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Byfar the mostambitiousenvironmentalgoal ever
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EC vision document 28.11.2018 (for heating):
Electrification, carbomneutral gases (hydrogen etc.), biomass, distributed heat, solar

(source: COM(2018) 773 final, 28.11.2018) :



c Realistic, Repeatable, Reproducible

STANDARDS
WA = ) ECOtesproject
Gasfired (left)
andoil-fired
(right) boiler test
rigs.

tto-4f

A Verification tolerancesHCOtesproject),

A Harmonised test conditions and calculations across heat generator types
A Simplification and transparency (e.g. new solar method)

A Hybridgpackages ar¢he new default

A Realistic Spacéheatingfor existingbuildings toppriority
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Better new market data

Boiler unit sales EU28 2004 -2016

unique BRG input, EHI support, new Eurostat data

(source BRG 2017) ED & EL implemented

6977

1 Sept. 2015

o177 6251 5924

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

H Heat Pumps to water

i Electric Boilers

® Wall Hung Gas Cond

= Floor Standing Cond

= Wall Hung Gas Non Cond

® Floor Standing Gas non Cond
B Jet Burner Boilers

Total

Source: BRG



© Haif of EU dwellings has
USE  (combt) boiler based hot water

m District heating hot water
m Cylinders (+ solid fuel)

m Collective heat (+boilers)
m Cylinders (+ other boilers
= Combi-boilers

= Dedicated water heaters

i =Boilersin-scope

EU28, 2014, in min.dwellings, souB&G 2017
9




© Amost half of EU dwellings has

USE  boiler based space heating

Y% =Boilersin-scope

GAS Wall Hung non-condensing
= GAS Wall Hung condensing
m GAS Floor Standing non-condensin
m GAS Floor Standing condensing
m OIL/GAS Jet burner (85-90% oil)
m ELECTRIC CH boilers
m ELECTRIC HEAT PUMP CH boilers
m SOLID fuel boilers
m District
m Collective
= Individual dry gas/electric

No CH (local heating + no heating)

EU28, 2014, in min. dwellings, soulB&G 2017
10




Space heating is more than only

use  dwellings

EU SPACE HEATING LOAD 2010:
2860 TWh

Data refer to EL28 heated
volumes and surfaces (inner
dimensions) at equivalent

of 18°C indoor temperature
(2417);

14%

AG= ground floor area; Industrial
A= total floor area; Az=2.9bnm?
S= shell surface; A= 3.5bn m?
V= volume; S=6.bnm?
SV= S/V ratio. V=20bnm?

SV=0.33

bn= 1000 million

EUtotal
A;=13.3bn m?
A= 32.80n m2
S=48.8bn m2
V=114bn m3
SVv=0.43

Ac=7bnm?
A= 21.2bnm?2
S=31.7bnm?2
V=62bn m3
Sv=0.51

21%
Tertiary
Az=3.4bn m?
A= 8.1lbnm?2
S=10.4bnm?2
V=32bn m3
SVv=0.32

11



Efficiencynumberstoo optimistic

A Emitter Capacity to Heat Load (HL/EC ratio) sets limits,
TECHNICALA Flow & temperature controls assumed optimal,

A System feed & return temperatures optimised for best testi
A Main focus New Built & floorheamot Existing& radiators

Projectname | SeasonaPerformance Factor (SPH) N units Period
Outdoor air HP  GroundSource HP

HPEXisting 2.1 3.3 35 20082009
4.3 +1009

Buildings 2 35 36

Efficiency 3.1 3.9 5.1 56

2002010

p:il 3.1 3.2* [piwi

35
HP 20122013
Monitor 3.0 4.0 4.3 pBE 45

New Built

Fraunhofer Heat Pump Field Tessults2007-2013
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Still largeinnovation potential

a A Storage PFHRDs for water heating
A Hybrids HP&gas&solay for flexible energy mix and high
TECHNICALA Hydrogenready bolilers & hybridg Carbonneutral
A TD [ThermallyDriven) HPs FuelCells etc.

