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Energy performance regulations

Lack of Physical background

EPB
EPBD Parameter fitting

Limited number of data points
ISO_EN

Oversimplified heat transfer correlations

Mismatch with the real energy use!



Energy performance regulations
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Official Journal of the European Union L 3461

216/2281

{Mom-Tegislative acts)

REGULATIONS

HON REGULATION (ELT) 2016/2281

of 30 November 2016
implementing Directive 2009(125/EC of the European Parlizment and of the Council establishing
a framework for the setting of for rgv-related products, with regard to

ecoddesign requirements for air hz;ninng produces, cooling products, high temperature process
lers and fan coil units

(Text with EEA rebevance]

THE ELJROFEAN COMMISSION,

Having regard o the Treaty on the Functioning of the Eusepean Union,

HJ\ ing regard 1o Directive 200012

.'\rlu:lu 151} thereod,

S/EC of the European Parliament and of the Council of 21 Ocober 20090

ing a framewark for the setting of ecodesin requirements for enengy-related produscts () and i particelar

After consulting the Ecodesign Consultation Forum

Whereas:

i

(3

4

(5)

1o

Pursuant to Disective 2009/125/EC, the Commission should set ccodesign requirements for energy-related
products for which there are significant volumes of sales and trade, which have a significant effect on the
environment and which offer significant potential for reducing this effect by improving their design. without
creating cxcessive costs,

Pursisant to Asticle 1602)ia) of Disective 2009(125(EC, the Commission should, where appropriate, introduce
implementing measures for products which offer significant potential for reducing greenhouse gas emissions in
3 costelfective way, such a5 air heating products and cooling products. These implementing messures shoald be
introduced in accordance with the pr\acdun. referred 1o in Article 1903 of Dircctive 2009/125/EC and the
eriteria set out in Article 15(2) of the same Directive. The Commission should consult the Ecodesion
Consultation Forum on the measures to be introduced.

The Commission has carried owt different preparatory studies covering the technical, environmental and
economic characteristics of air heating prodiscis, cooling products and high ermperature process chillers rpically
used in the FU. The studies were designed in conjunction with interested parties from EU and non-EL countries,
and the resulis have been made publicly available.

The characteristics of air heating products, cooling products and high temperature process chillers that have been
identified 25 significant for the purposes of this Regulation are energy consumption and emissions of nitrogen
onfdes during use. Direct emissions from refrigerants and nolse emissions were also identified a5 relevant.

The preparatory studies show that it is not necessary 1w introduce requirements relating to the other ecodesign
pararmeters referred o in Part 1 of Annex [ 1o Directive 2000] C in the case of air heating products, cooling
products and high temperature process chillers,

185, 51002009, p. 10,

239/162

Official Journal of the European Union 69,2013

14/2013

.mpleme-mng Directive 2009/125[EC of the Furopean Parlizment and of the Council with regard 10
odesign requirements for water heaters and hot water storage tanks

(Text with EEA relevance)

THE EUROPEAN COMMISSION,

Having regard 1o the Treaty on the Functioning of the

Unioa,

Having regard 1o Directive 2009/125/EC of the European
Parliament and of the Council of 21 October 2009 establishing
a framework for the setting of ecodesign requirements for
enerpy-related  products (') and in paricular Asicle 15(1)
thereod,

After consulting the Ecodesign Consulation Forum,

Whereas:

]

“

O L 28

Under Diroctive 2009/125/EC ecodesign requirements
should be set by the Commission for energy-rebsted
products representing significant volumes of sales and
trade, having a significant environmental impact and
presenting  significant  potential  for  improvement

MISSION REGULATION (EU) No 814/2013
of 2 August 2013

and (for heat pump water heatess) sound power levels. In
addition, for water heaters using fossil fucls, emissions of
itrowgen oides, carbon monoside and hydrocarbons are
also identified as significant environmental aspects. The
significant environmental aspect of hot water storage
tanks i enengy commmption due to their standing lsses,

