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1. Why reduce consumption of fossil fuels?

Environmental impacts & Dependence on import
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Burning of fossil fuels

Source
https:// pixels.conffeatured/industriat
smokefrom-the-factoriesmary-evans

picturelibrary.html

Import routes for natural gas
Sourcehttp://corporate.vattenfall.com



What can we do?

Buildings are responsible for 40% of energy consumption

and 36% of CQ emissions in the EU

European Commission, 2016
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2. Tools to reduce energy consumption

EU Directives related to energy efficiency

A Diective (EU)2024/1275 on the energy performance of buildings
A Directive (EU)2023/1791 o energy efficiency

A Directive 2018/2001 on the promotion of the use of energy from renewable

sources (recast)
A Directive 2019/944 on common rules for the internal market for electricity
A 80 895%reduction of greenhouse gasses compared to 1990 level by 2050
A B5%reduction of greenhouse gassesompared to 1990 level by 2030

A etc.



2. Tools to reduce energy consumption SvF

Recent update

In September 2020 the EU Commission set out its blueprint :

55%
A—40%reduction of greenhouse gassesompared to 1990 level by 2030

A The 40%target would mean we only achieve a 60%reduction by 2050

200

Additional to achieve -55%
GHG reduction in 2021 -2030

180

160

Annual investment in the N
140 Additional under current

energy system will need to be policies in 2021 -2030 :

120

100 Historic investments

80 in 2011 -2020
- \ I
S

about 0 3 Sbillion higher in
2021-2030 than in 2011-2020

40

‘m B _ 2

Power Power Boilers and Industry Residential Tertiary Transport *
grid plants new fuels

Annual average investment
in billion s euros

Sourcehttps://www.bbc.com/news/worldeurope55273004accessed5.4.2021)
Sourcehttps://ec.europa.eu/commission/presscorner/detail/len/qganda_20_ 1%&@&essed5.4.2021)



https://www.bbc.com/news/world-europe-55273004
https://ec.europa.eu/commission/presscorner/detail/en/qanda_20_1598
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2. Tools to reduce energy consumption
Energy certification and Energy audit of buildings

Building geometry

energy certification 7 § energy audit

Standard Climate Climate Actual

Standard Use I Use Actual

Actual/

standard Techn. systems I Techn. systems Actual
EE Measures Investment| Net savings| PB

[euro] [euro/yr] [year]

1. Energy efficient showers 400 450 0.9
2. Automatic control system 20 000 12 270 1.6
3. 0&M/EM 15 000 2 140 7.0
4. Heat recovery, ventilation 25 000 4510 5.5
5. Thermostatic radiator valv. 22 500 3050 7.4
6. Insulation of pipes, valves 9 500 1640 5.8
7. Insulation of roof 12 500 1970 6.4
Profitable measures 104 900 26 030 4.0

SourceDahlsveenT.ca A QX AcherviloyLgl 2 £ dzo 2 @ytsEnk@Ndz, Teigenq. Energy auding and certificationof buildings ENSIOsla 200.



2. Tools to reduce energy consumption s S
Energy certification vs. Energy audit: What's the difference?

Energycertification Energy audit

Difference

SSLERBIELEIEES Directive2010'31/EU Directive2012 27/EU

Purpose - Compliance with requirements - Information about potential of energy savings
- Classification into energy class - Profitability of the energy saving measures

Outcome - Energycertificate - Report and summary

Who? - Authorizedpersor(s)for EC - Ehergyauditor(s)

What? - Energyneedfor heating(envelops, - AnyenergyusingequipmentincludingHVAC
Spacéheating Domestichot water, industrialtechnology transport,outdoor lighting

Ventilationandcooling Lighting

When? - Newbuilding majorrenovation - Bigcompanies

- Sellingor renting - Energyperformancecontracting
- Publicbuildingsareaxx H p A Y - Anytimeto find savingpotential

Validity - Max. 10years - Bigcompaniesvery4 years

Calc method - Strictlygiven - Not strictly given



Energy certificate

Energeticky certifika

wydany podfa zakona &. 555/2005 Z. z. o energatickej hospodamosti budov

3. Energy certification of buildings

A Compliance with the energy standard

A Market tool to reflect energy performance

0 zmens 3 doplneni niskiorjeh 2ikonov v Zneni neskortich precpisov 3 v zneni zikona & 30020122 2

€. 057269/2014/22/001812007/EC

Nizov budovy: Bytovy dom Parc. £ 390/62

Ulics, Gisto: Pelhfimovska 1194 Katastriine (zemie: Befiova Lehota
GCbee: Dolny Kubin Podiel celkovej podishavej plochy:

