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DRI Z . LD TRIRES 1L RCBEFEREE T O 2RI 2D 5 Z E N FhbE TEHEETH DL EE X T
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312, AEXDEMBRE (HRE - thig - MHOHAEFRE~DER)

(1) 3 RETOFEIERBRGEROMERETEDOIERE . T AT L TEREAERAE = R 225 D (2
L DREICR T DB TEMS], EEZRT AJH MR 2 ERE L, REOT 2L —BOk (Z2H
) RO DOER L LTREET S,

(2) =X —IRPGIEOMDOTEERL, A "= FZIELFHITE 2 MMRRICL 2T 2
DOYERERHM AL E 1SO16358-1 D[R [E TOBHAZ HaffiT 5,

(3) ZEIMMED TR AF—F Y > ZHIEO RLE LR EZEY #5, MME & U INMETRO 3 N B 4
B~RRT 5,

3.13. AEXDEMBE (EDRME)

2020 RT3 L% 60%LL EICIER S, S HICE D% bR 2k S5 720 Ol SR
LBV ARBICIANT T, EiEaRBRAE 5L 2 512 L 72 EBPM(Evidence Based Policy Making) =< 4% % i U 7= i}
DY L &2 OER « R OFRFIT L DGkl - BAGHE, FeiiE L2 LT, &= R2EHED
W %K DT DIZHTEA ) ~) ZET 5,



2. XEXDORENE
32.1. EMRTCa—

ARHEEERHIMICIHBUVT 2019 48 2 H~2020 4 1 H O, LLF D@ Y Ehi L7,
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S
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DEFEIE,

Yo Bx DY FHEKRE (a7 R
)

B C i L 7= FEREERBR TG /1, 3 KIS JL AT
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K1 ABROEBNE (BE) LEZRBE
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B
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REOHEE
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FAE FEXORRERHR

41. BEIXHERICESBHNRENHR U GHG HFHINFIZREH
411, EHHE

AREEDOEEIIETS, 7TV TIIEEICHT-H 201841 H~6 HICHAORFHLE LTH 2 &Y
FHIKE (LR, UFSC) O %45 C 3481 « 3 KL CTOEERRE i L=, FEIERBRIZ, 7791
DRAESAE FITB W T HIREHIN 2 A 7 2 259385235 )75 ZH| & O GHG HEHH OBlS THTH D 2
L EFEAT 5 ECHEAREB LEST TV D, KERBRO LM% 2 ROFIE LIORT,

AR TIX 2018 F(2 540 L 7= 3 HRTH CTOFHEFERBRAE %2 UFSCIZBW T LR — k& LTHLY D
(Task1-1) . K-CEP 7n v =7 b CKkEr—L A —7 L—ENAFZEFT (BLF. LBNL) & ONICS) (2
FERERRBR A R AR U7,

FAERBREE R A BT, K-CEP 71U = 7 hAMERSEEI S E AT (71 = 7 5 O VBU~DBORIE S 10 b
WCHRSEOERL (Task1-2) &%HMi L, = OBEEERS LH— MEFRo URL 12 TAR ST
5,

http://kigali.org.br/wp-content/uploads/2019/09/Case-Study-in-Brazil_03.pdf

Eaph 20YF7/KRKUR H,3%0 AT R4 0
HEREHEKXE UFSC MAUA PUC-RJ
YU hA ) FERKE MAUA Ifl K% ATy RA4ONRY Y
) RZ
SRR @20184%F1A~2A 20184 3 A~5H 20184 4 A ~6 A
22018 % 3 A~5A
EA % BLERNEHD 2ETEINENERA# 1 EZFEAMF |1 ZRICEAM2E5FEAT
I+, EHBEEGRETL. HEBHEZEH +. #hio%x 1 BEMATE
HISEE L, HEBHEF
bl
HERICHELT= | DR410A / A in—4 R410A / oA DiIN—3# - R32 4 UN\—3 1
CIRMOESE | # - R410A A DN —2 1
@R410A 1 V/A\— A # - R32
A IN—3 1%

* 2 EFERARO ZEE
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UFSC: Federal University from
Santa Catarina;

