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Source: http://corporate.vattenfall.com

Import routes for natural gas

Environmentalimpacts& Dependenceon import

1. Why reduce consumption of fossil fuels?

Source: 
https://pixels.com/featured/industrial-
smoke-from-the-factories-mary-evans-

picture-library.html

Burning of fossil fuels

Slovakia



What can we do?

Buildings are responsible for 40% of energy consumption 

and 36% of CO2 emissions in the EU

European Commission, 2016



EU Directives related to energy efficiency

Å Diective (EU) 2024/1275 on the energy performance of buildings

Å Directive (EU) 2023/1791 o energy efficiency

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

sources(recast)

Å Directive 2019/944 on common rules for the internal market for electricity

Å 80 ð95% reduction of greenhouse gasses compared to 1990 level by 2050

Å 55% reduction of greenhouse gasses compared to 1990 level by 2030

Å etc.

2. Tools to reduce energy consumption



Recentupdate

In September 2020 the EU Commission set out its blueprint :

2. Tools to reduce energy consumption

Source: https://www.bbc.com/news/world-europe-55273004(accessed15.4.2021)
Source: https://ec.europa.eu/commission/presscorner/detail/en/qanda_20_1598(accessed15.4.2021)

Å 40% reduction of greenhouse gasses compared to 1990 level by 2030

55%

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

Annual investment in the 

energy system will need to be 

about û350 billion higher in 

2021-2030 than in 2011-2020
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Additional to achieve -55% 
GHG reduction in 2021 -2030

Additional under current
policies in 2021 -2030

Historic investments
in 2011 -2020

https://www.bbc.com/news/world-europe-55273004
https://ec.europa.eu/commission/presscorner/detail/en/qanda_20_1598


Energy certificationand Energy audit of buildings

2. Tools to reduce energy consumption

energy audit energy certification

Source: Dahlsveen, T. ς aƛǑőƛ, J. ςTchervilov, L ςIƻƭǳōƻǾłΣ LΦ ςGrytsenko, N. ςTeigen, q. Energy auditingand certification of buildings. ENSI: Oslo. 2009.



Energy certificationvs. Energy audit: WhatËsthe difference?

2. Tools to reduce energy consumption

Difference Energy certification Energy audit
EU legislation Directive 2010/31/EU Directive 2012/27/EU

Purpose - Compliance with requirements

- Classification into energy class

- Information about potential of energy savings

- Profitability of the energy saving measures

Outcome - Energy certificate - Report and summary

Who? - Authorized person(s) for EC - Energy auditor(s)

What? - Energy needfor heating(envelope), 

Spaceheating, Domestichot water, 

Ventilationand cooling, Lighting

- Anyenergy-usingequipmentincludingHVAC, 

industrialtechnology, transport, outdoor lighting

When? - New building, major renovation

- Sellingor renting

- Publicbuildings, areaҗнрл Ƴ2

- Big companies

- Energy performancecontracting

- Anytimeto find savingpotential

Validity - Max. 10 years - Bigcompaniesevery4 years

Calc. method - Strictlygiven - Not strictlygiven



Energy certificate

Å Compliance with the energy standard

Å Market tool to reflect energy performance in prices of buildings

3. Energy certification of buildings



Briefhistoryof energycertificationof buildings

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

related to buildings

Å 1989: The EC proposed the SAVE Directivewith 13 specific actions, 10 of 

which directly related to the building sector

Å 1993: SAVE Directive was introduced into practice

Å 2001: The EC proposed to adapt  the SAVE Directive from 1993, which 

became the EBPD 2002/91/EC on 16th December 2002

Å 2009: Energy certification mandatory in Austria

Å 2010: EPBD recast ðnearly zero-energy buildings (nZEB)

3. Energy certification of buildings



WhatwasbeforeNearly-ZeroEnergy Buildings(2010)? 

