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1. PUBLISHABLE EXECUTIVE SUMMARY
|
This report proposethe provisional platform architectureof the EEPOSneighbourhood
energy managemesiystem (NEMS). The NEMS platforis a hardware and software base
on whichenergy managemeint a neighbourhoodan be developed and performed.

The EEPOS NEMS wilperform energy magement in a neighbourhood supportive way
through communication witthe Energy Management Systems of the Buildinghiwithe
neighbourhoods (BEMSs)ith Distributed Energy Resources (DER) atwhds on the
neighbourhood leveglother than households, egireet lighting) as well as witithe EEPOS
Information andCommunicationTechnologieqICT) platform ICT platform is a mediator
between NEMS and external data sources like predicted electricity price profile and weather
forecastrequiredfor efficient reighbourhood energy management.

The EEPOS NEMS will be developed basing on the OGEMA framework. The EEE®IS
platform specificationis based orthe overall systenspecification described iDeliverable
1.3 and designed in a way which suppdtte EEPOS pgplication scenariogTask 1.},
potential stakeholder needs (Task 1.2) and business models (Task 1.4).

The main functionsof the EEPOS platfornwill be developedor future electricity systems
with high deployment of DER and are as follows

1 Maximum utilisation of DER in neighbourhood level grids

1 Provision of load shifting services to electricity market

1 Optional: Distribution grid support (congestion management, peak load shaving,
voltage managemenphase balange

The main instrument for performing thesasks will be load shifting within the
neighbourhoodThe NEMS platform should provide the necessary communication among
electricity system stakeholders in order to ensure optimal utilisation of controllable loads
leading to efficient implementation of thEEPOS tasksCommunication interfaceare
describedetween the following parts of EEPOS platform.

1 NEMS-BEMS/DER/load
1 NEMS-ICT-platform

Furthermore, the following giential stakeholdesupport servicesare identifiedand are
mainly based on softwareditecture

1 Plug & play 1 Continuousoperation

1 Human Computer Interface (HCI) 1 Easy programming

1 Modularity 1 Persistent storag#f data and

1 Application support application settings

1 Software maintenance 1 User Administratioranddata security

Application scenads and business models are addresseflinntional capabilities which
NEMS shouldconsider

1 Data management functiosach aslata collection, data transf@ndcalculation
1 Energy management functiossch asigh DER utilisatiorthroughload shifting

In addition, properties of specific energy monitoring/management sysiarhsusehold level
are describedn the Finnish and Germafield tests(WP5), JACE (Java Application Control
Enging and Smartbox systemsespectivelywill be usedn household.
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2. INTRODUCTION

I ——

The main task of the EEPOS energy management system is to manage energy loads and
generators in a neighbourhood electricity system in a cost effective way acctordimeg
following priorities.

1 Maximum utilisation of Distributed Energy Resource€f) in neighbourhood level
grids. Energy produced within the neighbourhood shall be consumed locally. Among
others, this will be achieved by shifting of loads from times of low to times of high
local energy production

Provision ofload shifting servicethat could be utilized by aglectricity market

Optional: Distribution grid support (congestion management, peak load shaving,
voltage managemernphase balange

= =4

Following these prioritieshe EEPOS NeighbourhooBnergyManagement SystenNEMS)

may reduce tle overall electricity generation costs introducing neighbourhood load shifting
servicesto the electricity market anthe neighbourhood grid. In other words, the aim of the
NEMS is to provide a cost effective support to future electricity systems with high
deployment of DER.

Such management may be required in the future electricity systems. The management
algorithms will be discussed and defined in Task T2.3s&akgorithms will be developed in
the OGEMA software platform on neighbourhood level.

Optional service such aslistribution grid support may increase the feasibility of EEPOS
platform and may suppoimdirectly one of the main project objectives: reduction of energy
losses. However it may be not addressethboratory and field tester will be addressed

partly.

2.1 Purpose and target group

The purpose ofthis report is to develop provisionalspecification othe EEPOS neighbour
hood automation and energy management system platfdENS platform This platform
should be in a line with the applicati scenarios for the EEPOS platfosindied in Task 1.1

The target group of this repomcludesthe EEPOS project consortium aradl the relevant
stakeholdersdentified in Task 1.2.The report descrilsgn detailsthe desigrprocess othe
NEMS platform architectureaddressing the role of NEMS and data communication ways.
Possible benefit$or the target stakeholdevsll be analysed in detail ithe business models
developed inrask 1.4.

2.2 Contributions of partners

Contribution of each partner in this mepis listed inTable1.

Tablel. Contribution of partners in this report

Partner Section

DERIab 1-7

YIT 3.3.24.1.1,4.234.4.16,7
VTT 2.3 3.3441.34.254.436,7
ENO 3.3.34.44.1.24244426,7
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2.3 Baseline

Automation of local electricity grids isonethfes t e p s t orwta’'r digtoniatesmhas
already startedby installing smart metersvhich frequenty sendinformation about energy
consumption in households to, e.g. energy service pravitiboreover, bidirectional data
communi cati on adtdsend mformationabotité curmard eleetricity price to
the enduser in a way giving the enger the opportunityto maintainhis energy consumption
(load shifting)in a cost effective way.

An extensive summary about -going research and technological developmé¢RiTD)
projects is included in the stavé-the-art report of the EU FP7 IREEN roawiaping project
(http://www.ireenproject.eu/wpontent/uploads/2012/09/IREEN_D2.Reporton-stateof-

the-art.pdf.

Intensive standardisation going on covering areas of smart grids, smart metering, energy
management etc. on European and international level. Relevant standards, existing and under
development, are e.g. CIM, IEC 6183DpenADRand ASHRAE SPC 201P. Description of

use casefor theEEPOS projecwill be tentatively based on the Use Case Template provided

by CEN/CENELEC/ETSI.

The EEPOS energy management platfomil provide a contribution tothe onrgoing
automation of distribution gridst will perform energy management within aigi@ourhood

in a semicentralised way, where trenergy management will be performed on two levels:
neighbourhood and househol@entralised (neighbourhood) management is performed in
order toenable efficient utilisation of local DERBnd supportthe local electricity grid.Thus,

the central managementill supportthe decentralised management systgmshouseholds)
with additional informationin such a way household management systems are involved also
in neighbourhood managemeManagement on househdkvel, in turn,allows maximizing

the utilisation of flexible demand resources in the neighbourtsdock it has direct access to
controllable household appliancedich semicentralised managemeobmbines benefits of
centralised and decentralised sysderithis combinationmay increasethe feasibility of
“smart’ gri ds.

2.4 Relations to other activities

The gecificationof the NEMSplatformarchitecturas mainly based on the Work Package 1
Task 1.3 “Overall a r c h.iGtherctasksof WorksPpokage Tre claselyi o n '’
related andhrein a line withthearditecture specification:

1 Application scenarios (Task 1.1)
71 Stakeholders requirements (Task 1.2)
1 Business models (Task 1.4).

This NEMS platform architecture specification report will be udedher for the
implementation of the NEMS platform and the other task&/BR2:

1 Platform specification and implementation (Task 2.1)
1 Neighbourhood energy gsdnformation moded (Task 2.2)
1 Supervisory and predictive controls (Task 2.3)

The NEMS developed in WP2will be testedin the laboratory prototypgT4.2) and be
employed and validated in tlield tests(WP5)
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3. ARCHITECTURE OF THE NEMS PLATFORM

3.1 Envisioned NEMS platform architecture

The provisionalystem diagranof the EEPOS NEM&nd its communications shown in
Figure 1. The NEMSis the central energy managemesystem within the neighbourhood.
NEMS exhibis a bidirectional data communication interface to thaformation and
communications technologyIQT) platform @ddressed inWP 3) building energy
management system8KEMS), DER (as for instance wind turbines @hotovoltaic PV)
panels)and neighbourhood level loads (as for instance street ligh®) platform is a
mediator between NEMS and external data sources like predietetticity price profileand
weather forecast requirddr efficient neighbourhood energy management

NEMS calculates optimal energy management in the neighbourhood following the
management aims (see Sect®)nand coordinate BEMS, DER and distribution grid loads
(further in the text BEMS/DER/loaddbout optimal load shifting. After applying energy
managemenNEMS sends to ICT platform feedback about energy management .r&aths
communication interfaces between NEMGET platform, BEMSDER/load are describedh
detailsin section3.3.