1st: R-410A INV DK vs NON

2nd: R-32 INV DK VS R-410A INV DK
2rooms

UIIVERSIDADE FEDERAL
E SANTA CATARINA

IMT: Maua Technology Institute;
R-32 INV DK vs R-410A NON
2 rooms

PUC-RJ: Paontificia Catholical
University Rio de Janeiro
R-32 INV DK vs R-410A NON

i

BH 1 FIERRO iR

412 FEER1 . EAABROSW
(1) FEIERBROSHTEBZEE

3 HEBTHZ A E AU BR S Ak BE 23 B 0 R & 7= SERERBRE R 5 E A UFSC IZ T 1 2O EEE LTHRDY
D7, UFSC X 3 & i TIT o - EREBREME LD —>TH Y . MAUA KT PUC-RJ Z#r L7- K%
THLHbH, 77 UNELTOEZIHEE KINFEOREEERE L LT, A=V —52EHM L T2
Lamberts Zf52 1 IAN S 3 COTREN Sl 20T & HIlr L, FrafEE R0 L Lz, UFSC L OB LFERN
X 20194E 5 A 20 HAT& L TEKFERE 25T Lz,

(2) 3T TOEIERBAS

FRERBRORERIT, K S5IRTEY . WT O T ORI T H I /1 EOHIBENR R
BT,

Zua )7 ) ARY ATOFEIFABRERIL. FU RAOABTED A L X—Z L ) oA 3 — R 2 bl
L7=HE T 21%~61%DHIBRIENZ D (K5 EE) | [RUA =2 TR 25 (R410A
L R32) TOWETIL 16%~34%DHIEhE N B - (K545 FE) .

Yovnm (WMSET) ROVAT Vv A (M5ATF) TIERI2A =L RA10A / > A
PN AR AE IR LTV D08, 60%~T70% DHITEZN R TEO B,

WTHROMHTTEH 1 A TRIBOZEAH Y | AUREIIE U T 2RO T E 21T 5 A 3 —#
BOMRPBEOONLMEREIRoTe, ZO72 UFSC IT#EFHEDOF T, 1SO16358-1 # Fall 7 7 Vv
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WCEBATREMENR DY, =3 F— T ~ULHIEDOE I K- Tl W CE bl @mah 3R 25 ol
ERRENDLICTRETHD LFEATND,

£~ 21%t0 61% £ 15::: ::4% )
100% ==~ '\ savings 10086 ~ “uh_ _g_,,a’
M 79% | Wi o
R il il
75% . 75% —
50% 50%
39%
25% . 25%
0% 0%
AChass AChEss AClass
R-4104 R-410A R-32
Non-invertar Others Inverter Daikin Inverter Daikin Inverter Daikin
Floriandpolis (SC)/UFSC Florianépolis (SC)/UFSC
January to February 2018 (R-410A) March to May 2018 (R-32)
100% s VN i e 100%
Y| ™61% to 70% )
75% ‘.\ '\ _savings .’ 75%
W -
50% e 299 50%
. E— 30% 2%
0% 0%
ACkass AClass ACks:s AClass
R-410A R-32 R-4104 R32
Non-lrnverter Others Inverter Daikin MNon-inverter Others Irverter Daikin
S30 Caetano (SP)/MAUA Rio de Janeiro (RJ)/PUC-RJ
March to May 2018 April to June 2018

X 5 : UFSC I & 5 5RERBR DGR~ UV — (HEEHEHEZHR)

(3) ZERERBRA R DI H]

FIERBR OFE BT Task1-2 TOIEHOM, S4B W TIEXK 6 - X7 - X8 IT/RTTRICHEL., A<
PRIZHWTWAI, v F U ARE 7 = 7HOBESIZBWTHIEREZRTLOLE L TEHLTWS,
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58%*

saving
100%
a47%
75% saving
50%
25%
0%
A Class A Class
R-410A R-410A R-32
Non-lnverter Inverter Inverter
Others Daikin Daikin