Ckres: Dolny Kubin 2- bytovy dom 100,0%

\Ugel spracovania: Vyznamna obnova

Kategdria budovy: Celkova [Primama
. 2 - bytovy dom potreba | energia
Z energie
3 Globalny ukazovatel: 103 18
=B | Primama enemgia womimia) | sy
& |
B (| (a0 ]
: = :
H—— e
Celkova podlahovi plocha v m- 33649 (el [ D R,
o
ok kolaudicie budovy: 1974 @ ||| —
T ———— H (e
Hodnotenie jednotivych miest spotreby g Vysoka potreba snemge
Fatrena energe na il [ B |romalizovans hodnotenie: [Ki]
[E———— ) | % Prevadzkové hodnotenie: O
Patrena energe s criserie a veranie: [ Fll [Miniméina poziadavka Ry : 79 | 126
Foirena snergle N csvetenis: Typicka budova Rs: 158 | 2w
Namerana spotreba energie na vykurovanie v kWhi(m’a)
Rok Prismer
‘Spotreba energie na vykurovanie v KWh(nia)
Podiel energie z obnovitelngch zdrojov: ]
‘OBnoVIEY 2} pre ONTe. tapis| VOny: w3 SUEpKa
Rakuperacis ok neje
Spésoid wjruby eéedtriny  obnoviengho zamja: nieje
nefe I
Emisie COz v kgim'2) [ |
o 10 20 30 40 50 60 70 80 Ell 100 =110
Nawih opatreni na zlep3enie energetickej hospodémosti budovy:
Obwodovy pLASE: Nerawhej 52 tpravy.
Nerauruii sa ipravy.
Podlaha: Nenawhupi sa dpeavy.
Otvorové henStrukcie: Nenawhul sa Opravy.
Wykurovanie: Nenavihup 53 Opravy.
3§ ™
Chiadenieivetranie:
Osvetienie:
Obnovitelng zdroje energie: Nenavihu 2 (Oravy.
12.1. 2014 Platnost najviac do: 12. 1. 2024
e 3 ez corsimene: ceney: Ing. Viadiimir Biagicek
Chcroers e st Ing Vlaclimir Blagicek-ECB, Esténska 26, 821 06 Bratislava - Podunajské Biskupics
e 43085831 o 1025780142
ot 4421815714 285, blazicekpgmail com [—
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3. Energy certification of buildings
Brief history of energy certification of buildings

A 1985: Document of the EC stating that 40% of all energy use in the EU is

related to buildings
A 1989: The ECproposed the SAVE Directivewith 13 specific actions, 10 of

which directly related to the building sector
A 1993: SAVEDirective was introduced into practice

A 2001: The ECproposed to adapt the SAVE Directive from 1993, which

became the EBPD2002/91/EC on 16th December 2002
A 2009: Energy certification mandatory in Austria

A 2010: EPBDrecast dnearly zero-energy buildings (nZEB
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3. Energy certification of buildings

What was before Nearly-Zero Energy Buildings (2010)?
Lowenergybuildingtypesand state ofdefinition per 15t January2010

locaton  lissier _Ist/cCeliocaon  lsser ______lst]ce
=) es

St
RALPassivehouse RAL SO vy
Low-energybuilding EU Green Building SO vyes IEEESIGOIEE PHI Darmstadt SO yes

SWEDEN Fraunhofer Institut UoO no
Low-energy"Minienergi" FEBY SO yes Kfw SO no
Passivehouse NG SR Eiizienzhauss % SO o
FEBY 50 yes S

MA 25 of o
Standard Norge Of no MA 26 Of no
Standard Norge Of no 3-LiterHaus SO yes
Standard Norge Of no Klima: aktiv SO yes
PHI Darmstadt SO vyes Klima: aktiv SO yes
Bygningsreglement Of no MINERGIE SO yes
Bygningsreglement Of no MINERGIE SO yes
PHI Darmstadt SO yes MINERGIE SO yes
Lowenergyhouse T8 so no [FETITI pHDammstad: SO yes
RIL S0 o

PHIDamstack Uo o
RAL so yes I

SourceThullneret al. (2011) owenergy buildingg EuropeStandards and their consequences on indoor cliniieceedingsf IndoorAir, Austin TX



3. Energy certification of buildings S

Passive house

A Overall U of opaque envelope O 0 . 1 52.KW/

solar thermal

collector super insulation N
[optlon% - : A Uwi ndow O Z(K) 8 W/ ( m

£
su;)i;:ly T extract . .
triple pane Bl A Solartransmittance t O 50 %
Iowc!:;PaI:ing n:r\:{?yir
e y ,
supplyg | | A Efficiency of heat recovery O 7 5 %
extl_'act p°|||:|ted
e E extr:I:tion
s A Electric demand for ventilaton O 4 5 M) ( 1

/
Cross Flow Heat Exchangers
( ventilation system
with heat recovery ) A

Heating and cooling demand O15 kWh/m 2

ground heat exchanger

Source Passivhaus_section_en.jiassivhaumnstitutderivativework: A Primary energyO 120 ¥Wh/ m
MichkaB talk) - Passivhaus_section_en.jpg, CESRY3.0,

https://commons.wikimedia.org/w/index.php?curid=9586761



3. Energy certification of buildings
Nearly Zero-Energy Buildings

Nearly Zero-Energy Building ?

Effizienz Low
haus energy
building

Zero
energy
house

I;issze 3-litre-
us house

Klimaaktiv
house




4. Energy audit of buildings SvF
Energy audit in brief

Main objective:
Find the profitability for the project and/or measure/subprojeatd rank them correctly.