Location Issuer St Ce Location Issuer St Ce

EU RAL Passivehouse RAL SO yes

Low-energybuilding EU Green Building SO yes Passivehouse PHI Darmstadt SO yes

SWEDEN 3-litre-house Fraunhofer Institut UO no

Low-energy"Minienergi" FEBY SO yes Effizienzhaus70 KfW SO no

Passive house FEBY SO yes Effizienzhaus85 KfW SO no

Zero-energy house FEBY SO yes AUSTRIA

NORWAY Low-energy(state-aided) MA 25 Of no

Low-energyhouseclass1 Standard Norge Of no Passivehouse(state-aided) MA 26 Of no

Low-energy house class 2 Standard Norge Of no 3-litre-house 3-Liter-Haus SO yes

Passive house Standard Norge Of no Klima aktiv Passivehouse Klima: aktiv SO yes

Passive house PHI Darmstadt SO yes Klima aktiv house Klima: aktiv SO yes

DENMARK SWITZERLAND

Low-energy house class 1 Bygningsreglement Of no Low-energy(Minergie) MINERGIE SO yes

Low-energy house class 2 Bygningsreglement Of no Passivehouse(Minergie-P) MINERGIE SO yes

Passive house PHI Darmstadt SO yes Minergie-ECO / P-ECO MINERGIE SO yes

FINLAND GREAT BRITAIN

Low-energy house RIL SO no Passivehouse PHI Darmstadt SO yes

Passive house RIL SO no POLAND

GERMANY Passivehouse PHI Darmstadt UO no

RAL Low-energy house RAL SO yes

Low-energybuildingtypesand state of definition per 1st January2010

3. Energy certification of buildings

Source: Thullneret al. (2011) Low-energy buildingsin EuropeςStandards and their consequences on indoor climate. Proceedingsof IndoorAir, Austin, TX.



Passivehouse

Source: Passivhaus_section_en.jpg: PassivhausInstitutderivativework: 
MichkaB (talk) - Passivhaus_section_en.jpg, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=9586761

Å Overall U of opaque envelopeÒ 0.15 W/(m2.K)

Å Uwindow Ò 0.8 W/(m2.K)

Å Solar transmittance ƭÓ 50%

Å Efficiency of heat recovery Ó 75%

Å Electric demand for ventilation Ò 45 W/(m3.h)

Å Heating and cooling demandÒ 15 kWh/m 2

Å Primary energyÒ 120 kWh/m2

Å ....

3. Energy certification of buildings



NearlyZero-Energy Buildings

Passive
house

Zero-
energy
house

3-litre-
house

Klima aktiv
house

Low
energy
building

Effizienz-
haus

...

Nearly Zero-Energy Building ?

3. Energy certification of buildings



4. Energy audit of buildings

Energy audit in brief

Main objective:

Find the profitability for the project and/or measure/subproject,and rank them correctly.

What is documented:

Å energy saving potential

Å environmental benefits (CO2, particles, SO2, NOx, CO)

Å profitability

Main objects of energy audit:

Big companies= companiesfrom 250 emplyoeesalebo/aҔ рл aƛƻΦ ϵ turnover



Source: Dahlsveen, T. ς aƛǑőƛ, J. ςTchervilov, L ςIƻƭǳōƻǾłΣ LΦ ςGrytsenko, N. ςTeigen, q. Energy auditingand certification of buildings. ENSI: Oslo. 2009.

4. Energy audit of buildings

Outcome



4. Energy audit of buildings

pbhwa 9b мснпт

EN 16247-1: General requirements

EN 16247-2: Buildings

EN 16247-3: Processes

EN 16247-4: Transport

EN-16247 -5: Competenceof energyauditors



4. Energy audit of buildings

pbhwa EN16247-2



4. Energy audit of buildings

pbhwa EN16247-2



Whatbuildingsize?

4. Energy audit of buildings



Energy efficiencymeasures

Where is energy conservation potential ?

Electrical

systems

Operation /

user pattern

HVAC

systems

Building

envelope

4. Energy audit of buildings

Most common
Always do this

after renovation

of envelope

Lighting is

usually very

profitable

Can be very

profitable



Workflow

5. Processof energy audit

Agreeon schedule
Start-up meeting

Preliminarycontact

Dataanalysis
û, kWh/year

Profit

Identification

Object Time frame

Requireddata

EN 16247-1

Collectingdata

Field work

Report

Final meeting

Name of resposiblepersonin company

Requirementson specialmeasurements

Historyof energyconsumption

Previousenergyauditsor studies

Objectivesof the field work

Behaviourof the energyauditor

Energy savings, profitability

Report and recommendations

Summary

Presentationof results

Explainresultsto the client

Safetyrules

Operation and maintenance

Building plans

Questionnaire

Visitingthe site

Baselineenergydemand

Improvementpotential

Building and conditions

Deliveryof the report

Renovationmeasures Detail andextent of calculations

Never forget the acceptanceprotocol !