UFSC

FLORIANOPOLIS/SC
JAN ~ FEB/2018

*Indirect analysis

X6: 71l T7DRYZADEIFRRER

65%

100% saving
75%
50%
25%
0%
A Class A Class
R-410A R-32

Non-Inverter Inverter

Others Daikin

MAUA

SAO CAETANO/SP
MAR ~ MAY/2018

X 7. By v OEERERRS R
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59%

saving

100%

75%

50%

25%

0%
A Class A Class

R-410A R-32
Non-lnverter  Inverter

Others Daikin

PUC-RJ

RIO DE JANEIRO/RIJ
APR ~ JUN/2018

M 8: UAT Vv RA uDOEFERBAER

413, FERER 2 FAABRKERZLLICLEERDROEEL
(1) & RNROERALTTIE

41. (1) oY, FEFEABRRE R 2 IS Lo kR OERI (Task1-2) (3, K-CEP 7y =7 |
L DOWHBITINT IR LTz, BRBROERMRIZOWVTIL, FEERBRME R A2 EIC, KCEP 7r Y=
7 ROMERR LTCBORRS L AR — FPORENL TRE () ~ (=) Olh Th o,

BUORIES LA — MITREO URLIZTAB STV,
http://kigali.org.br/wp-content/uploads/2019/09/Case-Study-in-Brazil _03.pdf

K-CEP 7'u ¥ =7 MI, REXFLGLUATND MME OFGRZ15 T, K GWP (B~ b 1 /N —
Z RGO AT T BURNL B3R 2 F i L T\ e 2 &b . REZE CIIFEERMAATOBRE ) & K-CEP
a7 b bEgE L, HEMT LN HI@O BIICHr o TH AL TEBIZFEML TE /726D T
5,

(2) EHHEEHIREIR (X9 ZM)

FREABRAE R 2 BB IC, = RVF—ROER D 5 5% 71 (Sample 1,2= A =1
(Fixed Speed) - Sample 3,4,5=1 > /X— %% (Variable Speed) ) |2 CHEROHEEHE E I ENFHA
SINTVD, DO A = F (o7 1) LEHERL T, £25% (Sample 3) 725
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60% (Sample 5) DOIHBEE/ENHINTE 5 Z LRI N TN D, FTERMEDENT K 5 2EFEE O
HERY 2 AR ] D 22723 . R OB BICEEANICERT 5 2 L bR LTS,

B UEC with 2A (1460 hrs/y)
3000 B UEC with Average 1 (2914 hrs/y)
UEC with TA (3279 hrs/y)

2 oo B UFC with Average 2 (2910 hrs/y)
2 B UEC with A (4405 hrs/y)
o
=) 2000
c
2
s 1500
E
2
S 1000
o
o
>
- I I II I I I
c
E [ 1
=
5 0
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Fixed Speed Variable Speed

9 : FFRIHE BN BOHST

(3) E=ZRT A (GHG) PEHHIBER (X 10 ZH)

QIR ENT-HEEWHEE &% ~— R |2, TEWI (Total Equivalent Warming Impact : #8425
BEALIN 1) 12X -> T, HERoEIRFICHEH S D GHG & & BER 2 FEIE SN D BRICHEH S v GHG &
NREIN TS,

ZEFRBE D TERR THE S D = RVF —I2 & - TRAET LR GHG PEti & (Indirect) (X, X9
(R ST HEETH B E ) BT HH] L2 ER R RS Tn D,

—J7, BN L A EER 7 GHG JEH & (Direct) 1%, Wi GWP 23 K 41, Sample 1~4
(R410A) &L LT Sample 5 (R32) (2L > TH6%HIIKTE D Z EVRENTEY, HoRLF—
KITHIN 2 T R32 ~DH IR HAIZ K-> THIZ GHG JEH E A B T 2 afgEttE 2 ~m L T\ 5,
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7,000

®m Indirect
Direct
6,000
5,000
g 4000
9
S 3000
2,000
1,000
0
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
(R410A) (R410A) (R410A) (R410A) (R32)

C0,-e = (0O, equivalent.

Assumptions: L, =4.0%; n =10 years; m = 0.95 kg (Samples 1-4), 1.35 kg (Sample 5);a__, .., = 0.7, p = 0.356 kg CO,
per kWh with Average 1 temperature bin hours, based on AIRAH (2012) and Letschert et al. (2019).