Hydrotop: Integrated HP for
sloping roofs

Intergas Boiler with storage PFHRDs
A 110% efficiency (on GCV)

BDRThermea 100% Hydrogen Boller
13



e Carbon per lifecyclestage

BASECASE Usephasedwarfsthe rest

& environmental

GWP (% of life cycle emissions)

® Production

B Manufacturing

m Distribution/maint.

W Use/electricity

W Use/fuels

m Use/Service-repair
W EOL/refrigerants

M EOL/materials

14



®

OPTIONS

2021 Label factor & icon
Not for mixin but 100%= 100%carbonneutral
(GreenH,, exante CCU possibly in the interim)

Verification tolerances 2021Gas instantaneous can be stricter:
storagebasedproductsare possiblycritical. Newformulafor NOX?
Follow upneeded

Labelling:Correction for PEF 2.1. Proposal to use empty energy
classes for more differentiation in current A (condensing) and A+
class (see next slide). No convergence with stakeholders yet: So
want no change. Others want more change.

Ecodesign: Noew technologyspecifidimits. Butuseprogressn
HPfor higherfeed T (68QA better for existingbuildings & water
heating+ helpsalignheat pump and gas boilés easierto make
& calculatehybrids

Packagecalculationbasedon binrmethodisthe new default

A calculatedED & Elimits dependingon capacity of heat
generator(s) irthe product.

15
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Boiler test points now
(average climate)

100% load 60/8TC

85%

-
m 30% load 30/56C

Outdoor bin temperature

Boiler test point proposed
(average climate)

A: 88%
With oversize 51/61°C
correct at
10-24kW
- B: 54% 39/49C
(combi)

C: 35% 31/4C

— D: 15% 22/3ZC
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HP test points now
(average climate)

A: 88%
44/52 °C

B: 54% 34/42C

C: 35% 28/36C

D: 15% 22/30C
O < MmN o

Outdoor bin temperature

N g

HP test points proposed
(average climate)

A: 88%
51/61°C

B: 54% 39/4%C

C: 35% 31/41C

D: 15% 22/3ZC

Outdoor bin temperature



Low Temperature (38°) HP & Boilertest conditions
UNCHANGED [typical Floor heating, New Built]

Part Load Ratio in % of nominal capacity P1

Indoor heat exchanger return/supply

kW on GCV @60/8C return/supply temperatures
[
S temperature) Fixed outlet Variable outlet****
-8 oC oC
(@]
@)
2
|_

A W C All climates A W C
A Osize88 n/a Osize*61 30/35 29/34 n/a 25/30
B Osizé54 Osize*100 Osize*37 30/35 25/30 30/35 22/27
C Osizé35 Osize*64 Osize*24 30/35 22/27 26/31 20/25
D Osize15 Osize*29 Osize*11 30/35 19/24 21/26 19/24
G n/a n/a Osize*82 30/35 n/a n/a 27/32

Osize is Oversize factor due to the combi oversizing effect, where Osize=1 for boilers with
P1O10 k @ize=1/2.4 for boilers with P1>24kWor Osizee 1/ [ 1+ ( P17 10) / 14]
10k W>P1024kW

For heat pump Osize=1

f

17
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Lookup table Average Climate (bimethod):
When you know P, Thiv and TOL of the heat pump, you know the COP of a
heat pump/boiler hybrid in the birmethod

Table A
' 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27| 26 25 24 23 22 21
TjCC) | 159 14 13 1211410 9 8 7 6 5 4 3 2 1 0O -1 -2 -3 -4 -5 -6 -7 -8 -9 -10
plrj(%) | 0.1 0.4 0.8 1.32.03.54.45.2 5.5 6.1 6.2 8 86 83 7.8 7.2 55 5.5 3.1 3427 11101012 O
Pli(%) | 4 8 12 151923 27 31 35 38 42 46 50 54 58 62 65 69 73 77 81 85 88 92 96 100
hj (h) 74105151 169215315335348 326 330 303 356 357 320 280 240 173 165 89 91 68 27 24 23 25 1
gj (%) O 1 1 3 5 81318 23 29 36 43 52 60 68 75 81 86 90 93 96 97 98 99 99 100
Dj 0.2 0.7 1.8 3.04.66.78.59.59.5/9.5/9.5/9.5/9.5/9.5/9.5|9.5[/9.5/9.5/9.5|/ 9.5/ 9.5/ 9.5/ 9.5[9.5/9.5| 9.5
Cj -0.1-0.2-0.4-0.40.01.44.08.213.618.522.325.427.2 27.227.2|27.2|27.2|27.2|27.2|27.2|27.2|27.2(27.2|27.2|27.2(27 .2
Bj 1.2 3.7 8.515.423.7130.736.239.943.044.445.546.146.246.246.145.945.8
Aj 0.9 2.4 4.2 6.7 8.410.712.413.§14.815.917.417.5
COP(T]j =(Aj+Bj+Cj+Df(Aj COPA+BCOPB+0TOPC+BFOPD)
eta(Tj) = (Aj+Bj+Cj+Dj/(A) etaA+BjetaB+0jetaC+DjetaD)