High illness 

frequency ?

Large 

energy bills ?

Renovation

necessary ?

Technical or 

operational problems ?

Bad indoor

environment ?

PreliminarycontactςProject identification

5. Processof energy audit

Å Dialogue with the building owner

Å Identify problems, consider the renovation in context

Å Profitability is not the only criterion



Å Dialogue with the building owner

Å Collection of main building and technical information

Å Collection of energy consumption statistics from previous years

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

Å Evaluation of the owner's business possibilities

Who is the real
 decision maker ?

Financing
 possibilities ?

Is the ENCON Potential
 big enough ?

PreliminarycontactςProject identification

5. Processof energy audit



Collectingdata

5. Processof energy audit

Å Collect documentation , questionnaire , interview, invoices ... 

Å Common challenge: lack of documentation

Å Possiblyprepare checklists

2.  Building Envelope 
Yes  No 

  
Yes  No 

 Wall W Brick Ã Concrete Ã Wood 

 Insulation thickness ......0....... mm 

  External wall area   é1.560é mĮ 

 Windows   Ã Single W Double Ã Triple 

 Window frames:  W Wood  Ã Metal  Ã Plastic 

  Window area   éé360émĮ  

Ã  W Connected window glasses 

Ã  W Window glass with energy coating 

 Roof  W Angled w/attic Ã Flat 

   W Concrete Ã Wood 

 Insulation thickness ......0....... mm 

  Roof area (heat losses) éé396é mĮ 

 Floor above unheated area 

 W Ground      Ã Unheated basement 

  Insulation thickness  éé0.é.. mm  

Ã  W Visible thermal bridges in  éééééééé 

 Visible damages in: Ã Joints Ã Windows 

    Ã Doors 

 

 Floor area (heat losses)  éé396é mĮ 

 Net room height   é.é3,2é m 

 

 

Comments 

Wall: Expanded clay granulate, 250 mm 

 

 
Inspection checklist

Gasinvoice

Floor plan



Fieldwork

5. Processof energy audit

Å Document physical condition and highlight problems

Å Verify what they tell you, believe only half of what you see

Å Make lots of photos

Å Usemeasurements, for example:

ü distance meter

ü thermal imager

ü smoke analyser

Problem: Mould on the ceiling Problem: Additional heater & water leaksProblem: Inefficient boilers

Problem: High thermal losses



Dataanalysis: Energy inputsand outputs

5. Processof energy audit

Calendaryear: 2014 2015 2016 Average

Electricity

Amount[kWh] 53730 59606 58172 57169
Costs[EUR] 7 692 6 685 6 283 6 887

of which:

Heating[kWh] - - - -
DHW[kWh] - - - -
Lighting[kWh] 34709 38505 37580 36931
Others[kWh] 19020 21100 20591 20237

Naturalgas

Amount[kWh] 143568 182580 175472 167206
Costs[EUR] 6 642 6 824 5 225 6 230

of which:
Heating[kWh] 115285 146611 140904 134267
DHW[kWh] 28282 35968 34568 32939
Others[kWh] - - - -

0

20ê000

40ê000

60ê000

80ê000

100ê000

120ê000

140ê000

160ê000

Gas consumption [kWh]

2016 2017 2018 Priemer

73%

25%

2%

Itemized gas consumption
Kitchen

Domestic
hot water

SpaceheatingAverage



Dataanalysis: Energy inputsand outputs

5. Processof energy audit

Calendaryear: 2014 2015 2016 Average

Electricity

Amount[kWh] 53730 59606 58172 57169
Costs[EUR] 7 692 6 685 6 283 6 887

of which:

Heating[kWh] - - - -
DHW[kWh] - - - -
Lighting[kWh] 34709 38505 37580 36931
Others[kWh] 19020 21100 20591 20237

Naturalgas

Amount[kWh] 143568 182580 175472 167206
Costs[EUR] 6 642 6 824 5 225 6 230

of which:
Heating[kWh] 115285 146611 140904 134267
DHW[kWh] 28282 35968 34568 32939
Others[kWh] - - - -

