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| NTRODUCTI ON

This publication contains the training materi al on ene
t he TOGETHER-fpurnadjeadc tf,r oooo t he I nterreg CENTRAL EUROPE pi
i mpl ementati on of inhegrcaotnecdeptenerfgyn mapubdgemendui | di ng:
i mpl ementation of selected technical, DSM and financi a
countries. The measures implemented will | ead to signi
of behaviour of building users.
An i mportant part of the project was focused on the
training model and materi al that could be wused to inc
owner s, managers and decisions makers, enabling them
measures in their buildings and to engage users in thi
The training materi al prepared by the consortium discu
main categories: technical aspects, financial aspects
management"” and concerns users' behaviours and energy
the training material faomau yyitng ad n atnlde bleatatve ro,r ail h erte a s u |
can be implemented in public buildings to optimise ene
publicadrnensoncentrating on technical aspects of the p
retrofitting of the envelope, moderni sation of interna
EE i mprovement scenar i faindanchiealotahseprecotnse (such us ch
renovation projects and economic and financial assessm
ThBSM trainimg msataer iianlcreasing trainees'’ knowl edge, s k
A analytical aspects related to EE in public buildings
and tools for monitoring energy consumpti on, standa
well as I CT technologies that may be i mplemented in
A behavioural aspects related to EE in public buildi
rationale behind people's behavi our-sonantdh ec obnassuinspt o f
under st-afndidnghg most effective ways to approach buil
their behaviours arnedl aetnegda gien iitni aetnievregsy.
The materi al has been divided into 16 training modul es
Modul e no Modul e topic
Anal ytical DS M
Modul e 1 Collection, analysis, verification and pr
Modul e 2 Devel opmentr eoffattenédrdgyt a bases
Modul e 3 Standard energy monitoring / management s
Modul e 4 Smart energy monitoring / managementi syst
Modul e 5 Advanced energy mangement systems (e.g. B
| I
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Modul e 6 Using I CT to analyse and reduce enefgy coO

Modul e 7

Practical wuse ofdenvoeniotponmmeinntg odfateaner gly opt.i
adaptation scenari s

Modul e 8 Practical use ofednmuocnaittionrgi nagn dd aitnav ol vii ng bu

Behaviour al DS M

Modul e 1

Behavioural and psycholgical science rela
behavi us

Modul e 2 Met hods and tools for communicating|and c
Devel opment of successful educational and
Modul e 3 _p .
at building users

Modul e 4 Met hods and tools for changing habifts and
Modul e 5 Di fferent incentive schemes for enefgy sa
Modul e 6 Monitoring of building users' behaviours
Modul e 7 Necost andstownergy savinhng measures
Modul e 8 I ntegration of behavioural measures | with
For each module there is a comprehensive theoretical i
and a set of guiding questions allowing the trainees t
trainers in the preparation of respective training seE€
concerning e.g.
Alist of reference material that can be consulted to
A other relevant issues that could be raised and discu
A suggestions for further exercises and practical appl
The publication i smatteb BPTOmbad@agd bey used by trainers
What is very important about the TOGETHER training mat
al so addresses practical aspects related with using ¢
met hods to optimise energy consumption in buildings. F
i ssues raised here, the TOGETHE-Rinoens$obriauoum, dewhekbpeéed
existing materials and tools on energy use and energy
from the project website:
http:// wwwceéenteakegu/ Content. Node/ TOGETHER. ht ml

| L
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| NTRODUCTI ON TO DSW

Demand side management ( DS M) traditionally means cont
ti mes to:

A Reduce system peak demand (load Il evelling)
A Reduce overall system demand (reduce energy consumpt

A Balance system supply and demand (by managing demand

Within TOGETHER project, the coverage of DSM is focuse
of behaviour change (Behavioural DS M) and analysing
consumption and related data gathering and analysis (A

The purpose of this materi al is to provide a basis fo
activities at a building level. The materi al is to be
exercises that will be delivered through training.