From the software point of vieWEMS will be based on OGEMA (see secti8R). The
houses within the neighbourhood are equipped witergy management systems on the
building level (BEMS) and connected to the NEMS. In the real world demonstrations in
Finland and Germany, the households will be equipped with the energy managgsteans
JACE or Smartbox, respectivelin the Laboratoryrototype, the modelled households will

be simulated and controlled WGEMA systems.

2013-05-17
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Figure 1. Provisional NEMSlatformarchitecture and its communications with ICT
platform, BEMS, DER and distribution grid loads

3.2 Role of OGEMA, required hardware and operating system

The EEPOS NEMS will run on an OGEMA framewpriwhich provides a hardware
independent execution environment femergy management applicatiorsn architecture
scheme of OGEMA is shown Figure2.

As an essential requirement, a computer system on which the OGEMA framework and
accordingly the EEPOS NEMS will run is needed. OGEMA implementations run on a large

variety of devices, including personal computers and embedded computers withelgy e
consumptionA specificsystem architecture will be selected at a later stage of T2.1.

2013-05-17
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[ OGEMA Applications ]

[ 0OSGi-Framework J

[ Java Virtual Machine ]
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[ Hardware (embedded) ]

Figure 2. OGEMA Architecture Scheme (Sourf§)

On top of the NEMS hardware, an opergtsystemanda Java Virtual Machine (JVM) to run
on the underlying operating systeane needed. For the EEPOS project, a Linux based
operating system, probably a Debian derivate, will be chosen.

Having provided these three componerfis,the EEPOS NEMS drdware, (i) a suiting
operating system an@i) a running JVM, OGEMA can be installed. The OGEMA software
provided by the OGEMA alliance consists of an OSGi (Open Services Gateway inifiative)
framework and the OGEMA fraework. OSGi is a Javhased framework, which allows that
applications, so called OSGi bundles, are started, updated or stopped at runtime. Each
OGEMA applicationusually installs as one OSGi bundle. Using OSGi, OGEMA provides a
modular structure, which laws that various energy management, control and monitoring
OGEMA applications that control different devices within the neighbourhood can run in
parallel.

The system architecture of the OGEMA framework is showrrigure 3. The s$ructure
consists of the following layers (compare also D1.3):

- OGEMA basisservices (OGEMA services that will be relevant for the performance of
the EEPOS NEMS are for instance Plug & Play registration of new devices, resource
control based on usaepecifc and applicatiorspecific access rights and permissions
definition of standardized services for typical functions. Furthermore, each OGEMA
framework provides a graphical user interface for user control of the system.)

- Applications (green marked areadHigure3)

- Resources (data models for connected devices, which are controlled by the OGEMA
gateway computer)

- Communication driversuch agrivers forl[EC 61850, OpenADR, EEBuShe
current version of OGEMA supporSC 61850 The rext version of OGEMA, which
is currently under development and will be employed in the EEPOS project, will also
support OpenADR anBEBuS|[6].
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Figure 3. System architecture of the OGEMA frameworku(ge [4])

The OGEMA data models act as a Hardware Abstraction Layer allowing both applications
and drivers to be developed against the OGEMpdlication programming interfagé\Pl)
definition. For instance, OQEA appl i cations don’t directly
(in EEPQOS, this will be for instance the BEMSs or neighbourhood level loads and production
units). Instead, the OGEMA software plays the role of an operating system, which allows
applicationgo access different types of connected hardware and remote service providers via
OGEMA data models without having to care of the actual physical realization of the
connection. Accordingly, energy management, control and monitoring applications can be
devdoped without knowing the exact interface between the connected devices and OGEMA.

The same applies for the development of hardware drivers. Devices can be connected to
OGEMA by the provision of appropriate drivers, which ensure data communication between
the device and OGEMA. However, a driver developer only needs to develop a new driver
against suiting OGEMA data models or the provided RESdpresentation State Transfer)
interface, whereas knowledge of the installed or planned energy management apgplisati

not needed.

The current version of OGEMA mainly provides data models for energy management on the
household level. In the EEPOS project, OGEMA will be used for the first time as a platform
providing applications for energy monitoring, management audomation on the
neighbourhood levelThe required OGEMA applications for the EEPOS NEMS, which
implement the functionalities described in sect@, will be developed in T2.3 of the
EEPOS projectFor this new data models for the neighbourhood level communication are
needed These data models will be developed in T2.2 of the EEPOS project. Furthermore,
new communication drivers to implement the interfaces described in s8@iare required.
These drivers will be developed at a later stage of T2.1.

3.3 Interfaces of the EEPOS NEMS

The discussion in this subsection focuses on datamunicationinterfacesof the EEPOS
NEMS. Following bidirectional data communication interfaces netnl be defined and
implementedduring T2.1 (cfFigurel):

2013-05-17
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1 NEMS-BEMS/DER/load
1 NEMS-ICT-platform

Knowing the main task of the NEMS, and the required data communication with
BEMS/DER/load and ICT, thelata communication interfacean be defined in detalil.
Furthermore, ways of data transfer and data conversion between the different players of the
system will have to be taken into account.

Basic requirement for data communicatiwithin the system will be the connection of all
playas of the system (NEMS; BEMSDER, loads, ICT platform) to the internet.
Furthermore, data communication protocols (data transfer, data conversion) and ways to cope
with data communication errors will have to be developed in a further stage of the task. To
define an EEPOS communication protocol, knowledge of EEPOS data models is needed, as
communication will base on these data models. These data models will be developed in T2.2.
Accordingly, the way of communication between neighbourhood and buildingvéVdle

realized in accordance with T2.2 starting in April 2013 and taking in mind current
standardization activitiegzurthermore communication protocols developed in topic related
projects (e. g. SmartCoDeww.fp7-smartcode.euMoMa www.modellstadimannheim.de
RegModHaravww.regmodharz.dewill be reviewed and where possible- considered as a

basis for further development.

The interfaces between the NEMS and BEMS should be designed such that new BEMS
not used I n EEPOS <can easily I mpl ement
c o mp a tThebREST interface of the OGEMA framework will offer a common solution
for this challenge (cffigurel). Accordingly, in the following months, REST communication
drivers for the BEMSs (JACE, Smartboand the ICT platform supporting the EEPOS data
models and the EEPOS communication protocol will need to be developed within the frame
of Task 2.1 ad Task 3.1, respectively. For the EEPOS project, it is necessary that time series
(e.g. energy production or consumption forecasts) can be communicated throughHREST.
data security reasons, the OGEMA REST interface shall support multi user accessrand us
roles. This means that different players (BEMSs / DERs / loads / ICT platform) connected to
the NEMS should not have access to all OGEMA resources but only to a certain subset of
them relevant for the respective level.

The functionality of the aforemenhed data interfaces will be tested in T4.2 (laboratory
prototype).