What is documented:

A energy saving potential

A environmental benefits (CQparticles, SQ, NQ, CO)
A profitability

Main objects of energy audit:

Bigcompanies=companiedrom 250emplyoeesalebod/ah p n tarAoe® ¢



4. Energy audit of buildings

Outcome
EE Potential - Energy Audit
Measures Investment Net savings Payback| NPVQ
[€] [KWh/year] [€/year] [year] r=7%
Energy efficient showers 400 3 500 350 0,9 6,90
2. Automatic control system 20 000 148 250 14 300 1,4 4,02
3. Operation and maintenance manuals/
Energy monitoring system 20 000 45 200 3530 0,7 0,61
4. Heat recovery, ventilation system 25 000 47 240 4220 9,5 0,27
5. Balancing of heating system and
thermostatic valves 53 000 73 340 7 330 7,1 0,26
6. Insulation of pipes, valves etc. 9 500 17170 1720 35,5 0,26
7. Insulation of attic floor 12 500 20270 2 030 6,2 0,14
8. New windows 260 000 246 090 24 610 10,6 - 0,14
9. Insulation of external walls 185 000 106 310 10 630 17,4 - 0,29
Total all measures 584 400 707 470 68 750 8,5

SourceDahlsveenT.ca A QX AcherviloyLgl 2 £ dzo 2 @ytsEnk@Ndz, Teigenq. Energy auding and certificationof buildings ENSIOsla 200.




4. Energy audit of buildings
ONORM EN 16247

EN 16247-1: Generalrequirements

EN 16247-2: Buildings

EN 16247-3: Processes

EN 16247-4: Transport

EN-16247 -5: Competenceof energyauditors
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4. Energy audit of buildings S

ONORM EN 16247-2

4 QUALIEY FEQUITEITIETIES cooecree e cessmssiemscas cerssscssss s cems som s assees s ermssss s et s 0 4 i £ S8R E A RS Rb RS 5 8
4.1 00 L0 o L 8
1.1 COTTUIEEETICY wrurerrensrssersuressnssesssssnessssmees e senssassesss o oess s s-ee 542 6503 EER 823 A8 25 5 1 03 £ EERR 13 88 4351 803 B ER TS EEER ST REERR SR SR RRS 8
B I 0 s L )OS 8
T T 1 i OO 8
s I 11 1T T T 8
4.2 ENETEY AU IE PrOCBES. c.rverreermeeeuseassesseassenressrmsssserssssssssssssressessesassesresasseas s o assas et aese sre s s e snsas s sasa s ansa e ssa seaen 8
5 Elements of the energy audil Process s s s ssssssmssssssss s ss s smsss sessssssassssssmss sessss .9
5.1 Preliminary COMEACE. .o e s s e s s e s s s s s s s s s s s 9

5.3.2  INFOTTIATEOT FBQUESE oeurrasrusrassesssssssnsssssenssasensss ssessssasess sssees e s s s s £ 483 5 0 - R ES 05 RS 5 £ 8 S SRR RS SRR SR SR 10
5.3.3 Review of the available data.. s s sss s s s ssss s snss s s s smsssss e snsase 12
53.4 Preliminary data AnalySis ... e s sesssasssssssssessss s ssss srsssss s sssssessasssnsasss seesssss 12
5.4 Measurement PLam ..o s s s s s s s s s s s 12
5.6 Field WK ..o e cesns s ecss cenmsscemsnas censsss s s s ssss s e s s s snass susn s esms s sssn s s s smsssssssass .

5.6.1 Aim of field work

L 01 T L
BuB.3 I WESIES oo oo e creceeemeemcaeee e ercassresseem cesem e oee s et e e £ Rt e 6 R £ £ £ e e et
5.7 2 N 1
TR O €T 1 i | 13
5.7.2  ENeTEY DIEali OWIL .. ooiessrsscassssssssssssssssensssssssssssessssssssssssses eames sssasessssssssss s o s sces s s sesa s ansas s ansas s s s s 14
5.7.3 Energy performance iNQICAOTS . i sssmssssssss sesssssss s sssmsssms s s s sesass sesssssss s sssassssas 14
5.7.4 Energy Performance Improvement ACHONS [EPLA] ... e esms s ssrsssssssssssessssssassasssasesseenss 15
5.8 3T L) T 15
LT T T 1 15
5.8.2  CONEBIIL OF T PIOTT . c...nceeereeeeeermescnssssscnsesssensessresss seesssasssssssres sesesaesasesss s sesss s e aes e reaesm st sesa s sneas s snsa e snsa e sssnsre 15
5.9 Final mMeeting ..o oo ss s ss e ann e e e ss s e s sss e e s s s s s e 15
Annex A (informative]) Examples of parties of an energy audit in buildings ... e 16
Annex B (informative) Examples of checklists for energy audit field work in buildings.................. 17
B.1 T 1T | 17
B.2 I Lo 17
B.3 Building vViSit CHECKIIST . cececeessscrescscmsss s s s ssssss e s s snsnssensss s s s st s s e s s s s 18

B4  The DUilding enVelopie . e eeresreserassassssssssressessresssssrassassesss s senesresess ses sese s snsas s snsasmssnsm e sss e 19
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4. Energy audit of buildings LISV
What building size?