ANALYTI CAL DSM

Anal ytical DSM focuses on building and energy data ana
The data may be also used to showsaui hdiagtiusess resul
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MODULE 1:

COLLECTI ON, ANALYSI
VERI FI CATI ON AND PR
OF THE CONSUMPTI ON

Wit hout the introduction of a technical i nstrument fo
i mpossible to achieve. People should be encouraged toc
continuous data monitoring according to the availabl e
The first step to undertake when talking about ener g
information about physical characteristics of a build
collected through performing energy audit, while resul
in building energy performance certificate.
Energy audits and certificates are a regulated system
of consumption data and the Methodology for Perfor mi
competent authorities in each EU country, due to the o
of Buildings directive (EPBD). Met hodol ogy wusually pre
data for the previous calendar year should be gathere
recommended. Collecting energy and water consumption b
and costs monitoring, if there is no more advanced EnM
An example of a form for collecting data about buildin
Excel sheet as an Annex 1 to this document
After data is gathered, they are analysed within prepa
1. Analysis of physical characterises of a building in
characteristics of the outer shell of the building),
2. Analysis of the energy properties for heating and co
3. Analysis of the energy properties for air conditioni
4. Analysis of the energy properties for water cooling
5. Analysis of the energy properties of the electrical

© 00 N O

consumers that have a significant share in total ene
buil ding purpose,

Drive analysis of all technical buil ding systems,

Required measurements where is necessary to establis
Analysis of possibilities for replacing existing ene
Analysis of the possibilities for using renewabl e en
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10Suggestions of measures for i mproving energy perfo
justified, achievable savings, estimation, and perio

11 Report

with recommendations for the opti mal oper ati

i mpl emented through one or more phases.

Energy certificate is the result of an energy awsdeé t an
building which iasl omseed oas pabdtiandise purposes and the
and every other building which -dalsomeluni tl eiass ebduiolrt | ocera sf
obligations arising from EPBD and should be transposed
The verification and presentation of energy consumpti o
accompanied by recommendations for cost effective i mpr
rating of the building.

Resi denti at esaindde nn o ma | buil dings ar e classified i nto €
rankings A+ to G, with-eAH ilteiemd tama mdset Ge morsgy ener gy
system of energy | abelling may differ from country to
However, it has to be emphasised that this example st
educate building managers and user how to read and und
I n Croati a, energy | abels are reported for -rreesfiedreenitdeal
buil ding depends on the relative annual required heati

we should first calculate the permissible value of the
heating-rfesri dreon i alH, baufokpdh mO0%, a@'d the specific annual

—h

- = ", 0o T O T 9D

Tabl e

or reference @&lniimewWh&(O)H atndidi€ defined as the allowed
nnual energy demand for heating calcul ated-riesdarent heal
uildings according to a specific regulation which pr
nergy and ther mal protection o#, naerwt Bhd epéestfhg a&don
eat demand for reference climatic data per uni-t of h e
emand of ener g, nd[eP6] hesattihne g rati o between the specifi
or reference @&Indajmewh&O)dmat andQspecific annual energy d
esidentialu bafckp¥h m@® )( Q'Ener gy | ab-eksi dankialg boirl schiomg
n

1.
Tabl e 1 Ener gyr elsabdeelnst ifadr bnuoin di ng s

Energy I|IRel ative annual demandy o4 %dner gy
A O 25
B O boO
C O 100
D O 1|50
E O 2|00
F O 2|50
G > 2|50
| I
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Energy certificate, contains the basic data of the
proposal for measur es to i mprove the energy perfor ma
reasonable for existing buildings, or recommendat.i
essential energy savings requirements and ther mal
Considering that in Croatia energy audits and certi
exceeds’, 2i50mis advisable to follow recommended measur e
audit is performed by a competent professional and

are |isted in energy certificate, energy management
can be monitored against set benchmarks.

I n case that energy audit & sexilglteratt halnhl 5i yeme scse g ardy
data check and to supplement it with new data through
Acoll ection of energy and water consumption bil!]l
Aphysical characteristics of a building (exc. fI
Apurpose and frequency of use;

Ainformation about energy systems and energy consumpt
Acondition of a building and equipment ;

Acalcul ation of water and heat consumption of a
Asignificant investnmbenytesarisn. the previous 3

Once the basic information is collected, it is i

some type of EnNnMS reporting energy <consumption
stimulating consumption behaviour change.
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MODULE 2:
DEVELOPMENT RBELRBRNEE
DATA BASES