Commonchallenge: lack of data on energy consumption



Dataanalysis: Energycalculations

5. Processof energy audit

Source: Gaetani et al.(2016) Occupant behavior in building energy simulation: Towards 
a fit-for-purpose modeling strategy. In Energy and Buildings, 121, 188-204

Å Too simple or complex model leads to errors

Å Building complex models takes time



Level A:

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

Level B:

Å Values taken from tables, based on the whole building / technical system

Level C:

Å Calculations based on physical principles or corelations

Level D:

Å Calculations based on dynamic computer simulations

Frequently used for energy audit

Dataanalysis: Energycalculations

5. Processof energy audit



Dataanalysis: Energycalculationtools

5. Processof energy audit



Software I+X6

Dataanalysis: Energycalculationtools

5. Processof energy audit



Source: 
http://kunde.123onweb.no/ensi/index.php?ledd2ID=140&sideID=277

Dataanalysis: Energycalculationtools

5. Processof energy audit



Edilclima EC

Dataanalysis: Energycalculationtools

5. Processof energy audit



Are computer simulations feasible?

Envelope

Lightingschedule

Occupancyschedule

Indoor temperature

Photo

Dataanalysis: Energycalculationtools

5. Processof energy audit



5. Processof energy audit

Climaticdata

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

Numberof heatingdays 208 214 220 216 182 219 203 212 204 217 ...

Averageexternal temp. (ϲC) 3.3 4.2 5.8 5.7 3.2 3.9 3.5 4.1 4.3 7.0 ...

Degreedays(K.day) 3224 3124 2860 2830 2839 3263 3106 3116 2958 2561 ...

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

* Degreedaysrefer to indoor temperature = 18.8ÁC
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5. Processof energy audit

Calculationvs. Measurement

Å Usemeasured climatic data in energy calculations

Å Compare calculation (baseline) with measurement
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5. Processof energy audit

Energy efficiencymeasures

Source: Dahlsveen, T. ς aƛǑőƛ, J. ςTchervilov, L ςIƻƭǳōƻǾłΣ LΦ ςGrytsenko, N. ςTeigen, q. Energy auditingand certification of buildings. ENSI: Oslo. 2009.



Dataanalysis: Profitabilityindicators

Methods to calculate the profitability for investments: 

Å Payback 

Å Net Present Value 

Å Net Present Value Quotient

Å Discounted Payback(Pay-Off)

Å Internal Rate of Return

The discounted value and Net Present Value concept 

is the basis for several methods

5. Processof energy audit



Dataanalysis: Inputsfor profitability calculations

5. Processof energy audit

Å     Investment    I0    û

Å  Annual net saving  B  û /year

Å  Technical / Economic lifetime  n    year

Å  Nominal interest rate  nr ň 100    %

Å  Real interest rate  r   ň 100    %

Å  Inflation rate    b  ň 100    %

To define accurate economic input parameters is very 

important to calculate the correct profitability

1 + b
r  =             

nr - b



Dataanalysis: Funding

5. Processof energy audit

Where can you get the money?

ÅOwncapital

ÅLoan(e.g. state, bank)

ÅGrantsand subsidies(e.g. EU, state, municipality)

ÅEnergy PerformanceContracting(EPC)

o EPC involvesan Energy Service Company (ESCO)

o ESCO provides finances and guarantees energy savings 

o The profit of the ESCO depends on the energysavings



Dataanalysis: Energy PerformanceContracting(EPC)

Guaranteedsaving
(usedas paymentfor EPC)

Energy costs
beforeEPC
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Reducedoperationcoststhanksto 
EPC

Savings

Time

Startof EPC contract End of EPC contract

Source: http://www.apes-sk.eu/co-je-epc/definicia-epc/

5. Processof energy audit



*SHDF = State HouseDevelopmentFund

{ƻǳǊŎŜΥ .ŀǊǘƻǑƻǾł, J. Technicaland economicassessmentof complexrenovationof apartmentbuildingsin life cycle. Doctoralthesis. 2018.

Dataanalysis: Effectof fundingon cashflow

5. Processof energy audit

75% SHDF* + 15% Bank + 10% Owncapital

75% SHDF* + 25% Owncapital

80% Bank loan+ 20% Owncapital