A HLVSTUP

o EV. VYTAH

F [1




4. Energy audit of buildings SR

Energy efficiency measures

Where Is energy conservation potential ?

. Most common
Always do this

after renovation Building
of envelope envelope
L4 -
Lighting is «*

[ ]
usually very
profitable Electrical -
systems -
[ ]
Operation / -«
Canbe very user pattern
profitable



5. Process of energy audit
Workflow

Identification «——
Object «——

Nameof resposiblepersonin company «——
Requirement®n specialmeasurementse——

I
Historyof energyconsumption «——!

Previousenergyauditsor studies «——1
|

Objectivesof the field work «——/

Behaviourof the energyauditor «—— :

e = = = -

Renovatiormeasures<+——

Energysavingsprofitability <——

Report andecommendationse——
Summary<+<——

Presentationof results «——
Explainresultsto the client «——

EN162471

—— Requireddata
— Time frame

Preliminarycontac

—— Agreeon schedule

Startup meeting —» Safetyrules

Collectingdata ' — Operation andnaintenance

I— Questionnaire
|

Field work | — Visitingthe site

Dataanalysis — Detailand extent of calculations

a, kWh/year

Profit — Baselineenergydemand

— Building ancconditions

Report :
— Improvementpotential

— Deliveryof the report

Final meeting
— Neverforget the acceptanceprotocol!




5. Process of energy audit

Preliminary contact — Project identification

A Dialogue with the building owner

A Identify problems, consider the renovation in context

High iliness
energy bills ? ) frequency ?
Renovation Bad indoor
necessary ? environment ?
Technical or
operational problems ?

A Profitability is not the only criterion

Large




5. Process of energy audit

Preliminary contact — Project identification

o To Io Do I»

Dialogue with the building owner

Collection of main building and technical information

Collection of energy consumption statistics from previous years

Evaluation of the owner's interest in accomplishing a total project implementation

Evaluation of the owner's business possibilities

S

Who is thereal
decision maker ?

Financing
possibilities ?

Is the ENCON Potential
big enough ?




5. Process of energy audit
Collecting data

A Collect documentation, questionnaire, interview, invoices ...

A Common challenge: lack of documentation

A Possibly prepare checklists

5°»

Zakaznicke Gislo:

Vase pripadné otazky zodpovie:

Biznis linka 0850 111 565
v pracovnych diioch od 7:00 do 20:00 hod.

e

Floor plan

Vazeny zakaznik,

Window frames: WWood A Metal A Plastic
Window area
A W Connected window glasses
A W Wwindow glass with energy coating

Wall: Expanded clay granulate, 250 mm

Wall WBrick A Concrete A wood
Insulation thickness ... O.vees mm
External wall area é 1.560é m)

Windows A Single W DoubleA Triple

é6366m|

Roof W Angled w/attic A Flat
W Concrete A wood
Insulation thickness ... (O, mm
Roof area (heat losses) é é 3966 m]

e e 00 sTU

K] SVF

Floor above unheated area
W Ground A Unheated basement
Insulation thickness

A W Visible thermal bridgesin é é 6 ¢ é é é é
Visible damages in: A Joints A Windows

A Doors

é é 396é
&.2é

Floor area (heat losses)
Net room height é.

éeén. é. .

m]
m

A S .9

2

Faktiira za opakovani dodavku zemného plynu &.:

V Bratislave dita 08.01.2016

zéklade harmonogramu budicich platieb za opakované dodévky Vam zasielame faktiru za odber zemného plynu za cbdabie 01.01.2016 -

na
31.01.2016.

Dodany tovar | (EUR) | DPH (EUR) Celkom (EUR)

Zemny piyn [ 207417 | 20% | 41483 2489,00

Na Ghradu 2489,00
V pripade nejasnosti svisiacich s dodévikou , nés linky 0850 111 565 v

pracovné dni od 7:00 do 20:00 hod.
S pozdravom

Gasinvoice

Inspection checklist



5. Process of energy audit

Field work

NN CEN
A Document physical condition and highlight problems REE
A Verify what they tell you, believe only half of what you see -

A Makelots of photos
A Usemeasurements, for example:
U distance meter

U thermal imager

U smoke analyser

Problem: Inefficient boilers  Problem: Mould on the ceiling Problem: Additional heater & water leaks
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5. Process of energy audit st
Data analysis: Energy inputs and outputs
2014 2015 2016 Average
Amount[kWh] 53730 59 606 58172 | 57169
CostdEUR] 7692 6685 6283 6 887
Heating[kWh] - - - -
Electricity of whicht DHWI[kWh] - - - -
' Lighting[kWh] 34709 38505 37580 | 36931
Others[kWh] 19020 21100 20591 | 20237
Amount[kWh] 143568 182580 175472 | 167206
CostdEUR] 6642 6 824 5225 6230
Natural gas Heating[kWh] 115285 146611 140904 = 134267
of which DHW[kWh] 28282 35968 34568 | 32939
Others[kWh] - - - -
Gas consumption [kWh] ltemized gas consumption
1608&0600 2%Litchen
140é6000
120eé0 Domestic
L00eq / hot water
8 0 é 0
6 0é 0 /.// # 250
40é0
20é0
0
o\)o* @‘o* O@o Y‘Q{\ V@\ & $ @5‘0\ & Ooe} ((@e* ((pe}
Y@ S oF o @
R SR
—0-—2016 —®—2017 —8—2018 =@ = Average Spaceheating