150 It ls nov appropriate to set ecodesign requirements for
emissions of carbon monoxide and hydrocarhons as no
suitable  European measurement methods are as vel
available. With a view to developing ssch measurement
methads, the Commission mandated the European stand-
ardisstion  erganisations w0 comider  ecodesign
requirements for those emissions during the review of
this Regulaion. National provisions for  ecodesign
requirerents on emissions of carsbon monoxides and
hydracarbons of water heaters may be maintained wntil
the corresponding - requirements enter
into force. The provisions of Directive 2009(142(EC of
the Furopean Parliament and of the Council of
30 Novenber 2009 relating to appliances bumning

ous Fuels %), which limit the combustion products

ppliances buming gaseous fuels in relation 1o
hulrh Arx' safety, are not affected.

through design in terms of their | impacr,
without entailing excessive costs,

Article 16(2)ia) of Directive 2009(123(EC provides that,
in accordance with the procedure referred to in
Article 19(3) and the eriteria set out in Amicle 15(2),
and after consulting the Ecodesign Consultation Forum,
the Commission should, as appropriate, introduce imple-
menting messures for products offering a high potential
for cost-cffective reduction of greenhouse gas emissions,
such as for water heating equipment.

The Commission has carried out & preparatory study on
the technical, emvironmental and economic aspects of
water heaters and hot water sorage tanks tvpleally
used in the domestic and commercial sector, The study
was devised 1ogether with stakebolders and interested
parties from the Union and third countries, and the
results have been made publichy available,

The environmental aspects of water heaters that have
been identified as significans for the purposes of this
Regulation are enerpy consumption in the wse phase

L SLA02009, p, 10,

L 239136

Official Journal of the Furopean Union 69,2013

THE EURCPEAN COMMISSION,

Having regard 1o the Treary on the Functioning of the European
Union,

ving regard to Directive 2009/125/EC of the Euroj
Parliament and of the Council of 21 October 2009 establishing
a framework for the semting of ecodesign requirements for
encrgy-related  products (') and in particular  Article  15(1)
thereof,

L 193100

After consulting the Feodesign Consubtation Forum,

Whereas;

Official Journal of the European Union 11.7.2015

2 1 5 1 1 Sgﬂﬂﬂ REGULATION (EU) 20151189
of 28 April 2015

implementing Directive 2009/125/EC of the European Parliament and of the Council with regard
1o ecodesign requirements for solid fuel boilers

(Text with EEA relevance)

THE EUROPEAN COMMISSION,

Having regard 1o the Treaty on the Functioning of the Eusopean Union,

Having regard 1o Dircctive 2009/125(EC of the European Parliament and of the Council of 21 October 2009
establishing a framework for the sening of ecodesipn requirements for energy-related products [, and in particular
Article 151} thereof,

After consulting the Consultation Forum referred 1o in Article 18 of Directive 20008125 (EC,

Whereas:

)

(]

(3

2]

(31

6)

Directive 2009]125[EC requires the Commission to set ecodesign requirements for energy-related products that
represent signiticant volumes of sales and trade, thar have a significant envirenmental impact and that present
significant potential for improvement in terms of their environmental impact without entailing excessive costs,

Article 16(2) of Directive 2009/125/EC provides that in accordance with the procedure referred to in
Article 19(3) and leria set out in Article 15(2. and after consulting the Consultation Forum, the
[ ission should, . introduce measures for products offering a high potential for
cost-efective reduction of greenhouse gas emissions, sch as heating equipment, inchading solid fuel boilers and

packages of a solid fuel boiler, supplementary heaters, temperature controls and solar devices.

The Commission has carried out 2 preparatory study to analyse the technical, environmental and economic
aspects of the solid fuel bollers typleally used in howseholds and for commercial purposes. The stedy has been
carried out with stakeholders and interested parties from the Union and third countries, and the results have been
made publicly available.

