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WUy 2. ForEWORD

Project Partner
Foreword

(TGGFQO 2TQLGEV ,PFKPIU RQKPV VQ C DTGCMVJTQWIJ HQT

Nigel Turvey Chris Clarke Colin Calder

The Freedom Project is a joint Western Power Distribution and Wales & West
Utilities £5m innovation initiative in the Bridgend ‘living heat laboratory’ in South

9CNGU 7UKPI CP CKT UQWTEG JGCV RWOR CPF JKIJ GH,EKGPE[ ICU KN G DTKF UJU .
Stern }9 k. eé &/West PassivSystems

KP TGUKFGPVKCN RTQRGTVKGU VJG RTQLGEV JCU FGOQPUVTCVG Dist t ECPV D
that an integrated whole energy systems approach to deploying smart dual-fuel stribution
technologies can deliver.

[...i «Ace«iV] ...>A A ... ceUin dn.etedtriGitk sy3tem with V>AA"i" 0l LbP “«iA™>e ceeeil}i] To turn this vision into reality P VAi>I""} 1..iAi Vee™ "1"ce"A]
iY AI""} Ol 1P ‘"vA>AiK6]VA©‘Aii”i] CATATLOTI >dAce«aeAiA T...>1 1...i i"iA}p APAIL" “iAT>e eeei}i >V>" “VA. |>|‘”} Ar+O1"e"A AOV.. >A 1..>I
>AAIIA] > ..PLA"" >««Acweather degendent inputs. Li“iwlA cev “i“>"" yiY "L «"Ib AD}YiAl 1...>1 > ~O* L|A cedenienatatéd in Freedom

>0 1> o> ATIAAITA }Aoe\l,l(;e”'&l @v i"AOA""} v &le-dliregted to the consumer refgrm§[naybergquired.The Vel 1..A"Ui] VOAI®“iAA erO-‘
contrlbutlons ofrenewable ur| of supply with {6 be used to fund low carbon VOIOAiI Ve Al v "OTATY ok Widdoe “ s UiA L7eeA >7° ...
i*iVIA"V Ib > }Aii~ }>AIn B Iosxf)garbon ower L i>177} >AAITA g «AeU""""} >~ will be determined by howand transition to an affordable low
deliver the total decarbonisation P attractive proposition which is U...i" VOAIe“iAA Ve "AONVPAtEdE"™ "} 1>« i"iA}p “>AZil

: runs into £billions per year if
of domestic heat. ik AL A A AR~ affoAdF\bIeforcustomerson and howmuchtheyconsume Markets  will commence.
1">7 yivILTetlb TA Tael AT T }>A YA UCl.. cevvi}>A JA™ i i Li Vee"AO"iA Vil
[..i JiV>ALae""A>1"ce"~ >}dfithe solztidn. The Freedom |A CATRITI") > A“".M>‘“ “OAT <A@ eli > U~ iA AjhleKlsaworldleaderm
>«Ai>"p AiAOQ-li’ "7 A"}" "Rwojeethias shown that by o ort ity to adopt the Ve AB A V. e Vik >~ |lh cee@} iAl..>1 Vb
V..>"} "7l i «Ae" OVIT @AY A“>Ai Ve lAce:. Ioen& gr}o)e/ oe}bp° VeisA «A~vVi &~ 1 > eR° /., en%é ]tlngr?nsformannand
i"iA}p° /.. APATI® TA V. @i i Tit>""] 71 A «e AARY ¥ L ASVI it yivAL e B! \dland-status with limited
from one of controllable loe A° }”wV> I-b AiOVi Onédfthe most practical ViVl LresA Iog:/ Li Sey 'F e%orzlectlon makes the
T...iA“>¢ }i"iA>1"0e” Toe O systédnisEdsts by as much as V..>eei"}iA v "“«ei®i”l™"} iYL e «||AA Voe.AO ~-ATH | Vilee Aee0i i..i i"iA}p
Ai“iU>Lei }i"iA>1"ae™~ U"1.£15billion per year compared low carbon heat solutions in A>y s ®- “iA}p AA|| >eeiT}i >ee P “oeAi
.} ¢i0isA ev US>A>L kA B DQee isiVIAWV>1"0e” q..69.A AOIA..i V..>"}iceUiA Toe «ceU andtheob'ectivesofthelow AA”}" [..i Aiie" *AcesiVi
It is well understood that >">epA"A "7 VST 1L > EABATDAT APATIA] AOV... >A V>ALoeJ” SY1i > ~ii Tee Li >A A"} «eAli” > U>p veeAU>A"
>""1>""""} AiVOA"Ib cev dbulickbe <l bvest cost pathway o i>l «0*«A] U.."V... V>~ ""0Uc-0i S 1 ] VA (V> iaei A}Joe “>Y"“”A| T..i LiTiwlA veA
> "iV>ALoe " Ai i"iA}p ABAdi*iV>ALce " Ai ..ce"“i ... cedtlyand disruptive in-home itv market and Renewabl cons}umersandaspartners
«AIAITTA “>"b V..>ee¢i"}iAP ! Al V.. >eeit}i ot AilAcewiii> ""AD>1"e” “i>ADAIA (':'alf)?‘“:}y>‘|?oee”2 Ave € a:]e . we will continue to build on
[...i «AeeiVI W™ ""}A ..> 1 El}d K~ ~ % andlf:placementofradlators P - A > Freedom’s success.
; TR e A3 y }oi>1 TA nn A>i AiA«oe™Ai >7" }iTiA>T &
I...>|A>AI] yiY Le DVoe IAoe b Li>177) >Uce™ A 1. iAi ~ SN Y ~ S N
AN o Jo de Wcar oncustomer A...eO* e«iA>li " > «iUies «e>p"7}

~PLA SR RIAE er nt hatlsmorecostl problemsanddellversan wie® >7 “>AZil «A VIiA "ii® lee
“iTUeAZ > «AiAi"l > A>M}| oeI VoAi cev oo “iAl" Vsoutonio carbonise heat e y
opportunltles which maintains 1> e e iA° Aii‘oe“ thatzo. fers tdlsruptlon
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MMUUU 2. EXECUTIVE SUMMARY

1. Executive summary

The UK has made great seeeUm ) i i>177) V. STheiproject developed an The project successfully demonstrated that hybrid heating systems were able to
strides in decarbonising A Vee'«eiY® -e+Ol ce”A advanted control plattorm maintain consumer comfort across a broad range of housing types, ages and sizes,
the power sector and ri%gssairpi)?}er'\‘/'sose'?@so‘gglfl é;é@repll)‘]p‘“> >}'A>~'} }ié‘::) ALTEA with consumers from a range of socio-economic groups (in both private and social
new technologies are e Vee"AO*iAA] >ermm} i+ 0iAP vAe® Lel.. > }>A Le +iA housing). This was achieved without making any changes to the existing wet heating
starting to drive low V>« i>e VeAIA >~ ~ U aAd & air.soukce heat pump system that was being used for the gas boiler and with no thermal improvements to
carbon transitions in the U-l..eOIl VAi>1""} v>«>v-‘,Lp*®i°>ZAi Ve "AO“iA U>A >Lei the property. This is in sharp contrast to a pure heat pump solution, which requires a
gas and transport sectors. on the electricity systemthat ~  to use convenient and intuitive VIGTOCNN[ GH,EKGPV DWKNFKPI CPF NCTIGT TCFKCVQTU VQ F
The decarbonisation pEos AIRO AL AM > e A e A e T ~.ay NQYGT fQY VGORGTCVWTGU VICP C DQKNGT
of heating remains |ny?§tyne[1tAs |n~network anq‘ I|A V‘og “v‘o.e‘A‘I.Aly‘O Aii IA] oAl
stubbornly resistant JiITiA>170 " V>«>VTIbe /. T ATRRRI}> T Tit> VA" 1.0 OA>}i "VAiI>AIT] UC1.. >AeiO&AceiVI AeO}...1 Tee “>7>}i
: . *AceeiVI A@O}| | ce |U|?.CBZ’(|‘«O «A U>A ?‘?}I ‘>}~> A|‘ _ Lo . %heatpump OA>}| Ll""’} I ."A Lp iU ° “VVIiAITI A|A>|i}"
to incentive schemes and test new hybrid control “vviAl | A~ Ve AIA>""1 AVi">A~eA° PLA i>177} ApAI lachle 0 i s K QA
. } 2 oy N o ) ved with a 50% increase [..i ..i>177} Vee"1Ae+A OAi
aimed at promoting low liv.."ceee}"iAl.>1 Veo: “UiA are viable across all homes ingascosts. ~ >e¢ AVi~>A" apleflidtiveioptimisation of
carbon alternatives to the cceU _\g>iAL09‘I~A--i‘I>'|&”} AjOE'%' \C/EAAI ; ™ >7" vy l...i }>A M A APATi* i« UiAiAPB®"} Ve AlA Toe i">Lei 1.0 ...
i i Lol > SITAwIT T TAI “1iAT> _ _ i ~i~i R «i A A ol Vi i APt isi i Ay~ A
;ggggﬁgf condensing and had the potential to deliver ngior@_can_tle malrltiilned ?//Xeolevwlv ! IA|>OIE \/«OECX?Ai ;S}G;IO;V étioe\llvlél« >I~\I;g «iA“}c
' the mass market decarbonisation igi= Uu...i® OA™"} > A“>12] « O «A e «iA>1""} >HINIMLP A«Ai>"""} i..i ...i>1""}
ev "e“iAl"V .i>1""}° - * U"1...ce Ol “>Z7""} iwfemperatures below -6 °C. > ] 17 "} Doi i > i
V..>"3A Toe T iYI>TLiAi w " "}A AU T..>kv.WOQARI"T APATI" «i>ZA] >~
_i>‘|A~} APAIii“ >~° ...i‘>|”‘} APAITI"A V?~ A...‘mel«iiA-‘>>|A"}}i‘l..‘.i~ o > > e U
Aa g amy AR A sl e~ o«iAVITI>} ev il Ti>TyeU 1i*«iA>10Ai Te ce«i ™ Aj
LO } AO=>1"ce to renewable power sources ivwVv'ivbe /.."A "A "~ AI>AZ V
The systems were operated in U.."«Al "ie"UiA""} }e e  WAithAraditional hybrid systems
Boiler > A>"}i cev TTvviAiTl vOiciwhUViVe OA""} ce~eb > thatsmply switch fuel based on
AVi">A"@A] ""v.0 """} ”\A\S’l—ﬁPiLinderanapproprlatefuel iYIIA™>e Ti“«iA>TIOAI® ~ > """«
A>"}iA ev }>A «ATVTT} SWATYSTY AiY il i APATIFLLI>AYAI}STI > v e L
U°T... Leel... wYi® >7° U>Ah?potentlal to save consumers was forecast by the half hour for
rateelectnmtytanffs.When “e”ibP 1...AeO}... A“>Al AlUSTW.E"}} O{ ...eOA «iA"® "
e«l™ A"} veeA VA0 id’ﬁthé@@l bource. The demand forecast used
U'l... Tee'>bP%A i"iA}lbp «A” ’é Ui>l...iA veAiV>Al “>i>] «i>A~
i..i APATI“A AlA@}+p v>U((l£ %]me”".’f“fort""asa""’ays LO e "} 1...iA“>e «A@«iAl"iA >
Small air source }>A Lee"«iA OA>}i "Oi lee | | Al}>A-IAA O%ghedulesforeachhometo
Fics UiAp +«eU VeeAl cev }>A Vogyste>mconstra|nts ATV T iYY<V >
i UTl... i«iVIATV IP® er|U|LA] "vvi}>A ‘}A~ © Ve AO “siape.“Fhid shape was then
e“iA AO""""} @~ "uliwi A" }Twv>TT A>U77 A e be i TWAY L «Ae U™ "7} Ve tATA>
- *ilAce«iO* >A - * ® Loe"+iAAi>1""} L™=-A ""ATAOVI“e”A] voeeA iY>"«si lce
itching aroun 0% of ther M 2 SCenanin which heatpumps POt Semanen ench fome
Cold water heating Ioad onto the ASHP. deliver 80% of heating demand, portfolio level,

7 i~ i }>A }AM Ve~ . swﬂchofdemandfromthe

I...i isiVIA"V IP "ilUeAZ
_ - flpé:: A}>UA'A«'A} \l/JI'A >_A*' U OOEVA|>I| A"} wV>"l i«iVIA“V"ip
Figure 1: The hybrid heating system y ! network capacﬁy issues.