Devel opment of comprehensive energy related data bases

related data for a building. Firstly, three types of e
1. historical data or energy bookkeeping data (differen
2. data from energy audit (lots of physical and consump
3. higher resol uvttii men dalrat-tne éghe eratabm BMS and SCADA.
For achieving quality energy management, the use of al
While bills and energy audit data have been previous
identification of consumption paths and dynamics that
data or bookkeeping data was availabl e. Existing build
engines Wietahnserfgf capabilities, not being capable to
reinforcement | earning algorithms.
A common problem is the multiplicity of wunits such as
mi n, 1h, 1 month) being collected by different devices
the problem are able to transform it into a wunique re
resolution data into higher resolution dat a, neverthel
of developers should be considered.
Anot her problem that occurs is that data from audit,
moni tored separately even they should be mutually de
i mportant to follow the sequence in data acquisition f
data types in an EnMS for efficient DSM.
I n enreerlgayt edadasa asbaneg, dadhshs ed arteacor d, in this case
have its own identification number. Every building sh
buil dings, it is possible to associate the building be
meter (listing the account, a nhotice that more buil di
enter more meters for the same building as well. Princ
| I
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Table 2 Static data abourteltatee d ud dtdd nlga

Category name Expl anati on, remar ks
0 Annex The possibility of enterjing re
0 1Enable upl oad of docubphoad(@dgdéumdnts pgéestinepnt to
"lipg) and their storagébbnephienssrveketches, Ificense

0. 2Building picture uplobpgload picture of the buljlilding

1. |General information a

1.1l dentification numberj:

1. 2|Name

. |AcC di to. the electejd site

Location address; cilt ?8[oc 9m i C flt ?
1.3Count ) ( aMtomathaP y sgﬁectg thje refe
yJ - for that building from which t

1. 4Purpose: Selected from the offerel.
Possible choices: city, [fcounty

1. 5/User: government institutions,| natio
company, etc.

1. 6lownership: The user is the owner, ofr the
of the natwural [/ | egal plerson,
| n h t that t whijol e bu

1. 7/Share of the use of totaf EP?ngng area F&L;
over a use r ownefrship

Number of the energy [certificate according

to the ECZ registry

Energy class according to the current energy
certificate

Cul tur al heritage bui|ll Hings, (ypehnaid categorly prot

Year of completion off construction:

XYear of | ast restorat|li on:

R|lRr|Rr]| R
RlRr|Rr]| R

BVh at has been renovat|ed:

persons responsible for monito

1. 1|€ontact erson:
P consumption in the buildf ng

1. 1lPhone:
1. 1ll6ax:
1. 1{Emai |

13
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r. Category name Expl anation, remarks

The sum of the floor surface

building and is calcul atled ac
1. 1/81 at gross floor &r:ea|HRN tEhNe 1buQ 19d8i3n6g: 200 2. The def
found in the Rules of the ene
buildings (NN 113/08).
The total area of net flloor hi
b | d T h definiti |
1. 1|9seful area surface?of LItlhelngld|ne, eAkI .n[|m|or'can
of the energy certification o
113/08).
Total area of building gompon:
heated part of the building f
, h ted t
1. 2|Bleated surface area2]01 ahce ald nOr A ema © .pa.r s‘
ted 'of t'he buillding
be found in the Rul es off the

buildings (NN 113/08).

Heated volume of the buifl ding
area is A. The deflniticn can
1. 2lHeated volume area O]f:|the bui i ng, n} .
of the energy cert| ication o
113/08) .
The t ot al rea of net flloor ¢
1.2Pseful area surface %1{ the balda" ng, Ak ¢ [ m |
bU|Id|ng.
1.2|800l ed surface area?of the building, Ah [m
1. 2/€ooled volume area o J{the building, Ve c[m
1. 2/Blumber of fl oors: "Pul l down" menu
f
1. 2|l&keference weather statcloonnnseCteldecttioan database or
st atéi ons
1. 2|Gener al remar ks about |the building
2. Buil ding usage
2. 1Number of employees: Permanently employed persons.
2. 2[Number of wusers: Users ofBbapadéngMont hly aver :
2. 3[Number of working days$ per week:
2. 4Number of working days$ per year:
2. 5 Number of working hours per working day:
2. 6/Gener al remarks on the use of the building
| L

