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1 |l ntroducti on

The goal of this work is to analyse possible advanced technologies for the
integration of Zero Energy Building (ZEBs), and Nearly ZEBs (NZEB), in smart
grids. The importance of such an integration is due to the fact that innovative
electrical grids are going to play a key role in the future energy sector
development where multiple distributed energy sources are connected and
jointly cooperate in an efficient way in the view of satisfying energy
consumption.
Clearly, this integration involves many fields such as:

1 Interoperability of the various metering, monitoring and control devices

1 Energy analysis and continuous performance improvement

1 Users active engagement

9 Buildings internal comfort optimisation

1 Advanced control strategies aimed at satisfying energy consumption in

the most economic and efficient way.

Initially, work presented in this report addresses smart metering application and
testing as a basic component in present and future electrical grids; in fact,
interoperability among meters of various OEMs must be guaranteed as then
the control system is enabled to coordinate and control all the energy systems
monitored. To do so, a building environment is simulated where the smart
meters utilized belong to different firms; then, the interoperability is tested using
dedicated protocols.

Secondly, this report focuses on services and systems, which denote all the
activities related to the analysis of the energy consumption and users
satisfaction through internal comfort and their engagement. The analysis
performed is done from an industrial and commercial point of view for both
users satisfaction at work via online surveys and at home via questionnaires
and focus groups.

Lastly, tailored control strategies are developed in the view of maximizing
energy performance from thermal comfort and energy cost perspective for
buildings that host departments of universities, one located in Singapore and
the other one in Crete.
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1.1 Secondments linked to Research Activities

Table 1 provides an overview of the secondments involved in the research

activities included in Deliverable 3.3.

Table 1: Seconded personnel and link to research activities in Task 3.3

Seconded Person Sen_dm_g Rec_e|v_|ng Research Field
Institution Institution
ELGAMA University of Advanced
Arnol das . Smart
Elektronika Athens :
Metering
) I . , Energy
Laura Standardi g oy eEEEl SAEE) O Consumption
Group Athens .
Analysis
Evaluation of
Marina Laskari University of AEA-Loccioni thermal
Athens Group comfort i Leaf
Lab
Niki Gaitani University of AEA-Loccioni User
Athens Group engagement
Technical National Evaluation of
Denia Kolokotsa University of University of thermal
Crete Singapore comfort i NUS
AEA - Loccioni Tec.:hnlc.al Dl y
Andrea Ferrante Grou University of Response i
P Crete K1, TUC
o Technical Smart.
: AEA - Loccioni : : Metering and
Laura Standardi University of
Group Web-based
Crete L
monitoring
. : Te(_:hnlc.al AEA - Loccioni DEENE .
Nikos Kampelis University of Grou Response i
Crete P K1, TUC
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2 Component s

The future integration of buildings with smart grids requires components of
various type in order to ensure a reliable service. Among these components,
this work focuses on smart meter as a key function component in coordinating
and controlling the future smart grids; in fact, users are interested in having their
energy needs satisfied and save money through tailored control strategies that
handle data coming from smart meters. Nowadays, many firms produce smart
meters, thus, interoperability must be guaranteed in order to apply the control
strategy to all the energy systems connected. Moreover, once the
interoperability is guaranteed, it is crucial to collect and organize measures in

ways users can easily exploit them.

2.1 Smart Metering in ZEB and Smart Grids

The critical point in operation of smart grids and smart buildings is the
interoperability between the different devices that are involved in energy
management, as well as the effective compilation and presentation of the data
collected ().

Since energy monitoring and control play an increasingly important role in
building energy management, smart meters are crucial for the smart buildings
deployment. Smart Meters collect data from devices to databases for analysis
and real time monitoring, offering the knowledge of energy consumption in
order to control the flow of energy inside a building. In addition, the lack of
common standard architectures for telecommunications to ensure
interoperability between equipment and systems from different manufacturers

makes Smart Meter adaptation practices more difficult (2).
Table 2: Abbreviations List

AMR Automated Meter Reading

AMM Advanced Meter Management

AMI Advanced Metering Infrastructure

DCS Data Collection System

MDMS Meter Data Management System
DLMS Distribution Line Message Specification
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DC Data concentrator

PLC Power Line Carrier

OFDM Orthogonal Frequency Division Multiplexing modulation
HAN Home Area Network

IHD In-Home Display

The main principles of the smart metering are the following (2) (3) (4):

1 Open standard-based solution: Provides interoperability and
interconnectivity with measuring devices and compatible components
(hardware/software) of the AMI systems produced by other manufacturers.
Applies open stacks for both the communication and application protocols.
Using DLMS/COSEM standards enables manufacturer and communication
technology independence.