MMUUUU 1. EXECUTIVE SUMMARY

[..i wie> TA > "i“ce”ATA>KiAlkeeTA Ui ...PLA"" ...i>Th&utcomes achieved by
..PLATA V>~ «Ae Ui vBystémsaré ah edditional the project demonstrate that
loads with the ability to: constrain Ea°™ L EpPi>A "~ 1..i £aa) WA ...i>1""} "A >

peak whole-home demand below  ~“VAi>A"~"} lee E£T L"EpPi>AeAl1].Vie"AD“iA VA~
I..i iY AI""}

£ «i>Z U.. eAl Ai%ee Tie"(AMAY xdTt...i>1""} ATASTINIVAALsA "A""} 1
cev l..i ..i>l i*>"" 1..AedDRBRe >AAIAAIT] U 1. 1. i.qe e /. iAi w7}
the heat pump; enforce a «Ai*"VI~"} ""VAiI>AiA vA ocahufmbet of policy implications

0°>Lei] +2U
i""ep] i"iA}P

ciYoe©o *Acew D x3>AAAi° /...i U>0i cev APAIRFAO««eAl""} Ae-Ol" ™ loe
Te“iAlTV

A ei> e

V>«>V7iP V>« >VArAA >q@R«@ SERISA "7 1.0 £8&). xX0kTAI...i 1 }eeUiA™i"1 U"A ..

""VeD "7} > V>« v aiAodo£10:3 - £13.5 bnlyear in the
demand; increase ASHP demand  Ox} V>AIR°C NQY f G ZK Diwfket for these solutions.
at times of plentiful low-cost system, the system value of A new energy market design
Ai“iU>Lei i*iVIA"V Ib A vRasivSystemsishhrt controlled is required across multiple
time ever live carbon forecasts hybrid heating combined timescales, ranging from
were used so that the ASHP YKVJ fGZKDKNKV][ CPF dagadtZrRdekeét® with a horizon
Ve O« TA>VZ }A™ V> AL esctvicesiis A5.8BHhn/year in of multiple years to balancing

~ S 1TYiA cev ... "} ..the/tPBgoase, increasing to markets operating very close to

> >0
«i>Z""} «+>"1 }i"iA>1"0e"°£15.2 bnlyear in the 259 case. real-time, in order to recognise

it ATAS] itt&e fl_u_l_l sgﬁt_em value of smart
hybrid heating.
“>AZil A...ceOe

[...1 “e’iee”7}
E)d heating systems can

Toee Aii 1.0 i“iA}i"Vi cev > U >Lei

~ «>AITVOe>A] 1.
AiVee} " Ai i“>™

The limits imposed by market rules regarding the minimum size and the minimum temporal

availability of participants in energy, balancing and capacity markets need reform to enable

FKUVTKDWVGF HQTOU QH fGZKDKNKV[ UWEJ CU J[IDTKFU CEEGUUKPI XCN
eAi P>V “>AZil «A°Vi AT} >eA V> «oeli"i">eep ""ViTI"U Ai >0>"e>L""Ib cev
periods when it is most needed by the system. .QECVKQP URGEK,E XCNWG KP PGY OCTMGV C
1..AeO}... 1...i ""TAe " OVIi“®e” cev s@V>I"e™>e “>A}"">¢ «A°V""} > i“"AA"e"A] U~
y ... > A } Amedhidhisrisfor@arfiunethting avoided investments in

U...iAi APATiI* yiY L «"Ib
low-carbon generation should be established  and potentially linked with reforms to the capacity market

e «°"Z V>«>V7ib «AeVOAiI“i~1 U"l... | .Capadtyinarketvéforrfi shdpuld also create a

NGXGN RNC[KPI ,GINA MOARARISU «e*"Vb v > """} "iV>ALe " "A>1"e”™ «e* VP Vo,
“ii*A lee Li AiVee A iAi> Toe Alee« 1...i VOAAI"l "P">“"V cev .. }... i*iVIAV IP Vo
Ve"AO“iAA >U>b vAce" ecU V>ALoe”™ ...i>1""} liV.."ceee} iA T,ceU>A"A ..."}...iA V>

Finally, current incentives promote non-smart low carbon heating solutions for both

JIDTKFU CPF JGCV RWORU 6JKU RQNKE[ KIPQTGU VJG JWIG D
through integration of optimisation of heating systems with the broader energy

system, adding to the capacity challenge rather than helping to resolve it.

6JG ,GNF FCVC JCU UJ (gse(%)i\r/er a no-regrets transition
that hybrid heating systems 9

ECP RTQXKFG HWNN] f@?\%ﬁﬁﬁ(ﬁg he"’:f/altit";"‘fr
demand that is able to respond costthan the equivalent fu

-0 LiA«e Al - -, ® U>e0i
delivered over days and weeks

u “iA}p “>AZil Aivce A" cabdn reduction obligations

The project partners who

GNGEVTK,ECVKQP UEG%I&E?\W??%EVF}&“EIE:[@I .

the carbon outcome imerove~s . hvbrid Hoi id e i

with hybridisation, >A *@®A~~} NYDMas can provide a more

cold weather and periods of low cos}-gﬁectlye soluthn than the
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MUV 2. iINTRODUCTION

. Introduction

2.1 Project overview

The Freedom Project has investigated the network, consumer and broader energy
system implications of high volume deployments of hybrid heating systems.

The technology, which combines a conventional gas boiler and an air source heat
pump (ASHP) with PassivSystems optimised smart controls, can be used as fully

fGZKDNG NQCFU ECRCDNG QH RTQXKFKPI UKIPK,ECPV GPGTI[ U[UVGO

(NGZKDNG 4GUKFGPVKCN 'PG

FI’GEdom Demand Optimisation & Management
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Figure 2: The project partners
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Figure 3: The Freedom Project property mix
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2. INTRODUCTION

2.2 Project objectives

OJOION0

Use the ability of the hybrid heating system

and PassivSystems smart controls to switch

between gas and electric load to provide

HWGN CTDKVTCIG CPF JKIJN[ fGZKDNG FGOCPF
response services.

Demonstrate the consumer, network, carbon

CPF GPGTI[ UJUVGO DGPG,VU QH NCTIG UECNG
deployment of hybrid heating systems with

aggregated demand response controls.

Gain insights into the means of balancing

the interests of the consumer, supplier,

and network operators when seeking to

FGTKXG XCNWG HTQO VJG FGOCPF fGZKDKNKV]|

Address all elements of the
energy trilemma UGG (KIWTG

Comfort

Figure 4: The energy trilemma

6JG RTQLGEV JCU CFFTGUUGF CNN CURGEVU QH VJG GPGTI[ V
focus on heat and the potential for hybrid heating systems to be transformational

in delivering solutions that will shape future energy market dynamics. As a result

of the Freedom Project, smart hybrid heating systems have demonstrated that

they are the enabling technology in the BEIS long-term strategic heat pathways,

RTQXKFKPI VJG QRRQTVWPKV[ HQT RCTVKCN GNGEVTK,ECVKQ
gas in hybrid heating systems, as well as identifying the opportunity for hybrid

heat networks.
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““«>V1 veeA “e“iAl"V Ve AO“iAA Lb tie"UiA~"} ""VAI>Ai® .i>1""} APAITI“ ivwV" i~
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[..i «AeeiVl ..>A Ve «eili> > Ve «Ai...i"A"Ui A>"}i cev "i“>"" AiA«ee”Ai iUi"1A la
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duration of 2017-2018 winter season.

Electrification Decarbonising the gas grid
* Conversion to electric heat * using hydrogen or
pumps oF other electric biogas
technologies mofe wark Is needed to

particularly useful for builldings " assess cost and
not on the gas grid feasibility

District heat networks - - — Hybrid solutions
* cost effective where there g *  two different heating

is sufficient density of heat technologies and energy
demand 3 f soUrces working

likely to be an important ' together

part of the mix in the long : :

term
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3. FREEDOM HYBRID HEATING SYSTEMS FIELD TRIAL RESULTS ANALYSIS

3. Freedom hybrid
heating systems
,GNF VTKCN
analysis

3.1 Introduction

2CUUKX5[UVGOU ,PFKPIU HTQO VJG OCKP ,GNF VTKCN QH VJG (
(winter 2017-2018) are described in this section and the technical analysis
FKTGEVN[ FGTKXGF HTQO ,GNF VTKCN FCVC

[...i @A~} ">e >"“A cev I...i «AceeiVI] U..."V... UiAi Ail Ol veeA 1...i wi
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““1iAUITT @™ 1...>1 U>A V>AA"iIS @0I1] ""VeD "7} L>Ai*""i «iAveA“>"Vi
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3.2 Deployment summary
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3.3 Measurement points included

eUtAiAe-Oi"e"

if..e“i }>A > i«iVIA“V"ib “iliA~"} -U..iAi «eAA"Lei
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Other gas use
(e.g. cooking)

Loop Gas monitor
Gas supply

Loop Electricity monitor
P 4 Cold in/hot

. Gas boiler water out

ot (combi

I I HVAC relay, boilers only)
hot water

(system boilers only)

Electricity supply m— u Distribution board

Other circuits

HVAC relay,
space heating

Internet

SmartRail
electricty meter
Hub/box

Heat pump
outdoor unit

I
Diverter valve
Sontex heat meter and bypass
(MasterTherm only) |

Cie"UiAP 1i“«iA>10Ai -i°}° A>"">lo
AA "7 “>"" «"0""} >Ai> > Li'Acee“] > Li'Aee“ ..0

Bedroom
temperature and
humidity sensor

thermostat

Pipe sensor string

(KIWTG 5EJGOCVKE FKCITCO QH RJ[UKECN GSWKROGPV FGRNQ[GF KP C (TGGFQO KPUVCNNC

is different as the boiler and heat pump have a 'series' plumbing arrangement within the integrated unit
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3.4 Control
EQP,IWTCVKQP

,oe 1A™>ee”ATA UiAi «Ace0"i" Usmartphone appAA~0 0"}
which enables them to choose how warm they want to be and at

VIVY O..>1 1" ev ">p -...i>1""} AV..i ' O«i®A& 1..ip V>~ >+Ace > -0AI e -

live via the app or a physical room thermostat. s o ) -
YN D The app also provides feedback on whether the system is Eoonary 10t -

AG™"""}1 U.."V.. vOis "A "7 OA|] Ve liYITAi"A~1"0i pOiAl"ee”A >~ e o .
Cm Ao >"AUIiAA] LS }Jilt"} TloeaeeA >7° JA>«..."V>e iY«oe>">1"®@ A cev «>A] >~ —
\ vOIOAiI e«iA>1"e” -ece@Z""} £0 ..ceOAA L>VZ > £0 .. OAR"SIis @ " '

W WV \)
NNNN “W\ The system uses PassivSystemsptimised control  ATA>1i}p pmm— |
JUUU U..°V... AG"A 1...i ..PLA™ ..i>1""} APAITi“ >1 «i>Al VeAl lce 1...i Baselne (0w ges pric) -
NNNN L@OAi..e« iA -CiliA“ """} vOis V..e Vi > 1i“«iA>10Ai ev ..i>1 o
JUUL «D“« e«iA>I"e"®"° oe"AiA>‘“iA UiAi “veweAil OA”} ~TiATI~ ] e~ A1 Mk gas prics —
NnNNN LOI 1...i APATi* >+U>pA AeO}.. i e UiAl Ve Al ATA>Ti}b Toe “iil™™ o .