The envirenmental aspects of solid fuel boilers that have been identified as significant for the purposes of this
Regulation are energy consumption in the use phase and emissions of particulate matter fdust), organic gaseous
compounds, carbon monoxide and nitrogen oxides in the use phase. The annual energy consumption related 1o
solid fuel boilers is expecied 1o be 530 persjoules (F]) fapproximately 12,7 million tonnes of oil equivalent
Mioc’) in 2030 and annual emissions are expected to be 25 kilotonnes (ki of particulate marter, 25 ki of
oranic gaseous compounds and 292 ki of cachon monoxide in 2030, Emissions of nitrogen oxides are expected
tor increase because of potential new solid fuel boiler designs aiming at higher energy efficiency and lower organic
emissions. The preparatory stusdy shows that use-phase energy consumption and emissions by solid fuel boilers
«can be significantly reduced.

The preparatory study shows that further requirements regarding ecodesign parameters for products referred 1o
in Part 1 of Annex | to Directive 200%125(EC are not necessary in the case of solid fuel boflers. In particulas,
emissions of dioxins and furans are not identified as significant

Boiless generating hear exclusively for providing het drinking or sanitary water, boilers for heating and
distributing gascous heat transfer media and copencration bailers with an clectrical capacity of 50 kW or more
have specific technical chasscleristics and should therefore be exempted from this Regulation. Non-weady
biomass boilers are exempied, because at present there is insufficient European-wide information to determine

) Cf L 285, 5102009, p, 14,

10.3.2012

Official Journal of the

[} Under Directive 2009/125]EC ecodesign requirements
should be set by the Commission for energy-related
products representing significant volumes of sakes and
trade, having a significant envimnmental impace and
presenting  significant  potential - for  improvement

20

THE

ON REGULATIC

through design in terms of their environmental impact
without entailing excessive costs,

of & March
implementing Directive 2009/125/EC of the Faropea

ecodesign requirements for alr cod
Text with EEA

[ Provisions an the efficiency of builers were established by
Council Directive 92[42JEEC of 21 May 1992 on effi-
ciency requirements for new hot-water boilers fired with

EUROPEAN COMMISSION,

Having regard to the Treaty on the Functioning of the European
Imiom,

Having regard to Directive 200%125/EC of the Furopean
Parliament and of the Council of 21 October 2009 establishing
a framework for the seming of ecodesign reguirements for
energy-related  products ('), and in pamicular Amicle  15(1)
therenf,

After consulting the Ecodesign Consultation Forum,

Whereas:

i

(L]}

Under Directive C ecodesign requirements
should be set by the Commission for energy-relared
products representing significant volumes of sales and
trade, having significant environmensal impact and pres-
enting significant_potential for improvement  through
design in terms of their environmental impact, without
g EXCessive Costs.

Foint {a} of Armicle 16(2) of Direciive 2009/125/EC
provides that in accordance with the procedure referresd
T in Asticle 19(3) and the criteria ser out in Article 15(2),
and afier consulting the Ecodesign Consuliation Forum,
the Commission shall, as appropriate, introduce imple-
menting measures offering 2 high potential for cos-
effective reduction of greenhouse gas emissions, such as
for proclucts in heating, ventilation and air-condiioning
systems.

The Commission has carried out a preparatory <rm|} 0
analyse the technical, environmental and ect
aspecrs of air conditoners and u.omlnrt I:m> (vpm]l\r
used in households and small ¢
‘The study has been developed together with stakeholders
and interested parties from the EU and third countries,
and the results have been made publicly available,

The main environmental aspects of the products covered,
identified as significant for the purposes of this Regu-
Iation, are enerzy consumption in wse phase and sound
The preparstory study  also identified

Tieuid o paseous fueks (2.

(3 Article 16(212) of Directive 20091 25(EC provides, that
in accordance with the  procedure  referred w0 in
Article 193 and the criteria set out in Amicle 15(2),
and after consulting the Ecodesign Consultation Forum,
the Commission should, as appropriate, inroduce imple-
menting messures for products offering a high potential
for costeeffective re on of preenhouse pas emissions,
such as for heating and water heating equipment.