1 Scalability: Being flexible and easy scalable metering solution can be
seamlessly expanded from small project to large operated system.

1 Easy deployment: Enables quick and seamless deployment based on
"plug & play" connection that essentially decrease installation and
maintenance costs. Auto-discovery function makes it easier to manage the
newly installed equipment.

1 Security: Enables the secure access, storage and management of
information based on the data encryption and key management.

1 Business oriented solution: Provides all necessary data for utility needs
and billing purposes. Enables optimization of the distribution systems by
minimizing the distribution network losses, improving the quality of the
electrical power, and eliminating the peak load.

1 Real-time metering: Permits both scheduled and instantaneous remote
metering of electricity/water/gas/heat. Implements a flexible TOU tariffs,
which promotes the electricity supply to markets with different customers’
capabilities and functional requirements.

Tamper-proof: Allows detecting and ceasing the electricity theft and fraud.
Load control: supporting local load control which can cut off power when

the power exceeds the limit value and lasts for a certain time.
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Furthermore, smart metering is based on three-level architecture (a simplified

diagram is presented in Figure 1).

‘Maintenance terminal Dats acquisition
System
\ e
dovke Meter
Other meters we |/ N
Mottty
\ o - / I l
- "‘mu/uc,"__"*ﬁnu' 1
¢ HAN R e —— ,_T,e....,“;
Client v5l . el
terminal el ur Local 0L 1
— || vicns o -
cs
Source: Open Meter cH 3
Report D1.1, ver. 1.0, {
2009 // o Data
Data concentrator Extonal ‘ management
e % system
A a |
¢ ’} [
A g (8 )
S N 2 Vv
R G
AMI - Advanced Metering Infrastructure MDM -Meter Data Management

Figure 1: Smart metering solution

1 The lower level (on the left) comprises customer devices (smart meters,
including HAN equipment), and customer interface units IHD.

1 The intermediate level is responsible for managing the communication
between end-point equipment and the Master Station, linking all three
layers. The main communication technologies are PLC and
GPRS/GSM/Ethernet. PLC and GPRS/3G communication are supported
communication between a meter and a concentrator. HAN devices
communicate with the meters via M-Bus wireless interface.

1 The core of the upper level (on the right) is Data Collection System, which

provides all necessary data to MDMS, Billing System etc.

2.1.1 Methodology
The work done is within the UOA, where, there is the need of an effective data

management in order to better understand billing procedures and apply energy
cost reduction measures. The University has adopted a wide range of
approaches for energy data management, including manual Excel workbooks,

Access databases, stfouwane dodevenam@mgae meinh S
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The aim of ELGAMA work is to:

1 Improve integration of the Smart Metering Infrastructure into existing
University buildings for the monitoring and control of energy performance;

1 Analyse the available communication technologies for smart metering
infrastructure;

1 Identify the necessary and nice-to-have functionalities and implementation
of Smart Metering solutions at the University.

1 Improve the interoperability issues of UOA energy utility data.

In this context, a series of testing activities are performed in order to identify
possible interoperability problems among the tested devices. The implemented
testing activities include:

V Testing of integration and interoperability between different smart meters
and data collection including import and export functions

Automatic smart meter registration functionality and alarm handling;
Testing of parameterization and synchronization procedure;

Configuration of tariff plan and load control

IHD (In-Home Display) tests

< < < < <

Remote firmware update

2.1.2 The UOA smart metering testing environment

In order to test the UOA utility data collection and interoperability with smart
metering, a multi apartment building conditions have been created in a testing
laboratory. The interoperability is tested between the ELGAMA smart meter and
the ADD (Addax) smart meter. A simplified diagram of the testing environment
and its components is depicted in Figure 2. The testing environment consists
of:
1 Smart meters with GSM/GPRS/3G or PLC and Wireless MBus

communication modules,

Data Concentrator (DC),

In-Home Displays (IHD),

Operational and maintenance software where data can be collected and

saved.
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Smart met er i

For the specific testing environment, Open Meter interfaces are chosen as

explained in detail below.