14
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Nr Category name Expl anation, remarks
Ther mal characteristiThere must be a possibillity o!
3. ) average value of (3.210) |and (:
envel ope of the build . . .
according to the climatijc zon:
3 1 Short description of |@(her coxmprasli @, ofnulolf drhehgll ow |
' outer wall insulation)
oL For example, single or |doubl
3.2 |Type and condition of(doors _an% wi ndow |
gl ass, isoglass, wooden, PVC
For example, t compogition
Short description of (the ro.oa} %r celqﬁng. t% .
3.3 there is the attic insullati on
the exposed roof:
possible | eakage)
For examp,l ., the compogition
3.4 |Short description of (the r%;c{oun% %I or : . P .
grou , problems with mdgistur
Frodhechni cal regul ationsg abou
of energy and heat protegction
110/ @&)@Qram m st take opyer th
Coefficient of heat pass,| (ﬁ )ctg rougu /
3.5 coeff|C|en IIowed the |passa:
outer waills [ W m . | .
facilitate comparison. Coef fi
through the energy revigw and
into the system.
Every time one of the cqgeffici
HT ratio, there must be |[shown
particular building, thg aver
average ratio for that weathei
3 6 Coefficient of heat pgrmaswsimgmtalrloawdd wi mafofwiscijent a
’ (opening®): [ W m oTechni cal regul ations ajpout t
energy and heat protectijon in
110/ 0Bge&f.ficient is calclul ated
energy review and then iimpl e m
system.
3 7 Coefficient of heat p@Goeeasfifnigcitdimtouigh ddlooulsat gd t hr
’ [ W/2] : review and then i mplementing |
3 8 Coefficient of heat pg@oeafifnigcitdimtouighr dadlecul at gd t hr
' ceil i n®][FW m review and then i mplementing i
3 9 Coefficient of heat p@oeeafifnigcitdmtouigh ovall d sl datogd t hr
’ unheated spXMtes [ W mreview and then i mplementing i
| I
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Nr. Category name Expl anation, remarks
. . . Coefficient is calculated fro
Transmission coeffic eenut tolfonhg'ge k&l d:)g(lpregulations
3.10unit 2of surface area toﬁeahreaattieodnablmm] e of ‘enelgy an
HD[ Wi buil di AddD/ O8N 6
Computationally determined a
heat that heating syste shou
bring the building to maintai
temperature in the building d
Annual ther mal energ;/henaeteldng the bhUI|d|nngg IF I.S ¢
3.11 Iume heat d building
[ KWhT]: ;
aIIowabIe transmission c¢coef fi
unit of surface area of |[heate
buil ding. Coefficient is$ calc
energy review and then implem
system.
Quotient surfaces of wi dows,
parent elements of faca%es (b
Share of windows surfaancde t|he t a}l aZPea of the fac
3.1%2 etc. ). at e attic, |[area
surface [ %]:
added to the window surface,
slant roof with roof windows
the total surface area.
Gener al remarks on the outer envelope
3.1 . . . .
and building state of the building.
The program should enable the
efficiency indicators. One of
efficiency is the quotient (4
must be within 0.8 to 21/]21. |If
undersized boiler and if the
4 Building heating sys than 1.1, boiler is overnsized
I f the (4.12)>0, aoodntdal) is
option, test of balance|and d
system is required. In ach c¢
the "Alarm" and gives aIvice
steps.

16
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Nr. Category name Expl anation, remarks
Selects between the wood, 1lig
light fuel oil, natural |gas,
as, electricity, heat or oth
4. 1|Fuel/ heat source: g . ) y . .
registration. Also, if ot her
be the possibility of entry t
fuel in an agreed unit.
I f "central" program is|selec
possibility to choose:

1.own boi

ler,
Type of heating Sys ené.(bloqqlevrldruoaol /.
central):

m I n a seplarate

3.connection to the dilstrict
system

4 number of -fssmeeldl bgpas e¢r s

4. 3|Type of boiler [/ heatl rsuthlsd adada wvensaf centr al eatin

er |/ heat sub

Year of manufacture of boil - .
the case of central heatin

4. 4 . I'n
stati ons:

The total heat capac tr¥ of boil er [/ heat .
4.5 . | the case of central heatin
substations [ kW]:
Whet her the centr al heat i n syste usi n
4.6 . I n hg eyse 0] centgral heatin
heat pump: (option YES or 0)
4. 7|Type of heat pump Ai-ai r, -aviat erdwat er , -watoam|d

4. 8|Type of refrigerant

4.9 The total heat capac|ty of heat pump
' [ kW] :
User writes the installed pow
4.1 The tot al installed fheeeremmat Ir apl oi wzeerd osfy st em. |1 n t he
' heaters [ kW]: room heating the total fher ma
individual thermal devig¢es is
4 1 Whet her the primary heating system using

electrical heaters: option YES or NO)

17
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N r Category name Expl anation, remarks
4. 12l nstalled capacit o} Th rem ri 0 eerataedOIItI naI devi
T P y bUI cf , i f
Whet her the primary heating system using
4. 18Ban additional split systems for heating:
(option YES or NO)
41 I nstalled electric ppwer of split systems
' [ kW] :
4 1_Year of manufacture of boiler [/ heat
. D .
Ssubstations:
The program should enable the
efficiency indicators. One of
efficiency is the quotient (5
must be within 0.7 to 1.]1. | f
system is undersized an i ot
more than 1.1, it is oversize
5. Building cooling sys|jf the (5.7)>0, adcden(ts.ad)" i s
option, test of balance|and d
system i s required. I|n ach c
the "Alarm" and gives advice
steps. It is also a proposal
particular COP with some part
sol utions.
5. 1|Enefrgeynerating producit:
5.2|Way of cooling (indivyidual / central):
5 3 The total cooling capacity of cooling
' stations [ kWwW]:
5.4 |COP: Coefficient of performance.
5.5|Year of manufacture of cooling devices:
5.6|Refrigerant in the refrigeration device:
5 7 The tot al installed cooling power of
' coolers (cooling appl|iances) [ kW]:
5 8 I nstalled electric ppwer of split systems
' [ kW] :
5 9 Gener al remarks on the building cooling
' system
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Nr. Category name Expl anation, remarks

6 . Ai-condi ti oning and ve

6 1 Vol ume of ventilated|and conditioned

' spacg :[ m

6. 2|Number of AHU

6.3|Total ai*hflow [m

6.4 |Tot al heating capacity [ kW]:

6. 5|Total cooling capacity [ kW]:

6 6 The total installed electric power of AC/

' ventilation system [ kW]:

6. 7|Heat recovery (yes/ no):

6. 8/ Percentage of recirculated air, %

6. 9|Humi di fication (yes/ po)

5 1)General remar ks on the building AC/

' ventilation system:

2 Domestic hot water p

' ( DHW)

7 1lFuel The pos.sibility of-choosing m
generating products at {he sa

7.2|Mode (single / central [/ combined):

7 3 The total installed thermal power of DHW

' system [ kW] :

_— The total installed electric power of DHW

' system [ kW] :

7.5|Set temperature in a¢ccumulation system

7 6 Gener al remarks on the preparation of

' DHW system:

8 . Pl umbing system of t

8 1 Mode of supply of drinking water (public

' water supply, well, etc.):

8 2 Gener al notes on building water supply

' system:

19
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remar ks

enabl e
externa
wi t h

ot he

9 1 Tot al installed powertiiof KW/lclaadpe s(cEBanttal and i{ndivi
' l amps [ kW] : lighting)
The tot al number of umi narjies wjith
9.2, A e M A ar me
incandescent | amps:
Tot al installed owerl. of compact
9. 3 .p i, pr§.>0 "Al arm"
fluorescent luminaries [ kW]:
The tot al number of compact f| orescent
9.4 _ , . CimPRCr S UEESEE " Ss0 Al Ar me
l umi nari es
Tot al installed powe of compact
9.5|fluorescent l uminari es with
el ectromagnetic ballast [ kW]:
9 & The tot al number of compact fluorescent
' l umi naries with electromagnetic ballast
Tot al installed powe of compact
9. 7|fluorescent l uminaries with electronic
ball ast [ kWwW]:
9. 8 The tot al number of compact fluorescent
' l umi naries with electronic ball ast
9. 9 The total i nst aijphred spower of hi gh
' mercury | uminaries | W]
9 1)The tot al n umrbeesrs wrfe hmegrhc ur y
' l umi nari es:
9 1 Tot al installed powe of hal ogen | uminaries
' [ kK W]
9. 12Tot al number of halogen | uminari es:
9 1 Tot al installed powe of met al hal i de
' lumi naries [ kWwW]:
9. 14Tot al number of met a halide | uminari es:
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Nr. Category name Expl anation, remarks