3.3.1 Provisional data exchange

The data exchangeamongthe mertioned parties is bidirectional. Threquired data content
depend®n the type oflata senderéceiver. Belowsomefirst examplef required data sent
throughthe interfaces and their description are listghe examples will be extendeahd
updatecat a later stage of the project)

1 BEMSA NEMS
- Authentication
Instantaneous load
- Power connection capacity
Location (needed for eleatity grid congestion management)
- Predicted load profile, e.g., average hourly load values one day ahead
1 NEMSA BEMS
- Electricity price profile, e.g., hourly price values one day ahead
- Optimal load shifting profile, e.g., indicating time periods of hightelgty
price when load shifting is preferable
- Weather forecasts

2013-05-17
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1 PV systemA NEMS
- Authentication
- Instantaneous PV system generation output
- Rated power
- Location (needed for electricity grid congestion management)
1 Street lightingA NEMS
- Authentication
- Instartaneous load
- Rated power
- Location (needed for electricity grid congestion management)
1 NEMSA DER/load
- Power: command to reduce load/generation to specific value in emergency
situations
- Weather forecasts
- Possibly load shift demands
1 ICTA NEMS
- Electricity pice profile, e.g., hourly price values one day ahead
- Weather forecast, e.g., hourly price values one day ahead on solar irradiance
wind speednd temperatures
- Neighbourhood demand profile, e.g., hourly average values one day ahead
- Optional:Required loadhifting profile fromdistribution system operator
(DSO), e.g., hourly average values one day ahead; time step may be shorter in
order to address specific DSO needs
1T NEMSA ICT
- Instantaneous demand/ generation values of BEMS/DER/load
- Predictedheighbourhoodoad profile

Instantaneous valuesent to the NEMSrepresent the latest energy situation in the
neighbourhood. BEMSwill also provide predicted load profilde the NEMS, which for
example,is built according to the electricity price profilBetailed hformation on electricity
appliances in househads notrequired but anly the total instantaneoasd predicte@nergy
consumption. Load shifting profile then is sent to the I@dtform as a feedback, which
indicates the influence of variable electrygprice to the load shifting.

For BEMS/DER/load communications, the data setd NEMS can besummarized for
instancen a data array with 25 columns aBdows as depicted ifiable2. Taking BEMS as

an example, he frst column ontains instantaneous values and information for BEMS
identifier (ID), time, instantaneous power, rated poaed location in the grid. ColumnsZb
contain hourly prediction data one day ahead for pdiead) where relevantin the case of
DER and neighturhood bads NEMS will receiveonly data in the first column.

Table2. Required data sent through interface BEMS/DER/|daEMS

Name ID
Sent ime Timestamp
Power P P]_ Pz P3 . P24

Rated power Prated

Location Location code

2013-05-17
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3.3.2 Finnish Demonstration (T5.1)

JACE, Java Application Control Enginéas built ts support for several different field bus
communication protocols, such as KNgonneX!, Modbu$, LON (Local Operating
Network), DALI (Digital Addressable ighting Interfacg Mbus', BACnef etc. The data
within in the JACE system is normalized using the BafBuilding Automation Java
Architecturg®. The dataformat in Bajais XML (Extensible Markup Languayeising the
0BiX (Open Building Information eXchanfestandardoBIX is an industrywide initiative to
define XML- and Web servicebased mechanisms for building control systenfany
measurement or history data in the JACEeysis available through this interface through
the oBIX web service.

<obj href =" http://localhost/obix/ "is ="obix:Lobby"  xsi:schemalocation ="http://obix.org
/ns/schema/1.0 /obix/xsd" >

<ref name="watchService" href ="watchService/ "is ="obix:WatchService" ></ ref >

<ref name="config" href ="/obix/config/ "is ="/obix/def/baja:Station" display ="Station" di
splayName ="Config" icon ="/ord?module://icons/x16/dat abase.png "></ref >

<ref name="about" href ="about/ "is ="obix:About" ></ ref >

<ref name="histories" href =" histories/ "display ="com.tridium.history.db.BLocalHistoryD

atabase" displayName ="History" icon ="/ord?module://icons/x16/historyDatabase.png "></r
ef >

<ref name="continuousControl" href =" /obix/config/Drivers/ObixNetwork/exports "is ="/obi

x/def/obixDriver:ObixExportFolder /obix/def/baja:Folder" display ="Obix Export

Folder" displayName ="Exports" icon ="/ord?module://icons/x16/ folder.png " ></ref >

<opname="batch" href ="batch/ "in ="obix:BatchIn" out ="obix:BatchOut" ></ op>

<ref name="alarms" href ="/obix/config/Services/AlarmServ ice "is ="/obix/def/alarm:Alarm

Service obix:AlarmSubject" display ="Alarm

Service" displayName ="AlarmService" icon ="/ord?module://icons/x16/alarm.png " ></ ref >

</ obj >

Figure 4 Example of an oBIX data object

The information obtained through the oBIX interface can be used by any system acting as an

oBIX client.

3.3.3 German Demonstration (T5.2)

The curratly used version (2.x) of thenBovatis Smartbox systenowers the following
interfacedor data communication and device control:

1 8 x temperature inputs Pt1000, direct (rargfeto +180°C, resolution: 0,08C )
1 8 x analogue inputs (BV, 0-10V or 0-20 mA, resolution range: 12 Bit)

! http://www.knx.org/

2 http://www.modbus.org/

® http://www.lonmark.org/

* http://www.mbus.can/

® http://www.bacnet.org/

® http://www.automatedbuildings.com/wsim/Baja_White_Paper.pdf

" http://www.obix.org/
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collector, Namur, or current®24 V)

Ethernet interface 10/100 MBIt

= =2 A =

2 x OnboareRelays PhotoMOS 1A, 60V=
More relays outputs or digital/analogue inputs can be connected vidbEgadodules

8 x digital inputs whiclcan be used for impulse or status inputs (potefréal, open

3 x serial interface RS232 for externalBdis-Levelconverter or ModBus
1 x RS485 field bus interface, for distances until 1, 2 MByte

one free socket for moderanalogue, ISDNIntegrated Services Digital Netwqrkr

GSM (Global System for Mobile Communicatipn

The layout is shown in the foIIowing figure.
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Figure 5. Layout and functions of the Ennovatis Smartbox 2.x
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All relevant states (power, impulse inputs, data transfer, {cOMection status relays
outputs) are shown via GBoardL ED’ s . For every channel t her
measuring and storing cycle.

Examples for available additional adapters and protocols are LONHaWBpean Installation
BusYKNX or wireless moduledased on ZigBee anchBcean.

The firmware functionscovers a wide range of different communication and calculation
modules like: MBus function; MBus-Analyzer; Peak load single; #8us router to record the
M-Bus e.g. between levebnverter and BMYBuilding Management Systgnfirmware for
serial modem port via TCP/IP; AS@irotocol (field bus) reading; ModBus reading; ModBus
and ASCltprotocol writing; Peak load Complex; time scheduler: weekly, daily, special dates;
automatically message vianegail and $/1S with internal status.

In the German Demonstrator we have the following interfaces to consider:

1 Interfaces between Smartbox and the sensors/counters/devices within the BEMS: the
interface depends on the possibilities of the interacting devices. Smatpparts a
wide range of interfaces and protocols to connect and communicate.

1 Interface between Smartbox / BEMS and OGEMA / NEMS: for the communication
with superior EMS(Energy Management Systertje Smartbox supports different
communication modules and-protocols. In the German Demonstrator the
communication is planned based on TCP/IBnnovatis supports an open
communication library in COM technology (access via every C@dmponent
Object Model,or scripting capable PC programme possible) and alsoosshjility to
communicate via RSSReally Simple SyndicatioAeeds (if appropriate). The
decision on the communication protocol(s) is open and has to be developed together
with the project partners.
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Figure 6. Sample interface étween Smartbox and superior EMS
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For the communication based on a trading model in SmartCoDe project the concept of
the so called ®“Least Cost Function” (LCF)
part of the basic communication approach in EEPOS. The lokesa is that the cost

profile inherently represents a power budget over time, and by incorporating a load

plan into the next cogirofile update, a certain part of this budget is reserved for the
appliance which made the plan:

1. The BEMS broadcasts a (fial) costprofile to all appliances in the group.

2. At some point an appliance issues a lpéah to the BEMS, e.g. when a
freezer switches off the first time after finishing its learning phase and now
computes a loaglan.