Table 3 Communication interfaces

ng

Interface System components Communication
Cl21 SI1 Concentrator 1 Central System Ethernet/GPRS/3G/4G
MI2 T SI2 E-meter/Comm Hub i Central GPRS/3G/4G
System
SI3 Central System | Legacy Systems
MI1T CI1 E-meter/Comm Hub i Concentrator Prime
PLC/GPRS/3G/4AG
Cl3 Concentrator i Local O&M device Ethernet/USB
Cl4 Concentrator 1 External devices RS485
MI3 E-meter/Comm Hub i Local O&M Optical
device interface/RS485
MUMIL i Multi-utility meter i E-meter/Comm Wireless MBus
M4 Hub
MI5 E-meter/Comm Hub i End Customer Wireless MBus
device
MUMI2 Multi-utility meter 1 Local O&M
device

Prime PLC communication

A basic communication technology of EGM (Elgama-Elektronika) solution is

shown in Figure 3, which uses existing communication lines, and thus provides

a low-cost transmission of data in the system. Furthermore, any device with

PLC-modem can operate as a repeater on the long network distances and can
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retranslate up to eight levels. To sum up, the main characteristics of this

structure are:

COSEM Interface objects q
(IEC 62056-61, IEC 62056-62)

r 3

Open protocol
(http://www.prime-

alliance.orq),
OFDM (Orthogonal

\ 4
DLMS/COSEM Application layer

(IEC 62056-53) T
7\ Frequency Division

Y

Multiplexing) modulation,
1 CENELEC 50065-1
v | Band A frequency band

PRIME 4-32 Convergence layer |
. 41-89 kHz,

61334-4-32 — data link layer (LLC)

Y

PRIME MAC & PHY layers i
(PLC) rate 21é,64 Kk

1 Communication data

. _ o 1 Dynamic routing,
Figure 3: The prime PLC communication
1 Retranslation,

1 Encryption AES128.

GSM/GPRS/3G communication

GSM radio network with CSD/GPRS/EGDE/3G technology and
TRANSPARENT DATA TCP/IP protocols is used for data transmission to
dispatcher offices. Controller supports two-direction data exchange (data
reading, parameterization and firmware update) with communication protocols
IEC 62056-21 or DLMS/COSEM, as shown in Figure 4. The main features of

such a structure are:
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WP ﬁggwm 9 No need for additional
wires

1 Open architecture
9 Consistent IP services

Application COSEM Application Layer )

Layer IEC 6205653 1 Potential fast data rates
1 Potential high
COSEM IP Transport Layers bandwidths
IEC 6205647

1 Mobility

MechDependanlLowerLayerJ

Data Link

Layer
Physical
Layer

Figure 4: The various layers of the
communication

Wireless MBus communication

Home appliances access to the network via the smart meters by standard MBus
wireless interface. Moreover, the meter operates as a master and the multi
utility meters as slaves. The readout of HAN meters is performed periodically
by the meter, which stores the consumption data of HAN meters and makes it
available for the Master Station via PLC or GPRS/GSM. Moreover, there is no
direct access from the Master Station to HAN meters. Furthermore, M-Bus
wireless channel allows transmission frequency ranges from 169 to 868 MHz
in compliance with EN 13757-4 and, for the UOA testing, frequency range - 868

MHz has been chosen as shown in Figure 5.
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Path loss, dB
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= B6BMHz, free space
(n=2)

==g68MHz, urban (n=3)

80

60

40

20

1 10 100 1000 Distance, m

Figure 5: Frequency ranges

RS485 communication

Meters have electrical communication interface - RS485. Communication
protocols supports two-direction data exchange (data reading,
parameterization and firmware update) with communication protocols
DLMS/COSEM and the maximum data rate is 19200 Baud. Moreover, interface
supports multidrop configurations, thus, it enables the connection of multiple

meters to a single bus or few meters to one GPRS/3G modem.