9 1_Total installed powe of other types of
““Tlighting[ kW] :

9. 16Tot al number of ot he types of luminari es:

9 17Genera| remarks on the internal l'ighting
' system:

9 13The total instadpredspower of high

' mercury |l uminaries [ kW]:

9 1 The total n umrbeesrs wrfe hmegrhc ur y

' l umi nari es:

9. 2 The total instadpredspower of high

' sodium luminaries [ kW]:

9 2LThe total nupmbeess wrfe hs ogchi um

' l umi nari es:

9 2)Total installed powe of other types of

" Tlighting [ kWwW]:

9. 2B8Total number of othe types of |l uminari es:

9 21General remarks on the external lighting

' system:

10. [Other electricity co

10 Total installed powe of office equi pment
ST kW

10 >Total installed powe of kitchen equi pment
ST kwy o

10 The tot al installed power of other
"lTconsumers [ kWwW]:

10 1Genera| remarks on other electric energy
"|consumer s:
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Table 3 Dynamic data abouteltadatedbudadaniga
egory name Expl anation, remarKks
A Weekly readings of energy
A Mont hly inputs of bills re
pliers.
_ A Update of the possiblle sel.
11. lConsumption of ener g) anadndwactaelror”]eftiecrSvalue ls req
values should be taken fro
energy certification|of bu
113/08).
A é
11 )Outside temperature taken from reference
"weather stations
Temperature of the referent r
11. Bl ndoor temperature P
from smart meters
If 3. or 4. = 0, application
11 Possible input of aveusapgeRuniu ndbienrg oufs epreso pnfuest |be abl
"fduring the week and enter correct numbe of p
building in the observed week
11 | Possible input of working hours during the
"Twe ek
Energybasnd,a i . e. data collected and organised to enabl e
as nicely demonstrated in the Figure bel ow.
Y |
Mi ni mlal
sur f alce
SCADA
Digital Menitoring
_ System (DMS)
Energy Accounting (EA)

Buil dings

without

information

system

(Energy audit performance)
250
Number of buil dings
Figure 2 Levels of informati
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MODULE 3:
STANDARD ENERGY MON
MANAGEMENT SYSTEMS

Energy accounting or energy bookkeeping represent S
bookkeeping assures a regular monthly record of energy
(electricity, heating, cooling and water consumption)
from previous periods.
By monitoring bills, excessive consumption can be easi
done by organizing a spreadsheet for energy consumpti
consumption can be easily visualized and compered fron
with prices so is important to individually gather by
costs.
For exampl e, mont hly there are two types of bills for
one is for grid fees, so tariffs and calculation met h
from district heating from bills and water consumpti on
costs and is very difficult to find a comkdh dtoaoni shbd
be monitored individually depending on the source. The
to i mplement the system by yourself. Verification and
be summarized in simple reports.
For buildings that stildl do not have energy accountin
(i mportant not e: for such buildings, training includes
in buildings that have such system in place, training
Table 4 Available energy accounti
Wattics/ http://wattics.com/ Event|s2HVAC
eSight http:// www. esightenergy.|com/
digitalenergy professionhttp://www. digitalenergy|. org.u
Entroni x EMP https://entroni x. i ol
ePort al http://eportal.eul
EnergyDeck https:// www. energydeck. clom/
Energy El ephant https:// energyelephant . clom/
utilibildl http://www. utilibill.con. aul/
AVReporter http:// wwiwnkemsanyd i onal . clom/ hor