3. The BEMS incorporates the logdlan into the current cogirofile and
broadcasts it.

4. Other appliances will compute and send lpéahs, giving rise to subsequent
costprofile updates.

Delay time (minutes): t=0[ 15 (30|45 | 60 | 75| 90 | 105 | 120 |135|150|165
Buy profile {cents/kWwh): 25| 25 | 25|25 25 (25| 25 | 25 | 25 | 25| 25| 25
Sell profile {cents/kwh): 50|50 |50(50| 50 (40| 40 | 30 | 15 | 15| 15| 20
Total (planned) Load (Watts) 800 [ 850 |900|900| 500 |600| 700 | 750 | 800 (100|150| 200
Total forecast (Watts) 200 | 300 (400|500| 700 |800|1200 (1400 (1600(200(100( O
Machine profile to calculate [W): 700 |700|500( 100 F——>

Cost runnint at t (cents): 44 (4,4]3,1|1,25

Total cost for starting at t (cents): 13,1

Figure 7. Profile calculation example

This calculation is done for all timeogs (15 minutes) as long as the maximum delay
time is allowed to do. The connected devices are then planned to start at the least cost
time in the array. The device profile is added to the total load profile at the least cost

time.

The same principle canebused to define a trading protocol between NEMS and
BEMS with the advantage, that the LGPReast Cost Protocol)ncorporates an
abstraction level which prevents, that the NEMS has to have the knowledge of each

connected device within each BEMS.

1 Interfacebetween User and BEMS/NEMS: For the visualisation of the energy
consumption and the communication with the user in German Demonstrator each
dwelling will be equipped with a Tablet PC. The data will be provided via WiFi
Connection using the internet connentof each separate household.

The technical data of the user terminal are: Widescreen Tablet PC with Android 4.0,
1,2 GHz Processor / 1GB DDR Il RAM, Builh Camera on Front, Microphone,
Speaker, 3,5 mm Earphone Jack, HDMI Output, WIF§é&asor and U Host

Function.

Also for the German Demonstrator the same internet portal, as tested in the German
pilot, will be used to show the tenants and the energy manager of the building their
consumption data, as well as the temperatures and humidity of thdimdaeThe

tenants will need a username and a password to get access to their consumption data.
Therefore, a data administration system will be installed for the web interface.
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Figure 8. Example of a web interface (heating comgption and cost overview)

The web interface has an integrated administration function which has the ability to provide
different information to the user and also the energy manager of the NEMS. The user will
only have access to the data of his dwelling awll not be able to compare his private
consumption data to the average of the building. The energy manager will have access to the
building consumption data and the consumption data of all dwellings. Additionally
information like the local weather forast will be implemented in the webpage to be shown

on the tenants Tablet PC.

3.3.4 EEPOS-ICT

Data communication interface between automation and ICT platforms will be based primarily
on Web service technology. As a starting point the services of existing stauedgr BACnet,

oBIX or OPCUAZ2 will be utilised. Additional EEPOS specific features will be specified and
implemented utilising other standards like OpenADR.

The data communication between automation and ICT platform will be described more
detailed in thenext version of this deliverable.

EEPOS clients are utilising mainly EEPOS ICT platform web service APIs and related
building and neighbourhood level data.

Very preliminary ICT platform relatedveb serverinterfaces for EEPOS clients are as
follows. Building level data can be sent/forwarded through the EEPOS automation and energy
management platform or get directly to the original system

8 https://www.opcfoundation.org/Default.aspx/01 about/ah?MID=AboutOPC
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Interfaces to apartment and building level smart meters data.
Interfaces to BAS, BEMS, NEMS and DER data @tgake ard historical), events and
alarms.
1 Interfaces to apartment, building and neighbourhood level load shifting data and
related costs savings.
1 Interfaces to forecast data: energy demand, production and price forecasts (24 h
energy tariff prices etc.).
1 Interfaces for internal and external purchased/sold energy volume data.
From EEPOS automation and energy management
interfaces which could enable/produce information to the listed ICT platform interfaces would
promote the T3 and the T3.4 implementations.

= =
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4. NEMS REQUIREMENTS

TheNEMS requirementdescribedn this section are divided in two groups:

1 Stakeholder support services
1 Functional capabilities

Stakeholder support servicistly were discussed in Task 1.2 (Deliverabl@). Task 1.2 has
identified all the possible stakeholders which could be interasteat connected to the
EEPOS energy management platform and has listed their possible requirddesides

required functional capabilities of the EEPOS platfavith mainly depend on the application
scenarios, whichwere analysed in TaskL.1l. This sectiondiscusses in more details the
stakeholdesupport services and the functional capabilitedevant to the NEMSThe latters

are described i n Wwfusconsovdl becagldressedt the end ofthikg h o
section,performance criteria which could be used for assessmeahe ®EMS performance

are discussed

4.1 Stakeholder support services

Stakeholdersupport serviceare services which thdEMS should provideto stakeholderg
order toensurea simple integratiorof new energy consumers and generatorshe NEMS
and tofulfil specific stakeholder needs. These servicesnaigly software architecture based
and areas follows.

1 Plug & play
(i) Connection
NEMS dall allow adding new playef@EMS, DER, loads with minimum effort.
This may beperformed through automateddetection andregistration of nely
connectedEMS/DER/loads
(i) Settings

Complex consumers lIkBEMSs are householdsquipped with energy managent
systems.BEMSs are characterized byome demand flexibility.These flexibility
settings willfurthermorebe usedy the NEMS for optimal energy management.

(iif) Automatic updatesn consumer demand flexibility

BEMS flexibility may change if the endser has the ability to change the flexibility
settings of appliances in the household. The NEMS in this case shosigpperted
with updated information regularly in order to acknowledge its management resources.

1 Human Computemiterface(HCI)

The NEMS should provideuser friendlyHCI for the NEMS operataio perform such
operations asconnection of newBEMS/DER/loads setting of management
automationparameters, managemeérnautonation apgication control, monitoring of

the current energy situation the neighbourhoods well agpredicted generation and
demand profilegprobably realized by web interface, development of this service in
consolidation with WP3)

1 Modularity

The NEMS should havea certain range of modularitywhich offers replacing of
specfic parts(modules)of the NEMS by other systems/ modul&®,for instance on
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the household levethe potential stakeholdefendusers) should bé&ee to choose
which BEMS they want to use (e JACE or Smartboy. This could be realised using
standardied/conventional data communication protocols and data fornfads.
example, dditional modularity of the NEMS can be obtained through developing
communication drivers on the BEMS/DER/load side. In such a way the
communication between NEMS and BEMS/DER/loaill always have theamedata
format. Thus anyBEMS/DER/loadsupporting these kinds dfata communication and
data formats is compatible withe EEPOSNEMS.

Being built upon the OGEMA framework, the EEPOS NEMS will provide the
installation of various gpications forvarious monitoring, control, automation and
energy management applications (see secBdon OGEMA applications). The
NEMS operator will have the opportunity to decide which applications he needs and
wants to se. Furthermore, he has the possibility to develop and implement additional
applications for site specific monitoridgontrol/ automation’ management purposes.

In such a way, more freedom is given to potential stakeholders for using the EEPOS
system ad adjusting it to their specific needs.

1 Application support

The NEMS shall supporbgging andevaluation of text log messages as well as of
measurement data seri€sirthermore, aser manuashall be provided

1 Softwaremaintenance

The NBMS should provid@roper maintenance / update functions (e.g. remote updates
e.g. for bug fixes). This feature is supported by OGEMA and will espebiaitgeded
for the demonstrations in Germany and Finland.

1 Continwus operation
The NEMS patform shall allow the instaktion of additional monitoring/
managementautomation applications (T2.3) without stoppioiper already running
processesThis feature is supported by OGEMA (cf. sectid).

