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Abstract —This research deals with investigation of different average interruption frequency index than leadingopean
consumer equipment electrical characteristics. Equiment of  countries, like Germany, UK, Denmark, France etc.
three different households are measured and analydeFurther a Existing power grids are mainly using automatiostegn

current sensor technology was chosen and consumptio . L
measurement methodology and algorithm were develode Five based on the operational principles developed decago,

consumption measurement devices for local energy mitoring ~ and it already has elements that are providing dulpartial
system were developed and tested on different tymmnsumers functionality of smart grid. As the global policyiéh market
simultaneously in laboratory environment. For data storage, trends are forcing implementation of renewable gper
calculation and transmission, low power, high perfanance 8/16-  sources, especially wind and solar, that put higher
bit AVR microcontroller AT_xMega 16A4U and 433MHz low-cost requirements on power balancing, as they have non-
RFM22B ISM FSK transceiver module was chosen. . . -
predictable energy generation. Therefore traditiona
Keywords — Smart grids, smart homes, electric variables Centralized control and communication system needbe
measurement, computerized monitoring, energy effiency. improved in order to achieve decentralized cordral higher
implementation of renewable energy sources [5].
As the smart grid enabling technologies are stithh@ng,
I. INTRODUCTION we cannot predict what possible solutions, defini and new

Measurement and monitoring of electrical energglements it could bring, like hybrid grid systemihwboth —
consumption enables economical relationship betwedC and DC grids in different power levels. Also evnterm
consumer and electricity supplier. During the ketades lots the “nanogrid” or rgrid has been introduced in [6], as already
of different mechanical and digital electric poweeters were €Xisting electrical energy distribution networkow energy
developed, that still are used and available onrttaeket, 9rids, typically DC, which is not considered a paftthe
typically varying by their application field, deteined by the Power delivery system, but such networks exist edscom
phase number, load current and voltage level anduroption  Systems that typically deliver 48 VDC to standaigphones,
profile, as well as applied measurement methodpaedsion. CAT5e Ethernet networks that deliver Power overeFtbt

During the last years, a new term “smart grid” heen (POE+) at ~50-57 VDC to networked devices, USB-pede
defined and described in several documents of E@gvices, vehicle networks, and others.

Commission (EC) and U.S. Department of Energy (DGi) This brings us towards a conclusion that in fulgnids will
well as other specialized institutions. In the Eiteiments it is Pe a huge demand for different type and functiopaimart
stated that “Smart Grids are electricity networkattcan Meters, and in order to decrease energy consumpton
efficiently integrate the behavior and actions df wsers average household level, a low-cost metering deviggwill
connected to it — generators, consumers and tHusiedo D€ necessary, to achieve investment payoffs.

both  — in order to ensure an economically effigient

sustainable power system with low losses and higtity and Il. STARTING CONDITIONS

security of supply and safety” [1][2]. Such defiait places - T .
focus on economical aspects. Another explanatioesgaite A. Bxisting situation in Latvia

common in different informative sources, comingnir®OE Latvia is a small country with small economy, tHere a
documents [3], where smart grid is defined as “atomated, large investment in smart grid enabling technolsgieust be
widely distributed energy delivery network charaizied by a Justified by payoffs, either installed by energyrqmany or the
two-way flow of electricity and information, capablof individual consumer (industrial or household) itsélso for
monitoring and responding to changes in everythirmgn ~ €Nergy company it is wise to do some test projéotsee how
power plants to customer preferences to individgaliances” these smart meters work here in real local comnubticand
or “a smart grid is the electricity delivery systé¢from point What are the resulting benefits — real savings, revrether
of generation to point of consumption) integratedthw SOurces [10] indicate that consumer behavior dependhow
communications and information technology”. Thes&€ is informed about his consumption, and by usingrgy-
explanations are placing focus on reliability. dncbe justified Monitors 8,68% are achieved (almost real time daletpiled
in accordance with [4], the United States in 20@% higher bills and home pages gave 5% to 6% .

system average interruption duration index and esyst Analyzing data obtained from Latvian Energy Distiibn
Company AS "Sadalesidls", there are 1.099 million electric
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power meters installed in the distribution grid.gaé clients
can be equipped with simple/traditional meters drds
consumption in one or several tariff zones, the emds
without interface for remote reading of data), wrast electric
power meters (records both daily and monthly cormgtion by
tariff zones, logs load profiles, records eventolthge
outages, unauthorized removal of the cover of thetem
mechanism, etc.) in the journal, records the inatapus
values and has a communication interface for rencata
reading. Overview of installed electric power metey given
in table (see Table I.).