B 10 : GHG $EHHE (10 £E[H]) DOHEFT

(4) T4 7% A 7 ax o (K11 BH)

—FRA T HERE DN NS T (AR 2 2R I LR THI 2 X R NE L R DN D, L LI
REDNE L RAIZ CHEAREOEEE HEN NI SN ST, BRHEHEOaX N2ED-F 4 7 A 7L
IANCORENEE LD,

LAR— h Tk, 10FER-IEH SN D EIRE L7258, RA10A /) A v 3—2f% (Sample 1) & R32
A N—42F (Sample 5) TIFHRKAONRED T A 7H A 7 )VaX hOEBEL I D2 ERRRE I
TW5,

W2 A FoEE, EAREOHEEE )2 X ORI T2 9 2N TEDHRR L RoT,
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9000 . .
Equipment price

8000 B Operation cost (10 years)
7000
6000
5000
4000
3000
2000

1000

Cost (RS)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Assumptions: electricity price = RS 0.66/kWh, lifetime = 10 years, equipment price = average price based on Letschert et al. (2019).
11: 547 A 7 vax VA
4.2. EREET(MHE#E 1SO16358-1 MEA
421. FHREROBME

AFEOBHOME R, Hrx—Hll (T 2T % INMETRO (% 1SO16358-1 DI A 2 ik
AE L. 2020 4 6 H 29 HATE#IZ TE 234 752 A L7z,

AHEEREYU Y6, INMETRO 1L 1SO16358-1 OE AIZIFHIAIE TH o2 b DD, —HEERDOFE
. BINIZR RO RIT Y | IR BTV, AFETIE, Ho0 5 T—HE L TIS016358-1 D
ADLENEZFF 2 T2, HINEeREIC K L CHIREEIT I R L. AZEED T2 Y R~ Ofkfe R 72 S HE
AT o7,

ISO16358-1 ME AIZHT=> TiE, 4/ INMETRO Ofth, PEEEFEMIE DL 21T > TV 7= PROCEL, %
RERBRAT D CEPEL & 01T L Clihig 24T\, AT 72fREDAREIC S D 72,

4.2.2. 1S016358-1 MEA(Z[ T 1= EREDRER
ISO16358-1 ZH AT HEE DA « B & L Tid, OXUEH (Temperature bin distribution), @1 8EfE % 5t

BT L7 00MERA L b, @ISO16358-1% / A L 8= ZIZ BT 5060, O3 IO,
FIENDGmE « BREIZHOWTOEENZ L FIZRd,

(1) &y (Temperature bin distribution)
ANVKUREE D2 2 SO U 7= MERERIA Tl SR fE D BN 2 BHRUCH AT 2 & & 722> T
%, 1S016358-1 TIIEHED KRS HE STV DA, FEOKIESMEITIL U TR E OK 6w %
ERT DI EVTEINLTND,
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LI LT 1 >OETEEO R 2RO E O il s CreE@ B oK AR S D 7
—ANRD D, TTIMTEWTH, LREGRE, U AT Vv 1A mIcRE SN D miRE, o]
v O RO 3 DD Bp 5 KERHER B B

12\ TRTHY . 77 VNOKEREE KM L -5 R O IL, K-CEP 7rY =7 MZEBWT
PRI AT M TN Z LI LY TIVANEBERTORGET — X EFEIL, TNV ELTOREEL
TAODREHERAT2E8E Leotz, AFEETIITORRA LR L, MR, N E R
X, 77U tORET —% 2 L, 1SO16358-1 L 0 % 263 iV, 2080 W[,/ A [ &
REINT-, 1SO16358-1 K XTI NV CEHA SIS ERH 23 317”7,

2500
ASHRAE Climate Zone 0A
B Fortaleza
2000 B Manaus
Bl Salvador
B Teresina
ASHRAE Climate Zone 1A
1500

B Rio de Janeiro
Vitoria
ASHRAE Climate Zone 2A
1000 Il Sao Paulo
B Porto Alegre
B AVERAGE

Hours

Degrees Celsius DB

Solid curves represent LabEEE-analyzed outdoor temperature distributions. Dotted curves are LBNL analysis results.