1 Easy programming OGEMA Services for applicatiodevelopers

(i) Resource Administration: automated registration/discovery of new devices (plug &
play) based on standardized data models (already existing or developed in T2.2) and
device services

(i) Application Administration and Time Control: Adminiation of applications, the
system time they are using and the way they are executed

(i) Standardized Services for OGEMANctional capabilitiesServices that will be
needed for many applications, e.g. the user and neighbourhood level web interfaces

1 Pesistent torageof dataand application settings

OGEMA supports ersistentstorageof e.g. preferences, application data or structures
that are commonly needed e running monitoring / control / automation /
managemerapplications Thismeans that dataill still be accessible aftearestart or
anunintended shutdowof theNEMS.

1 User Administration, data security

The NEMS shall gpportthe definition of priorities and specific access rights and
permissions for different applications according to apes#s between different
actors in the distribution grids
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All the aforementioned stakeholder support servaresréated either with NEMS operator

with BEMS/DER/loador with both These servicewill be addressed in th@eGEMA based
NEMS prototype systenwhich will be testednd validatedn the (Task4.2) as well as irthe

field demonstrationf/NVork Package b

The quality ofthe services relatetb the addition ohew BEMSYDERS/loads, however also
depends on the systemf the BEMSs/DERSY/loads, which communicate with the NEMS.
These services are (i) plug & playi) modularity and (ii) data security. For exampla data
measurement system in consumers household tmaysupported with standardized
communication driverswhich could allow the NEMS to dtect the consumer automatically
and involvethe systemmmediately in the management process.

4.1.1 Finnish demonstration (T5.1)

Eneagy monitoring/ management ifinnish field demonstration is based on JACE system.
The JACE system is running the Niagara Framekaevhich enables a library of different
freely definable applications and services to be used. Basic functionality and services includes
a Bajabased module architecture (Building Automation Java Architecture), data security and
user access administratiotata logging, history storage, field bus drivers, web server and
communication interfacggigure9).

Device Interfaces Enterprise Interfaces Human Interface

Graphics

=

Figure 9. lllustration of theJACE/ Niagara architecture.

The human communication interface psovided through TCP/IP using a web browser
through the built in web server. Enterprise communication between the NEMS server and the
JACE s preferably done using the oBiX standard protocol wA&@E is implemented as an
oBiX-server.

4.1.2 German demonstration (T5.2)

German field test uses Smartbox as BEMS manageifle@Ennovatis Smartbox collects all
energy data of a building and transmits it for further processing. It enables a completely new,
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high-efficient energy management of buildings. All data concereimgrgy consumption of
buildings are collected fully automatic and rotthdclock and transmitted for further
detailed processing. The Smartbox is supplied in a control cabinet which fulfils the IP 65
standard. It consists of a single P@®inted CircuitBoard)system, a power pack, a circuit
breaker and various attachable components. In addition to this, options {Bugs)Man be
secured to the integrated mounting rails or inserted into available slots on the PCB (e.qg.
socket modules or memory expanspn

The currently used Version of thenBovatis Smartbox is Ref 2.x. The main Hardware
attributes are a Rabbit 3000, 28MHz processor with 512 kByte Flash/Ram and 2MByte Flash
for data, an additional microSDard and different interfaces like RS232, RS486P/IP
10/100MBit,8 x PT1000, 8(6) x analog and an Expansgbot for different additional
modules. The Software is a combination of the Smartbmanager (windows based
configuration tool) and the Firmware inside the Smartbox. The Firmware supports for
example StandarthternetProtocols like TCP/IP DHCP, SNTP (Clie&t Server), EMail,

EMS, NetBIOS, UDP and different protocols for data communication. For the configuration
there is a quite flexible modul libraray with calculators, mfultiction timers, Bt-Modul,

PID (heating regulation).

Based on this platform the services within the BEM&I and for the combination with the
NEMS can be alreadypartly— put into practice:

Plug&play requires functions like automatic port and/or bus scanning, the réoogof the
addicted devices and the automatic setting of parameters. The Smartbox can act as a
“converter” bet we-emore srilesspsiumd deviees, shatrds notasapgdort
plug&play. These devices can be connected toRhe different wayg and the Smartbox
allows the superior EMS a higavel communication with plug play style. This is cuently

used for example in thenBovatis Energy Management System to automatically update
System configurations scanning the connected Smartboxesdoges.

The Snartbox itself currently do not have an integratetman user interfaceThe user
interaction is done by different tools Software tools, e.g. the Smarttanaer for the
configuration, the Bnovatis Controlling System for data analyse andnépy or a Smartbox
App for the visualisation. The flexible interface architecture allows the combination with
nearly every high level interface.

Modularity is a basic feature of thenBovatis systems. The Smartbox itself can be enhanced
with different Had- and Softwarenodules and it is also possible to use the Smartbox as a
modul being part of a BEMSEMS.

The application supportis currently reduced to the configuration of own programs combining
the available modules in the Smartbox configuration amwing these programs as templates
for further use. The new Smartbox V.4 platform will offer an open application platform with a
wide range of functionality.

For software maintenancehe Smartbox support remote Firmware update and configuration
support, fo the persistergtorage of data and application settitigs 2 MB OnBoard memory
can be used as well as the 2 GB additional memory offered by the microSD card.

Security of datais currently supported by a 3 step password security: without, reading,
paraméerizing Higher level security features like useland group administration are also
part of the Smartbox V.4 development.

4.1.3 EEPOS-ICT

EEPOS client applications related to ICT platformratated not only to field demonstrations
but also to laboratory awtties. The client isutilising input data fromEEPOS ICT platform
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applicationsrelatedto neghbourhoodenergy managemenfor that reason th#&llowing
EEPOS automation and energy management platform related services are not mandatory but
would promotel 3.3 and T3.4 implementations by offering

1 User admistration service

1 Security of datacommunication
Support of the definition of priorities and specific access rights and permissions for different
EEPOS ICT platform based applications like the EEPOS grpdormance monitoring and
planning tools (T3.3) and the EEPOS end user collaboration tool (T3.4) based on the need of

different type of end users (stakeholders) using the clients. On the other hand most of these
issues are possible to do using EEPOS patform level user administration services.

4.2 Functional capabilities

Functional capabilities of the NEM&e the functioewhich the NEMSshouldhave in order

to fulfil its tasks in the neighbourhood energy system. The possible tasks are described in the
Deliverable 1.1as application scenarioEhe functions listed below are the functions required

to perform these tasks amdll serve as a basis for the development of smart neighbourhood
level control and monitoring applications in T2.3

Functional capabties are divided in two groups:

1 Monitoring and dtamanagement functions
1 Energy management functions

Monitoring anddata management functions perform energy monitoring and refer to data
measurement, transmission, conversion and storage; whereas eneagement furteons
perform energy management. The latter is supported by data management functions.

4.2.1 Data management functions

1 Data collection
- Collectinstantaneous energhata fromBEMSSDERYloads
- Collect erergy prediction profilefrom BEMSs (e.g. houry profiles one day ahead)
- Collectpredictiondata from ICT platfornfe.g.electricity price profils, weather
forecastwind speed and solar irradiance profilaafineighbourhood demand profiles
(e.g.hourly profiles one day ahead)
1 Data transfer
- ICT-NEMS,NEMS-BEMSs/DERs/loads (communication frequency, e.g., once per
hour, or on demanyd
7 Calculation
- Calculateenergy production based on weather forecast

4.2.2 Energy management functions

Energy management in the NEMS refers to the management of active eleataditiy Ithe
neighbourhoodFollowing the ains of the NEMS, firstly the load shifting services will be
used for maximum utilisation of DER in local grids. Furthermore, the load shifting service in
the NEMS is related with power balance regulation (activegpaentrol) in the electricity
system and will be discussed from the viewpoint of frequency contrekmscesfor the
electricity market. In addition, congestion management (peak load shavitigge control

and phase balaneall be discussed agptional services for DS@ The effectiveness dhese
management functiordepends on the available capacity of controllable loads.
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1 Maximum utilisation of DER in neighbourhood grithis is the aim of NEMS, which will
be realised through load shifting in ordén balance electricity generation and
consumptionn the neighbourhood.

