Step 5: The Building Dashboard

On this screen the user can see the DSS indicators of the selected building, as well as the
graphical representation of them for a one-week period.

20
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COLOMBO-PERTINI SCHOOL

1
| Click to naviaate to the desired paae

_xtomte Fwrien Sete . . -

Step 6: The Building Action Plans

OPTEMUS

Here you will find all the DSS action plans in use for the selected building. For each action
plan, there is a short descriptions of its functionality and the daily status of the current week.
The status can be greenforfi Ac ¢ e padédfidD e c | andyelbwforA Unk n.own 0

=

OPTIMUS Savona

COLOMBO-PERTINI SCHOOL

The actionplan | - oo oo oo s e
description. Click to go to

the action plan page. \i .

| The day status of each action plan I

\ Scheriing tw wet-poert Megmrany
_ 1 pue . T wrpe 1T 100 etwr g .
Sthedlrg vu IV Matstamercs

Schesh drg e wale/ Cmarmption i the elecyicity produced trtagh the PV sywtem
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Step 7: The Historical and Forecasted Data Dashboard

On this page the user can see the available historical and forecasted data of all the streams
related to the selected building and the b u i | dpagt BDSSsndicators. On the top of this
Dashboard, a calendar is available which enables the userto selectwhi ch week'’ s data h
wants to observe. The selected day will be the first day to be displayed and the next six will
follow. Next, a graph about the DSS Indicators of the selected building is displayed and below

that, there i s a streamstalongdidewithd dihagbaml|l di nghe str e
for the selected period.

COLOMBO-PERTINI SCHOOL

\ After the day selection, click to
. Y _ retrieve the desired data

Click to open/close the calendar

COLOMBO-PERTINI SCHOOL

The i st of the b
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Step 8: The Weekly Reports

Here are all the weekly reports of the selected building for each of the past weeks of the DSS

usage. Information about the weekly energy consumption, the energy cost and the number of

the user’s actions is being | iospgdewhilethaltsercanhe pas:t
edit the report of the current week.

COLOMBO-PERTINI SCHOOL

Click to edit the current report \ |
e -

Click to see the weeklv report

A weekly report consists of three basic parts. First, the provided feedback about the
implementation of the DSS, problems that occurred or other issues. After that, for each of the
implemented action plans, there are comments about the usage of the action plan and the
final decision about the acceptance or not of it. Finally, there is the user evaluation for the
ease of use, the acceptance and the impact of the DSS to the users of the system or the users
of the buildings.

23



THNDUIGH

OPTIMU

DFTIMIBING BN
SMAET QECIDIE

M

R et
Wees: T 4-I7 (N TR s

PiSmpmersten | AR W9 | M0 | Pesssme ot
R R B e LI

nar L ': Eaad o b ): \_’-
“ I P

- wrmastn

Fama MR R T R AR e Vet 2el W Pu g turiEte 704 A lae Tl 0 S0 L PReme e B CHEwReers £ P Saet oo aglegme Deey B gy 01 | e,
- T TV B S v e

Arcpeilum poitue
Wk J0TEUT- YR/ NOTI4

e A A R

Evalaszze otalw
(IR0 SRR M AEER RS N CONBRDN 3TV whee
Teywry Wow
Trvery bagh
pest sl I of nuan of Lox of B DER

LA PR Y F

Te—

Froace (rowde yuut e R araemreen! 4TI Mo OF s0a0 00w 41 e ORS00 N [reaent conmiQuEanen
1029 )00

POBS.

Pt DO paal SEpestrnatt O o Ml b1 ALCROERACE OF B w0t O I USS an0nohng arrDr et aper ond Mechuniians sniivedd A00 T K0 o' B Luneagl

LR F R

—_—

Step 9: The User Activity

On this screen is the list with all the activity of the DSS users and their actions (i.e. new
calculation, sensor editing, action plan acceptance).
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COLOMBO-PERTINI SCHOOL

B.2 Action Plans in practice

The action plans proposed by the OPTIMUS DSS give hourly or daily suggestions and are
envisaged to be applied by energy managers within weekly, monthly and finally yearly periods.
Before the OPTIMUS DSS implementation, the building configuration should take place
through the Management Interface, which consists of the division of the building in zones and
floors and mapping of the zones to sensors and action plans. On the left side of the screen
the user can see the partitions of the building that the action plan is applied to. All of the action
plans proposed by the OPTIMUS DSS are subject to limitations which arise from the accuracy
of the forecasting models used to forecast primary data. The user of the system plays the most
significant role on the effectiveness of the OPTIMUS DSS. The user must not only check
frequently if an action has been suggested by the system, but also to ensure that the accepted
actions are applied correctly and on time.