5. Process of energy audit LliSvF
Data analysis: Energy inputs and outputs

2014 2015 2016 Average
Amount[KWh] 53730 59606 58172 57169
CostdEUR] 7692 6 685 6283 6 887
Heating[kWh] - - - -
Electricity of whicht DHWI[kWh] - - - -
' Lighting[kwWh] 34709 38505 37580 36931
Others[kWh] 19020 21100 20591 20237
Amount[KWh] 143568 182580 175472 | 167206
CostdEUR] 6 642 6 824 5225 6230
Naturalgas Heating[kWh] 115285 146611 140904 | 134267
of which: DHW[kWHh] 28282 35968 34568 32939
Others[kWh] - - - -

Commonchallenge: lack of data on energy consumption




5. Process of energy audit

Data analysis: Energy calculations

\ A Too simple or complex model leads to errors

A Building complex models takes time

Uncertainty in
input parameters
decreases as
knowledge (and
costftime effort)
increases

Potential error in performance prediction

best fit-for-purpose model

s

- 4 e .
“underfilting = overfitting — Model complexity

SourceGaetani et al(2016 Occupant behavior in building energy simulation: Towards
a fit-for-purpose modeling strategyn Energy an8uildings 121, 188204
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5. Process of energy audit

Data analysis: Energy calculations

Level A:

A Lossesor efficiencies based on the typology of the whole building / technical system

Frequently used for energy audit

A Valuestaken from tables, basedon the whole building / technical system

Level C:

A Calculations based on physical principles or corelations

Level D:

A Calculations based on dynamic computer simulations



5. Process of energy audit

Data analysis: Energy calculation tools

Standortklima

Standort, | .

1720 m | vaidierung -

@

Seehihe

vF

’
Fiegion Nord - aurerhalb von Fohngebicten [N] ﬂ
N
NF
Systemtemperaturen Bure o N
- Heiskiirper (55 45C) - §5°C 45.0°C 13 61.90W 100.00 W
ZA
Raumheizung - Warmeverteilung
Vertsilletungen Lage Démmung D&mmung der Armaturen
- &= 14,87 M| nishebandivioniars w|[snwtiame [ semoinsosinme =l
- L uanens = 20.00 mm Quem = 0.24 WimK fam1 = 150
SB o L Steiglstungen Lage Démmung Dammung der Armaturen
- ] [ B = 15.36 M| vanditionion | [— =
e = 20.00 mm e = 0.24 WimK fanz = 125
Anbindeleitungen Démmung Dammung der Armaturen
[ 10752 m [ [S— |
Qpoieces = 20.00 mm Quusincer. = 0.45 WimK fanz = 1.04
1 2 3 4 5 q
- - " - Raumheizung - Warmebereitstellung
| Temperatur -1E5°C 0.33°C 423°C LRI 13.85°C BIFE 1110 BGFmy = T ————
S 34 B Kbl 55 55 kwhim? T 26 Kkl B 90 kwhim? 3021 bkl ai g Qo= 0.00 WOW
S +50 2757 Kkl 45,56 Kwhim? 7.3 Kkl 775 Kiwhim? 94,55 Kbl 1] e R N Er 1
t Betriebweise Betrisbsweise
WD 1718 Kbl 28,97 Kwhim? 5111 Kkl B84 kwhim? LB kil al I I e
Mol + MDY 11,58 Kilhim? 2093 Kwhim? 34,08 Kbl 52,01k 72,50 Kbl 77.4Vollast a- a4 8-
M 11,46 Kihim? 15,50 kwihim’ 27.59 Knhim? 40,45 kwhim? 56,55 Kinhim? Bl T 35-1;: T
Teillast = =
545 35,02 Khim® £ 53 kwhim® 39,73 Knthim® 12135 kinhim’ 151,54 Kinthim® . — i =
Sl +504d5 33,08 Klhim® 57.05 k'whim® 30,06 Kinthim® 115,57 kinhim’ 14713 Kiethim® 143 {Bereitschat E= 25F-
W+ 045 2370 Khim® 42,33 kwhim® 7221 khim® 101 F1kwhim? 1361 Kinthim? 138 Gara= ;‘DT; Bur=
ABgn=
Mol + D 45 1719 Kiwlhim® 2397 Kwhim’ 5111 Kinthim? 73,75 Kwhim’ 1155 Kiathim? 22 =
e 16,15 Kl 2 B kwhim? 3513 bkl Fid 77 kwhim? 014 46 Kl 115 Raumhsizung Wirmespsichsrung
H 26,04 Kiwhim? 47.57 kiwhim’ 8113 Kwlhim? 15,57 kiwhim’ 156,27 Kwhim’ 15 AEdes Vi sames poicrarx Viuws =
= = - = ” [P S E—— B
A shlursile e dimms | Bue
EE s 4500K
Hilfsenergie
0.0
B1.9W
55.7 W
L
Pason= OO & Siumpe noch 200
[ [ ——— S DO [ o 2000
[t f ne Gebismmuntertitzung Poise = 0w
sk aruin

BF= 1536 M m, = 0.8260

WW+RH-Warmebereitsteliung
zentral

dezentral

Wenn dezentral, dann Eingabe der Einheitengrafie erforderlich!