1 Frequency control is performed in order to keep the frequency in the electricity system in
an acceptable range. Frequency deviation from this range can occur due to rise of
differencebetween generation and load. In this ¢aserder to maintain the frequency in
the rangecentralisedgeneratioruni t s are adjusted to meet
(micro-) grids frequency control can bgartly supportednvolving electricity eneuses.

Load shifting could contribute similarly to frequency control like flexibkntralised
generators. However, the NEMS cannot participate in the frequency regulation as primary
reserve since it requires immediate response. Due to limited reactiofwimod may be

up to several seconds duette execution of management algorithm)e NEMS can

offer its services in secondary reserve, which requires respuaiisa several seconds
depending orthe country[2]. Secondaryeserves then keep the frequency in a range for a
time necessary tailinch the tertiary reserves (starting from few minutes), which replaces
primary and secondary reserves and maintains frequeraciong termThe ability of the
EEPOS NEMS to participate in frequency control will depend also on data
communication frequency between NEMS and ICT.

1 Optional:Voltage control like frequency control should be maintained in a specific range
in order to ensure high power quality. Conventionally voltage contr@alésed through
switching autotransformer tap changers, rearranging power flows among transmission
lines or through reactive power injection in electricity systdime first two of these
meansare currently practicedmainly in transmission grids, which armeshed and
automated. Distribution grids, however, are not automated and are usually radial.
Therefore the main mean for voltage control in distribution grids is reactive power
injection. In the future electricity systems additional need for voltage oontin
distribution grids may occur under high deploymenD&R (like photovoltaic systems).

At high generation and low demand in the neighbourhood low voltage grids voltage may
exceed the upper limit. This challenge is studied by Papaioannoy3taincluding that

in low voltage linesthevoltage can be managed efficiently not only by reactive power
injection but also by load shifting. This could be realised by the NEMS as a service to
DSO.

1 Optional:Phase balance is ahet service which could be realised through Ishifting.

It will contribute (i) to additional reduction of electricity transferring loss€s) in
redudion of the required distribution feeder capacity il in improvement ofvoltage
profile in distibution grid.

1 Optional:Congestion managementar additional service which could be provided by the
NEMS tothe DSO in order to prevent possible modification or reconstruction of existing
distribution grid corridors.

Maximum utilisation of DER, voltageontrol and congestion management can be applied
simultaneously since they do not conflict each with other. Voltage control manages voltage
rise at high generatiaratesand low load ira distribution grid.Shift-ableload is moved to be
switched on duringhese times. This decreases the difference between generation and load in
the neighbourhood grid and, as a result, voltage decreases. In addition, this processaleads to
decrease of loading of distribution grid corridors and of electricity surplush&e, is no risk

that such voltage control could cause grid congestion. Frequency control, however, may
conflict with two other services (voltage control and congestion managensenmt) in a
situation of rapid frequency rise during time of congestioaneighbourhood grid. Isuch a
situation frequency control requireactivatingcontrollable loads in the coming minutes, but
this would overload the local grid. In situatiotige thisit is assumed that higher priority is
given to grid support servicesni the neighbourhood: voltage control and congestion
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managementwhereas requency control with neighbourhood resourcesalasver priority,
since it can be realised with other resources in the electricity market.

AnotherNEMS task is to coordinate the ttibution of the flexible loads in order to prevent
potential congestion or voltage violation in distribution grids. This coordination is required in
the neighbourhood since there is no communication among the buildings. The ¢&tEMS
provide each houseltbwith an additional profile for 24 hours with time intervals in which
load shifting is preferred. In such a wasarrow peak or ofpeak load pikes may be prevented

to happen. Finally, the energy managemang¢ach building woulde performed separately

by BEMS following the electricity price anduggestedimes for load shifting.

As mentioned before, one limitation of the NEMSHhe response time. Another limitation is
the capacity of flexible load services, which can be expressalisatute value ofolad, the
time when load should be switched on oreetivated and shifting periodFlexibility
characteristics of complex neighbourhood consupiies householdswill be result of all
controllable appliances in the house.

Taking into account that in theeighbourhood the most of the loads are domestic Jdheg

may have similar daily or weekly characteristics. For some appliances the flexibility period
may be quite short. Thermal storages may have to be recharged every hour depending on heat
isolation awl acceptable temperature range. For example, in order to maintain the temperature
in anacceptable range during the nightrefrigerator cooling system is activated every hour
consuming 200W power for 1min. This load is not linked to a specific timeamde shifted
several minutesr even hourgarlier or later depending on the electricity price forecast. Other
domestic loads like washing machsreavea long flexibility period depending on engdser

habits. For example, washing machine management maetbn a way that the clothes
should be washed at 7am in the morning. So, the flexibility period in this case is from the time
when the washing machine is loaded up (e.g. in the evening}hanime at which the
machine should be activated in orderfitmish washng the clothes before 7am. During this
period the washing machine is a flexible load. These controllable load limitations, however,
do not exclude the contribution of the NEMS in the aforementioned services.

Loadsin households cafor instancebe dividedas follows (i) flexible loads which can be set
for automated control (like washing maclap€ii) virtual storages (like cooling devices or
heating)(iii) semiflexible loads (like vacuum cleargrSecond group loads belongs actually
under thefirst group but is separated because of its specific operation prop&ées.
flexible loadscannotbe controlled directly, buarecharacterise by acertain flexibility grade.
They can be controlled indirectly with price signals sent to final eneoggummer. The
activity of the final energy consumer partly depends on the price difference.

For a feasible application of tiMEMS it is important to find and implement the operation of
the NEMS in a way which brings financial benefits to the all direatlyoived parties. The
endenergyuser, for examplas interested to redudws electricity bill (not necessdy due to
reduction of energy consumption, kalsodue to shifting of controllable loads). Besidtése
NEMS operatorstimulates the load shiftig by variable electricity price and sells these
services to the DSO, as well as ttee electricity market. In the latter, for example the
generation deficit could be (partly) prevented by shifting neighbourhood loads frormthe t
of energydeposit tothe time of energy surplusin such a way costly electricity generation
reserves (i.e. rampiAgp costs of conventional generators) will be replaced by load shifting.
This may reduce electricity generation costs and so the electricity bill. According to iéhmadr
and Mount[1] the most effective way to reduce the arser electricity bill is to actively
manage the load in the electricity system (e.g. in buildings).

All the aforementioned NEMS functions will be addressed in laboragxperiments.
Services related to electricity market should be realised through different electricity price
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tariffs. This price profilds supposedbe created on ICPplatformlevel. Furthermoreservices
related tothe DSO interestsmay be also addressedirough electricity price profik or
additional profile about desirable load shiftiidne NEMS operator will receive data on load
shifting needs for grid support services. This input fmanexamplebe added intdhe final
price profiles sent tathe BEMS.

4.2.3 Finnish Demonstration (T5.1)

The JACE system is able to collect, process, store and transfer data as ,ndmded
performing data management functi@atameasurement angrocessing is done in retine
using built in or specifically designed processtoolnmodules. Selected measurement points
are stored in an internal history databadee collection interval is normally 260 minutes
but is configurable (1ms infinity).

The Finnish Demonstration is @nique low energy residential neighbourhood. Theima
purpose and function of th@ACE is to control the designed and implementashting
ventilation and air conditioningrocesses, perform measurements and additionally enabling
the implementation of the agreed EEPOS platform functions.