A«iV'wi® Ve*vee Al «ili<A° Reserve (weathercependert) —

6JG RTQLGEV VKOGNKPG CV VJG QWVUGVKIW N3G ,GNF VTKCN

Impulse Experiments

| 2/1/2018
Time-Varying Patterns
1/8/2018

Fuel Price Ratios
10/1/2017

Aggregated Demand Management
2/8/12018

2017

Baseline (low gas price)
Riii~~ } Jreaum gas e [

Oct Feb Mar Aprt 2018

in a manner that assumed

@ All homes were controlled
| “iU>Lei i>1 ~“Vitit0i -,

I..i >LAi"Vi ev ,i ® «>b“i"TA°

3.5 Planned
Interventions

a number of interventions were planned where the
control strategy of the heat pump was adapted to
explore various scenarios and meet the research
objectives of the project:

Qiffere(\t fyel cost ratio~s (i.‘e. Iower electr[city pr~ic‘e~ . . B . N

Aie>1"Ui lce }>A® Il iY«xe®Ai VOIOAI «A"Vi AVi">A eA”°
“Yit «>11iA"A cev ] életttmwaﬁf's} and

AiATA"VII®

I.

1tV "AD“«i";e” «iA"e A >A > A" “«si «cAeYb v

‘@' 'Impulse’ experiments  Tce cceceZ >1 I..i ivviVIA cev ...7}..«P
A = A"“0+1>"ieOA vOies AUTIV..""} e~ Leel.. i*iVIATV Ip >7°
1>A “ilUeAZA®
Y Y Y Ys ))) Forecast >UiA>}i > “>A} ">« i«iVIA“V ib
JU U carbon intensity.
NNNN Aggregated demand management  to simulate
JUULU ™"} 1..i V>«>V7Ib « "1 ev >7 i«iVIA"V-ib AOL"ilUeAZ"®

e e e G G G G G G G G G G G G G G G G G G e G G G G G G G

gate demand - Opp to refine

Medium gas price

Reserve (weather-dependent)

——

(KIWTG IWVNKPG QH RNCPPGF KPVGTXGPVKQPU VITQWIIJQWYV VJIG (TGGFQO 2TQLGEV ,GNF VT

3.6 Data analysis

I1XGT VJG EQWTUG QH VJG (TGGFQO 2TQLGEV O C K/st 6f thE detd &@alysis is based on data interpolated to half-hourly intervals.

Aggregate data sets average all of the homes that were available for the period
in question and not experiencing any faults, so are presented in units similar to
'kW per home'; the number of homes that contribute will vary with time. Heat
output data was not straightforward to acquire: there was no heat meter on the
boiler and the heat pump heat meter can be affected by boiler operation. Heat
meter data presented in this report was pre-processed to give meaningful results:

« Heat output for the heat operation (MasterTherm/ included when both electricity

pump is the heat meter ->“A0~}®° "1..iA U>pP] 1.27 ...i>1 Ai>"""}A UiAi
Ai> "7} "OA""} «iA"e A ULo"«iA .. i>1 w}OAi "A > >U0>"e>Lei vaeA 1..>1 ...>ev
the boiler was known to be off >««AeY “>1"e” LOI ...>A>CiiLeel.. >LeUi aiAce° /.."
* Heat output for the boiler was U>e"">1i" >}>""Al o« }HATA iV>"«:iA veeA "ivAceAl
~~ViAAI® Lp OAM} > 0" A erreadswhere available . . c_)_/cle~sl/v[1er~1the heet‘p_lljrpg_ L
Lisd o tiliAg 1..>1 OIA.AA“@e AT CA > Jee “>TVW2A"BITel..iAUAI AD }

|-b Lee «iA ivwV"i"Vb mawndt"raavebeenfully

i A> " >leA « «iA® [+.i(Q®FWQGH,EKGPY QH accountedfor
rate is either measured directly Performance - "*®E-i>A@ ™ >

->"72""®] A >AAO“I" Tee*lAvVieA“>"Vi >VieA --* ®
A>“i >A "OA""} ..i>]l «O“¥>eVOe>i"@™A] ">i> U>A

plpe temperature Sensors on
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(TGGFQO ,GNF VTKCN TGUWNVU
&CVC CPCN[UKU CPF TGXKGY QH ,PFKPIU

The project found that at today’s prices, it is rarely
cost-effective to operate the heat pump; and even in
the scenario that gas prices increase by 50%, it is only
worthwhile for the heat pump to take 40-50% of the

heat load.

e A > adkWheat operation with bursts of gas
RWOR ECRCEKV[ YCU Ubsller, &4 RRYyuired — very
to deliver this heat load — and different from a conventional

..>0""} > L"}}iA 0°°1 Ve QPLA" APATI“ AU"TV..""} vOi-
Ve“‘«Ae“ Ai ivwV i"Vb° L>Ai> e iYIiA">e Tli“«iA>10AI

The situation was different -> Aie>1"0ieb «eeA AIA>1i}P®°
for off-gas-grid homes on much Energy consumption patterns
more expensive LPG (Calor were hugely diverse between
gas), where the heat pump homes, but in aggregate the
could offer the householder GNGEVTKEKV[ FGOCPF RTQ,NG KU
UKIPK,ECPV TWPPKPI EQWKMIC KERPIWKVI UOCNN RGCMU KP
and took 78% of the heat load. demand occurring at around
iAi 1...i vOi« AUV ... 1ce0®:8Aand 14:00, and minimum

happened for appliance capacity consumption around 22:00.
-A>T.UiIA 1...>7 iVe eV ehidiseery different shape
> >0lce“>1i> AUTIV.. "}videel. Vie " Ui"1"e">e >AAD“«i"e"A]

boiler when the heat pump was where peak demand coincides

unable to keep the house warm with other electrical demand —

U>A “i“ce”ATA>1i"] U1...c8@IOKRTRA>I""} 1...>1 veeA > A“>AT ...PLA""]
noticeable thermal comfort on the best operating pattern for

the householders. C JIQWUGJQNFGT CNUQ DGPG,VU VJIG

electricity grid. Gas demand

«>1TiA"A U>A"i° “ccAi AlAe™}eb
but there was no evidence

of sudden changes that could

cause problems for the gas

distribution network.

The hybrid fuel-switching
strategy that is most cost-
effective for the typical
household is continuously
varying, gentle heat pump

OIOI®
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(TGGFQO ,GNF VTKCN TGUWNVU &CVC CPCN

The project investigated how these energy-demand
patterns could be changed through a time-varying

electricity tariff. Operation was optimised to achieve
comfort levels for minimum running costs under the

systems with the needs of the householder prioritised.
These experiments were highly innovative as live,

system operation.

demand is shifted to times when electricity is cheap and plentiful.

U *AAV'W} U>A >««e’i’

O A"Mije carbon forecasts vAa“ 1..i >1"ce" >«

considers the 'marginal’ carbon intensity  of electricity from
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VCTKHH VJWU SWCPVKHI[KPI VIJG fGZKDKNKV[ QH
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3. FREEDOM HYBRID HEATING SYSTEMS FIELD TRIAL RESULTS ANALYSIS

TECHNOLOGY CONSUMER

READINESS ACCEPTANCE

3.8 Aggregate demand management
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3.8 Aggregate demand management
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3.9 Aggregation summary

PassivSystems has successfully demonstrated sophisticated aggregate demand
management capability on a portfolio of about 50 hybrid heating systems.

Heat production, kW per home
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Figure 8: Aggregate electricity and heat demand over time during max load demand management operation,
KP C JKIJ ICU RTKEG )%4 UEGPCTKQ KPXQNXKPI JQOGU QP CXGTCIG

Figure 8 A...ccUA > AOVVIiAAvO. iYIi"i® «iA”e > ev Ae«.."Al"V>1i" >}}Ai}>1i Ji*>™

«eAlves e ev x{ ..e“iA] U"1... ...i>] «0“« «eUiA Ve "AD“«l"@e”~ Li""} A"}""wV>~
}1>A Lee ™ iA i>177}® >1 «i>Z 17*iA U"1...ceOl "“«>VI""} ...ceOAi..ce+ iAA° || cl...iA
Ve "Al*“«1"@™ ev ...i>1 «0“«A "A “>">}i> Livi>l.. l..i V>« “c@Al cev l..i 17"i] >el...

“>A}"" ev >Le Ol 4°£ Te 4°0 Z7E..®"i°



JWWUUU 3. FREEDOM HYBRID HEATING SYSTEMS FIELD TRIAL RESULTS ANALYSIS

3.10 Carbon intensity forecasting
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Figure 9: Aggregate electricity and heat demand over time in response to carbon intensity price signals
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Figure 10: Aggregate electricity and heat demand over time in response to electricity day-ahead auction prices signals on
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Figure 11: Aggregate electricity and heat demand over time in response to "marginal” carbon intensity price signals,
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3.12 Field trial analysis 3.13 Field trial analysis
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Below is a ‘Beast from the East’ case study showing the time-series Below is a ‘Beast from the East’ case study showing the time-series of a hybrid
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. . . o . o . T, . . .that struggles to_heat, presumably due to poor insulation or similar.
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It is always advantageous to use the heat pump in LPG (Calor gas) homes from

a cost perspective, and so the transition is determined on an appliance capacity

basis. It has been successfully demonstrated how the LPG gas boiler is switched on

automatically in the coldest weather, when the heat pump is unable to keep up with

demand, without noticeable impact on the occupants’ comfort. The smart controls

maximise both decarbonisation (when heat pumps are fed with low carbon power)

and cost savings for the consumer compared to conventional controls, where they

would switch to gas much more often, as the installer is likely to have set up quite

a conservative transition temperature.
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3.15 Field trial analysis
2) JQOG OKNF YGCVJIGT

Below is a case study showing the time-series of a hybrid heating system
YKVJ .2) EQP,IWTGF YKVJ C XGT[ JKIJ )%4 OCVEJKPI TGCN RT
typical winter weather.
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Below is a case study showing the time-series of a hybrid heating system with LPG,
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3.17 Field trial analysis
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2TQLGEYV ,GNF VTKCN GZRGTKOGPVU CPF
interventions are provided in this

section. Some next steps and general

project conclusions from these

activities are also drawn.

(((

3.18 Installation and
RIJI[UKECN EQP,IWTCVKQP

Hybrid heating systems were installed in detached, semi-detached, end-of-terrace

CPF OKF VGTTCEG JQWUGU fCVU CPF DWPICNQYU 0Q JQWUK
where it was not possible to install a hybrid. In an apartment currently heated by a

combi-boiler, it is possible to externally wall mount a small ASHP and plumb into the

existing wet heating system with no loss of internal space.

The trial included Daikin, future deployment. We were Fossil fuel boilers can be

MasterTherm and Samsung unable to test the unique Daikin hybridised relatively easily in

0>l «O*«A] i>V... U"1... simukanedbAs dperation mode AilAcewl LP A “«eb Voe™"iVI~"}
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“;eieA] LOI Lb 1...i i™" ocecontrol bbsolete. Simultaneous cost effectively.

trial all three types functioned appliance operation should be

well and would be suitable for tested in future trials.
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3.19 Baseline performance
1RVKOKUGF HQT EQPUWOGT EQUV (

PassivSystems smart fuel switching that provides comfort at minimum cost to trial

participants has been demonstrated across a variety of future scenarios (e.g. from

today’s cheap gas prices to as high as natural gas is likely to go, as well as potential

renewable gas prices). For all homes on mains gas, fuel switching was determined

economically (i.e. the boiler becomes a cheaper way of heating the house after a

certain point), rather than because the heat pump no longer had enough heating

ECRCEKV[ VJWU OGCPKPI VJCV M9 JGCV RWORU YGTG UWH,E
(in the absence of RHI).