Optical communication
Interface meets the requirements of the standards DLMS/COSEM and itis used
to download data locally into PC or hand held terminal by means of optical head.
Furthermore, interface is also used for local parameterization of a meter. Data
transmission speed up to 19200 Baud.
Figure 6 represents the structure of the optical communication:
1 Object modelling Layer - Cosem interface objects (EN 62056-61, EN
62056-62)
Application Layer - DLMS/COSEM application Layer (EN 62056-53)
Data Link Layer - HDLC based data link layer (EN 62056-46)
Physical Layer - Optical interface (EN 62056-21)
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_ | ? Device address | CR LF
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Figure 6: Optical Communication
2.1.3 Smart meter
The main components of the metering system are the smart meters that can be
wire direct connected (with the maximum allowed current up to 100 A) or
transformer connected (balance) meters with the maximum allowed current up
to 10A and nominal voltages 3x57.7/3x120/3x230 V.
Optionally, different communication interfaces can be integrated (M-Bus
wired/wireless, USB, Ethernet, GSM/GPRS etc.). The meters are high accurate
devices suitable for residential and industrial metering. Accuracy class for direct
connected meters: 1 (active energy) and 2 (reactive energy); for transformer
connected meters: 0.5s (active energy) and 1 (reactive energy).
Moreover, smart meters are capable of two-way communication; each meter is
equipped with internal PLC modem or GSM/GPRS/3G modules placed under
the terminal cover that provide the communication interface to the Data
Collection System: via Data concentrator for PLC Prime or directly via
GSM/GPRS/3G. For the testing environment of UOA the following meters have

been chosen:
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1. Single phase (Gamal00) and three phase meters (Gama300) with internal
PLC Pri me and Wireless MBus communi-cati on r
El ektronikado company;
2. Single phase (NP71E) and three phase (NP73E) meters with PLC Prime
and Wireless MBus communication modul es f
3. Single phase (Gamal00) and three phase meters (Gama300) with external
GSM/GPRS/3G controllers and Wireless MBus communication modules
from AElg&kma oni kad company;
4. Single phase (NP71E) and three phase (NP73E) meters with
GSM/ GPRS/ 3Gand Wireless MBus communicatio
company;
5. Balance meter (Gama300) with external GSM/GPRS/3G communication

controll ers-Eflrekmrfolli kaama company.

The main smart meters features tested are:

Measurement of active [kKWh] and reactive [kVarh] energy
Communication interfaces

Open standard protocol (DLMS/COSEM)

Time-of-use metering

Data profiles (load, billing, event log)

Tampering detection

Load management (internal mains relay)

Self-diagnostics

Security: authentication and encryption (AES 128)

Plug & Play (self-registration on communication network)
Alarming (immediate messages about extraordinary events)
Remote firmware update

Readout and profiling of water and gas consumption data

Messages to/from In-Home Display

= =/ A =4 4 A4 A4 -4 -5 -4 -5 -4 A A -

Power quality monitoring

2.1.4 Data Concentrator

Data concentrator with LAN/PLC/ GPRS communi

company have been installed in the testing laboratories at UOA.The Data
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Concentrator (DC) provides communication via different channels ensuring
data exchange between the end-point devices and DCS (Data Collecting
System) and long-term data storage. Moreover, DC supports communication
by PLC Prime, Ethernet or GPRS/3G and it ensures data collection by
scheduler or on request.
The key features of the data concentrator are:
1 Transmitting metering data and alerts to the DCS via Ethernet or 3G
1 Transmitting commands from the DCS to the Smart Meters
1 Automatic detection, registration and support of the end-point devices within
the network
Synchroni zati on of Sockawithh themMES sgstem ime
Support of up to 1000 end-point devices.

2.1.5 In-Home Display (IHD)

IHD is intended to visualize metering data, when the meter is installed at an

out-of-reach place or if the direct reading-out of the metering data is

inconvenient. IHD displays user information on the LCD and it comprises

metering data from electricity / water / heat meters. As a result, a customer can

be informed or warned by text messages which are sent to the IHD from the

Central System. Wireless MBus communication to IHD includes:

1 Frequency band 868 MHz;

1 Output power 14dBm (25mW);

1 Mode T2: Transmit only with short data bursts typically 3.8 ms every 25
seconds and establish two way link if acknowledgement is received;

1 Mode R2 (optionally with gateways): Transmit regularly and wait for a
wakeup message which establish a two way communication. Multichannel

support.

The pairing process of the smart meter with the IHD is showed below (Figure
7).
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Network Scanning

a Installation request frame (SND_IR)
Response to request (CNF_IR) A
a Operator selects meter in IHD

Pairing

a Request encryption key

Gamal00 Frame containing the key A
Key is delivered from HES wrapped
Initialization
a Request configuration information

Transfer configuration information A
Data transfer DLMS/COSEM

Operation

ADD IHD

Push data messages A
DLMS/COSEM Data Notification every 25s
Figure 7: The pairing process of smart meters with IHD

2.1.6 Datareading, Configuration and Data management software

Metering provides the raw material for energy profiling, but data collection is
only the front end of the process. In fact, the raw data is then imported into
software and manipulated for cost allocation, billing, load shedding, rate
negotiations, and other possible and various applications.