4.2.4 German Demonstration (T5.2)

For the German @monstation the housing cooperative Bauverein Langenfeld eG (BVL)
provided four of its residential buildings. These buildings are already equipped with a basic
energy managemerstystem which was installed byngovatis in 2008. Thefore, exact
baseline data can be obtained from the existing measurements and energy bills for heating and
water consumption as well as for the building gas consumptions. A radio based sub metering
system for billing, installed and operated by the LAS Gimvas previously connected toet

energy management system ofriBvatis Smartboxes. The main heat meters of the buildings
were also connected to the system and the obtained data of the last years can be used for the
baseline calculations in the project.

The general subjexsbf the German demonstration are
1 Energy monitoring

1 Energy managementontrol of the existing energy consption systems of the
buildings.
In BEMS the aforementioned general subjects are addressed as follows
1 BEMS povides measurement datof room temperature andwumidity, heating
consumption, cold or/and hot water quantity and electric energy consumption to the

tenants and the energy manager of the housing association (BVL) to change energy
consumption behaviour and calculate energyngmwvith the measured data

1 Installation of smart thermostats for the heating radiators in selected rooms of each
dwelling, combined with window contacts, which allow switching on and off the
heating, if a windows will be opened.

In additional, BEMS is deigned to provide the following data via the web interface to the
tenants:
1 Weekly data of heat consumption and water(hot and cold) quantities

Hourly electric energy consumption of every dwelling
costs of the above stated types of consumption
CO2 emissias for electric energy and heating energy consumption

= =4 -4 -

room temperatures of certain heated rooms in the dwellings
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1 relative humidity
1 Outside temperature

Recentlythe heating system was changed from central gas heating to a local district heating
network pavered by a thermal power station that provides heating energy for all buildings in
the neighbourhood. The b uondeqlippedwittavheat gumpn st r .

4.2.5 EEPOS-ICT

With the following data and energy management functions ICT will supd&MS in
EEPOSplatform(T3.3 and T3.4)

Data management functions
1 Datacollectiof t i me step minimum 1 hour (10 minute
point” i s stimdneonitorieg) f or r eal
- Collect energy eansumptiorand DERgeneratiordata fromNEMS.
- Collect from NEMS bad shifting data and related costs savings from apartment,
building and neighbourhood level.
- Internal and external purchased/sold energy.
1 Alarms and events
- Alarms and events forwarding: ForwdbdiER, BEMS, building automation system
(BAS), load shifting and consumption related alarms and events immediately from
apartments, buildings and neighbourhood to the EEPOS ICT platform.
{1 Data storage:
- No data storage requirements if the data is sent or forwarded to the EEPOS ICT
platform.
1 Data faecast
- Energy demandyroduction and price forecasts (24 h energy tariff prices etc.).

Energy management functions
1 Energy saving
- Support for the EEPOS end user ICT application based manual energy saving modes
i n apartment | evel. hbdi dayambplae ks it ou &timen
-> allow the resident using the EEPOS I CT
(electric heating, air conditioning and outdoor lighting to minimum) until 1.3.2013
00:00 (if the resident did not remember to doatri home control panel).
1 Load shifting
- Support for the EEPOS end user ICT application based manual load shifting in
apartment | evel. For exampl e->gliowNEMEI on *“ e
operator to send the *“ svatheaesidemesingthege t o r e
EEPOS ICT tool to put his electric heating in heating season manually to maximum
(energy storing by overheating) and after 2 hours automatic to zero until indoor
temperature is in minimum of the set point range.

4.3 Use cases

The following wse cases describe step by step how the functional capabilities of NEMS will
be addressed among different systems, e.g. NEMBBMBEs/DERS/loads. Similarly like the
functions describedin the previous subsectigrthe use casewill be divided in twomain

groups: use cases related (i) to data management and (ii) to energy management in the
neighbourhoodThe use cases described below are preliminary exemplary use cases, which
will be modified / updated / extended during the further process of T2.1.
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4.3.1 Data management: NEMS- BEMS/DER/load

Name

Related scenario

Description

Pre-conditions

Stakeholders
Systems involved

Trigger

Basic path

Postcondition

Exceptionpath

Data measurement between NEMS and BBEMERYloads — data
measurement, communication and storage

To be specified after publication of D1.1

Data communication between NEMS and BEMS/DB&dl is required ir
order to optimiseéhe energy management in households taking in acc
the energy situation in the neighbourhood. In such a way addit
neighbourhood related services can be achieved through e
management in buildings. These seeg are mainly grid support servic
described in subsectiegh2.2

() EEPOSNEMS is installed orappropriate hardwaydii) household is
equipped with a BEMS, (iii) NEMS and BEMS/DER/loatk connected
to dab communication network (preferably internet), (iv) d
communication between NEMS and BEMS/DER/load is provided.

NEMS operator, BEMS/DER/load operator
EEPOS NEMS, BEMS/DER/load

NEMS and BEMS/DER/load are runningNEMS is waiting for
BEMS/DER/load communication. BEMS/DER/load communicates \
NEMS frequently (e.g. once per one hour) sending current er
measurements.

Once NEMS receives from BEMS/DER/load energy measurement d
providesto BEMS daa about updated predicted electricity profile (e
for 24 hours in ahead), if any. NEMS stores energy measurement d
BEMS/DER/load receives updated price profile, it recalculates er
managemenalgorithm andsends the updated information abolanmed
load shifting to NEMS.

NEMS has stored the latest energy measurements. BEMS/DEF
management is recalculated following the updated electricity |
profile, if received from NEMS. In this case NEMS also receives upc
information on planed load shifting.

BEMS/DER/load operator (engser) may involve in BEMS/DER/loa
management through HCI. In this case feedback to NEMS will inc
also human factor. In this case NEMS is informed about hu
interference.
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Diagram

NEMS based on OGEMA

Smartbox

Authors

Priority

DERIlab

High

4.3.2 Energy management in NEMS

Name

Related scenario

Description

Pre-conditions

Stakeholders
Systems involved

Trigger

Basic path

Energy management in NEMS: maximum DER utilisation in local, ¢
electricity market suppoendlocal grid support

To be specified after publication of D1.1

NEMS performs energy managementtba neighbourhood level. It is

mediator between ICT and BEMS/DER/load. In addition to ¢
management NEMS also performs energy management
neighbourhood level: NEMS supports BEMS/DER/load with informa
for optimd load shifting. Optimal load shifting is performed accord
two priorities (i) maximum utilisation of distributed generation in lo
grids and (ii)electricity market support and (iii) locgkid support. The
latter focuses on peak shavimgltage mangementand phaséalancen

electricity distribution corridors. NEMS management is performed ir
interests of the final energy user.

(i) NEMS is installedon appropriate hardwaye(ii) NEMS, ICT and
BEMS/DER/load are connected to datancounication network, (iii) dat:
communication between NEMS, ICT and BEMS/DER/load is provi
(iv) NEMS is programmed for neighbourhood energy management.

NEMS operator
NEMS

NEMS is running. NEMS is waiting from ICupdated information ol
either price, weather or demand prediction profiles (further in the
profiles). Once NEMS receives updated profile, it executes er
management algorithm.

NEMS calculates optimal energy management in the neighbodi
according the updated information from ICIhis processncludes alsc
calculation of generation profiles of DER using weather forecast
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The output ofNEMS calculationthen comprises optimal time slots fc
load shifting unique for every househdg&lg. 24 hours in ahead). In oth
words, NEMS suggestshouseholds(BEMS) to which time periods
flexible load should be shifted. Firstly, NEMS uses flexible loac
minimise electricity generation surplus in the neighbourhood; seco
NEMS supports loda electricity grid with load shifting. BEMS
management has higher priority tidBEMS management.

Postcondition NEMS has performed energy management neighbourhood accordii
updated information from ICT.

