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Main objectives of the EIS

collecting and storing data on energy consumption

* early detection and alarming in case of breakdowns,
unexpected events and poor energy efficiency

* monitoring and management of energy consumption
 analysis of collected data

e support in consumption planning and energy efficiency
measures

e support in planning investments into energy
refurbishment and monitoring refurbishment projects

* reducing energy consumption
* improving energy efficiency in buildings
 taylor-made tool for facility management




Domain of the EIS _.JI...'

* buildings owned by the City of Zagreb

* monitoring energy and water consumption for
about 900 facilities owned by the City of Zagreb
through energy information system

* the average energy consumption of the buildings is
about 275 GWh/a (heating, hot water and
electricity)

* net usable area of objects is about 1.5 mil m?



EIS system architecture

* OBJECTS - buildings
* SUBJECTS — users
* DATA :

* static
* related to the object
* related to the subject

* dynamic
e ANALYSIS
 REPORT




Static data

1. Static data related to buildings
(objects)

collection of static data objects is made
from energy audits and energy certificates
of buildings

area of heating / cooling

Construction characteristics of the
building, the condition of the envelope

annual heating/cooling demand

heat losses of the building

energy source for heating / cooling
energy classification

type of implemented renewable energy
energy and cost savings measures

Klimatski podaci

Klimatski podaci i ili pri Hrvatska)

Broj stupanj dana grianja SD [Kd/a]

Broj dana sezone grianja Z [d]

Srednja vanjska u sezoni grijanja Bs [ C]

Unutamja projektna u sezoni granja @ [C]

Podaci o termotehnickim sustavima zg

rade

Nacin grijanja zgrade (lokalno, etaZno, centralno, daljinski izvor)

|zvori energije koji se koriste za grijanje i pripremu potrogne tople vode

Nagin hiadenja (lokaino, etaino, centraino, daljinski izvor)

|zvori energije koji se koriste za hladenje

Vrsta ventiacge (prirodna, prisiina bez ili s povratom topline)

Vrsta i naéin koritenja sustava s obnovljivim izvorima energije

Udio obnovivih izvora energ. u potrebnoj toplinskoj energs za grijanje [%]

Energetske potrebe

Za referentne kilmateke podatke | Za stvarne

Kiimatske podatke Zahtj
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Gradevni dio zgrade

Ob‘a;njg_rg‘g: [_] obavezna ispuna

U WHK)), | Ve WHm?K)).

ispunjava se opcijski____|

Ispunjeno
DANE

Vanjski zidovi, zidovi prema garazi, potkroviu

Ravni i kosi krovovi iznad grijanog prostora, stropovi
prema potkroviju

2Zidovi prema tiu, podovi prema tlu

Stropovi iznad vanjskog zraka, stropovi iznad garaze

2Zidowi i stropovi prema negrijanim prostorijama i
negrijanom stubiStu temperature vise od 0 °C

Prozori, bakonska vrata, krowni prozori, prozimi
elementi procefia

Vanjska vrata s neprozimnim vratnim krilom
Objasnjenje:

(] obavezna ispuna




Static data

e 2 .Static data related to users (subjects):

Zgrada [] nova [} postojeca
Vrstainaziv zgrade - -
Ké ko.

| Adresa

Z

e information about the users |5

g
3
2

* number of users

<100

* purpose of the use

< 150

<200

> s

> 250

* hours of use

Podaci o osobi koja je izdala certifikat

Oviadtena fizicka osoba
| Oviastena pravna osoba

Imenovana osoba

Broj energetskog certifikata

Datum izdavanja/rok vaZenja R
Potpis

Podaci o zgradi

Ay [m?]

Energetski certifikat za
nestambene zgrade
\ 4

Registarski broj oviastene osobe = =

Ve [m’]

f[m™)

Hivag WAmAK)]
Q"o [KWh/(ma)]




Dynamic data

1. consumption of energy and water :

» according to power bills from the energy supplier
(usually on a monthly level) which is entered into the

system manually
* by remote meter devices, on an hourly basis

* 2. daily meteorological data :
e temperature data

* the number of Celsius degree-days of the
heating/cooling season (according to season)

 the amount of solar radiation

* 3. produced energy by RES systems



Data models

* hierarchical relations
* between object and subject (by
connection more-more over a time
period)
* relations many to many
 (object, subject, static and dyamic data)
* each object is tied to one or more users
(subjects) that use the object in a specific
period
* Time domain