The PassivSystems control PassivSystems hybridised heat Prices need to be radically
ATA>Ti}p veeA ...PLA" . ie®d™dA >V.. i0i A"}~ wVdifférent from current rates to
systems that is most cost- better SPFs (median 3.60 when “TVIiTTTOCAT i « O« OA>YIC
effective is to use the heat e«l™ Ai” veeA VOAAI™T }WhencAritioi & @ptimised for
i" «Ait U thar thdse of monovalent heat «i>Al Ve "AO“iA VeeAl] 1...i }>A

>] eeU Ti“«iA>TOAIA - AcBDOIA T @l...iA TA">+A] boHdk ktitl lprovides most of the
>ee [...0i 17*i >A > L>Aiecebedause the smart controls will house’s heat load: at today’s

~>~1"ce~ A @dnly use the heat pump when prices, the heat pump provides
rather than the conventional the SPF is good enough. ltis between 1% and 20% of the
ATA>1i}p v vOi«1 AU IV esséntidl thatipolicymakers use heat (depending on weather),
e” VOAAI"T iYTIA™>e Ti“«ilA>I1@A)...T ivwV"i~"Vb w}CaAd the. futdre high-price
->el.. @O} 1.0 wis® TA»ARTAZRT} 1...1 «celi”l" >+ scendyio.the heAf pump
AT T1..."A ..bp«eel..iAA®°..i>1""} APAITi“A° provides 38% to 48% of the

,Olce“>1i> vOi« AU 1V ... "Peak electricity demand heat. In the LPG homes, which
for capacity reasons was also for hybrid heating systems Is most representfitlve of future
demonstrated on LPG homes (optimised for least consumer renewable_ gas prices, the heat
T D U S ump carried 78% of heat
U..iAi ‘|...I }>A «A"Vi }J>§o$‘t}:b\tg.ur§ at 04:30 and 14:00, Semand over the winter
LY A ST i > ]« Geverdl Aodes eeatlier than )
the cheapest way to heat the previously assumed, and means
..@OAI] LOT T...i ..."}...i1IAVJIEViINIGTG KU NGUU EQPfKEV VJCP
output of the boiler is required previously believed with other
to keep the house warm in cold load on the electricity grid
Ui>1...iA®&E 1...i A“>Al V ¢ahich geells at 17:00—19:00).
“>Y " Ai> 1...i ...i>1 «O*“« For the LPG homes (and likely
e«iA>1"@™] Ui~ "~ 1..i Ve®IAi Ai"iU>Lei }>A AVi">A"eA®
Ui>l1...iA] U.. i >0le“>i"e>*BA UiApbp y>i° *AiU"edA AIO "iA
1O>A>"1ii""} eVVO«>"1 have assumed electricity demand
Vae“veAl L OA""} 1...i LEESAIM“"e>A Toe }>A Le «iA ...i>]
when necessary. > «AceweiA] U...°V... Uebs

Li YAceAAeb “"Aei>"""} vaeA >~

e« Ai> ..PLA™ ..i>1""} APAli*°
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2CUUKX5[UVGOU JIDTKF JGCVKPI U[UVGOU JCXG WNVKOCVG F
VWTP FQYP CPF ICU PGVYQTMU ECP ,NN VJG ICR JGCV RWOR
can be reliably reduced to less than 20W per home within a few minutes if required,

NCUVKPI KPFG,PKVGN|[ YKVIJQWY KORCEVKPI QEEWRCPV EQOF
as a result but there has been no evidence that would result in pressure drops:

the huge energy storage in the gas networks can be exploited.

The project demonstrated APATIi“A >Uce”™ 1..i ¢L>VelaotAcityldemand: >}}Ai}>1i
that variable electricity tariffs increased carbon emissions from ece>" "A >VIi“Uieb “>">}i" Ace 1.
can incentivise shifts in electricity > "> }iTiA>1" " |cetheAsomn dNeat pump demand

\’\i/\

Yiv>7] «Ae0" "7} "TAC}. T i iYTA> i«iVIATV Ib Aipal othéridemand stays within
into the cost and value of heat pumps. > A«iViwi® Ti“>" V>«® - >]
Yi“>" yiY L e b . . To.i 1741 ev «i>Z “i“>""] 1.
The project has established D R xa N
s AA"L+b veeA I..i wAAIthatheat(irps can be used e ol QR < SO osaliol @y s
. o : > cel...iA I7"iA I...ib >Ai OA""}
PassivSystems has optimised a for frequency response services A«>Al i«iVIATV D JA™ Vs>V
.PLA™ ...i>1""} ApAli* GrAthé furrddwn direction: e “iVsALoe~ Ai ..i>1°"} -0 ..i"
Ui ->0iA>}i® V>ALe" \aithdugh sdhidiheat pumps

- B S : “>A}"">e AeOAVIA v i*iVIA"V
> -L® <" Ui i*iVIATV 1P toelAupitb 14 seconds in the o R - = X AR
day-ahead auction prices. trial, it is possible to turn them no(?[eirt: z;/ct:::jz:sfon?‘ort Ieo\?ecllAl alead A
These scenarios resulted in off remotely within 10 seconds. S A F‘)‘>Mi>mi\ Lb i..i }>A Loe"e
l..i ..i>1""} Li~"} AO"~ v ceHeat pumps cannot be used for 4

o . >7 Li>] 0 “« i ST “A "~
(a) real net minimum carbon fast turn-up services as they take =1 st IR A s

emissions and (b) real net >S««AeY “>iieb x “~~OIi A?‘?@r%@"ﬁeg 71012 CLETENe
" >">11"i" | The current
wholesale electricity costs.

up power consumption.

. . S . Freedom system can control
OV.. “ceAi >VVOA>Iisb]Passivsystems sophisticated _aggregate demand within an

V>ALe™ «A"V™ "}y ...>A LEII@APIT®I“>"" “>7">}i"“i"laccuracy of about 0.1 to 0.2

demonstrate how a gas boiler capability has been successfully kW/home (with potential for
operating on natural gas can demonstrated on a portfolio of vOIOAiI "“«AceUi“i"l®°
be used to avoid high carbon >LeOl xa ...PLA"" ...i>I""} APAIli“A°

KPVGPUKV[ CPF NQY G HskoM&RHaf PassivSystems
(coal and gas peaking) hybrid heating systems can
electricity generation, and thus operate without increasing
how PassivSystems smart hybrid the existing peak in
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3.21 Consumer acceptability

Freedom trial homes were maintained at the desired
comfort levels for the vast majority of the time

(within the constraints of the physical heating systems),
and this comfort was provided at minimum running
cost to the participants (evaluated for the scenario

in operation) for the vast majority of the time.

[...iAIl U>SA > «>A}ieb «@A LTBI V...>eei"}iA >Ai vO~ >"i"l
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should in principle lead to better pumps n future this needs to be
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g ,‘ o 3/\1 heat pumpsthattheycan
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much more electricity than
>VIiD>e C)A>}i] > UiAi

It is crucial that householders ceUiAVe ™w i"l °7 ...ceU V..>"}iA
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otherwise they lose trust Li “iliA VA" L7ee""} >

in th | d meter reads. It is crucial that
In the system early on an householders perceive they

Toe Teel 1T} v oLliP s APUiSZo) ASOCCYAC
already made up their minds.

3.22 Next steps for PassivSystems
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would merit further attention or enhancement in future work:

Improved modelling of the
electricity consumption of
heat pumps, to prowde more

>VVOA>I| veeAiV>ATA >
bIeUan}JI more precisely.

Improvements to the PassivLiving
heatlng control app that make it easier
veeA ...eOAi..;e iAA Tl Voe i

i..i U>b 1..ib U>"11lce] O iARNI>

lee >V.."i0i «>A1"VO+>A }oe>-A]
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This could be combined Wlth a pl’OjeCt

U.."V... VO iA > AIAoe
ev ..ceOAi..ce- ]
and education.

Long-term testing of
'RHI-optimised' operation

and automatic management

lee “>Y"“"Ai Ai0i~0i 0"l

it>TY V>«] >7 0T iAAT>

“ta>VIE et T..i JAT > )
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Improved aggregate load

management that addresses
some of the anomalies observed
LA 1A ] ST AiwT
V>~ >VIi“Oisb Ai>VI lce
keep demand robustly within the
A<iVwi® V>«®

¢

'"ZRNQTCVKQP QH ,PGT V
of heat pumps, AOV.. >A A«iV~
inverter frequency or modulation
ciUicA] > i« AATLei Li
simultaneous heat pump and boiler
AO~"""}° ~ > "] esplopationi
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PGF EQPVTQN
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iwlA cev

”V O ~} > "FVee“«i A> “oe”
“e 0e>1" > ASTYiEASY Y T
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of the home.
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.|.

3.23 Conclusions by PassivSystems

One of the main aims of the Freedom Project was to demonstrate the

potential for hybrid heating systems to decarbonise domestic heating in the UK.
Heat pumps are generally lower carbon heat sources than gas boilers, but the
impact they have on the electricity grid during times of peak demand is a huge
barrier to their wide-scale deployment.
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optimised
hybrid heating
system controls
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4.1 PassivSystems optimised controls

PassivSystems has developed Predictive Demand Control (PDC) technology;

the system learns the detailed thermal response of a property, and builds a
physics model of the house and heating system. Using this model, it can optimise
the performance of the heating system over the upcoming day, and predict the
control strategy that is required to minimise energy consumption while meeting
the comfort demands of the occupiers at the lowest possible cost.

For example, when applied to heat pumps, PDC enables the
right 'overnight setback' strategy to be chosen. Conventionally,
heat pumps are controlled in one of two very different ways:

On a time-switch/programmer, On a constant
which often results in the heat weather-compensated
«O0"« AD™"""} vee A ... e O Adatinl wdter temperature, 2 d
“TivwViTleb 7). L i>1" Whigh¥dsults in unnecessary 4- Del I lan reSpOnse
li“«iA>TO0AI -i°}° "~ A iAdeleA~"}...1 ...i>] «c@AA ->7" "A t . t t
0>l > ...eOAi L>VZ O« colpodiinded by installers h p d I
Tlli *eATTTI® VAipOi~leb V..e®A "} WI re IC Ive Con ro
O~"iVIAA>A b .."}... AillI""}A®

o A, ... _ . Aswellas being able to optimise the performance of
fwﬁ\\/.“: %e\erA!AA'N;(?V'fD .' I' Ao}"'kngf(}Afii AI‘D'] Illcl)li“)& "';LA}"O'UOE heat pumps, predictive control enables comprehensive
i [ i« el 1> «OF« i"1e >« « - . .
- , ST MG Lt S functignality for demand management and varying
AecUe*b |...AeO}...cOl I..i }...l OA™"} > "b">“"V>eeb V" lAme-i era. S . . .
1i"«iA>TOAI® /..°A >eeceUA 1.0 ..ccOAi 1ce Vaeces A+"}...1+b] Ai O §9Y.9ff9\98>bw'd'ﬂg thermal inertia can be exploited
e ARIA] U..%i Zii« ™} Ti o i>] «O%« A "~} >1 1...i «ccUiAl «ce ARSIpsG energy. Demand is automatically shifted in
1i“«iA>10Ai° A"1"V>eep] 1..i ATA>Ti}p "A >0lce*>1"V>eep 107i" loorderio.laecORlvantage of the lowest prices, while
609]__\/O?A~iY>~‘“«A:i] jjADéLl erQ-‘~)/‘._..\oeoeAi\Voe."lj:NOonA :-;i?l,AV}VWtEPN X KVIKP FGOCPF EQPUVTCKPVU CPF GPUWTKPI VJCV
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“"VAiI>Ai v>LAV AleA>}i > 1...0A >0>"e>Lej yiY 'L e Ib >7° Voéﬁd'éﬁyéils’c%%liortforthe occupants

the cost of heat to customers.
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4.4 Customer feedback on
PassivSystems optimised controls

The controls and (in particular) the PassivLiving app were a key success of the trial.
Customers engaged with them readily and easily and the remote control aspect had
high appeal. The app provided data and guidance to give consumers reassurance
and help them understand when and how different parts of their hybrid heating
system are working. There is scope to extend this work to minimise concerns over
future billing and maintenance call outs (e.g. by reassuring consumers over the
responsiveness to temperature changes).

The vast majority of respondents Nevertheless both the but it was useful to those that did
OAi> 1...i *>AA"0 "0""} >e2A& U "0°"} >«« >7" 1.. useittanded it should continue to
“>">}i 1...i"A ...i>1""} APAViee"1Ace+A UiAi A>1i" .. beavbilab'to ensure customers
rather than the in-home controls. T...i OAIA iY«iA"i"Vi voce Ahdve pieAty df.cheice on how to
I.."A "A “cel O0~iY«iVIii'] didWwse the in-home control was view their data.

the convenience and ubiquitous positive (see Figure 18).Very few

nature of the smartphone. VOATe“iAA OAi> 1..i UILA"II]

The in-home controls were
mainly used as a back-up to
the app or to override the
current heating system setting

The Focus Group participants rated the in-home
controls as typically ‘very* or quite easy to use*
Q: How easy is it to use the in-home heating system controls?

g
&
g
3 9 — thus providing customers with
i 8 peace of mind.
4.3 PassivSystems optimised Inparicte ey are ecid
. g 5. veeA VOAIe“iA «i>Vi ev “"77]
. . 8 5 4 in case the system needs to be
control of hybrid heating systems overidcen f the app fas
g 2 /. iAiveAi] U.. <Al 1...ip “>b
g 1 H Li OAi> “"vAiubi“iep] "1 "A
Conventional control systems for hybrid heating systems usually simply transition 8§ ¥ veyeasy uiceasy Nefhercasy Difiut  very diffou recommended that the in-home
% to use to use nor difficult to use to use controls still form part of the
L

between electricity and gas on the basis of the current external temperature,
sometimes with a temperature range of simultaneous operation.