Action plan 1: “ S ¢ h and managengent of the occupancy’

The main purpose of this action plan is to reduce the energy consumption of the building by
changing the location of building occupants, so as to use the minimum number of thermal
zones and turn off the heating/cooling system in the empty zones. In order to achieve that, the
action plan makes suggestions to the occupants to occupy firstly the building zones with the
minor energy consumption, taking into account the number of occupants, the capacity of the
zones, the thermal needs and other constraints related to the occupancy.
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1. Cl i S&&hediiling and management of the occupancyo

2. Atthetop of the page select the dates
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3. Cl i ¢ k Viewneuttdn and the action plan information for the selected dates is
automatically retrieved. On the top of the table, the number of occupants that is
expected to be in the building for each time period is displayed and below there are
the suggestions of the action plan. The cells with green color indicate when the zone
is suggested to be open, while the red indicates when to be closed. For each of the
buil ding’ s open 2z on e suggedidns farthe mumbercofccapntst i me , t
and the set-point temperature are displayed.

4. Cl i ¢k ooeD owlofea ddly in order to set or not an occupancy constraint for
a specific building zone (yes” thefzone has to be open). This option is only
available for the current or future days and the constraints will be taken into account
during the forthcoming calculations.

5. Sel ect one of t he t hr e e Acaeptédd p Desflinedd @I oc e e
fiUnknowno (to show the plan was not even considered).

Action plan 2: “ Sc hedutpoimtgmperatee’ s e t

This action plan aims to optimize the energy use for heating and cooling, while maintaining
comfort levels in accepted ranges. That is succeeded by supporting the energy managers in
adjusting the temperature set-point, after taking into consideration thermal comfort
parameters. The proposed temperature is calculated through the Thermal Comfort Validator
(TCV) that enables the building users to provide feedback about their thermal comfort and/or
the Adaptive Comfort Concept.

Click to expand and see
detailed information about e s ors veos © e .
» s e m =-Sn Yoo e (P2
the zone's suggestion
Set-point temperature

/ / suggestion for each building
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1. Cl i Sehedililing the set-point temperatureo

2. Atthetop of the page select the dates

3. Cl i ¢ k Viewpnéuttdn and the action plan information for the selected dates is
automatically retrieved. For each building zone, the daily proposed set-point
temperature in Celsius degrees is displayed.

4. Click the name of a building zone and a table will expand with more detailed

information about the final suggestion. The table presents the outdoor temperature of
each day, the set-point temperature suggestion of both the Adaptive Comfort rule and
the TCV rule (if any) and which of the two inference rules is selected.
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5. Clickthei Feedback f rtooexpand a walleswith the hourly feedback of the
building users for the selected zone. The displayed feedback uses a color code, with
the blue colors representing “cold” ge
red colors representing “warm” or “hot

6. Sel ect one of t he t hr e e Acaeptedd p Deslinedd®
AUnknowno (to show the plan was not even considered).

Actionplan3: ‘ Scheduling the on/off of t

This action plan aims at the optimization of the boost time of the heating system taking into
account the forecasting of the indoor air temperature and the occupancy levels of the building.
It enables end-users to optimize the boost time of the heating systems based on the
occupancy levels of the building, weather forecasts and the outdoor temperature.

™

Starting hour . f v
of the system »a o o 100 1901 wor

\ / Proposed temperature

Stopping hour
of the system

1. Cl i Sdhediiling the on/off of the heating systemo
2. Selected the dates

3. Click t h eViewio button and the action plan information for the selected dates is
automatically retrieved. For each of the building sections, the daily proposed starting
and stopping hours of the heating system are displayed. For heat scheduling, the DSS
will propose a recommended set-point temperature for each of the building zones.
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OFTIVMIEING ENENTY U455 IM CITITN THNDUIGH
SMAET OECIVON SUPNGAT SYETIM

4. Sel ect one of t he t hr e e Acaeptedd p Pesflined® @I ocee
AUnknownd (t o show the plan was not even consi d:¢

Acti on plan 4: ‘ Manageomient of the air sid

This action plan aims to optimize the energy use and reduce the energy cost by exploiting
outdoor-air to reduce or eliminate the need of mechanical cooling. When there is a need for
cooling and if the outdoor-air conditions are favorable, outdoor-air is used to meet all of the
cooling energy needs or supplement mechanical cooling. The action plan uses to different
methods to produce the suggestions, based on temperature or enthalpy.
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1. Cl i dMenagement of the air side economizero
2. Atthe top of the page select the dates

3. Cl i ¢ k Viewneuttdn and the action plan information for the selected dates is
automatically retrieved. On the top of the table there are the two input parameters that
can be changed by the user, the internal temperature and the internal enthalpy. On the
top right corner is a field to select the preferred method to be used and the suggestions
will be updated.

4. Cl i ¢ k Updhte Sufjgestionso to get the new suggestions based on the input
parameters, if they were changed.

5. Cl i ¢ k Show 8chdiuleo to show/hide the hourly free cooling suggestions. There
are three possiTothlGeesoolgg e stuiggres,t s“ t hat the to
supply air comes f r o PRartial rdesdolthgg evihweinr d rhree rstu,p p‘l
ispartiallyoutdo or air and part i aMihmumowsdeair'c ud rad p cge | i
that only the minimum amount of outdoor air is needed to be supplied in order to
guarantee the indoor environmental quality conditions.

6. Select one of the three options to proceed: fAAcceptedd , Dedlinedo or
AUnknowno (to show the plan was not even considered).