23
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MODULE 4:
SMART ENERGY MONI TO
MANAGEMENT SYSTEMS

Smart or Digital Moni toring/ Management System is a so¢
t her mal comfort in the building are monitored and reco
several adequate digital sensors and meters. System i
internal temperature sensors, electricity consumption
monitoring of ther mal energy consumption through heat
usually monitoring all parameters in a 15 minutes inte
communication |ink to the common database, where all
available to the wuser. This allows i mmediately reactio
optimum energy efficiency. Second way of monitoring da
on bill s, so this is practically energy accounting. Di
able to present and compare digitally acquired data wi
concept of smart monitoring/ management system is showr

Croati a).

fReporting
fData warehousing

fTEfficiency monitori

fData display fBuilding automati on
ﬂDgtg analysis (dat 8 fHeating
mining) fVentilation

TAir conditioning
fLighting regul ation

S

o
fControl ems :E[ o
fEl ectri ¢gal l
anstall ations Measuring
fBoiler fdoom Measur|i ng equi pment
) nvironmentlal
ﬂCooI!ng Fowers i mpac{s |
fVventil afion

Figure 3 Architecture of smart energy r
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These kinds of systems are computer programs which can

and password and provides data storage and access the
al |l buil dings that are included in the energy manageme

ACollection and entry of basic building data, control

weekly, or daily basis (bookkeeping or meter reading

AEasy access to energy and water consumption, paths,

ACal cul ation and anal yses wi t h t he aim of detectin

consumption and identifying the opportunities for ac

AVerification of realized savings;

AAut omated warning of critical events and mal functi on
I n the database, after the entry of physical and cons:
from monthly consumption from bills and data from met
accept almost instantaneous energy consumption data fr
meters are installed.

Data entered into the system are used for a series of
water consumption, compar e consumpti on in similar bu
excessive and irrational consumption. Part of the cons
critical data (for exampl e, drastic increase in energ
persons, which prevents wunwanted and unnecessary <cost
through the conducted analyses, experts responsible fo

necessary measures to increase energy efficiency, ul t
Mont hly consumption paths are shown at the graphical |
access with login and password.

Potruénja energenata [k¥th]
§ ==
m: allm..ulllllm.ulmllu-mllllllmmlllllhn lllllluuunllﬂlunmlllll!m
AR AR o
Trokhovi za energiju [knl
v "
o n
3 e ' "
dtusaitniiitil e il llllllllumllﬂllllmllllllillu.m =
Emisija €O (1)
B P11 T 1 e 1 e 1 nllllllhlmllllﬂlllmlllllﬂlln.m
P R e ?%%1«3%& R R O
Figure 4 Monthly consumpti
| I
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With Digital Monitoring Systems users are enabled to
(addr ess, picture, construction characteristidd metc.)
dai l vy, weekl vy, mont hl vy, and yearly energy consumpti on
baseline. Remote reading of consumption allows monit
systems for remote reading, collection of i mpul se and
remot e stations wher e t hey ar e transferred and col |
consumption paths and analyse on one or multiple build
single indicators achieved through analyses, i nsight

prompt reactions in case of too high consumption.

(i mportant note: at the training, users should be intr
if such a system does not exists, than proposed infor:i

Croatia should be presented).
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MODULE 5:
ADVANCED ENERGY MON
MANAGEMENT SYSTEMS

An example of advances energy monitoring system is su
which is a control system architecture that wuses compu
user interf-heesl fprobegh supervisory management, but wu
programmabl e |l ogi ¢ controll ers and di screte PI' D cont
machinery. SCADA allows setting daily operation of the
el ements of the system, noting anomalies and deviati
optimizing the operating costs of the facility.
Optimized Building Energy Management Systems (BEMS) ca
be particularly valuable where no other intervention
(historical buildings). More complex BEMS are offering
AVisualisation and reporting (benchmarking with othe
mobile applications)
AFault detection and diagnostics (HVAC and alerts, so
APredictive maintenance and continuous improvement (
and financial scenari os)
AOptimization (aut omated demand response, dynami c
management ) .
A problem that occurs is the multiplicity of data and
To overcome this problem is usually wuseful to either t

to guarantee that every module that works with data ha

Dat a analytic modul e compgarsieesr ed attda maansad . aRdal attii men al

persistence of energy data over time in a usual rati on
not r equtiirnee r(eoarl -tnienaer) ,r ecaalpabi |l ities such as benchmarki
energy efficiency measures -saadi eéosaseédi alktained aatnkailnygtadlcBi
enabl etirmealnoti fications (abnor mal consumptions, appli
switching ON and OFF energy | oadrseleaittihnegr whiyt hh oeuxro gpeeroi
(changing HVAC ventilation by temperature forecast).
Advanced energy managementwasyy sstyesnt eins, rbautt jiuwsta ac ltowsoe d
steps are following continuously and each circle means
t hat reason, it is necessary to introduce periodical
advanced energy system is in controlling and regulatin
| I
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MODULE ©6:
USIT NG | CT TO ANALYS
ENERGY CONSUMPTI ON