. i>177Y ApAli* Ail$0«®

vii APATI“A V>eVOe>li b..i iYTIIA™>e Ti“«iA>10Ai >1 U..."V... T...i ...i>1 «O0“« «Ace

. o s . . . . . . . = "They're just "The thermostat
l...i }>A L *iA] "Oi lce I...i VeeivwV7iTltevi«iAveeA“>"Vi - "*® "Acc«« 7} > o there and they is very easy Only two Focus Group
A A > ">10A>e iYIiTAT@” ev Uil iAfVe“«i"A>1i" Ve lAee] U.."V.. >AAQ"I do their job o control I I participants used the website
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..~.i \{oeNUi”ch‘ne”>- 'g,‘iY‘IiA~>‘- IA‘>”A:I‘“oe” li“«iA>10Ai¢ >««Ae>V..\ l...i ...i>1""} U medium to convey information it
>A “OV.. >A l...i iYIIAT>e li“«iA>I0Ai° has not been heavily used by the

Figure 18: PassivSystems optimised control feedback . ..
¢ Y P trial participants.
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4.5 PassivSystems optimised
control improvements

The primary concern relating to the heating controls was the responsiveness

or accuracy of the system to set temperature levels. This may be due to an
operational problem with the system, or a lack of participant understanding

of how the system works and how the levels and ranges are set, indicating the
need for further up-front provision of information and ongoing access to support
on the system operation.

Respondents stated they understood how to use the controls at the point of installation

vy
9 O O/ said the controls were ‘@’ 8 7 O/ understood
O explained to them _/ O this explanation

e UiUiA >A T..i TA>+ Ve 1""0i ] T...iAi U>A Ace“i vii'L>VZ I..>] “ccAi ""veeA*>I"

for participants to refer back to it. This is particularly important if the in-home control is used infrequently.
/...”A VO« Li Aie>1"Uie«bFdcas’Grutp participants stated that a simple instruction booklet
would have been a useful addition.  This could reduce the number of customer enquiries and potentially
minimise calls for assistance for simple operational / control problems.

There are some simple U 7} 1iA Ti*«iA>10Ai Vecelfriphaeed reception and
improvements that could be It was the perception of a Wi-Fi connectivity. There
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The vast majority of trial participants use
the app for temperature control
Q: Do you use the app to control the temperature in your home?

Il Yes 84%
B No 14%
I 1 don’t know 2%

"We might decide
to stay overnight,
something like that,

. so | could just go
(|h&cates pressing the
app) and override it,
which is brilliant..."

These were two primary drivers
for high customer satisfaction:

7~
~~
~

Remote control of
E e igA . i>1"") APAIi“A

b Simple and intuitive to use

More than three-quarters or the trial participants
found the app ‘easy’ or ‘very easy' to use
Q: Do you use the app to control the temperature in your home?

60%

50%

40%

30%

20%
10% l
: i .

Very easy Easy Neither easy Difficult Very difficult
nor difficult

"It's pretty simple to
use. You get a visual of
the temperature in the
middle so you know
what you're doing. You
can't really make a
mistake."

"The fact that
you can remotely
control it if you

intend going home
a bit earlier...you
can override it,
even boost it..."

"Since they've
updated the app
you can now see

the source of the
heat which is so

Figure 19: PassivSystems' smart hybrid control feedback

useful."
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4.6 PassivSystems optimised
EQPVTON MG[ ,PFKPIU

ﬁ{ The in-home controls and app were consistently rated highly
by customers; both were considered easy to use (see Figure 19).

The in-home controls were not used as frequently as the app.
Their main purpose is a secondary control if the app is
O">U0>"e>Lei° @UiIUIA] "0i lce «eli"l">e ""vAindi~l OAi]
the controls need to be simple and easy to understand
q VOAiIe“iAA veeAlel 1...i ""ATAOVI“@™ 1...ib AiVi“Ui> >1 "“Al>ee
\)
o The app has been one of the customer’s favourite features
of the whole hybrid heating system. In particular remote
Ve lAee ...>A .. }... >««i>e®

Both the controls and the app can play a role in improving
EWUVQOGT EQP,ABPEGI I «AeU™i i"eed}... ">1> 1..>1

Li""} ceUiAeb Ve «eiY®

4.7 PassivSystems optimised
control recommendations

* As previously mentioned — a ‘smart’ app should be included
in any bundle sale for a hybrid heating system  as it may support
increased uptake.

U /..i ""VeOA ™ cev 1..i *>AA" [basslifé ustarrery >~ >« A ce

their system is working, especially if it includes information on

I...i vOie Li""} OAi> A U..i" T..i ...i>] «0"« "A e«iA>1""}°
« Consider introducing different ‘levels’ of control. Some
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1"}l Li «oeAA"Lei Te ...>00 ""vviAi"l Y%eiUieA% cev Ve " lAcee vee A ““vVviAi~l
types of user. This could include a basic control where those
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APAli“%] U.."V.. “"}..1 >««i>e lae i} AlIAi® -eV > >"eeAA -,- A®°
Sometimes simpleisbest q ~~ «>AI"VO+>A veeA 1...i ""t..e“i Ve lAc-]
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Electricity
and gas
network Impact

The increased roll-out of hybrid heating systems

In the domestic heat sector is expected to lead

VQ UKIPK,ECPV XCTKCDKNKV[ CPF WP
electricity and gas demand. This could potentially

present challenges for the operation and design

of electricity and gas networks.

+ORGTKCN %QNNGIG SWCPVK,GF RQV
electricity distribution networks in South Wales

resulting from switching from electric-only to

hybrid heating systems, as well as to assess

the capability of the existing gas distribution

networks to deal with large and sudden increases

In gas demand due to switching from electricity to

gas as the fuel for hybrid heating systems.
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5.1 Generating representative
networks for South Wales

#U CP KPKVKCN UVGR C UGV QH ,XG TGRTGUGPVCVKXG PGVYQTMU JCXG DGGP IGg FCVGF
and mapped onto the South Wales electricity distribution area. This process

was based on the network information obtained directly from Western Power

Distribution and Wales & West Utilities.

5.2 ASHP and hybrid heating
system uptake scenarios
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area in the period until 2050 is shown in Figure 20.
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that the same relative uptake of ASHPs will materialise. The growth rate for baseline (ASHP) demand has "ASHP” refers to non-optimised
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. ’ installations in homes with DU0S ' ' : '
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3 15% homes when demand response (KIWTG 6CDNG QH FKXGTUK,GF RGCM FGOCPFU
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2 10%
= ,//////,
ks
T 5%
2
- 0%

2010 2015 2020 2025 2030 2035 2040 2045 2050

Hour
I Hybrid heating system
ASHP

Figure 20: Uptake of ASHP and hybrid heating systems based on number of customers
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5.2 ASHP and hybrid heating system uptake scenarios

Oilee 1...i >AAO“i> O~ iAhexehiije heat requirement of This is illustrated in Figure

iv>" Al >«i]l 1..i ""VAISANL.eOQAi...cee ®° /..."A R@&OU..LV.. Ve TASATA 1..i "%
"1 i iU0iTT 7Y «i>Z U”ee “dndlred by activating the gas optimised vs. PassivSystems

network reinforcement. Given boiler component of the hybrid e« A ..PLA™ i>1""} A
l..i yiY L «"1P cev ...bLAheatingsystein whenever the «AcewsiA AD«iA “«eAi’
systems to perform fuel total network demand would L>Aie""i "i“>"" «Accwei° 771..
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their operation is fully optimised Yie>" ei0ie® 1 1...0 A>*i IA¢afsupply when the electricity
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would be no increase in peak cev > ..PLA" i>1""} ApPAisTiRl ATAIAA > >AAD“ "} >~
loading of the distribution 1...i A>“i] 1..nokchdnge appropriate control scheme is in

grid attributable to hybrid in the indoor temperature «e>Vi] "1 "A «e AA"Lei lee >0 >"b
heating systems ->AAQ“""} or customer comfort levels. peak demand increase from the

1..>1 1...i }>A Lee"«iA VceThisxastlis denoted as ‘HHS L>Aie""i "i“>"" «Acewsi®

cev ..PLA" ...i>1""} Ab AlR4dsivSstems Smart’ control

ABvwV"i"l V>«>V"ib e nAhie §etiion.

Non-optimised ASHPs Optimised hybrid heating systems

(TGGFQO ,GNF VTKCN ECU

The key outputs of distribution network case studies for each scenario are:
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approaches to hybrid control.
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Figure 23: Electricity distribution network impact scenarios
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about £300m compared with
the counterfactual scenario
by 2050.

(K1TW T Ghows results

for the hybrid heating-only
scenario.
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5.4 Gas network capability JCU FGOCPF RTQ,NG

The operational cost of running the gas distribution network has been falling For this study, the gas demand of 8.87 mcm/day
dramatically and within the timeframes set out for decarbonisation of heat, was used which was a peak gas demand for the
the majority of the gas network distributing gas to housing will be made of local offtake in 2015/2016.
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5.7 Impacts of hybrid
heating systems on
the operation of HighP
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Figure 36: Gas supply and demand for the hybrid heating systems case
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5.8 Low pressure
distribution networks
(< 75 mbar)
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5.9 Impacts of hybrid heating systems

on the operation of LP#1

(KTW T Ghows the gas supplied from the higher pressure tier and
total gas demand are in balance at each time step for the hybrid

heating systems demand scenario.
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5.10 Low pressure gas 5.11 Conclusion
network LP#2

A statistical representative network method based on fractal theory has been
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made for LP#1 is valid network upgrades.
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6. Whole-system
assessment of the
Impact of hybrid
heating systems
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. WHOLE-SYSTEM

ASSESSMENT OF THE IMPACT OF HYBRID HEATING SYSTEMS
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of deploying hybrid heating systems
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6.7 Conclusions

Imperial College has presented the whole-system assessment methodology
for future low-carbon power systems, implemented through its WeSIM model.
The model has been extended to allow for the consideration of hybrid heating
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heating systems is higher in a
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carbon target.
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demonstrated that the rollout of
PassivSystems hybrid heating

systems would further improve

the value of hybrid heating

systems by £5.3 bn/year in the

100g case and £15.2 bn/year

in the 259 case. PassivSystems
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enhance the capability of
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7.1 Introduction

6JG fGZKDKNKV[ Q fRhe conceptual advantage Passinystems. To t{ui~ld on these
residential heat demand of a hybrid system is that it *i>A"""} «oe”"key]foktusis
: : : EQODKPGU VJG JKIJ GHVBRKGPEGUU VIG EWUVQOGT
Com.bmed with hybrid of supplying heat through and therefore establish the
heating systems can an ASHP with the extra heat value proposition for smart
HCEKNKVCVG C EQ dapaciy bt the fasbbiler hybrid control "~ T...i Vae liYI
decarbonisation of the "OA""} > UiAAI APATI“E“AZil..i vOIOAiI 1 i"iA}p APAIi
energy sector, while at conditions. This aspect enables ece@Z™"} >1 1...i Oalatdaxa ..a
the same time offering end-users to select the most and the likely price variation
«« «A~>1i i"iA}p Aoeqm’sérnd;mthe future. For that
GEQPQOKE DGPG, VileV heatreqwrements «OA«eAi]l] APATI“t+i0is ATO "iA
fGZKDNG TGUKFG F’T’ﬁ i"iA}b AO««+b V.o MIAE"~ V>AA " Ol OA" ")
consumers. the dual- fueI capability allows “«iA">e @eecili¢gA Ti- i
i~ tOAIAA Toe Aitai >AL"thatddnsider two future carbon
opportunities in the electricity targets for the electricity
>7" }>A “>AZilA Lb Ai«iVihdUtry: 100g and 25g CO ,/ o
l...i “;cAl Ve AlTivwV Ti"TKWhARS " |...i ATAO«I""} “>AZil
medium and at optimum price patterns have been used in