Exceptionpath Under critical circumstances ielectricity market electricity price ma
reach extra high value (several times higher than usual high price
or extra low value (close to zero). Under these circumstances elec
price becomes the highest priority in energy manageraéet grid
support In addition, NEMS operator may involve in NEMS managen

through HCI.
Diagram
NEMS based on OGEMA
Applications
Authors DERIlab
Priority High

4.4 Performance criteria

Performance criteria are criteria which will be used to evaluate how welIEMS performs
its tasks/functions and how well the stakeheld support servicdsmve beemleveloped.

The efficiency of theNEMS will be validatedaddressing the following resultarhich will be
compared between two scenarios: (i) without and (ii) with neighbourhood energy
management.

1 DER surplus: how muclibER generation surplus is utilised in neighbourhood using
load shifting instruments

1 Energy saving: how much energy is saved due to NEMS management.cfieegg
savings will be mainly result of reduced loading of distributed eletstrigids dueto
increased utilisation of distributed generation

Stakeholder support services play an important folethe active involvement of the
stakeholders in buildingnanagemente.g., settinggiving higher flexibility for controllable
loads.Pasivity from end user side may limit the use of the flexible load resources efficiently.
Therefore, it is important to show to the stakeholders (mainly end users) the effect of load
flexibility to electricity bill reduction. This can be implemented throdlgd user computer
interface. This in turn may stimulate the end user to add satree feexibility to appliances,

in other words, to increase flexible load capacity, which is the essential product for a feasible
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operation of theNEMS as well as the BEMS§ hese performance criteria will be addressed
in WP5 (Demonstration)here relevant.

4.4.1 Finnish Demonstration (T5.1)

Performance of the Finnish Demonstration will be measured through the comparison between
the simulated design and actual energy consumpRariormance criteriawill be energy
efficiency in neighbourhood having reduction of greenhouse gas emissions as additional
performance parameter.

The simulated performance of the design is done using dynamic energy simulation software
IDA-ICE. In the operatinal phase of the neighbourhood the real performanoetered and
thencompared to the simulated design results.
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Figure 10. Example of performance indicator visualisation.

Performance and consumption indicators will be visedlto the endiser stakeholders via a
website.

4.4.2 German Demonstration (T5.2)

Dependhg on the type of results we want to reach the demonstriadowsl have to fulfil
differenttargetsThe chal l enge i s that energisawagsvi ngs
necessaryat compare different situations:

i.  The situation before the implementation of the E(HBergy Conserving Measyre
thebaseline period
ii.  The one after the implementatidhereporting period
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More practical is a calculation of the energyisgs with a standardised calculation
methodology.

Baseline + Adjustments

Energy efficiency
1,000,000 implementation

;
750,000 /
>
- )
500,000 i\/\

Baseline Period

Rep
250,000 + + t \ t /

Metered Energy

Energy

Savings

-

&

‘ting Period

Figure 11. Definitions of Baseline, Reporting and Saving periods

In general, the energgaving is the difference of the consumption according to the energy
efficiency measuresEEM) and the consumption prior to the ERMplantation (sed-igure

11). In the Germandemonstrator we have detailed data from since 2008, therefore we have
the advantage of a long and significant baseline period.

Heat and Power ecsumption, however, are influenced by different variables dikergy
consumption habitgyccupancyetc, which makes a direct comparison difficult since it might

not be obvious if an observed difference is caused by EEM or other effects. If the diference
are small in absolute values, as it is the case in the EEPOS demonstrator, it is necessary to
eliminate these influences as much as possible. Ideally, the two periods which are to be
compared should have the same conditions (e.g. be in the same tiragyeét with the same
weather conditions). Where this cannot be achieved, suitable adjustments have to be made.

We identified four possible methods to evaluate and document energy savings:

A. the measurement of consumption of the whole facility: this opsi@pplicable for energy
savings > 10%* due to measuring the whole facility.

B. the Measurement of Key Parameters of E@f&cted systems: this option is mainly used
to determine energy savings for new behaviour or/and new equipment + submetering.

C. the Calibra¢d Simulation: the simulation option is primarily used to analyse special
effects using these models.

D. the Demand Response Methodology: this Option is useful to document the effects of
shifting the energy demand to other periods with lesg§Heer Energyfonsumption.

According to the project targets in the Ger
combination of B and D.

4.4.3 EEPOS-ICT

From performance criteria point of viecBEPOSclient applications (T3.3 and T3.4) are used

to visualise how well the BMS performs as follows.

1 Energy saving and related costs savings statistics in apartment, building and

neighbourhood level.

Load shifting and related cost saving statistics in apartment, building and neighbourhood level.

1
1 DERrelated energy production anelated CQ emissions statistics.
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5. CONCLUSIONS

I ——
The EEPOS neighbourhood energy managenm@atform makes accessiblaew support
servicesfor the electricity market and gridgroughload shifting inneighbourhoodlin this
report a provisional architecturef NEMS platform and its communications with ICT and
BEMS/DER/loadis developedThis is the first step in NEMS developme@uch platform
architecturecould provide efficient use of neighbourhood flexible load resoufcessing on
the following managemeimpiriorities

1 High utilisation of DER in local grids
1 Power balance in electricity market

1 Electricity consumption and greenhouse gas emission reduction due to reduced
loading of electricity grids

1 Optional:Neighbourhood electricity grid support

5.1 Summary of achievements

1 Provisional NEMSlatformarchitecture is developed
1 Necessary data communications including data interfaces are identified
- NEMS-BEMS/DER/load
- NEMSICT
1 Properties of different BEMS management systems, JKEE and Smartbox, are
identified
Main support services of potential stakeholders are identified and discussed
Required functional capabilities the NEMS for efficient management are identified
and grouped in two categories:
- data management
- energy management

= =4

5.2 Relation to continued developments

Data modeldor the communicatioron the neighbourhood levelill be developed in T2.2 of
the EEPOS projectNew communication drivers to implement the interfaces described in
section3.3and the EEPOS communication protoadl be developed at a later stage of T2.1.

OGEMA applications for the EEPOS NEMS, which implement the functionalities described
in section4.2, will be developed in T2.3 of the EEPOS project.

5.3 Other conclusions and lessons learnt

In order to increasthe attractiveness anféasibility of the employment of the EEPOS NEMS
in situations other than the project demonstratiats,platform architectureshould be
stakeholder and business model oriented. Here the feedback of thegpstakgholders is a
key to successful deployment of EEPOS platform.
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6. ACRONYMS AND TERMS

APl .............. Application Programming Interface
BAJA............ Building automation java architecture
BAS............ Building Automation System

BEMS........... Building Energy Management System
BMS.......... Building Maragement System

COM............! Component Object Model

DALI ...........] Digital Addressable Lighting Interface
DER........... Distributed Energy Resources

DSO............. Distribution System Operator

ECM............ Energy Conserving Measure

EEM.......... Energy Efficiency Measures

EEPOS......... Energy management and decision suppgstems for Energy POSitive neighbourhoods
EB.............. European Installation Bus

EMS............. Energy Management System

GSM...........! Global System for Mobile Communication
HCl.....ouuu. Human Computer Interface

ICT oo Information and Communication Technology
1 T [dentifier

ISDN............ Integrated Seiges Digital Network
JACE........... Java Application Control Engine
JVM............ Java Virtual Machine

KNX ............ KoNneX

LCF.............. Least Cost Function

LCP.............. Least Cost Protocol

LON.....oeeeee. Local Operating Network

NEMS........... Neighbourhood Energy Management System
OBiX .....ovunn Open Building Information Xchange
OGHMA ...... Open Gateway Energy Management Alliance
OSGi............! Open Services Gateway initiative
PCB............. Printed Circuit Board

PE......ccceeis Power Energy

PV............. Photovoltaic

REST............ Representation State Transfer

RSS............. Really Simple Syndication

RTD............. Research and Technological Development
TXY i EEPG5 Task x.y

XML ............ Extensible Markup Language
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