Action plan 5: “*Scheduling the PV maintenance’

This action plan is only applicable in buildings where a photovoltaic plant or a relative
infrastructure (e.g. Concentrated Solar Power system) is in place. It is used to identify issues
connected with the performance of the plant, such as dirt on the panels or
disconnected/damaged equipment. The alarm is raised when there is a critical difference
between the energy that is supposed to be produced by the equipment according to the
prediction models and the actual output (over a prolonged period).
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1. Cl i S&hediuling the PV maintenanceo

2. Atthetop of the page select the dates

3. Cl i ¢ k Viewnéuttdn and the action plan information for the selected dates is
automatically retrieved. A table of data will be presented showing the difference
between the total predicted and the total historical data of PV production (SECTION
A). Based on the differences, the probability of a system failure is calculated and an
alarm (if any) is displayed on the bottom of the table (SECTIONS C). This will actually
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be the final suggestion of the DSS. For a more detailed view of the differences (and
therefore the hourly alarms) should the user want to see if there is a significant problem
with the PV plant, a pop-up table is also available (SECTION B).

4. A message is shown in the bottom of the table for each day: "OK" (in green color) if
there is no problem or "ALERT PWR" (in red color), otherwise.

5. Sel ect one of t he t hr e e Acaeptedd p Desflinel®™ @I oc e e
fiUnknowno (to show the plan was not even considered).

Action plan 6: “*Scheduling the sale/consumption
through PV system’

This action plan enables the end-user to observe in detail the forecasted energy consumption
and the RES production for the following seven days and decide which amount of energy will
be bought or sold to the main grid. For each day, the OPTIMUS DSS proposes an action with
regard to the energy produced in the building.

Select the
= et O _—

preferable strategy
Energy demand
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1500 -16:00h _ . Tryto shift electric Try to shift electric | - = Try to shift electric .
| e vergy surplus Sell energy surplus |Sell energy surplus Sell energy surplus
il . load load load
i Ene Prad hist 1) O (kW/h)
Electrical Ene 5 (
production —> Ene

Energy Price Buy (historical): 5
Energy Price Sell (histarical) 52.52 (€/MWh)

Energy prices \

1. Cl i &&hediiling the sale/consumption of the electricity produced through PV
systemo

2. Atthetop of the page select the dates

3. Cl i ¢ k Viewnéuttdn and the action plan information for the selected dates is
automatically retrieved along with the proposed actions for each of the working hours.

4. Select the preferred optimization strategy (next to calendar) “Green” (t 0 consume
the energy — minimize COze mi s si Fharee’, (“sel | t he -maximgegy surp
profiPeall drmsati sfy the energy demand of a bui
on the top of the Dashboard next to the calendar. After the strategy selection, the
hourly report of the suggestions is updated according to the strategy.

5. Click the l. iconi n order to view a graph of the sel
production, energy consumption and prices to buy/sell energy.

6. Sel ect one of t he t hr e e Acaeptedd p Desflinedl®™® @rr oc e e
AUnknowno (to show the plan was not even considered).

Action plan 7: “*Scheduling the operation
towards energy cost optimization’

The purpose of this action plan is to minimize the total energy cost of a building (or block of
buildings) by optimizing simultaneously the operating schedule of its heating and electricity
systems. The real use of the infrastructures related with energy consumption and generation
(PV fields, CHP systems and electricity storage) is simulated to specify based on the season
(winter/summer) the schedule of the heating/cooling systems and then suggestions are made
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regarding when the energy generated by the systems of the buildings should be used, stored
or sold in order to minimize energy cost or even make a surplus. If load shifting is possible,
additional suggestions are made regarding when energy intensive processes should be
scheduled.
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LA I e R e e I e T e e
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Lot -l
Suggestions to open / -\
close the thermal systems

The two thermal systems

CIl i cSkheduling the operation of heating and electricity systems towards
energy cost optimizationo

. At the top of the page select the dates

Cl i ¢ k Viewd buttéin to get the suggestions of the action plan. On the top of the
table there are information about the daily electricity consumption, the electricity flow
from/to the grid and the total energy production.

Cl i ¢ k Shdwesugiiestions for shaving peakso to show/hide the hourly
suggestions of load shifting. When the suggestion is positive, it means that load can
be shifted to this hour and when it is negative, it means that load has to be removed.

Cl i ¢ k Shdwesugiiestions for shaving peakso to show/hide the hourly
suggestions of charging the batteries (when the suggestion is positive) or discharging
them (when the suggestion is negative)

Cl i ¢ k Showesugfestions for optimizing the operation of the thermal
systemso to show/hide the hourly suggestions of opening or closing each thermal
system, when the suggestion is 1 or O, respectively.

Cl i c k Shiow graphical scheduleo to show/hide the graph that displays the hourly
electricity demand, the electricity flow from/to the grid, the energy production and the
electricity flow from/to the batteries.

Sel ect one of t he t hr e e Acaeptedd p Desflinedl®™® @rr oc e e
AUnknowno (to show the plan was not even considered).
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