-""TA>3°>P® «ATVi Vo™ thisaepdr]. These prices include:
U..%i RO««oeAl""} APAIIITULEO>AP "} U...cesiA>ei i"iA}P

ceLe«iVI"UIA >~ “iil~~} 1...pric&s and associated carbon
user’'s temperature preferences. >~ APATI“ ""1i}A>1"e” VeAlA \
S1> VeeesiViit "OA "} 1. Loel . V>ALce~ I>A}il AVi">A ce
Freedom Project have shown operat|on and investment costs
that the hybrid system users in conventional and qu:CNa r?’°f‘ A
ECP OCZKOKUG VJGKT b'Géé' 1> IVIATVILR
Srojo wAmmunR VoeAI®] &~ (—igv?di% ofthesefactorsM S
«A Vi A} >A veA feiviAAEM FND AiyiVlIi l...i ITTA}FE
}>A] LD “faei®ititT) 1 Apng app ed to the case studies

in this report.

control solution developed by
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/.2 Value of preheating strategies

6JG fGZKDKNKV[ QHHGTGF D[ UOCTV J[DTKF JGCVKPI U[UVGOU KP U®@he GNEFRUTK\ECYKQP @Y YIGUT GV Iy fhe KribiousGealyctions i vaghtn
GH,EKGPV GPGTI[ OGFKWO EQODKPGF YKVJ VJG JQWUGJQNFoU JGC\?meﬂ?’%”w'beﬁé;m@dﬁh%ﬁl@ﬁk\?k%ﬁﬁu KP VJIG @id@arvaalyaiel elepurcity U v T [

CNNQYU fGZKDNG EQPUWOGTU VQ CFLWUV D[ CPVKEKRCVKPI

heat demand and ultimately reduce their energy costs. The results in (KIWTG

of hybrids in reducing energy costs for households in the two carbon scenarios

RTG J

veeA ...i>] -"°i° Ib«"V>eeb eVVOAA""} OAA"} V(BO‘
FGOQPUVTCVG VJG CRRNKECDKNKV[ QH RTG JGCVKPI UVTCVGIKGU EQRIAGR&KIKNeIpV.1G . fik IKDKNKVIAi>Ai =~ i

>0 "7 «>A1"VOe>A i«iVIATVIP "ilUeAZA > }i"iA>1 e

VIA wi® ...i>]

DEREA @A i VoA ARRI Ve e AT Wi DA vy,

|“> E COilee T...i Ai>Ae™>« \

“oe”1..A® 1...i ”VAi>Ai T« >

iA}D] AiAO«I""} "~ +eUiA O
~ «e>"TA°

Therefore the following range of hybrid heating system services/applications is considered:

* Pre-heating strategies, . Capacity serviceg, in the form Supporting Iow-carbon~
which allow end-users to ev "ilUeAZ >~ }i"iA>1"cgéneration 1 .. Aon} PLA™
450 adjust their heat demand and V>«>V"ib AiAU VIA] U eo. L||>I‘"} “A VO > iti>e e
Aisivi 1...i “eeAl Ve Alfivessehiial to ensure adequate >V..7i0""} > Viv>ALe AP
400 “iA}p “i>"O" 1>Z""} ~~1loe maintenance of security |"iA}b AiVieA "~ > VeAls
SR 390 m consideration the dual-fuel of supply inalow-carbon ~  ivwV7i"l U>p° ,«l..ceO}..
I — capability of hybrids. "iA}b vOIOAi “Oi lce I...included in the revenue
L 300 . . seasonal aspect of residential stream associated with
> . N T Lo R A
a Balancing services sl P> > CTA Lt} YitiAS 1T e” Ve«>Viib AiAOVi
250 (Frequency Response and S Ay A Al N h R R Aximia
D N corelatlonW|thadverse yiY'L e IP vAe"® AIAT i7" "> |
o Reserve), } Ui~ 1...i VA|>A
S 200 Ui veA yiv L e rcondltlons In an demand should be adequately
> AcCu A~ A NERS N XN A A~ N
8 150 low-carbon powersystems elec C|ty distribution network . A0 .|A>|'| veA Ai OV ™7} ..
b3 ~- A . Mee~1iYi] 1...iAi >Ai ~~AiVhedd to invest in low-carbon
c > «@li"l”>« AP iA} iA U ki S s g e~° OAAI“T AirE N
j 100 i>1 Qs T tL>AIC yivoL > eV >I| O°0... T..i LiTJWIA>I" OAAI"l Ai}Oe>lce
RN Y of 1 0gqluced distribution use framework considers
%0 “«iV'WV>eeb] «AU"A%e eV AbPATi“ V..>A}iA° renewable heat incentives for
0 upwards and downwards domestic consumers for similar
without Pre-Heating with Pre-Heating Final L>e>"V"™"} ATAUVIA U ee i">Lej obiectives i.e. to reward
end-users to further reduce 0] Y T L S S
N e A o R A A e“1AlI"V OAIAA veeA AU IV
l...i"A i"iA}b L7««A LbP AiIVOA™""} e +eUtV>ALe~ i"iA}p Aced
> Ai0i"0i AlAi>“ Lb >eec@U""} o ot dormand
900 a momentary reduction or '
increase in heat supply.
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(KIWTG '"PGTI[ EQUVU HQT C UKPING JQWUGJQNF YKVJ CPF YKVJQWYV RTG JGCVKPI UVTCVGIKGU

CPF EQPUKFGTKPI VJG ECTDQP, WI®TIGWPF QB , M 9411 HEIT VJIG
electricity sector.
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7.4 Multi-service business
models for hybrid

7.3 Value proposition of hybrid
heating systems in decarbonised

electricity markets

heating systems

(WPFCOGPVCNN[] VJG XCNWG QH UOCTV JIDTKFU CTG FKTGEVN][ CUU A BEHtcEr@de bidnéss V J G
of meeting the carbon targets in the energy sector by improving the utilisation of model framework, which
low-carbon generation and overall system assets, and thus reducing the need for combines the provision
network and generation capacity reinforcements. of multiple services to
various sectors of the @
electricity industry, results
in reduced net energy

900

800

§ PTG, I\ Ve A" iA"")

«Aif.. |>|A~}
ATA>T1i}"iA e~ «b]

A" iA}
«Aift...i>1""} ATA>Ti}iA

and participation
1 i Ve«>VoIb “>AZil]

— 0 costs for consumers. @TATIIATTY
= . . «Ait...i>1"7} ATA>IT1i}TiA
2 600 Smart hybrid heating and participation
2 50 systems can participate Ml L>e>TVRT)
8 00 in the balancing and market and
? 200 capacity markets and “Ait . i>1°"} AIA>1i}"
S 200 thus support the energy and participation both

100 system and network in the capacity and

0 operators by providing L>+>"V "} “>AZIilA
Household 1 Household 2 Household 3 fGZKDKNKV[ DCUGF UGT“QKIE@LAU V| ((ACEU A o) ®°
Il without Pre-Heating [l with Pre-Heating [l Multi-Services
(KITW T Ghows the total

900 energy costs for a typical

800 household over a year, and
— 700 the breakdown per service
5t component, for 4 commercial
2> % scenarios:
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[%]
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st (Elyear)

(KIWTG

'PGTI[ EQUVU YJGP EQPUKFGTKPI VIJG RTQXKUKQP QH /WNVK UGTXKEGU K G 2TG JGCVKPI

ECTDQP VCTIGVU HQT VJG GPGVWHIJUGP¥QD CM%1 AWUGJIQNFU

AT i iTiAYP AiVieA «Ae}AIAAIA T > ccUtV>ALee” vOIOAI] U T.. T..i O«i"*>ii 1>A}il v fai “RA"ce
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> A
yiYoLei .PLA™ ..i>1""} APALi* i" teubtiohin theirerdeigybills by almost 50% ] [

as shownin (KIWTGE U 1...ceOl >"b Ve“«Ae“ Ai e~ 1...i VOAle“iA%Anthe?5gee Al «iUis° A "~Al>"\ij)

without with

CO,/kWh scenario the annual heatlng cost of a household with high heat demand could reduce from Prﬂ Heating Pre-Heating

around£800to£400peryear “v LOA""iAAt>A$O0AO>s e«iA>1"e” "A Ai«e>Vi> U ...
combined with multiple service provision.

eli 1..>1 07 iA T...i VOAAI~l “>AZil > Ai}Oe>ieAbP vVA>“iUAZ] yiY Lei AiA™"i"I">+ Ve"AO“iAA V>""0e
access these multiple sources of value and therefore the market framework will need to evolve to (KIWTG
i"TAOAiI A*>eefAV>ei yiY Lei «AeU " iAA V>~ >VViAA 1...iAi AiUi"0i AlAi>“A°

«Ait . i>1"") ATA>Ti} i

Pre-Heating +
Capacity Services Balancing Services

PGTI[ EQUVU YJGP EQPUKFGTKPI
Pre-heating + Balancing services and Pre-heating + Capacity + Balancing services (i.e. Multi-service provision)

Pre-Heating + Mulit-Services

Il supply Cost [l Balancing Services [l Network Cap [l Generation Cap [l Total

2TG JGCVKPI UVTCVGIKGU 2TG JGCVKPI %CRCEK
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~
\

5[PGTIKGU CPF EQPfKEVU
among services

In a multi-service business model framework, the interactions between applications/
services lead to slight variations in the breakdown across components with different
commercial strategies being considered.

>Y"“"A~"} 1...i i7" 0 AiAwthas been demonstrated that Smart hybrid systems with
yiY L e b loe “~~"*“"Ai A CGendewsers can effectively reduce multi-service provision that relies
VeAlA e~«b "A ~~ Ve"y thd cOsthssotiated with their ™ l..i yiY'L +"IP Ve“ "} VAe"
«AeU~A ™ v APATi* AiAiA}WiAliA] U.. «i >1 1..swhchihg over to on-demand
}Oi" 15T iYiAV A~} 1...07“i AiVOA~"} AiUi~0Oi Al Aeneivable gas supports the
committed services may result vVAe“ 1...i «AeeU A " c wbjeciveldffdllydecarbonising
in additional costs to meet the L>Ai> AiAUO"ViA] 1...0A AdbmesticAhéarin the most
im 1 OAiIA,A i"iA}bp AipO " ke'aéddmmodation of increased  affordable way.
- 0. A V>Ai Lb OA""} lpenetiatidn of intermittent
Loe"+iA®° ,sAce] } U0i" i..>»telUiV>ALoe” }i"iA>1 "0
provision of capacity services VeAltivwV©i~l TA>"A"1"
> L>+>"V""} AiAU"VIiA >dadarbonised electricity system. and 46%. i -1
-0 I. 0> °: .p '.Y‘ Y ’ O A UL - v oo moélql results demqnstrate household annual heat demand
l...i A>"“i «iA"cevél@ried ... i that PassivSystemshybrid >* V>ALce~ I1>A}ilA°
of multiple services being heating systems combined
provided are optimised YKVI JGCV FGOCPF fGZKDKNKV][
to maximise the synergies can support the carbon
between them. objectives for 2030 and beyond

(i.e. 100g and 25g CO ,/kwh).

~ The\ov>erall reduction in
ﬁanAQ“iAAVz i"iA}p L esA U>A
oundto vary between 27%

Market,

regulato

and polic
recommendations



8. MARKET, REGULATORY AND POLICY RECOMMENDATIONS

8.1 Introduction

This section summarises the policy framework around
the decarbonisation of the UK energy system and the
TONG QH fGZKDKNKV[ KP HCEKNKVCVKPI (C
to the low-carbon energy future, with a particular focus
on the role and value of hybrid heating systems as a
EQTG VGEJPQNQI[ KP CEJKGXKPI CP GH,EK
QH VJG JGCV UGEVQT CPF RTQXKFKPI fGZ
RTGJGCVKPI CPF KORTQXGF QRGTCVKPI G
smart control schemes trialled by PassivSystems in the

Freedom Project. Furthermore, gaps in the current

OCTMGY CPF TGIWNCVQT[ HTCOGYQTM CT(
suitable recommendations provided to realise the

OWNVKRNG U[UVGO DGPG,VU QH UOCTV J]
in energy, balancing and capacity market segments.