TABLE |
NUMBER OFINSTALLED METERS

Type of electric power meter Count, pcs % from
total
Single phase induction type 646 794 59%
Electronic single-phase, simple 132 671 12%
Three phase induction type 232243 21%
Electronic three-phase, simple 76 157 7%
Three-phase smart electricity mete 11713 1%
Total: 1099 578 100%

Distribution grid is still equipped with meters, deain the
Soviet Union, that nowadays are morally and tecilyic
outdated, therefore a massive scheduled replacersi@nting
from mid 90-ties was done, and most of them wesanghd to

more advanced and accurate power meters. Accortting
instruments  use@LecTrRICAL POWERMETERSDISTRIBUTION BY AVERAGE ANNUAL ENERGY

Latvian law and norms, measuring

commercially, must do periodical re-verificationheke costs

can be considered as maintenance costs and dgftaken into
account, when considering time-plan for changingmnthto
smart meters. According to AS "SadalekI§" data about
planned counter verifications (sEeror! Reference source not
found..), a year 2015, could be a good start point fptaeng
existing meters to new smart meters, if accordiegjsions are
made.
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Fig. 1. Count of electric power meters to be vedfivithin next years

The largest amount of power meters are installed
households - 91% from total (see Fig. 2.), legdities takes
just 9% from total number, where just 1% of powestens
installed provides access to automated power copisom
reading system (AEUS).

To understand amount of meters that need to begeldaiit
is wise to analyze also their application by meahaverage

annual electric power consumption (see Table Il¢valuate
efficiency of investments.

1%

8%

B Households
Legal entities

H Legal entities
with AEUS

Fig. 2 Distribution of electric power meters bydemser type

According to AS "SadalesiHls" data 42% (459 103) from
all power meters are installed for clients with rge annual
consumption under 1000 kWh, where 283 700 poweerset
are installed for clients with average annual comstion up to
50 kWh, mainly consumers like garages, barns, bastanas
well as holiday homes and apartments that are catpied all
the time. This means, that investments for smarieraeare
guestionable, instead, a low cost monitoring systerdevice
could be more suited, perhaps even with remotechvaff
and switch-on capability.

TABLE Il

CONSUMPTION

% from total
42%
27%
13%
6%
3%
2%
7%

Type of electric power meter

up to 1000 kWh

1000 - 2000 kWh
2000 - 3000 kWh
3000 - 4000 kWh
4000 - 5000 kWh
5000 - 6000 kWh

more than 6000 kwh

For the local household consumption monitoring eayst
for consumer it is not essential, to be connectéd anergy
company metering device, but for future developnieaduld
be wise to make this interlinking available, eitli@rectly by
DLMS or by another means — WiFi, WEB, PLC, etc [9].

B. Consumer Equipment Characteristics

It is possible to get average RMS current valuegmwh
looking at electrical device datasheet, but youncamet full
picture about maximum amplitude value, current Vianma,
reactive power and other, therefore an extensive
measurements must be carried out.

To obtain the necessary data, three householdgafious
sinusoidal and non-sinusoidal consumers at theixirmam

wer were measured. As measuring equipment wad use
FLUKE 199C/S scope meter with Hall effect currelanap, as
the measurements were made not in laboratory cstames,
they should be considered only as indicative.

Fig.3. shows sinusoidal consumer distribution birth
consumption current (RMS value). Typically thesastamers
all are the equipment where main power consuméeding
element, like boiler, kettle, oven, iron, toasterdaothers.
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Largest current value we need to measure is 25Ather
induction cooktop in 1 phase connection, but we aksed to
remember that current sensor must measure instanent
value that is even higher than RMS value. The geltand
current waveforms both are sinusoidal.
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Fig. 3. Sinusoidal consumer distribution by RMSreunt value.

Fig.4. shows non-sinusoidal consumer distributigrtheir
consumption current (RMS value).

sinusoidal.
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Fig. 4. Non-sinusoidal consumer distribution by TRNMurrent value.
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Fig. 5. Non-sinusoidal consumer waveform examples.