The coll ection, but even more important the understan

energy consumption can be useful for:

1. consumption baseline modelling;

2. identification of past consumption profiles;

3. calculation of most suitable energy efficient tariff

4. intelligent alar ms;

5. technical systems DSM (balancing demand, supply and
controlling shift abl e | oads, guarantee that- not :
operational hours, optimization of HVAC, time of use
harvesting);

6. foster user engagement to trigger behaviour change
with users of the same activitppeectoon)o create con

7. load desegregation models and

8 identification of specific EE measures.

With graphical interfaces users are enabled to view ba

picture, construction characteristics et c-t)i,mewe adtahielry

weekl vy, mont hl vy, and yearly energy consumption and to
period and with set baseline.

Therefore, the first step in data analysis is to model

future developments of energy consumption wil/l be c¢omj

determining the baseline is regression analysis. The r

regression analysis) is a method that determines the f

used to determine the relationship between energy and

which wil|l be used as standard performance equation c

temperature, beddegrreeggeday)necwgryve as presented in the Fi

| L
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snn.nnoJ
700.000 ~.n !
800,000 - L] i ®

500.000 j |

Toplina [KWh]

400,000 ‘ ~agg

300.000

200.000 i »

[
100,000 - . " L ®

L]
. _____________ = o s scsmon stimie
- 0 1 2 3 4 5 1 7 8 "] 0 11 12 13 14 15 186 17 18 19 20 21 22 23 24 25 28

Temperatura °C

® Zima ® Ljeto A Iskljuceno — Reg. pravac za 'Zima'y = -44 290,86 * x+ 727 772,37
Reg. pravac za 'Ljeto' y = -3 486 48 * x+ 88 795,16

Figure 5 Example of baseline energy consump

Regression analysis is statistical technique and need
relationship between eneitgyneacneds svaaryi arbelaen( st)h aitt odnoee sdno e
sometimes the calculated relationship can be misleadir

guality of data used. Any suspicious points should be
I f it is suitable, correlation can be a straight 1line
E = C+mP

Ed0 total energy consumption

Cd bassenad energy consumption (does not depend on produ
mo multiplying factor

Pd variable related to energy

This simple equation is wusually wused for single proces
applied to the compl exvarfi allid dri edggrse s sihem amudltyisi s must
E=C+mlP1€mhPnh+
Ones that standard equation is obtained (standard 1| in
given | evel of wvariable. I't can be compared with the
performance. Additional analysis can be wundertaken to
planned i mprovement on standard performance and can be
can be set in percentages or more sophisticated anal
reduction measures for both, fixed and variable energy
can be used t o set target s, by drawing t he target I
consumption reduction (e.g. as black dashed line in Fi
| I
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Regression anal ysis i s useful, but it i s not sensit
consumption. I'n that sense, techniqgues | ike Cumul ati\
originates from statistical guality control. I n order
By calculating the cumulative sum from this target (su
trend |line can be plotted and it wild.l give a clear in
The numerical value of CUSUM gives the savings made to
t he performance trend. CUSUM represents t he di fferen
consumption data points over the base |ine period of t
represents the random fluctuations of energy consumpt.
continue until somet hing happens to alter the pattern
saving measur e or , conversely, a worsening i n energ
mai ntenance) . I't has a number of wuseful properties:

A When its trend is horizontal, it means that t he mo

target ;
A An upward trendosisgmptiesn, owbdi l e a downward trend si

then expected;

A Change in direction of the curve means a change in t
The change in value over any period of time represents
Figure 7, this building continuously decreases its en:¢
t hat caused the change in this trend. Significant dea
coincide with implementation of EE measures (ther mal i

of heating system).

Figure 6 CUSUM cl