(1} 0 L 285, 31.10.2009, p, 10,

POl L 167, 2161992, po 1T

it}

ISSI0N REGULATION (EU) No 813[2013
of 2 August 2013

lementing Directive 2009/125[EC of the European Parfiament and of the Conncil with regard to
codesign requirements for space heaters and combination heaters

(Text with EEA relevance)

The Cormmission has carried out a preparatory siudy on
the technical, environmental and economic aspects of
space heaters and  combination {space and  watery
heaters typically used in the Union. The swdy was
devised together with  stakeholders and  interested
parties from the Union and thind countries, and the

results have been made publicly available.

The environmental aspects of space  heaters and
combination  heaters that have been  identified as
spnificant for the purposes of this Regulation are
encrgy comsumption in the use phase and {for heat
pump heaters) sound power levels. In addition, for
heaters wing fossil fuels, emissions of nitrogen oxides,
carbon monoxide, pamiculate marter and hydrocarbons
are identified as significant environmental aspects,

It is not ap}:rupriuu: o sel ecodesign requirements fos
emissions of carbon monexide, pariculate marter and
hydracarbons as no suitable European measurement
methods are as yer available. With a view 10 developin
such messurement metheds, the Commission mandated
the Furapean standardisation organisations to consider
eoodesign requirements for those emissions during the
review of this Regulation. Mational provisions for
ccodesign  requinements  on emissions of  carbon
monexides, particulate maver and  hydrocarbons of
space heaters and combination heaters may be main-
tained or introduced until the correspanding Union
eoodesign requirements enter inte force. The provisions
of Directive 2000/142JEC of the European Parliament
and of the Council of 30 November 2009 relsting to
appliances buming gaseous fuels (7, which lima the
combustion products of appliances burning  gascous
fuels in relation to health and safery, are noe affected,

The preparatory study shows that requirements regarding
the other ecodesign parameters referred o in Annex L
Part 1 to Directive 2009)125/EC are not necessary in the
case of space heaters and combination heaters. In
particular, greenhouse gas emissions related 10 refriger-
ants wsed in heat pump heaters for heating o
European building stock are not idemified as significant.
The appropriatencss of setting ccodesign requirements
for these greenhowse gas emissions will be reassessed
when reviewing this Repularion.

{10) L 530, 16,02,2009, . 10,

(8  The anmeal cecricity consumption of products subject
eor this Regulation was estimated to have been 30 TWh in
the EU i 2005, Unless specific measures are taken,
annual clectricity  consumption is  predicted o be

7ATWh in 2020, The preparatory study shows that

[hl: electricity consumption of products subject o this

Regulation can be significantly reduced,

M The preparatory study shows that requirersents eparding
ather ecodesign parameters referred to in Annex [ Part 1,
to Direcsive 2009/125/EC are not necessary as electricity
consumption and sound power level of air condisioness
in the use phase are the most significant envirenmental
aspects,

& As relrigerants are addressed under Regulstion (EC) No
842/2006 of the Furopean Parliament and of the Council
of 17 May 2006 on certain fluorinated greenhomuse
gases (7) no specific requirements on relrigeranis are set
in this Regulation. However, & bonus is proposed under
the ecodesign requirements to seer the markes towards
the use of refrigerants with reduced harmful fmpact on
the environment. The bonus will lead to lower minimum
enengy efficiency requirements for appliances using low-
global warming potential {GWF) refrigerants.

% Air confitioners can be part of systems installed in
buildings. Mational legislation based inter alia on
Direcrive 2000/31EU of the European Paddiament and
of the Council of 19 May 2010 on the energy
performance of  buildings (% may  set new  stricter
requirements on those air conditioning systems, wsing

CpOpL e, 1462008, po 1,
O L 153, 186,2010, p. 13




The research question
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‘Do the available data contain
the necessary information for
better understanding and predicting
the performance of most common
Belgian heat generation appliances?