Eingabe (obligatorisch) Wohnungszahl
‘Vorschlagswerte BGFau= 192.0 m*
Eingabe (optional) BGFa=

BGFm:= 192.0 m®

BFe= 1536 m*
Hier miissen Sie die Leistung des RH-Kessels eingeben!
= 192 WK 48, = 33.00K
Vaorschlagswerte’ PH,KN = T W
Eingabe (optional) PH N =

PH,KN = 11K

Achten Sie jedenfalls auf die richtige Eingabe im kombinierten Betrieb!

Ergebnis-Vorschau

fone 2A53RWE ZASTRWNE 1278 KWhim®a
s A 16.32 kWh/ma
29.1 kWh/nra

Q.= 10,788 kWhia 10,788 kWhia 56.19 kWh/ima
3,857 kWhia 3,857 KWhia  20.09 kWhimPa

Q= 14,645 KWhia 14,645 kWhia 76.2 kWh/m®a
173 kWhia 173 kWhia 0.9 kWh/m*a

Qo = 13,241 kWhia 69.0 kWh/nra
8,991 kWhia 36.41 kWhimfa

Q= = 20,436 kWhia 106 44 kWh/m®a
65%

0.00 KWh/m*a 0.18 kWh/ma

0.00 kWh/m*a 0.90 kWh/m®a

1.06 KWhima.




5. Process of energy audit

Data analysis: Energy calculation tools

e e 00 sTU

K] SVF

Audit: Adminismrativaa budova
Budova: [ 1 [B1 administrativea budosa
L. Ugel a spésob rynzita
Kategicia budovy: | Administrationa budova =]
Chatakter bodovy: | Bsimmitraiein ;I 3. Spatreba tepla a energie na previdzku
Marnd plocha: 3042 ad Namerand spotreba enerzie a pomer renlypoé. spotreby 698 [MWh)
Oboutavany objers: [ 200591 a3 Namerans / vypol. spotreba energ. pred a poopatrenmdach: [ 1ioo] 23 whal] l_
Kataticemie: | Baki Bramcs Jsin cona teglo eiekirina iné I_IWI_IEW\I (
Parceing tislo 378/12,37810 Upzav i 8761000 K]
Zaiialok uiivania | <pelny prikon predapo 18, [V
e e e Software 1+X6
nialovany Siekericly vikon eslkom: Ll Steaty vo sistave predapo ] 34 pWhal]
otk fapatag vl fecm: Potreba ererzie na prpravs TV prad + 2 70 EWhal]
D ol ek 1 oo |—m ﬂhﬂyv‘m}lﬁ,zpﬁmu-w;-iz;m: 7 26 pWhamd]
Disica sezbay: Vslurovanis: ™ e L o b3 00 BVl
S % ol Eotreba energie "oozﬁ-w ;E‘ ;:wvnﬂ
: o e l‘
Prevideka: [ g0 [wdeh] [ 7,0 feshiriest) OZE, rakuper. 3 kogen sraceia prad a po opate. 05 00 [AWH] ﬁ’ﬁl—l—l M
2. Potreba tepla na vykur. pred a po opatreniach Teplo pred 2 po opatreniach: 914 00 [AWH] << gaiital elpoom. @
TR S SH; S Elektrina pred 2 po opateemizch. | 1188|1486 [MWH] oz b anvivomatdbs &
Um pred a po opatreniach: [WMK)] . 4.Iné Ind enerzia prad 2 po opatreniach. [arwe] o I =
233 @Elan-a-:ckﬁznmgntdtéldm D spracoanis: | _
Wailady 22 investizie Roknd niklzdy Spotssbz Plamostca:
ammp‘g osteb magbdd ik emgis oo opmvecidite ostelns cetkom =i Szt eed cpneniami o I0T5 =
_ Gl B =2 povs) o] | S |
plvodns 39357 39357 Tl | &8 R i Esport do opatreni >>>
po-cpatnalich 27E 100 21741 21741 x| 1455 Sibos 5
fozal o ] 278100 ] 17617 ° [ 17817 | 5510 = |
Tlac - oheah Finanéné vetupy a vystupy
. . [ Jednoduchi doda nivramossi: 457 g | = G
= @Em-uﬁho adaje u .
Zastisfijice itky [iony’s] pom
500 NOx o) ©02 Tuhily  PMIG mm Polet podl
sovodes [ Lo [ oase| oo | k| oass .M_I Celly = =
poopatreniach [ g2ag o054 [  opos| 2ese| osso [ oosw e
readlsl a8l 0304 oo2¢ | 112208 016 | p21%0 Dizka hd 33 | BLAdministrativea budova lokal pred
Mernd hd
Obostax. =
Okmi a dhere Flocka | U FL_|_F2 B =
2 - << -
sevemé
horizontsine
Olmé a dvere
june
dné
sevemé
Stenry nad teréncm 5
5t terenem
Podlahy spolu
nad terénam
a
b £1|205]2.22| 00 T # kondtrukeiz > TOB >
Vetranie Komirols vstupov Tepsing stabnlita =
Zilhéovanie Kmm.wl 7] Zozvam stavieh >
Odvihéavanie Kentony wypis - Usadne oo >
- - Kouiec S(ujr)D|?
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5. Process of energy audit
lysis: Iculati I
Data analysis: Energy calculation tools
| Parameter Standard l Actual I Baseline | Sensitivity KWhim#a | Measure |Savmgs
| 1. Heating 56,0 KkWhim'a
U - wall 020 WmK || 045 > 045  +01WImK =537 | o020 s s
i . U - window 240 WimK || 200> 300 —  +01WMK =296 [ 120 > ser
N‘gp l"—'ﬂl‘!"',l'.':l-? Sﬂ'l-'.lﬂ,l': U - roof 020 wimK [ 020 > 020 +01WmK =135 [ o2 >
L] . 0.30 WimK 030 > 0.30 — 0AWmMK =135 030 >
E International AS ke R e : [ % Ef
Compactness ratio 022 - 0.33 0,33 0,33
Window factor 2711 % 271 271 271
Total solar gain 055 - 058 > 0,55 = 0ss >
Infiltration 0,25 1 [ os0 0405  +01 1/h  =10.13 025 [ 140
Indoor temperature 210 *C [ 2103 2104 +17C =8.18 210 =
Setback temperature 180 °C [ 180 180 <+1°C = 5,65 |
I Contribution from
Ventilation (heating) KWhim®a 0.00] ... 0,00 ... 0,00] ...
Energy budget | Measures | Powerbudget ET curve | Annual energy use | Heatlosses | Lighting KWhim®a 18.16] ... 18.18] . 16,04 .
Various equipment KWh/im?a 10.97) ... 1092 ... 965 ...
2.00 | Energy need KWh/m?a 8138 318 237
Emission efficiency 920 % 92,0 92.0 - 93,0 =
oot Distribution efficiency 970 % o o 370 —
Automatic control 980 % 98,0 —— 98,0 ~— 88,0 —
7.20 - = — —
TEM/EM 980 % [ sso=f sso [ sso = 28
5.30 - | sum Kithim#a 97.4 97,4 274
[ Generation efficiency 1000 % || tooof 1000 =] [ 1000 =
& el | Energy use KWh/m?a 97.4 97.4 274
¥
3 450 -
£ 350
=
= “e.,
H
= 270
180 -
0,90 -
0.00 T T T T T T T T T
-7.0 42 14 14 42 70 93 128 154 18,2 210 Source
Temparsture 'C - .
http://kunde.123onweb.no/ensi/index.php?ledd21D=140&sidelD=2