Thus it can be seen, that non-sinusoidal consuarers79% in
the range of 0-2A (RMS) and 15% in 4-6%, but anywegre
are some 3% of consumers that lie in the rangeldi/& these
are the consumers like microwaves and vacuum dsane

Fig.5. gives some
examples of the waveforms, where the current is-non

I1l. DEVELOPMENT OF THE MONITORING DEVICE

A. Method

The concept total monitoring system is supposesiaik as
shown in Fig.6 and described in details in [7]. fEhare two
devices that are capable to send and receive tte tee
main/central point measures both voltage and ctjreer also
gathers the data from local monitoring devices dpluetc.),
which measures only current value, and detects efathe
voltage half-period. When data are gathered, agugrdo
algorithm, they are sent to PC/database, and thesugh
software and internet connection, they can be wgdato
WEB and seen also on other computers of user.
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Fig. 6. Concept of monitoring system.
Fig.7. shows the method applied for measurement

calculation. The basic idea is to measure instahties, as
active load energy consumer is characterized bygdsin the
power curve and energy consumption is equal to drea
covers.
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Fig. 7. The area ratio of the reactive nature efdbnsumer.

E~ (S — (50 (1)

In the case of non-sinusoidal load, current mayibber or
lower than 0 at the same time, the instantaneoliageovalue

is zero. Then the consumed active energy (E) isa are

difference between the area (S +) and the arear(®)an be
calculated by the following formula (1).
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For current measurement a linear 5A and 20A rangk H

sensor (ACS712) is selected, which with OA curneadtie, at
the output will give 2.5+/-0.5V, and accordinglysdiete value
will be not equal to “0”. Therefore current instargtiues are
calculated as shown in (2), whegei$ the instant value from
Hall sensor, but.},is the value at zero load (see Fig.8.).

Imom = IH - Iconst 2
i A ”,—" “~~\\
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Fig. 8. Instant current calculation from measuretseh Hall sensor.
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Fig. 9. Non-sinusoidal consumer waveform examples.

In order to calculate the areas, current valuesangmed in
discrete time periods, where half of the periodisded in 64
measurements, where energy is characterized byufar{)

63

E~ (Z (IH — Leonst )> (3)
k=0

If instantaneous valugy > |.ons; then difference is above 0,
and this characterizes sum of active and reactiesgy. If
< leonst then difference is negative and energy is trarsfeto
grid.

63

E ~ Z(IH) — 64 X Iconst (4)
k=0
X% I
Leonst = 1;1208 (5)

To calculate zero-point of Y axisc{ls) see (5), instant
values of Hall sensor must be summed for all theodgT), in
this case 2*64=128 measurements, and then the \energ
described by (6). 128 measurements are enougheadetice
is supposed not for very precise measurements, faut
monitoring purposes.

63 127
sy
E ~ 2 (11-1) _ Zn—zo H

k=0

(6)

B. Hardware development

Communication module needs to send and receivel smal
data packets with low speed (115.2 kBps) in hafitex
regime (cannot send and receive simultaneouslyjhdphase
modulation is used in transceiver and communication
synchronized according to phase status, then tiggtHeof data
packets depends on carrier-frequency phase chdogésC.
Hardware module is based on Atmel microcontroller
ATxmegal6A4U, and communication is using 868 MHz
transceiver RFM22B-868, where functional block aodtrol
of communication module is shown in Fig.10. Effeetlength
of antenna is 8.2 cm and in direct visibility maglul
communicates up to 100m distance, consuming 20mA at
supply voltage of 2.2V and 3.6V, in closed spadesrange
decreases to 30 m. Fig.11. shows pictures of palysiodels
of individual devices.
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Fig. 10. Functional block and control of commuri@atmodule.

Fig. 11. Physical models of developed hardware.
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Totally five such measurement devices have beeitt bt
with two current detection ranges — 2 devices faA 2ange
and 3 devices for 5A range. To detect average tlemijaan
experiment was carried out, where all 5 device
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IV. CONCLUSIONS

simultaneously measured the same consumer. Aver:

deviation was 2.13% to 3.74% when measured 40
incandescent lamp, 0.92% to 2.02% when 100W higbsure
discharge lamp, 1.51% to 2.97% when LCD monitord a
0.14% to 0.76% when sandwich-maker. Thus it carsdsn,

that average device precision is between 1-2% fordnge
and up to 4% at 20A range. The preliminary measargsn
were done using Fluke 199C oscilloscope and Amprébe
digit multimeter, as the next task is to carry maoetailed
measurements using more precise measurement dekiges

monitoring purposes such precision is acceptalie tlae next
challenge is to decrease the costs of the elements.
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