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Heat Pumps and China’s Whole County PV Program
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Introduction (f&j4)

« My backgroundE NS =
 Purpose of this studyfff5< B RY

e Main findings 3= 2 & I
e 1. Pairing heat pumps with distributed PV makes sense in much of the Huabei and Huadong regions of China,
especially compared to gas or electric heating

- EFRESEINEFRBX, BRARSSMIMARFBREERESERN, TTEESMSERERIEE

e 2. Heat pump adoption helps increase self-consumption of residential PV output

- KHRERBETEINMESHARERIBIER

. 3 Energy storage helps further increase self-consumption of PV but likely not economical

- BERMEFETH—LREICABIER, (B rEREsME

JULY 2023



%% Whole County PV program initiated in 2021FREZZEY5{K11¥!
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»  Whole County PV program launched in June 2021 2021F6 B B9 B Rt
* By September 2021, over half of China’s counties had joined, for a total of 676 counties

«  EE202159H, BEFHNPEEXSMAZITL, HEH6761MEKX

* Although some are highly urban, most are mixed rural/urban in character

- REHP—UESERMWR, EASHEXEERNFIRHENRERHE

* Provinces with the most participating counties are in China’s coastal region, especially Henan, Jiangsu, and Shandong

S5EXESNEMUTTENGSTX, FalErE. THMULUERE
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%% Is China’s coastal region suited to PV?HA[E;GiBIIK1ES R4 HB15?

2021 Whole County PV counties in East-Central China Henan, Shandong, and Jiangsu straddle the Cold and

have decent solar resources 2021 EFREFEFFIAEFIIX Hot Summer-Cold Winter climate zones i, W&HRFLI

IR BHE RFHAHEESR MUFELEF-ELEFNEE, X=1a0EHT
ESEFHNESEZFMNSIES.
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* The top Whole County PV program provinces have solar resources around 1,300 hours per year, better than most of southern Europe
«  BESYAITRIRITRER S EFRIAHEERIRZY 91,300/ Y, T ARSEEMEEERIX,

* This region of China generally requires both heating and cooling, though heating energy demand far outpaces cooling demand

« XM FEXESFEERHEES, REHESEKTTBEIHISTEK.

JULY 2023




@)
ZI

-

Can PV support winter heating? Y¢{ABEIR BB
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Winter solar output in most China regions is relatively

balanced with summer outputfE AZEFREIIKX, £Z=XH
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China’s solar PV resources are far less
seasonal than in most world regions, due to
China’s generally dry winter climate

HATPEZFSREE 5, PERIAM
ﬂﬂﬁl‘:ﬂk’%}ﬁiﬂﬁ T ERIE T ASEE
X o

Most of East-Central China has winter solar
output up to 65-75% of summer output
R PRSI X BYZZ= K PHeER e IR EIE
ZiHAEY65-75%.

That makes pairing PV with electric heating
more viable than in other world regions
XESE SR SREIIPEESERENE
fititt X EE T,




@74 Can we quantify benefits of heat pumps for PV households?

AN BRI LASHRRI AR EFLIE?

e Purpose of the analysis is to evaluate whether to pair heat pumps with the existing household PV program, therefore
the analysis considers only households with PV already installed—meaning, the PV is free

- Ao BRNRHEEERRARSIENRECAITNBES, RIS NEREREUARIRE, XSk
EIHARREERY

e The analysis evaluates 4 options for transitioning to clean heating, possibly paired with building energy retrofit:

DT T ANEISHIRRIERE, AJRESERNERMIEHESES:

» gas, coal, or electric resistance heating with cooling from A/C in summer;

- WS, EREEEEITAAEEEERTETIS,

e oran air-source heat pump used for both heating and cooling

- AEFERTZRIFERERE TR
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@74 Can we quantify benefits of heat pumps for PV households?

AN BRI LASHRRI AR EFLIE?

Other assumptions: E{tH{FR1Z :

* 100 square meter home insulated to China national standard (even many new rural homes are not), outside the
extreme cold areas of China

. 1‘02?27‘5 KEMTFEFSTFEERNERBNERE (RETSHA EEFRAREIZNE) |, ATHPEREX
<

* Full-occupancy, activating heating and cooling whenever above or below set points (16 degrees for heating, 25
degrees for cooling)

- BONE, BRIERER (HRA16EREKE, HiRN25EEE) EARERTIRERINENHEGIZ.

* Time-of-use prices with 5 price intervals including a super-peak in early evening—all locations use same electric, gas,
and coal price assumptions, no price inflation

- DEIEEfY, 8 MNITEXE, SiEEMRELRRVEBIERN. FrEittRERERNE. MSFERNTERIE, I8
BINtEEK.

e Surplus PV sent to the grid earns coal on-grid tariff or 50% of coal on-grid tariff at midday, reflecting future efforts to
deal with duck curve

: iﬁg@;‘jﬂﬁ%b&k@%ﬁluﬁﬁﬂtmEEMiJr%EJZEF’—“FEHEQEI’\JEEEJ:MEE11TEI’950%, 2 BR Y SRR M XIS
ZHIFE 7],