* objects and users are monitored in a
time domain with regards to the
changes in object use

i
| | H
i

ER diagram — central part



Report — Object sheet
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Opéi zvjestai

UPRAVLJANJE IZVIESTAJIMA
- z 1 |71 B o =& n Qa Q Q
4 lzvjestaji
Grupa =
. Za objekte GRAD ZAGREB P
3 : " o Zgrada v
Kartica objekta
Energetski pregledi i certifikati Objekt
Opé¢i podaci:
Potro3nja na objektu i
! ) Grupa : Zgrada Godina zavretks izgradnje : [1]1 DV Krijesnice v
Zastupljenost energenata za grijanje Naziv - [1] DV Krijesnice
Adresa : Kordunska 1 Energenti
Oprema 1D objekts : 2399 Energetski razred prema pregleduy :
Korisni : Djegji Vrtié Krijesnice Ak (m2) 1617
4 Zasubjekte Energent grianje : Prirodni plin QHndref:
- Energent hisdenje : QH.nd ref (KWh/m2) :
Povrsine objekata po grupama Broj Korisnika: 0
Potro3nja energenata po namjeni .
: Energenti:
Potro3nja svih energenata po . - -
vrstama subjeka(a Bilanca - Elektricna energija:
5 Godina Potrognja(kWh) PotroZnja po jed. Trodsk s porezom
Potro3nja subjekata (kWhim2) (kn)
2010 8852,00 14,02 3.435,01
4 lzvoz podataka 2011 7.481,00 1212 7.168,57
Objekti 2012 £.360,00 1356 8.822.40
Subjekti 2013 8.307,00 1381 9.458,59
2014 853,00 1392 12.360.76
Koristenje objekata = —
Prosjek: 8.20740 13,45 926287 clear selection
OMM-ovi za objekte Potrotns: Tt - |
amjene
OMM-ovi za subjekte ‘§£§ 19000
5000 10000
Kartice objekata 4000 s000
2000
Mjere uitede 0 g
2010 2011 2012 2013 2014 2010 2011 2012 2013 2014 -

\:nBViIarnca S I;r;ro&n: piin:

Prikazi
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Report on energy consumption
of the buildings

‘m ENERGETSKI INFORMACIJSKI SUSTAV GRADA ZAGREBA

UPRAVLJANJE IZVIESTAJIMA

- s A & o 8 Bl 2 & «a
‘ Datum od
4 Zaobjekte GRAD ZAGREB s
o Gradsuy oRalga | odrand razvo) /112013
Kartica objekta Vv 3
Energetski pregledi i certifikati Datum do
PotroZnja na objektu Potrosnja subjekta Klinicka bolnica Sveti Duh od 01.01.2013. do 01.01.2014. @
Zastupljenost energenata za grijanje Podvrsta subjekta
Oprema Kliniék‘a bolnica Sveti Duh ‘ _ Bolnice .
2 Tasubjokie Elektriéna energija para 15 bara _ Prirodni plin Voda
Elektricna  |Ukupnoza | Grijanje PTVIKWh] |Ukupnoza |Kuhinja [kWh][Ukupnoza |Hidrant[m3] |Voda[m3] |Ukupnoza .
Povrsine objekata po grupama energent | [kwh] energent energent energent Subjekt
Potro3nja energenata po namjeni 2013.01 283.635,00 7.063,828| 286767,47| 1.433.837,3 752000 7.530,00 247,00 4754,00[  5.001,00 Klinicka bolnica Sveti Duh b
Pottoteia au SRS mijesec 4
otrosnja svih energenata po
e bjekata 2013.02 247.824,00| 247.824,00( 1.180.213,00] 295.053,25] 1.475.266,2 823400 8.234,00 50,00 4256,00]  4.346,00 Prikaz
= mjesec 5 :
Potrosnja subjekata 2013.03 261315,00| 261315,00| 98048415 24512105| 12256052 ©35500  8.355,00 so00[  asse,00[ 4.609,00 Mjesetno &
mjesec 3
. 2013.04 245.141,00| 24514100 53815688 15953522| 797.696,09 703400  7.094,00 26,00 4283,00| 4.969,00
Objekti |mjesec
2013.05 249.873,00| 249.873,00 91.973,52 2299338 114.966,90 9.268,00 9.268,00 40,00 4.383,00 4.423,00
Subjeks mjesec
2 2013.05 263397,00| 263.397,00| 7543196 18:857,99] 9428995 781000  7.810,00 40,00 248300 452800
Koristenje objekata mijesec
OMM-ovi za objekte 2013.07. 29536400 296.364,00| 93.43208| 2335827| 116.791,35 8261,00|  8.261,00 67,00 527100  5.338,00
mijesec
OMM-ovi za subjekte 2013.08; 285.435,00| 28843500 8132436 2034624 10173120 977500 9.775,00 83,00 381500 3.898,00
miesec
Kartice objekata 2013.09 237.055,00| 237.096,00| 50.73264| 226%3,15| 11341580 8696,00]  8.696,00 70,00 460100  45671,00
o mjesec
Mjere ustede 2013. 10, 257.481,00| 257.481,00| 365243,22| 91560,80| 457.804,02 903200  9.032,00 110,00 457300] 4.683,00
miesec
2013.11 257.975,00| 257.979,00| s5os.16325| 12654031| 32.704,06| 10.850,00[ 10.850,00 30,00 4332,00[ 4.362,00
mjesec
2013.12 26375400 268.794,00| 1.010537,34| 252659,36| 1.263.296,8 832600 8.326,00 61,00 3076,00]  4.137,00
mjesec