5. Process of energy audit

Data analysis: Energy calculation tools
2

B2k

Neszuns

< Piano 2
No.
o
BE ||| mentaics 270w
N Ontregganerta faserte
~ Soffito (defaut pianc)
A St S1-tipo U

Parte temico paveerts
Fusso ves

v

STRUMENTI

&

SUPPORTO

analitica
.1 Sisterna impiantistico - - 2
o 7% impianti
= W24 Centralizzato
=| Centralizzato
‘, H¥ Ufico 1
FFV Ufico 1
Ufficio 2
Ufficio 2
H%  Aloggio 1
FFV HAloggio 1
Alloggio 2
Alloggio 2
Alloggio 3
#FV  Aloggio 4
=
=
™~

Rete distribuzi

vin

vF

Edilclima EC

Note

canali
camento

one

Alloggio 1 - Impianto Solare Fotovoltaico
Servizi energetici
Riscaldamento

@ Impianto Centralizzato

O Impianto Autonomo

[]'# Ventilazione

O Produzione Combinata con riscaldamento

(® Produzione Separata con | impianto autonomo
O Impianto a tutt'ara

]

(® Produzione Combinata con riscaldamento

Acqua calda sanitaria

O Produzione Separata con imp

@® Impianto Centralizzato
O Impianto Autonomo

Raffrescamento

Fonti rinnovabili

Solare termico [] Contributi noti

Acqua calda santtaria

[ 8} Riscaldamento

[ Contributi noti

& Solare fotovoltaico

O Impianto Centralizzato

\v

7-%  Raffrescamento
Centralizzato

H @ Impianto Autonomo
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5. Process of energy audit s s
Data analysis: Energy calculation tools Lightingschedule
Are computer simulations feasible? |
P h.OtO :n P9 o 20 ko

Obcupancyschedule

Schedule Hame: Schedule Type: Fractonal

[l ey 1 [ ] Q

Dateﬂminum [8][12m 18
w5 ] () 0 @ @@ ()
Lower Limit: [0.00 (=] UpperLimit:[1.00 =

Envelope

T o
\ “|I| “‘}me | 0.57
LI 4
| T | I—
| - 0:00 400 8:00 12:00 16:00 20:00 24:00
-%.I|=| : Indoor temperature
b”“.']‘ - l ‘ o
""‘1‘.‘ : I g
I{, )
)
iy
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5. Process of energy audit FLLISeE

Climatic data

A What are real indoor temperatures, solar gains, internal gains, ventilation rates ?