j=binnumber

TEbin (outdoortemperature

plrj(%) bin part load ratio

Pl(%)accumulatedolrj

hj=binhours

gj=accumulatedoart load (% ofated output)

A, Bj,Cj Dj=weightingfactorsfor COPA, COPB, COPC, GoPDj (accumulative

COPA, COPB, COPC, GOrIP at testonditionsA, B, C, D

COPT)) = COP in bin

eta (T) =etain bin j btherwiseetaAetc. as COPA etc.) 18
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LookUp Table(llustrative example)
(average climate)

A: 88% Load

Boiler only 51/61°C gl RTINS

Pro=75

P
<«

Hybrid B: 54% 39/49C
I:)biv:43

HP only

T, TOL

Coloured graph is

Outdoor bin temperature heat pump test points only



e Simplersolarheat (nstaller) label: The present
label lculati hodA & it
OPTIONS abel &calculationmethodA a kefpiag

Extendscopefrom 400kWto 1 MW : Coverthe gapwith MCP
’) directive (emission$ andadd 15%to energysavingscope

Extendnon-condensingexemptionto C4/C8 or supporthimney
renovation 7. Reportlistsargumentsand options.

MmCHRefficiency: =lectricefficiency kWelectricout/kWin GCV) x 2.65
+ heatingefficiency kWheatout/ kWinGCY¥x 1
Showelectricity out etc. onthe mCHHabel.

Energy Label 3XL/4XNo double testing needed

NOxlimits: Correctionfactors onNOxlimits for 3rd familygases
Sound powetimits heat pump Tobe better defined
OVERALLCombi inone water heatingregulationwith DedicatedwH.
PFHRDUsedraft prENto implementstorage type

???.Solar PVT and PV, 3rd pavsrification new ED item: Emitters

20



BusinessasUsual(BAU), Energy

first SCENARIOS

Dotted blue line igorimaryenergyusewithout current
156 TwhOrilm in 2030

regulation(BAUO).

saving from 2013 measures

2TSV(\)IS primary/a  Central Heating Boiler, Space Heating, NRG

Boiler > 400kV
2143 5070 / m Solar combi
2000 +—— PR s
1892 ~~~~-__1766 ¥ mCHP
= m Gas HP
1500 m Elec HP
® Hybrid
1000 m Elec Joule
m Jet cond
500 m Jet non-cond
m Gas cond
0 m Gas non-cond

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

21



a With new measuregECO), Energy

Dottedblue line is BAU. PHEdbt all years2.1 to be corrected

.I:I rst S C E NAR | O S whenconsensuaprojectionswill be availablg.

78 TWh;., in 2030

extra saving from new
measureg] 234 TWh

2T5Vc\)/8 primary/a  Central Heating Boiler, Space Heating, NRG EC

Boiler > 400kV

m Solar combi

2000 - mCHP

m Gas HP
1500 m Elec HP

® Hybrid
1000 m Elec Joule

m Jet cond

500 m Jet non-cond

m Gas cond

0 m Gas non-cond

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

22



6 BusinessasUsual(BAU), GHE&missions

Dedicated& Combitogether Dotted blue line igorimaryenergyusewithout

first SCENARIOS currentregulation

I\S/I(t)%OZeq/a Central Heating Boiler, Space Heating, EMISS

450

400

350
300
250
200
150
100
50
0

= Boiler > 400K\

m Solar combi
mCHP

m Gas HP

m Elec HP

m Hybrid

m Elec Joule

m Jet cond

m Jet non-cond

m Gas cond

m Gas non-cond

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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6 With new measureECQO), GHé&missions