12 : K-CEP 7u ¥ = 7 F CORBEST

1121345678 ]9 [1011 1213141516 1718

R 21 2 |23 2425 26|27 |28 2930313233343 /3% 37|38
7 77 | 1] 130 | 167 | 231 | 271|253 | 226 | 189 | 149 | 128 | 111 | 84 [ 60 [ 38 |22 [ 12| 5 | 3 | 1 |2080
SO | B | 100 139 | 165 196|210 1215|210 | 181 150 /120 | 75 |35 | 11 | 6 [ 4 | 0 | 0 | O [1817

# 3 :1S016358-1 DRIEHR; L. 7T VNV TERAIW KGR
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(2) MEREMEZFHR T D7D ORERA > b

WRD ) A N =ZENTFTH H5E T, 1SO5151 IZHKD S ERE AL & FHTN D HEER A >~
R 231 D B5CHRAFTOHFREREATWEREIE DRI R 21T > Tz, L LAMRIRIZIS U TRl £l
AT DA N ZHEDOVERERTRIZ, 1SO16358-1 TILEH i 35°CITMZ T, HHARIERR b HIE R A
YRELTHEESNTEY, 2 AOMENLE L 725, PROCEL (X, &V IEMERMERIEGHE AT 9
7212, 1S016358-1 TITHIEFRH & 1T 78> TV 2RV, F/MAMAHER A FE L TEMLZWE
Rz Ffo Tz,

O PROCEL @ EIZHT A%t

H/AfT (minimum capacity) OHIEFRB (LA fFT L TV PROCEL (23 LCTiE, LTFD 3 &
DOFREA R LoD, 1S016358-1 MEET 5 2 milllE & 725 L 5 ik & 1T - 7=,

7)) WERE O - PE S (B/NERTE) ZBNT 25 2 X - TRIEMIR S 6~8 IR EE
B2 o HEICERERI D025, BUR T HEDA OMERERERTF H2ME U TV 5 72 OWE Rk
BHEZ D Z B ICET 5 T RO Availability I8N B 5,

A) AN S OFE : 1ISO DREIZ LV . T ZARGABRERAE TIEAMEN S 5% LI L 72> T D
. e NEATRETL 5%LAN Z i 7o B 72 W RTREVEDN 8 D 72D T 7R 0> Capability O RERE 73 42
LEZHND

7)) F/NAGTRE OB BPEORE - BE STV D 7T UV TIHRIRR O HBUR 2 2% < 7
S TEY, THZLCICR/NAMORERRN IO THENRRE SR EEZLND, E
BB TS R/ANAFHITLEESCHIMENRE L 225720, WET - OISR R E < 5
RLEND DD, WERAT T LI BARDHER AN H D2 L, REnGEREIC BV TRRE & 72
5o OITBE LERTO T ROMEENEE TH D,

ZOL) iEmrE U T, SN ERIER - a Xy M e LTEAEZIT, (BEBIRIEIC
M ET o7,

PROCEL T3 D% FEIPERERER 21T > TR T 2 MR8 2 FE i L. #iR. INMETRO 04
TARLF—RIHITIL, KR4I TEY . 1SO16358-1 THE S TWD 2 JillE & 72 o7,

B E#E FEEE
1R ISO 5151 ISO 16358-1
FEEFR EER CSPF
B o —ai RS (35°C) +rhRIan
E ‘ EH& A (35°C) DH
AR A EH A (35°C) DH

&K 4 BB - PIERA b
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@ WERA L FIBIMNE 725 Z 21 X A YERERBRFT O FfRHE

1SO16358-1 [ZH:5< 2 HllETH > Th, FRTHHAMREICOWTITT 7 VOB CIk
(F & A EFESE SRR D 2 < RRBRFT OFRBRAE ) D 1n) ESBRE TH -~ 72,

BT ORE S 1A EIZ DWW TIX, MME &R EELA ER = RN X —)T & D CTAREFELWATL T
HEIN TV ZEHE OB =2 OB N T, —RMEIEANE =L F—F o ¥ — K —
ARRA RN B AR ZE P AR N FEhE AR & 7> T T 7 NV ORBRATICSTT A% vy X T 4 BT
47T T T EANERENDZ L0 2020 HEE S FEE STV D

(3) 1SO16358-1% / /A o/ 3— KK b T % i
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[} Findings from surveys on § & L system in Japan

(1) Label display information that may lead to purchase
motivation (ECCJ)
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EXECUTIVE SUMMARY

Sales of air conditioning systems are growing fast around the world, the energy use
for space cooling has more than triple between 1990 and 2016 (IEA, 2018). Countries
need firm policy interventions and more efficient air conditioners to minimize the effect
on the electricity grid.