The data software installed provide the necessary detailed information on
energy usage and highlight areas for improvements (and can measure the
benefits). Looking at all areas, we can see where savings can be made quickly
and easily. Also we work towards and improve the less straightforward areas.
Local configuration software GamaLink

Reading and configuration software Gamalink, shown in Figure 8, is used for
local meter data reading and parameterization. GamalLink software was
developed tailored to Elgama-Elektronika Ltd electricity meters. It is also

capable to communicate with meters from other manufacturers that comply with

DLMSst andar ds, in this case wormnwunicatda d a x o

with meter is supported through optical interface and electrical interfaces
RS485, TCP/IP, etc. GamaLink supports following functions:

A Data and parameter reading

A Billing data reading and preview

A Meter parameterization

x Le"cl:::;al " . _.{f’"q\%\l EJ Tie CyprUS ﬁ| Eﬁmssliw LaccianNi x IDEA @ NUS
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A Generation of parameter templates, export/import of parameter templates
A Storing of read data in database and preview of stored data

A Export and import of stored data in .txt, .CSV, .XML formats.

&5 GamaLink (full version) 2.0.2.4 - [[EGM G3B144 B1Q5v16h] - 00864348]

o) Fle Read Templates View Tools Windows Help - 8 x
* 7 |= @5 A 3| ¥ readal (F5) T Read parameters (F5) ¥ Read data (F7) | « Parametrization (F4) « Dialer (F11)
Read | Print | Preview |

u 2325V | 23221V | 23228V

| 2774A  (2771A  2183A

P 08293kW | 0.7919KW | 0.8224 kW
cos(p) | 0.128 0123 0128

+Q | 63914kvar | 63883 kvar | 6.3603 kvar
Q| 0.0000kvar | 0.0000 kvar | 0.0000 kvar

Date filter Serial number filter

| ) Load | [ 34 Dekete | 18

Time Meter type
EGM G3BTIK 5v10b
EGM G35
EGM G3B14+ BISSViC
EGM GIB14+ BISSViIC
EGM asam B1S5vi3c

EGM Gzam B1SSilc
EGM G3B144 BISSvidc
EGM G1B152 183Td15h

Data - = o
from DB SPETT o
—1 o100
= 910520 0,10
s10520
Data T 4
from XML 5
—

Average power

Pt
P a0t

COM4 - 19200 - DLMS 1107, Collector Access

54 + + + + + + + =t
04-21 04-22 04-23 0424 04:25-04-26 04-27 04-28 04-29 \14-3:;\%-\\11 05-02 05-03 0504 05-05 05-06

Figure8:Local configuration software
2.1.7 Data Concentrator application

Applicati on /A ADDrigue oaCdupperts temote(date exchange
between the Head-end system and end-point devices, data acquisition
automatically and on-demand.

Base communication capabilities over Power Line Communication (PLC) based
on PRIME communication solution also Ethernet interface and optionally
additional communication channels using USB interface.

Software is designated for the following functionality:

1 On-site configuration of data concentrator

1 Readout of data, stored in the data base of data concentrator

1 On-demand data readout of meters, connected to data concentrator
91 Diagnostics of status and performance

1

Firmware upgrade
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DCMB8A.3-1-1
Device info: 11499949 SW version: RTR.8.0.7.8 & <don
ADDAX DCU.7.11.12.20414
Data Concentrator ¥ Qyerview
€@ Overview Device DCM8A.3-1-1
Type S
2= Meters List DC Tasks
BA Events Cycle test configurations:
Configuration ISize. bytes Operations
@@ Reports |ADD_Customer_message.xml 329 > &
[Curren M0001412276.xml 1250 I
. |LoadProfile-EGM0087654321.xml 236 > @
& Tasks |LoadProfile_EGM0000000001 .xml 236 > &
Il oadProfile FGMONNNNNNNN2 xml 2 » W
@® Meters Update Meters Firmware Update
@, Passwords Loaded FW images
Size, bytes peratio
& PLC Network elgama_1B4Rv34e_0701_upda 229360 > &
|elgama_1B4Rv34f_0701__upda 1229360 >a
/&~ Maintenance Meters List
1 [1/ADX0000011499949]- 4A:DD:00:AF:79:AD|Active |- RO1E02 2 20 e 0at
| PRIME [F |
# |* [Name 2 Type $MAC address s Status 3+ FW versions Registered 4 Last comm. 3
1 [1/ADX0011719811 PF f*fl;q({)ési" ff‘r‘,’nofrf"’
12 aleemooo1363487 |- I PF [parsvaai [2016.02-25 Pl
3 [1|EGMo001363488 |- L PF B2RSv34i [2018,92,25 20008