JULY 2023




@)V : ing? YA REEEE BT ISR S(HIE
7N Can PV support winter heating?Yé{RBE R D Be Zfg XS (HEE?
Winter solar output in most China regions is relatively balanced with summer output
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* The analysis considered payback periods of heat pumps versus installing new resistance heating, new gas heating, or new clean coal heating
«  SEERTHRRSTIENEHEIVME. RS AHEEGEINE SRR Z BRI ESEHA

* Payback periods were attractive for the key provinces of Shandong, Henan, and Jiangsu for all three cases

o XSTFWER. IR IAX=NKREED R, BHIERE=MER FEEERS(H

* The best payback periods were observed versus gas heating, followed by resistance heating, and coal heating last

- SSMERAEL, BWEIRYT, EOREHEEIHE, RERERME

* The warmest provinces with the least heating load offered the lowest economic benefit for efficient heat pump adoption

- REkE. HEAARENEOXNTEMRARRINE &R
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%% Is China’s coastal region suited to PV?HAERiGiBIKIES R A HB15?

Proportion of annual heat pump household load met by Payback period of air-source heat pump with and
PV versus PV plus storage, by climate region without storage, versus alternatives EKiFARHH

BERSURX IR S RIFSAR B SHAAIMGERERTRRR REFN AT iARERYIR R AR, SEMEAGRMELL
ERRRIEREH LG
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* Self-consumption of PV output is strongly encouraged by Chinese policy, due to local distribution grid constraints

- BTFSHECREMAIRS], FEBRANSMISAEHIE TR

* Heat pump adoption can boost self-consumption in winter months in Cold regions to around 25%; 40-50% with 2 hours of storage
- ARERZESHXALUE HFHIRAZEL25%,; Bhc2/)\BIfEse=]iAF40-50%.

* However, adding storage doubles the capital cost, substantially increasing payback periods

PR, NDOMERES(ERAERE, ANEIEHNEIKEA
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@74 Payback attractive, but policy barriers remain

AN [EHERBIRSI, (BEERERINBAEFE

* Payback period for pairing heat pumps with existing PV is attractive versus gas and resistance heat

- SRASHREEMMEL, BRRSIEICAETRIRIRIBESKS|7]

e Payback depends on household heating load, which in turn depends on occupancy at temperature set points, which
may be lower in the poorest households

: Eqﬁﬁgg}%?ﬁfﬁﬁﬁﬁﬁﬁ , MEREHEATNEATEERER LNEFER, MRARRENREIRE
/\\\Ejﬁb R E\Eo

* Major barriers include:
- FTEEECRE:
» Different ministries responsible for heating and energy efficiency versus PV

- RERHEIRERIER IS I SARIER JAE

* Poor awareness of the economic benefits of heat pump adoption, familiarity with coal
o« XERARRRIZFEANRRE, RBMK

* Resistance to upfront expenditures and lack of low-cost financing options

*  XJRUHASZ HAYHRHIFNTRZ (R AR AT e
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%% Full study available for free download 5E%& 1B 7T 0] 5. 5% T 2%

E‘wlﬂﬁ / -
FOCUS ARTICL L 9 aemaue WILEY

I::T?TXJTOERD Synergies between China’s Whole County photovoltaic carbonBl'ief
4l

R FOR ENERGY program and rural heat pump adoption
STUDIES

Anders Hove

uuuuuu

Cnond i ¥ "
[ Abstract

of heating, i with highly-cfficient heat pumps, is

. . Comopandcne increasingly viewed as cssential for reaching the of the Paris Climate
Synergies between China’s i, okt e bty | e et epcement Bty o etiog o et .

Emad anders hovegtofordenergy.org More recently China has also begun i solar i

Whole county_ PV prog!'a.m a_nd |‘-‘b¢|-.\-n_/\-_:m-w (PV) cnergy as a rural development strateqry, particularly with the launch of the
rural heating electrification o e Co o ot Whole County PV plot program in 2121, While several studis have examined

the economics of heat pump adoption, with or without solar PV, the Whole
County I'V program has not been specifically studicd. Fusther, many prios stud
ies utilize monthly average solar production or temperature ranges. This study
camines the oconomics of heat pumps in participating counties in the Whole
County PV program, employing hourly data for both PV outpat and ambient
temperature in participating countics The analysis shows that pairing residential
heat pumpn with PV in countics in Shandong, Henan, and Jiangss would reslt
in short economic payback periods versus gas or resistance heat, while also
increasing self-consumption of PV, The results suggest that expanding the Whaole
County IV program to incorporate energy efficiency and heating/cooling mea-
sures represents an economically attractive way to accelerate the rural energy
transition and improve rural livelihoods. Such a policy would help accelerate the
low-carbon energy transition, reduce air pollutant emissions, and help address
oversupply of midday PV output in Jocal arcas. Barricrs 1o the approach inchude
involvement of different government ministries, the cost of upgrading building
insulation, the design of building codes, and the structure of electricity tarifis.
This article is categorized under:

Sustainable Encrgy > Solar Energy

Encrgy and Power Systems > Electrification

CHINA ENERGY Guest post: How China's rural solar policy could also boost heat p

OIES PAPER: CE6 Anders Hove, Senior Research Fellow, OIES

https://www.oxfordenergy.org/publications/synergies-between-chinas-whole-county-pv-program-and-rural-heating-electrification/

* Next phase of project will look at pairing rural PV with heat pumps and EV charging

- TEB MBS RS RIS A SR E R TR ECRIRIIE R
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