Ukupno 3.158.334.0 6.261.924,0 1.565.48L0 7.827.4050 103.23
0

Prikazi
Zanreh 2f 102015




Consumption — remote
measurements
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Total energy consumption In
Croatia

® buildings
W agriculture

W construction

industry
m traffic

18%

Izvor: Energija u Hrvatskoj 2011, EIHP



The driving force behind EIS

o. | iy
W

Q m 'l




EIS — The City of Zagreb

* Integral solution for energy management

e Data collection

* Allows integration with smart technologies (smart metering, demand
response, smart grids ...)

* Wide range of date sources
* Import of supplier or distributor data
* Manual input, scanning support (QR)
* Analysis
* Business intelligence reporting
* Advanced analysis based on different criteria and correlation
* Analysis based alarming

* Consumption planning
* Investments planning
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EIS data model

WeatherDataType ObjectHierarchy ‘ Objectinfo

3

parent children

WoeatherData WeatherStation

Supplier

MeasurementPoint

CounterSourceType

VirtualCounterRelation

Q ER diagram — central part

VirtualCounter

* An object can have one or
more users who change
over time (they can use an
object in different periods of
the day)

e They can use one or more
energy sources for different
purposes

* All this changing over time
and while being different for
each energy source
suppliers through time ...



EIS — Advanced Metering
Infrastructure

PLANNING

a

ANALYSIS

a

Wide area
network (WAN)

Local area
network

EIS

~
N

Dana collection,
alarming, reporting

CONCENTRATOR




Advenced Metering

Infrastructure
SERIAL
e
KCTY ..
GPRS, "\ ~~~~~~~ W-MBUS
RADIO, RGTY -c---.
ETHERNET IEEE

Y 802.15.4




The power of EIS

J ;n ENERGETSKI INFORMACIJSKI SUSTAV

C TIPOVI OBJEKATA m METEO TIPOVI METEO VARHABLE

Ulica Tina Ujevica w Detalji o objektu

C Obj NAZIV: Objekt 1
BObjekat | ADRESA: d objekt:
AOb
= ENERGETSKI RAZRED: Klasa A
oredn =
. VRIJEME KORISTENJA: 0
POVRSINA: 60
Operacijska dvorana VOLUMEN: 200
§ OKUPIRANOST: 0
ul skih Frankop
4 TrgBanaleladica (M, N, BEL): 12
Bolnica Kriz H(TR, ADJ): 32
lica Jura) ENERGENT ZA GRIJANJE: Plin

* Supports hierarchical relationships between objects and subjects
e Support relations many to many (subjects, objects, measurands)