Is the available information enough? 11| NEPBC

v Scientific literature, state of the art

Total error

Inputs uncertainty

Model accuracy

Potential errorin performance prediction

Less complex, data based: ™ Detailed, case specific:

Reusability possible Model complexity Design data based
Myriad of assumptions 4ammm———— E— Low reusability

IM. Trcka and J. L. M. Hensen, “Overview of HVAC system simulation,” Autom. Constr., vol. 19, pp. 93—-99, 2010.



Is the available information enough?

s it possible to use consistently the existing data?
If so, is the new model capable to give realistic results?
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Gas-Fired condensing boilers 11| NEPBC

v" Working regimes:

v" Non-condensing A Flue gases
v Condensing / > > > \
Inlet water T < 55°C A
N 7 !
II’
. ] |
v Ecodesign A, A+ E ' ‘ Cold
Hot water « L] ] -
v Full & 30% load ] water
30/60, Q. efficiency 0000000000000 rebd
50/301 Cl\/\/ater “ “
36/30, Q... efficiency Gas » “‘/‘
. f g AAAA
Manufactures provide: Air Condensed water

v Nominal fuel flow rate
v Dry weight
v" |Inner water content



Combustion

v Input data:
hs Fuel quality, 100%CH,
s Nominal fuel flow rate,

m, Excess amount of air

v" Assumptions:

v" Complete combustion

-

11| NEPBC

A
Flue gases

mg» hg (Tadiab)

0000000000000

rite, he (Ty)

v" Combustion gases are ideal gases

v Adiabatic flame temperature

v" Reference state: 15°C and 101 325 Pa, HHV

N

/ > >
A .

A
h Water&

>

¢y

A A AA

Mq, ha(Tq)

Condensed water




Main heat exchanger

v Input data:

v Designh temperature
regime Tw,out/ Tw,in

v" Nominal capacity 1y, Mo, out (Tw,out)
v Assumptions: <

Qe

11| NEPBC

Mg, hy(Ty)

IJ‘L

0000000000000

v Envelop losses g, hg(Tagian)
water to ambient -

Gas

v" Fitting value:
v T,;, exhaust gas temperature (EN15502)

AAAA

Air

my,,
hw,in (Tw,in)




Main heat exchanger

v Input data:

v Designh temperature
regime

v" Nominal capacity 1y, Mo, out (Tw,out)
v" Assumptions: <

Qe

11| NEPBC

mex» hex (Tg)

-

A
A

>

my,,
hw,in (Tw,in)

0000000000000

v Envelop losses g, hg(Tagian)
water to ambient -

Gas

v" Fitting value:
v T,;, exhaust gas temperature (EN15502)

v’ M,yndq, amount of water condensate |/h (EN15502)

AAAA

Air

mcond»
hcond (Tcond)




Results, Calibration

Operational regime

Non-condensing 80/60°C (A=23.45%)

Condensing 50/30°C (A=22.49%)

Data type Measurements Simulation Measurement Simulation
Rated heat output QW [kW] 24.0 23.98 26.4 26.43
Nominal mass flow rate of fuel

ke /s] 0.0004986 0.0004986 0.0005163 0.0005163
Heat input, HHV [kW] 27.7 27.7 28.7 28.7
Useful efficiency [%] 86.6 86.6 92.1 92.1
Tempeorature of the exhaust 845 84,48 64.0 64.1
gases [ C] — — — —
Envelop losses [W] N/A 211.8 N/A 72.5
Foractlon of the envelop losses N/A 0.76 N/A 0.5
[%]

Amount of condensate [I/h] N/A N/A 1.75 1.7
Nominal heat exchanger dew point

effectiveness N/A N/A N/A 0.668
UA,om [W/K] N/A 62.5 N/A 62.3
UAeny nom [W/K] N/A 3.8 N/A 2.8




Steady-state comparison

v" Data Gas.be
v' 100% load
v' 15% load

v" Realistic results
v Expected trend

100
98
96
94
92
90
38
36
34
32
30

n[ %]