Dedicated& Combitogether Dottedline is BAU. PHEBr all years2.1 (o be

ﬁl’St SCEN AR|OS correctedwhenconsensuaprojectionswill be availablg.
106 MtCQ in 2050

extra saving from new
measureg] 230 Mt (77%)

I\E:I(t)%ozeq/a Central Heating Boile,r), Space cating, Exic
» Boiler > 400k\

450 = Solar combi

: mCHP

-1 m Gas HP

300 = Elec HP

: " Hybrid

200 4 m Elec Joule

150 m Jet cond

V m Jet non-cond

100 67

50
0

m Gas cond

m Gas non-cond

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

24



Water

Heaters

dedicated
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e Better new market data

MARKET unique BRG inputAPPLissupport, new Eurostat data

EU28 primary energy end use households
for water heating 2015
Total ~2115 PJ=50.5 Mtoe (VHK on basis Eurostat 2017)

m Electricity (1 GWh=9 TJ, pef 2.5)
® Derived heat

® Gas (32.8%) & LPG (2.3%)

m Coal (1 kt= 28.5 kt)

B Heating oil (1 kt=40-42 TJ)

® Renewables (35% solar, 60%
biomass)

26



e Total water consumption 133 L/cap

USE Range 88185 L (residential). Trend: Declining (due to efficient
appliances & toilets, bathg showerg

Water consumption per country (2012 -2017), in Litres/capita/day
180 - 170
157
160 - 152 153
142 148 148 147
140 %
7] 120
120 1 100 0106 106
=100 {f %
g
- 80 -
60 -
40 -
20 -
0 -
PFELRSIFNFETELTIRFIFCLDIILIOGE &éé&

27



Hot water consumption 60 L/cap
USE Trend: Decliningljaths4 showers saving showeteads & taps)

Average EU * water consumption per capita,
133 L/capita/day, of which 60 L warm @ 40 °C

m shower
m bath
lavabo warm
kitchen
dishes, hand
laundry, hand
m dishes, machine
m laundry, machine
m [avabo cold
car/garden/cleaning/pool
toilet

Nonresidential hot water use adds 124l Total 72 Litres @4 per capita

28



@ Still large innovation potential

But at a price

TECHNICAL

Stratified charge
storage tank

FuelCellWater Heater Hot Water Capacity X 3 Condensindgsasfired

Efticiency >200% comparedto normal indirect InstantaneouswWH: >90%ErP
new calculatlonpropos_al cylinder. water heatingefficiency (XXltapping
with CC=2.6%0r electric profile)=9% better than a good
output. Input 2.48 kW (NCV) condensing combboiler

-> output 1.5 kW electric (AC)
+ 0.54 kW useful thermal 29



1200 We|ifric

resistance

Hybrid ESWH
~usingA Y R22NJ Wg I
(M or smallertapping profile)
+ 60-90% efficiency

TECHNICAL

Shower heat recovery PVT Solar panels (heat & Rlectric)
>50%saving
Tubein-tube

Heat exchangdetween
waste water andincoming
warm water

HEAT HOT WATER SPACE HEATING




2021 Label factor & icon
Not for mixin but 100%= 100%carbonneutral
(GreenH,, exante CCU possibly in the interim)

Verificationtolerances2021 Gasnstantaneousanbe stricter:
storagebasedproductsare possiblycritical. Newformulafor NOX?
D

OPTIONS

Follow upneeded
Labelling Adjustclasdimits of electricWHsfor new PER.1.