* Supports analysis of the use of the building and all the changes
through time



The power of EIS

* Real-time data monitoring and historical analysis of
the data regardless of the source

e Estimates impacts of different scenarios of energy
efficiency

* Comparison of planned and actual consumption

*%s phomik @ admin 5% ENERGETSKI INFORMACIJSKI SUSTAV -8,

Izbornik 8 admin | ENERGETSKI INFORMACIJSKI SUSTAV

id Naziv 12015, 22015. 32015. 42015. 52015. 62015. 72015. 82015. 92015. 102015,

ok : 200 . o
za kuhanje 200 200 200 200 200 200 200 200 200 200 200 Potrosnja po energentu po namjeni Trosak po energentu po namjeni Plan investicija Ustede primjene mjera
2468 2468 2468 2468 2460 2468 268 268 2460 2460 2468 Naziv 1.2015. 2.2015. 3.2015. 22015, 5.2015. 6.2015. 7.2015. 8.2015. 9.2015. 10.2015. 11.2015. 12.2015.
ol.energia | 1234 1234 1234 1234 1232 1234 1234 1234 1234 1234 1234 1234
i S N s B B grijanje 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
L kuhamje | 200 200 200 200 200 200 200 200 200 200 200 200
185207 svjetlo 34 34 34 34 34 34 34 31 34 34 34 31
e : plin 2468 2468 2468 2468 2468 2468 2468 2468 2468 2468 2268 2268
166207 grijgnje | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
s e kuhanje | 468 268 458 458 258 88 288 188 268 268 268 268

® 1no0s po mjesecima



The power of EIS

* EE measures management (from the review, the
project, ...) and the combined measure

* Modeling estimates of consumption at the level of
the building, period, energy ...

: ENERGETSKI INFORMACIJSKI SUSTAV

Pl Tenk:
.

4 UlicaTina Ujeviéa MODELI Izbornik ®" ENERGETSKI INFORMACIJSKI SUSTAV

4 Glavna zgrada

C Objekat DEFINIRA] NOVI MODEL

Bobjekat Naziv Datum lzracuna
AObjekat
Utrosak energile 85.2014.0:00:00
4 Sporedna zgrada "
2.Kat Model 2 8.5.2014.0:00:00 4 Ulica Tina Ujevica MODELI DETALJI

4 - 4 Glavnazgrada DATUM IZRACUNA: 8.5.2014,
Operaciiska dvorana 5 ¢ Obiekat DEFINIRA] NOVI MODEL

TENKOVO EKSTRA MODEL
Bkt Naziv Datum Izracuna

300N A Objekat = Elektriéna energija ¥ grijanje v sezonagrjanja ¥
4 TrgBanaelatiéa i e Utrosak energije 8.5.2014. 0:00:00

2 4 Sporednazgrada

Bolnica Kriz denkow 3 B D00y Model 2 8.5.2014. 0:00:00
2

_— . Kat
Ulica Juraja Krizani¢a

3.Kat

Ulica Zrinskih Erankopana

4 1.Kat Razvoj opreme 8.5.2014. 0:00:00 ET:-1242- SQRT(PC)
i Proracun potrosnje 8.5.2014. 0:00:00
3.Kat Tenkovo 1 85,2014, 0:00:00 Elektritna energija ¥  hladjenje ¥  sezona hladenja v
Ulica Zrinskih Frankopana
Tenkovo 2 8.5.2014. 0:00:00 ET*2 + ~o
4 TrgBanalelatica e ET*2 + BC"2
Bolnica Kriz Tenkovo 3 8.5.2014. 0:00:00

ET -2+ PC?
Ulica Juraja Krizanica



Example scenario

 What is the best way to invest 5 mil € in EE renewal?

* 25 Kindergartens
e 12 schools

* Analysis shows:
e Kindergartens consumes 20 % more heat
* Schools consume 30 % more electricity

* Modeling scenario:

* Adding electrical equipment and public events as a
parameters (lighting & time of use to object school)

* Including temperature prediction model for next year
(warmer year expected)

 Savings will be bigger with schools renewed first!



Conclusion
* EIS allows integrated management of energy @

* Monitoring
* Planning >~
* Investment optimization

* The flexibility of the system allows
 analysis of the different user indicators

e extension of the analysis to larger areas in the
hierarchy (street, city district, city) depending only on
the availability of the data

* model adjustment to estimate actual future
consumption

* investment management budget to most effective
way

* support for a new generation Smart metering systems




About Koncar — Electronic and
Informatics Inc.

40 years as part of KONCAR group

Leading regional manufacturer and system integrator:

* ICT systems — Smart Metering, computers and servers, Bl
systems, electronic modules production

* Energy sector - excitation systems, protection relays, electric
measurements devices and systems, process informatics,, DC
and AC UPS, renewable energy sources

* Transport - converters and control systems for railway vehicles,
EV chargers

40 years of excellence

* Main activities:

development, engineering and projecting, production,
testing, commissioning and maintenance of ICT systems
and devices
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