Figure9: Appl i cation fAAddax Cliento
2.1.8 Maintenance software GamaLinkNet

GamalLinkNet illustrated in Figure 10 is an operation and maintenance (O&M)
software of data concentrators that supports XML/Web Services-based
communication profile, as it is described in Open meter specification of OSI
layers and multi-metering networking interfaces

(http://www.openmeter.com/files/deliverables/D3.2_v2.0.pdf, page 97) for the

CI2-Sl11 interface between the Concentrator and the Central System. Such an
O&M software communicates to the Web Services server running on the
Concentrator, so, it can be applied to any data concentrator that works with
Open meter XML/Web Services-based communication profile.
GamalLinkNet software is designated for the following functionality:
1 on-site configuration of data concentrator;
readout of data, stored in the data base of data concentrator;

1
I on-demand data readout of meters, connected to data concentrator;
i diagnostics of status and performance;

1

firmware upgrade.

Present uses include:

1 Interval data recording in 60 min time periods;

1 TOU (Time Of Use) metering of electricity;

9 Cost allocation for tenant and departmental billing (manually analysis);

1 Usage analysis and peak demand identification (manually analysis);
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Future uses and Anice to haveo funct
1 Automatic common (Full) Area Management;
1 Automatic measurement, verification and benchmarking for energy
initiatives;
1 Automatic load comparisons;
Automatic threshold alarming and notification;
Real-time historical monitoring of energy consumption patterns (for
negotiating lower energy rates);

1 Automatic reports for tenant and departmental billing;

LT —_—
Seatings | Read U Ge( Mnm :Jma M«m (ommmm N«v-oqt topelegy
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PLC moden === |
e e
o Metes | Schadie | Dssbase |
GPRStype
R Serel (0/23) Conrectvity Regstenn Kowed Dets Court
13987y Convected Segstered | Orline | Ready “e
PLCY Regatered 959
PLC mbowe D Tepatered ]
cPUM nrectes Registered | Onfise | Ready 2 28
(:“«u- igtered | Online | Ready 228
DMOC SN :--:z..;[wgumm wm s
Gock = all Eport -
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Figurel0:Mai nt enance software fAGamalLi
2.1.9 Management application

Meter reading data, events and some customer information are aggregated and
stored in the DCS (Data Collection system) database. DCS transfers metering
information to the external Metering Data Management Systems (MDMS),
which enables handling of meter data and consumption events for further use
by the various utility applications such as billing, data validation, distribution
planning and reliability, revenue assurance, etc. Management application from

Pol and company fiAtendeo was chosen

e .
Y Technical / \ ( Tie Cyrw %'« | Brunel
¥ Universi weesee e ! HE US Universit
B s @ e Q) B esw R

Loceiong s(IDEA &) exergy BINUS

i ons

nk Net o



645677 6 SMART GEMS 6 H2020-MSCA-RISE-2014
D3.3 Report: Zero energy buildings and integration with smart grids

2.1.10 Testing procedures

An Advanced Metering Infrastructure (AMI) hardware testing prototype for
multi-apartment building conditions is created as shown in Figure 11. This
configuration consists of smart meters, a balance meter, a data concentrator,
an IHD as well as data collecting and management system. This system allows
interoperability and interconnectivity with measuring devices and compatible
components (hardware/software) of the AMR/AMM/AMI systems produced by
other manufacturers. Open stacks for both the communication and application
protocols are based on DLMS/COSEM standards.

Figure 11: Prototype AMI testing hardware
Testing of integration and interoperability between different smart meters, i.e.
EGM (Elgama-Elektronika) and ADD (Addax). The testing environment
provides 2-way integration with other systems on two levels:
1 The back-end application level-based on WEB-services architecture.

1 The concentrator level using protocol of companion standard.

The main tests performed using the testing environment built at UOA are

described below:

1. Automatic smart meter registration functionality is tested. In this test the

APl ug&PIl ayi procedure is anal ysed. Newly ir

automatically discovered and initiated.
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