A+ etc. clasBmits more ambitiousfor tappingpatternsS and M
Simplifiedsolar(installen label classalculation
Otherwiselabellingschemeis the same

EcodesignNewtechnologyspecificlimits (seenext slide)

Other.
Follow-up Storage tank standing hedbss EN 12897:2016 anorEN15322:2016;
et ee  EN 129743 mightbe usedonly for solarstorage tanks.
& study Energy Label 3XL/4XNo doubletesting needed
needed NOxlimits: Correctionfactors onNOxlimits for 3rd familygases
Sound powetimits heat pump Tobe better defined
OVERALLDedicatedWH and Combi inne water heatingregulation
?222{ 2f I NJ t zHybritQy R {2 4 = W PBoiling viiierGugddd N




OPTIONS _ o
EcodesignNewtechnologyspecificlimiIts (proposa)

Storage | Instant- | HP
Water heating energy efficiency | EIWH | ESWH| GIWH | GSWH| COMBI | COMBI| WH
per tapping profile [1] [2] [3] [4] [5] [6] [7] [8]

SXSXXSXSS tapping profiles 42% 38% 55% 45% 45% 2%  60%
M tapping profile 45% 43% 75% 56% 56% 75% 105%
L tapping profile 45% 44% 80% 67% 68% 82% 114%
XL tapping profile 45% 45% 85% 78% 78% 90% 133%
XXL tapping profile 45% 45% 89% 83% 100% 110% 148%
3XL4XL 45% 45% 92% 88% 105% 115% 157%

[1]: For oikired versions of the GIWH, GSWH and COMBI, multiply the limit values by 0.95

[2]: ELECTRIC INSTANTANEOUS WH: Limits are close to maximum for electronic &R, lataccording to catalogue values.

[3]: ELECTRIC STORAGE WH: Limits fexXBX&rived fronpef-corrected current regulation. For XXL/3XL/4XL they are close to maximum.

[4]: GAS INSTANTANEOWS: Own assessment. Limits will eliminate (indirectly) pilot flame use as requested..

[5]: GAS STORAGE WHE: Based on best catalogue data.

[6]: STORAGE COMBI: Limits also apply tefggad heat pumps (A7/W55) as well as fossil fuel boilers with external indirectrayér. Limits

derived from instantcombi minus storage standing losses

[7]: INSTANTANEOUS COMBHiNXIit assumes integrated instantaneous PFHRD (PASSIVE FLUE HEAT RECOVERY DEVICE). XXL$3XL/4XL lir
assume integrated storage PFHRD (<3L). ExanhiplergasXtreme36 (XXL, 115% on GCV)

[8]: Monaoblockdedicated HEAT PUMP WATER HEATERS based on A7/W55 EN16147. Values derived from catalogue data (mainly Ariston).
The Sclass value is based on a corrected (downward) value that could be realised by a variation drytteshybrid (currently M with 90%
efficiency). Limits also apply to electric heat pumps with indirect cylinder (A7/W55).



first SCENARIOS

TWh/a
800
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200

100

1990

BusinessasUsual(BAU), Energy

Dedicated& Combitogether Dotted line isprimary
energyusewithout currentregulation(BAUO).

Primary Energy, Water Heaters, BAU (TWh/a)

1995

2000

2005
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2015
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2025

2030

2035

2040

2045

™
N~
(92
Qo
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-
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< GAS219

2050

m Solar Combi

0 Solar dedicated WH

H Electric HP+Cyl.

= HP WH Dedicated

W Electric Storage WH >30L

B Electric Storage WH <30L (2nd)

® Electric Instant. WH >12 kW

W Electric Showers WH (2nd)

B Electric Instant. WH <12 kW (2nd)
H Electric boiler (Joule) +Cyl.

m Hybrid gas/elec combi or +cyl.

m Jet oil/gas solo+cylinder

u Gas HP +Cyl.

B Gas mCHP+Cyl.

H Gas Instant. WH <13L/min (2nd)
B Gas Instant. WH >13L/min

B Gas Storage WH Condensing

B Gas Storage WH Non-Condensing
B Gas Storage Combi or +Cyl.

B Gas Combi Instantaneous
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first SCENARIOS

With new measuregECO), Energy

Dedicated& Combitogether Dotted blue line is BAU. PHEdbt all

years2.1 {o be correctedwhenconsensuaprojectionswill be
availablg.

e 552 565__.2%¢
507
ECO
444

417
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