Calendaryear 2005| 2006 | 2007 | 2008| 2009| 2010| 2011| 2012| 2013 2014

Number of heatingdays
Averageexternaltemp. (cC) 3.3 4.2 5.8 5.7 3.2 3.9 3.5 4.1 4.3 7.0

DegreedaygK.day) 3224 3124 2860 2830 2839 3263 3106 3116 2958 2561

* Degreedaysrefer to indoor temperature = 18.8AC

3 400,0
3 200,0 A 26959
] Average
< 3000,0 - x
5 Pl e — P 1 F 1
© 28000 +F _ |
g " E-ETETETEGERE RN
IR EE R R R RN R
et - O -2 r— e
24000 { f 7 e S 2 2 i - s & ©
SHSSECOEPETE NN
B 5 200,0 | . . o 3
2000,0_ T T T T T T T T T

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



5. Process of energy audit SEEN:

Calculation vs. Measurement

A Usemeasured climatic data in energy calculations

A Compare calculation (baseline) with measurement

45

40 -
35 -
30 -
o 25 -
20 - 40,6 40,1 40,3
15
10 -

reeday

kWh / de

2012 2013 2014 Calculagd



5. Process of energy audit

Energy efficiency measures

EE Measure in the heating system

Influenced software parameters

Hydraulic balancing of the heating system

Indoor temperature (*)

Installation of thermostatic valves

Indoor temperature (*)

Replace broken thermostatic valves

Indoor temperature (*)

New type of heaters

Emission efficiency

Reduction of heating media temperatures

Emission efficiency

Change location of existing heaters

Emission efficiency

Installation of closed expansion vessel

Distribution efficiency

Repairing of leakage

Distribution efficiency

Insulation of pipes, valves, etc.

Distribution efficiency

Repairing of automatic control system

Automatic control

New automatic control system

Automatic control

Temperature set back (nights and weekends)

Setback temperature

Adjustment of burner/boiler

Generation efficiency

Sweeping of boiler

Generation efficiency

New burner/boiler

Generation efficiency

Sequence control of burner

Generation efficiency

Stop circulation in non-operating boilers

Generation efficiency

Installation of flue gas damper

Generation efficiency

Operation and maintenance manual

TBM/EM

Energy monitoring

TBM/EM

(*) According to EU standards, it is possible to include this parameter into the emission efficiency.

vin

vF

SourceDahlsveenT.ca A QX AcherviloyLgl 2 £ dzo 2 @ytsEnk@Ndz, Teigenq. Energy auding and certificationof buildings ENSIOsla 200.
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5. Process of energy audit

Data analysis: Profitability indicators

Methods to calculate the profitability for investments:

A Payback

A Net Present Value

A Net Present Value Quotient
A Discounted Payback (Pay-Off)

A Internal Rate of Return

The discounted value and Net Present Value concept
IS the basis for several methods




5. Process of energy audit

Data analysis: Inputs for profitability calculations

~

A Investment l 0

A Annual net saving B G /year
A Technical / Economic lifetime n year

A Nominal interest rate nin 10%

A Real interest rate r Nn%100
A Inflation rate b n %00

To define accurate economic input parameters is very
important to calculate the correct profitability




5. Process of energy audit

Data analysis: Funding

Where can you get the money?

A Owncapital
A Loan(e.g state, bank)
A Grantsandsubsidiege.g EU, statemunicipality)

A EnergyPerformanceContracting(EPC)
o EPC involvean Energy Service Company (ESCO)
o ESCQrovides finances and guarantenergy savings

o Theprofit of the ESCO depends on theergysavings



5. Process of energy audit
Data analysis: Energy Performance Contracting (EPC)

Operationcosts

Guaranteedsaving

Reducedperationcoststhanksto
EPC

Energycosts (usedaspaymentfor EPC)
before EPC ‘ I

g ! Time
Startof EPEontract End of EP€Contract

Sourcehttp://www.apes-sk.eu/coje-epc/definiciaepc/



5. Process of energy audit

Data analysis: Effect of funding on cashflow

75%SHDFE + 15% Bank + 10@wncapital

Cumulative cash flow - financing by SHDF and Bank
= 30000
=
; 20000 ® Cumulative cash flow
[=]
T 10000
g al
0o LTI 1
B 10000
=
g
3 -20000
-30 000
12345678 910111213141516171819 202122 2324252627 2829 30
Year

L STU

ses0e SVF

80% Bankoan+ 20%Owncapital

75%SHDFE + 25%0wncapital

0

-5 000
-10 000
-15 000
-20 000
-25 000

Cumulative cash flow (EUR)

-30 000

-35000

Cumulative cash flow - financing by Bank

123456 7 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30

W Cumulative cash flow

Year

*SHDF = StatdouseDevelopmentund

{ 2 dzNDS Y ,lTedidicabdR&homicassessmertf complexrenovationof apartmentbuildingsin life cycle Doctoralthesis 2018