“J..i Ve~liYi ev > "AiAA""}
the above environmental

>~ i"iA}p AivVOA~ib vOe”ViA”A]
i"iA}p APATI*A >Ai v>V~7} ..
V..>eei"}i ceV |V>ALoe“A>I

A 1.0 JiTiA>T ")
decarbonisation is aIready
O iA U>b 1...AeO}... T...i Ui

deployment of renewable
and other low-carbon (such as

“OVei>A® }i"iA>1"e” AceOAVIA® /..

European Commission has put

VEeAU>A" > si}>eeb L™ "7} I1>A}il
L o veA AiTiU>Lei i"iA}p A OAVIA lce
‘Ovl'gogpﬁ}erjAM“[A V&IOIA 04 cev l...i leel>s i"iA}P
1>Zi" A"} wV>Tl > 1" @drfsumption in the European
response to such concerns. In 17"e” Lb 0ala] iviivi® lee >
T..i 17710 "7} e “2008.. vOAT...iA 1>A}il cev OC™ Lb Oalar
Climate Change Act Ail > "}>"BeU|U|A] i “>eceA"Ib cev I..iAi
L= } 1>A}il ev OE Al s@t}fdeSOEespeualllend and
A~ e OAiI }>AIA i ARG®ES A VitiA>T"e” U. Ve "Al"101i

by2026(W|threspecttothe [ ‘oe“‘~ 1 Ai~ U>|_.| i |A}p
EM™ME L>Ai""i®] iVIITiN e, ~eece} iA " 1.0 1 ® >Ai

> VOAI A >"|-A 1" OA 'ﬁﬁhb‘rénﬂ?‘éharacterlsed by

na~ Ai*OVi‘e” Lb O4x4® LBAL O>ATSL etib > en it
Aivi~ |' 17 AlA >0 Vi | reldicthbiity and controllability.
GOY?r”ant on fu'ture carbAo‘n‘ . _Their power output is not only

L(? }I‘I.A] |...~I. e““"llii e"jyjiAi“iep U>A" >|_.|] LOI "A >eAce

7 >Ti L.>"} - ® ...>A 3iAce OA”} «iA"e A v -er o~
emphasised the importance of A«ii> A " AO"Asolari] U”

NiV>ALe AT} T «oe Ul fodek bdimyAtiametrically
and recommended that the aim opposed to seasonal heat

should be to reduce the carbon demand and therefore being

intensity of power generation of little value to heat pumps

from the current levels of as stand-alone or hybnd
around 3509 CO 2/kWh to installations.

around 100g CO ,/kWh in 2030
and potentially 25g CO ,/kWh
in 2050 &,

8 www.theccc.org.uk/publication/reducing-uk-emissions-2018-progress-report-to-parliament

OAl...iA“eAi] ~"VAi>Ai" uktlreckndy little attention
of renewables (i.e. inverter- had been paid to the reliable
L>Ai> «ceUiA }i"iA>I" e~ ®sdlice of electricity generation
l...i V>«>V"Ib “°Y Ai" O Vithht.could sustain meeting
system inertia which is provided this new demand. Recent

Lb 1..i AleeAi® Z°7il"V i"iAyb..6emece} V>e “i0icc«“i"1A
T..i Acel>1""} “>AA cev 1..TdeeUPOIle“ccl"0i > ..i>1""})
}iTiA>TaeAAY: 1OAL""iA° ®ettors haveAechno-economically
Ai*OVite~ "~ ApAIli“ ~~iAéhalled this transition with

imbalance between supply and l..i «Aee OVIiTee™ >" ivwV’ i~

Yi“>" Utee V...>"}i 1...i A bpkidtion of electric vehicles

frequency more rapidly than - 6A® >"" i*iVIA'V >"AtAedAVit
lee’>P] V...>ei"} "} 1...i AlsibT¢dD “ceA -,- *® AiA«iVIi“Uisp®

the system. Furthermore nuclear iOiAT .. i-iAA] “Oilee i..i ">10A>.
JiTiA>1"e™ "A ...‘}..-b ”yu“YAI}im]‘”H “Ip v ...i>177}
“«oeb™ Y} 151 "1 V> el \b(%‘”IIA\H:@kqaeADI “ee> Al

foe 1..i L>e>"V""} LOA I” iU A~ “i"1>e >~ i”iA}D

system. security potential of this

A0 s AN AA}MWg%ns'tion. is accompanied by the

decarbonisation of the heat and introduction of & con5|de.rable

1A>"A«eAl AiVieAA "A i moptighnew demand in

beyond 2030. Traditional ectAr|~caI power systems. N SN
1iV.."ceece} iA loe A>I"AvD v%”%A'iAb'A] A TAe OVIte

A‘iuo:Ai“ if‘l A oev - 02 ] of heata\;lgtrtlsmsporf[(S(Iectlo\r/sIA wyee
IA>"A«eAl>1"ce }>AEoe 18 ﬁt di tonatel

[iV.."ceex}iA voeA . |>IWIJ o\|_s‘!oro~p‘or|onaey .
~~1iA">e Ve " LOAI "~ .~}M }|A i“> «i>ZA T...>7 1.

Se K\ the total electrical
PWVe Ad «i"e"] "0i e
the temporal patterns of users’

voe A ‘|A>~z\«oeA‘|>‘| e~ ® >”Acre?_}
on the intense consumption
of fossil fuels and the emissmn

iei>e JAII"...OA] i“”AA r;n
Ve ‘L ~>i"ce~ U-l. N Oe;f%ot;&rotheelehctncng/

e stretching the
andfuturedecarbomsatlon fGZKDNG HQUUKN IGPGTCVKQP

ev i«iVIATV P }i"iA>1" J

APAII"A] AlA@"} “l 01, sour&e&toaccommo ate
veeA T...i iciVIATwV>I" %gmtﬁntlf igting load
iV, "eee} iAE eruUut&a]S een decarbonised.



10

8
DSR schemes can re-distribute the electricity consumption across time 4 ¢ ¢
U 1..e®1 Vee«Ae“ A~} T...i AIAO Vi pd>+"ib “i«"0iAi> e Vee"AO“iAA® :
= 6 S CAPEX
“iAl}p AleA>}i 1iV.."ceee} iA ...>0i 1...i >L"+"1b Toe >VI >A Leel.. “i“>" >7 }igGA>1"e" opix
AeOAVIA > yiY Leb AV..i°O¢i 1..i"A ""«Ol E @01«O1 >VArAA “O¢l «ei 1"“iAV>iA° 2o .
el
CU>"VIA 77 Ve OiT17e™>e }iTiA>1"e” TiV.. e} iA >Ai >eeceU""} 10" Toe «A@ 0" * | CAPEX
i~...>"Vi yiY L e Ib Toe 1...i APATi*° /.."A "A "Oilee I..i"A >L "+ 1P 1e AI>Al “cAi uC)‘VZ-Dgi’oe«iA> ® .U UisA o B T CAPEX
«eUiA @O0l«Ol -*7"0" Al>Lei }i"iA>1"@"®] > >V.."i0i v>AliA V..>"}ih "~ e0l«0l° |  CAPEX o)
“TiIAVe "iVieAA Te cel..iA APATi“A U.."V.. i">Lei +>A}itAV>ei A..BA "} @V \}P] ¢ chrEXlone)
>"V ee>AP AiAUVI > L>VZ$0« AiAe@OAViIA° UiUIA] 1...i AeOAVi cev “>A} ">« }i"iA>I"@" vAc" LAV TA~IA & o
“ii*A Toe Li V™A iAi"] >A Uiee >A V™ I""i"I>e >U>"e>L""Ib cev Ai"iU>Lei }i"iA>1"@"~"° 0 —— — —
. - . Balance (100g) High PV (100g) High wind (100g) High PV (509) High wind (509)
Suitable coordination of such U ,0e">"Vi eev i"iA}b :23\:5???;2;:'32??ans\;:;e
technologies has the potential curtajlmentfrom onv- . o \>”‘~”(~§V-?/>A ViTiA>ite” e
to support system balancing V>ALe” }iTiA>1"e” AceOAVI S
in a future with an increased Lb ""VAiI>A""} “i*“>™" Tfizt‘i;f:e‘lg\e@g?rb:nﬁ?t\%\”\ . (KIWTG 5[UVGO NGXGN DGPG,VU QH fGZKDNG VGEJPQNQIKGU
D ctation and therotore AU A T T Ve h €327}« Ve viip "l iA UeA Al ““liee"}i"l V@A "">1"@” ev AOV.. yiY L +"ib A@OAVIA *~ Lo
to reduce the curtailment . . o (gs_aNre.s‘qlt ptgemand p?gk L can reverse the trend of~a§s~et\qtll|sat|or.1 rgdAuAct}on and\enqbleamoAre.cgst—eﬁ?ptlvg.t[a}r.]snm_)n.to t\hg S
of renewable generation U "YW‘VA! |~<<‘A‘0l-.2‘EJ A~0§' ge.V‘Agéc@\lAjﬁ‘be ]5\(1?] > > Ai"OVi -erUA¢V>AL\oe~ V-Qul.QAI"C’A/.;.I A ai cev I...|,>L.oe\U|A ADA:Il“MU. I.|-_\I:IW|A veeA y|YI II:I~IA'
CPF VJG GH,EKGPE] NQUlQéALbI?QLj:I > .A|A«.o‘e "A‘LA'A”NWLQQAP} y|Y~L-~|]~L>VZ_i~_O‘« o A 1 vAvV>’~IAi L|IU\|.|~ I§!°\OL~ >”\.E{°QAL\”AED~|>~A ~\> A’DVA\\I.l\“~“|!"I ~}~ ?\ \{~>._A\yoe”~ |\“\AA\
conventionalgenerétion as T A} !:.‘.|"0Ae‘«|Av>'I. A}NV\w&!%V IP ->A AOV... }iTiA>1"ce Z7 ... ~~oa|q° oeAA|oe~U|A] > “eAi >"L71"eOA V">Ach;E’ZN|..O§<)JU(n~Oj>A\}1~|I>~>§/éQA'r'...|~A
' >AAceV™>li" U'l... Zii« }qapac[[ycanbereplacedby "TVAISAL TT 1..i U>e0i cev yiY'LTeIP -O« loe EC°nNLEPI>A® >A 1...i APAII“ UceO-

well as limit peak demand
levels and therefore avoid
capital intensive investments

under-utilised conventional l..iAl yiY Lei 1liV.. s} iA "~
}iTiA>1"e” "7 1.0 APATI® 1...i «AeeU A" e”™ cev L>e>"V "} >7°
~IA~¥‘|A/’(.E>~AD AiAU ViA®

in under-utilised generation U *celi”l T>e. A? 0:‘” } /1‘ S b
and network assets. More V>«>V7Ib ""UIAI"i"1A] « Deferral or avoidance of the

......

i network reinforcements /

iY«>"A"e”"A] Lb JicecebP""}
yiY L e iP lce “>">}i "iiUeAZ
constraints.