15

25

35
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What if average values are used?

v' 80/60 100
V' Ty =77.5°C 7S
v 50/30 zj
V' Tya =57.8°C w
Y Meondar = 2168 = 90
v 36/30 y
V' Tyap = 33.7°C 24
7 Meondar = 05575F &

15 25 35

v" Irregularities in envelop losses

v' Higher envelop loses in the case of condensing regime

45
Tw,m[°C]

55
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—o—100% load
——100% n,avr

65

75



What if average values are used? 11| NEPBC

v' 80/60 100
98 —15% load
v T, =77.5°C 8461 —e—15% 1,avr
v" 50/30 0
90
4 Tg — 578 OC _ ]8
. k X 86
V' Meong = 216% = 84 * A
82
v 36/30 30 }
y B ) 78
Ig=33.77°C ;61 High temperature
Vo i = 0_557% - Old households
70
15 25 35 45 55 65

Tw,in[°C]



Dynamics

v Dynamic inputs 00
v Dry weight o0
v Inner water content gSO:O

v" Lacking data: e
v" Controlling principles 00

v Heat recovery > Measurements

100

0.350
90
80
70 0.250
60 —
2 Z0.200
o~ 50 E;
- 0.150
40 .
0 h—

0 2
Time [h]

8
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New technologies, Heat pumps and fuel cells

v" Heat pumps
v Full load, steady state data

v Data less complete
v" Manufacturers do have extended data
v Control principles unknown
v" Complex solutions

v" Fuel cells

v" Lack of standards for evaluating the performance

v PEM, H2
v SOFC,CH4  Experimental evaluations

X

Condenser

11| NEPBC

Evaporator

0

j> Control!



Heat pumps, Case study

Annex /71
Well insulated house
Air to water HP

UFH and DHW
Performance based model

Official data
Vaillant data

Data type Measured | Simulation, official | Simulation, Vaillant
COP average 1.70 2.18 1.99
COP absolute average 1.96 3.17 2.79

(internal correspondence)

9,0

8,0 —COP meas

COP aroTherm 55/2, Annex

--------- COP aroTherm 55/2

7.0
6,0
5,0
4,0
3,0
2.0
1,0
0,0 |

-1,0

-2,0
15/01/19 16/01/19

COP

17/01/19 18/01/19

19/01/19

20/01/19 21/01/19

22/01/19
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“O- Weer ;g? Vaccinatieteller

HLN NIEUWS SPORT SHOWBIZZ NINA INDEBUURT VIDEO FUN

“NWS |
BEKIJK - Gloednieuwe woonwijk in
Gent toont energielandschap van de

toekomst

Van slimme verwarming tot je
voordeur automatisch vergrendelen:
dit betaal je voor smart home-snufjes

In tegenstelling tot wat veel mensen denken, Kost het echt
geen duizenden euro’s om je woning tot een ‘smart home’ omte
toveren. De kostprijs hangt immers af van hoe ver jij wil gaan in alles
automatiseren. Onze techredacteur bekeek de mogelijkheden en de
prijskaartjes van de meest gekozen slimme upgrades.




Conclusion 11| NEPBC

v With proper physical models, the existing data are sufficient

v" Including of physical systems helps in reducing the performance gap as
the real behaviour is not lumped

v Every unit needs a calibration procedure data sheets <—> model
Calibration procedure

v Use existing data, do not overcomplicate the existing procedures
v The real performance is impossible to completely capture
v Extra communication, data is available (+cloud data)

v For the complete results

v" Running simulations of different data sheets of units would be necessary while also
comparing these results to the ones of EPB (future research?)

v Final conclusions in the PhD book, end of Spring 2022



Elsevier

Journal article:
“Modelling of a gas-fired heating boiler unit for residential buildings use
based on public data”

Description of the applied modelling
method

Use of the input data

Discussion over the calibration
and verification of the model

Further results, load profiles

Thank you for your attention!

SCAN ME!
Katarina.Simic@ugent.be free till 19/11
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