URGEK,ECNNI
earlier, the potential value for low-carbon capacity
UVTGCOU QH UWEJ fGZKDKINRKRV|[ ™A
technologies are: curtailment will result in

V>ALee”™ }i"iAMIG®™ (K I|WItkén be observedthat VJG OQUV UKIPK,ECPV XCNWG UVTGCC
technologies, especially as the UK moves towards more ambitious carbon targets, is the avoidance of
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9. The gas network
INn an integrated
energy system
by Wales & West
Utilities

9.1 Introduction to an integrated
whole-energy system
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challenges of affordability, security of supply and carbon reduction. Against this
background, much research is taking place around future energy scenarios.
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9.5 Hybrids in a patchwork pathway
for affordable, low carbon
domestic heat

The increasing use of 1AA~} I...i Oaxa iA}b *>] . W™ iA “ceie] 7>«iA E 7iAl 117 LI ;..‘>A B

ICU HQT fGZKDNG |:§>Q7_YGTloe“>VV0eO 1> Voe“L‘”>| e~ v liVv. oe-oe} |A°> A0l e™A]

generation, for transport, .. A*>AI PLA™ TiV.."eee}b "A 1..i Zlb i">LeiA

and in the case of power- A plausible solution to decarbonise domestic heat, which makes

to-gas for managing the bes_t use of existing utility infrastructure, is described and

electricity constraints shownin (KIWTG

mean that a multi-vector L L o

approach is essential. @ e ‘UlAI“V~ _I \|A <_3e~AAI...| .OE‘,‘Al...A("E_V }eo> Ai}Tee”™ lee ...P A}i™ |
iV>ALce " "Ai "e“iAl"V ...i>] Lb la

Deployment of any ) . 5 .

solution for domestic heat O,;"Ai“>A‘M~}£]i}\A/CEA~A ,ge‘|~ >I;‘Lgavv I |I }>}AA}AA(‘)]I “>Y,;"|AAI |V AL

; i ,ev "e“iAl” ‘> . o i> (oK) @ e iV> e”

will depend on customer @ @UAITY >l veA T AT Ga ] ULV AT AT AT

acceptance and key to ivwVitlep SietOiAT ieiVIA WIS Li>] .. Aon} - > A ReOAVI ..i>]

consumers will be that any «O« vee A >««AeY “>lisb (;é_oev ..PLA" ce«|A>| >70 y>ee™}

change is the least cost to L>VZ Toe }>A Lee «iAA veeA Ai“>""""} i>] Ni“>""] OA”}\

give them yvarmth When 94 Wind and other low carbon electricity sources when

they want it and that it ~ 0 available

has the least disruption iV>ALee A" }>A -L ce*il ..>"i] “ce- ] APTI.iA"A }>A]

associated with it. (Q «@li"I">eeb "0 * > Lei™ i P Acel}i” vVAce* Ve "AlA>""i"
«eUiA® U...i" Ai"iU>Lei }i"iA>1"e” AOAVIA >Ai O7>0>"e>L¢i
veeA i>1]1 U°1... Ace“i ivl e UiA Toe AD««@Al "iV>ALe " "A>1"e” ev
heavy transport.

2050 Domestic Heating Fuel Supply

W wind 49%
ol...eB®}... T..i ..PLA" Ace+Oi"e”] Ve“«>Ai" lee ...p Acel}i” > isiVIA"wV>1"ce~] U>A "i"i"wi SR ..i sccUiAl VeeAl
«>1...0>b lee "iV>ALa ™ "Ai ...i>1 "7 1.0 AiViTl “«iA >« Bdebili Nice td AT>Vowd leen 1 BioGas 16%
Ae+Oi"e™A Ai} @ ™>eeb U l... ..P Ace}i” > ..PLAA U>A ~i"1"wi> >A >7 i0i” +®@UiA VeAl «wwhee>V.. > "A A~“"e>A
Tee 1...i 7>+iA E 7iAl 117" 17iA «>IV..U®AZ «>1..U>b e0Ol«""i" ...iAi°

Bn#PCN[UKU QH #NVGTPCVKXG 7- *GCV &GECTDQPKUCVKQP 2CVJYC[Uo +ORGTKCN %QNNGIG .QPFQP

M H,blend 1%

2050 Future of Domestic Heat Technology Approaches

[ 17 Hydrogen Cities 30%
On-Gas & Off-Gas Smart Hybrids 70%

(KIWTG 9CNGU 9GUV 7VKNKVKGUo RCVEJYQTM UQNWVKQP QH HWGN CPF VGEJPQNQIKGU VQ

,WPG



10. Business
models
for hybrid
heating
systems
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10.1 Introduction

6JG (TGGFQO 2TQLGEV JCU RTQXKFGF GXKFGPEG QP VJG TQN
VICV TGUKFGPVKCN EQPUWOGTU CPF ICU PGVYQTM fGZKDKNK
the future low-carbon heat market. Primarily, an analysis is being carried out to
identify potential services/applications that can be provided to system and network
operators by hybrid heating systems while still ensuring that heat requirements

CPF VIWU GPF WUGTUo EQOHQTV NGXGNU CTG UVKNN OGV
with residential heat demand can be exploited to offer frequency response services
to the system operator and even support DNOs to manage peak demand at the
distribution level.
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11 : OperatOr 11.1 Operator business

model aims

busi del
One of the aims of the Freedom Project was to
: establish what the future role of energy network
Or rl operators could be in the hybrid heating market.
In particular, focus is on the variety of ways in

which networks could participate in the market,
and whether they have a role in some, all or % X -+

heating systems R
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or supporter

Market promoter
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Active participation trusted advisor to customers
in the market and/or installers

"VeO "7} «>AITIAA .. "«A U ...
“"Al>eeiAA] AD««+"iAAE "iiUeAZ
e«iA>Te AA Aill""} O« »~ ""Al>«+jiAE

supplier business

Trusted advisor
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stakeholders (such as social
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evidence-based advice which
could help promote hybrids
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the wholesale route to market
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because the costs and volume

of sales are not yet attractive.

in the short to medium term
so that they (and in turn their
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are potentially easier and
more familiar for installers
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In the future, the route to
market will be much more
open for hybrid heating;
however, installers will always
be a critical customer link in
the UK market.

Typical 'low carbon’
heating route to market
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Figure 68: Hybrid heating system installation journey
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Figure 69: Hybrid heating system business model journey
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The medium-term (2021-2030) will be the period with the biggest opportunity for uptake of hybrids

— it is predicted that at this time the policy framework will be incentive-based to support the development
cev cceU V>ALoe™ ..i>1° " 1.0+ }fliA“] T..i «@*"VP VA>*iUAZ/NM®@®D" Li
u.."Vv Utee AipO~Ai T1...i }>A AO««eb lce ...ce"iAUIG L({K-IMAidbheatihg willce "~ A

Li Al>"">A AtL>AdhmidmiZdic!

RTQXKFG XCNWCDNG YJQNG GPGTI[ U[UVGO CPF EWUVQOGT DGPG,VU DQVJ QP CPF QHH VJG. ICU ITKEFE

Long-term: 2030 onwards
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carbon emissions by 2050

Short-term: present — 2021 Medium-term: 2021-2030
Includes the 3rd carbon Includes the 4th and 5th
LO }il V>ALe™ LO }ilA

BAU Incentive based Standards based

Palicy is likely to include a framework of measures that aim to phase out the | This is likely to take the form of a
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post 2020. These policies will need to prepare households for standards eUiA 17 U l... 1..i > vaeeA "i>A aiAce
based policy from 2030 onwards. emissions by 2050.
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MWUUU 11. oPERATOR BUSINESS MODELS FOR HYBRID HEATING SYSTEMS

11.5 Policies to meet the carbon 11.6 The policy outlook
budget can be split into three for hybrid heating

Separate time perlods systems IS positive

There is a range of policy options between now, 2030 and beyond: if it is assumed G UR G EK C NN [ FWTKPI VJ G
that the government_(and subsequgnt govern.ments) will stick to the carbon KPE G PV KX G D C U G F R G TK Q F

budgets, then there is a range of different policy measures that could
be undertaken.

Those summarised in (KIWTG Ai 1..ce&i 1..>1 U"ee Li “iViAA>ADP lce “iil i..i V>ALe~ LO }ilA° ~ infgheshortierm, unless there is an unexpected
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it becomes harder to predict the policy outlook. The information presented here is only relevant to the value to networks as customer uptake is unlikely,
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third-party assignment of rights to RHI with investor
intervention.
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LS }ilA VA 1. i E™M™ME L>AierTi® "~ the opportunity to decarbonise the gas grid, with green gas and
carbon emissions by 2050 hydrogen presenting the most promising future.
High Renewable Heat Incentive Reform support for low carbon “"AA ™ A>T >ACA g3l Z}
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New support for fuel poor
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based policy from 2030 onwards. emissions by 2050.
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11. OPERATOR BUSINESS MODELS FOR HYBRID HEATING SYSTEMS

11.7 Standards based period

S

At this stage, the analysis focuses on three potential gas scenarios rather than
URGEK,E CEVKQPU VJCV ECP DG WPFGTVCMGP CU RQUYV

policies will be in place.

The three scenarios are:
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peak heat demand and when }1>A >A 1..i «A"“>AP vOie A Omv/ijiA O1°«"Ai°
intermittent renewables are in the UK
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11.8 Scenario 1
QY ECTDQP ICU KU WVKNKUGF HQT

6JG NQY ECTDQP ICU WVKNKUGF HQT RGCM JGCV FGOCPF CPF
intermittent power-generation scenario can be described as an evolution of

the gas network rather than a revolution. In this scenario it is assumed that

UVCPFCNQPG DQKNGTU CTG PQV C JGCVKPI U[UVGO QRVKQP
enough to meet the required emission standards (kgCO  ,/m?).
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Possible revenue stream

A gas connection is still required if utilising the hybrid heating system and gas networks could look to
develop the following opportunities around domestic heating:

The ability to switch between two
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utilised and therefore no drastic into two buckets:
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important and could potentially
shift from a per kW connection
to a fee/subscription model.

Associated risks
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There are a number

of different hydrogen
opportunities for gas networks
(plus a number of unknown
opportunities which will
develop in the future) which
can be assessed, with two
presenting as the most likely:
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in use today.
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Reliance on the presence of a CCS network and increasing imports

for the uptake of hybrids in the
medium-term.
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The Freedom Project trial of 75 smart hybrid heating systems
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Gas demand will be much
less predictable in the
intermediate temperature
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Overall the majority of installations were problem free  -CE~ cev AiA « ad thetd@as a high level
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post-installation customer service requires improvement UGG (KIWTG

A majority of installations were problem free with positive
fedback on the installers and a high level of trust

Reduce installation time
Yes 22%

No 76%
I don’t know 2% Minimise hassle and disruption

Increase instructions on
how to use the system

Q: Did you have any problems during the installation process?
0 Of respondents feel they
0 can trust an installer
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Ease of use
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Figure 80: Customer feedback: education and support

30-40% of respondents stated The most common way to deal l..i Li'Aee*“A] >1 i0i"""}
they sometimes felt too hot or with the problem was to alter the > > Tty
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waking them up in the night and impacting on their sleep. In these households they believed this
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Money saving and energy saving are linked (as saving

energy will save you money) and it is here customers
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by some customers have not been substantiated and also indicate confusion about how customers may

understand and interpret their bills (see Figure 81) indicate that these customers do not understand their bills.
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Figure 81: Customer feedback: the hybrid heating system
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Overall, there was a shift from the hybrid heating Over the course of the trail, less participants were likely
systems ‘completely’ meeting participant expectations to recommend the hybrid heating systems but on the
towards meeting them ‘to a certian extent' whole participants remianed positive

60% Pesss 60%

50% 50% o

40% reduction 40% —

increase

30% — [ 30%

20% — - —— - 20%

0% I 0%

Yes, Yes, to Neither Not No, not I don't \/ery likely Likely Neither Unlikely \/ery | don't
completely acertain  yes nor really atall know likely or unlikely know
extent no unlikely
Survey 1 Survey 2 [l Survey 3 Survey 1 Survey 2 [l Survey 3
Q: Overall, has your experience with your hybrid heating system Q: How likely are you to recommend your hybrid heating
matched your expectations system to a friend/family member?

Figure 82: Customer feedback: overall satisfaction
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explained by high participant expectations for reductions in their heating bill (survey 2) coupled
with disappointment once they had received their heating bill (survey 3).

This indicates that trial participants might need further information about their anticipated
running cost savings (if any) into the future, and how to optimise their systems.

Excellent

Very good

Good

Neither good nor poor

Poor

Very poor

Extremely poor

Survey 1 Survey 2 [l Survey 3 [l Average

Figure 83: How triallists rated their hybrid heating system experience
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16. FREEDOM PROJECT ENQUIRIES

Freedom
Project
enquiries

For further enquiries about the
Freedom Project, please contact
the following project leaders.

Tom Veli

Professional
Services Manager

PassivSystems

tom.veli@passivsystems.com

Oliver
Lancaster

Future of Energy
Project Manager

Wales & West Utilities

oliver.lancaster@wwutilities.co.uk

Faithful
Chanda

Innovation and Low
Carbon Engineer

Western Power
Distribution

fchanda@westernpower.co.uk
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