Brazil presented a record of sales of split equipment in 2014, representing 4.40 million
units (70% of the HVAC market). However, Minimum Energy Performance Standard in
Brazil have been raised very slowly with an insignificant impact. Moreover, the metrics
used in air conditioning system in Brazil is the Energy Efficiency Ratio (EER) and the
energy efficiency of HVAC systems is measured according to ISO 5151 (2017), where
the equipment is evaluated under full load and under a standard temperature condition
for heat absorption and rejection. Part load operation is much more representative of
real use in the field. Different locations around the world adopt part load operation
and are aligned with international standards as ISO 16358 (2013), EN 14835 (2016)
and ASHRAE 116 (2010). As split machines are a commodity being sold worldwide, it
is important to increase the minimum energy efficiency according to international
levels and the measurement procedures should be based on international standards
and consider part load operation.

Daikin is committed to help to improve Minimum Efficiency Performance Standards
and commissioned field measurements to compare the energy saving of an inverter
versus an on/off split system. Field measurements were carried out in Sao Paulo, Rio
de Janeiro and Floriandpolis. Two split systems 9000 Btu/h one with inverter
technology running on R-32 and one without inverter running on R-410A were installed
in two similar office rooms with similar thermal loads in Sao Paulo and Rio de Janeiro.
Sao Paulo presented savings from 61% to 70%, and Rio de Janeiro presented savings
close to 59%. In Floriandpolis, the first measurement compared two split systems 9000
Btu/h one with inverter technology running on R-410A and one without inverter
running on R-410A. The energy savings were 21% to 61%. The second measurement
compared two split systems with cooling capacity of 9000 Btu/h with inverter
technology, one running on R-410A and one running on R-32. The energy savings
were 16% to 34%. Results demonstrate that inverter systems can have enormous
contribution to energy savings in Brazil, showing the importance of implementing the
Cooling Seasonal Performance Factor (CSPF) that considers part load efficiency.

Regarding public policy, many upgrades are necessary. The Brazilian energy efficient
label should be based on Cooling Seasonal Performance Factor (CSPF) and minimum
energy performance standards should be raised to ban inefficient technologies from
the market. PROCEL seal should be updated to show the real value of most efficient
systems in the market. The Brazilian energy grid will substantially benefit from these
initiatives.




1. INTRODUCTION

In 2018 IEA has published the report "7he Future of Cooling” that alerts us for the
tremendous space cooling problem to come in future years. The energy use for space
cooling is growing fast in the world and has triple between 1990 and 2016 (IEA, 2018).
This is putting enormous strain on electricity systems in many countries and Brazil is
one of them. We need firm policy interventions and more efficient air conditioners to
minimize the effect on the electricity grid.

In 2013, sales of air conditioning machines reached 30 million units in China. In Brazil,
sales represented 4 million units. In 2010, the Minimum Energy Performance Standard
(MEPS) for air conditioning machines for fixed speed in China was around 3.2, in 2011
it was 2.6 in Brazil, and 2.8 in Mexico. In 2013, the Minimum Energy Performance
Standard (MEPS) for air conditioning machines with variable speed in China was
around 4.3, and 4.7 in Mexico in 2016. Figure 1 presents these figures for some
countries.

Global AC MEPS Stringency and AC Market Size
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Figure 1. Non-inverter sales and MEPS requirements. Source: Shah et al., 2017

According to Figure 2, Japan, North America and Oceania sell only inverter machines.
The market shares of inverter machines sold in Brazil is estimated to be only above
30% in 2018.
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Figure 2. The global room air conditioning market.
Source: Holuj, Hillbrand and Shah (2019)

In 2012, the HVAC world market moved 167 billion dollars (CHOI et al., 2013).
According to ABRAVA - Brazilian Association of Refrigeration, Air Conditioning,
Ventilation and Heating (2017), the record of sales of split equipment in Brazil was in
2014, representing 4.40 million units (70% of the market). In 2013, 3.5 million units
were sold. According to EPE (2016) (Figure 3), the HVAC energy consumption in
residential sector will significantly increase from 2020 to 2050 (approximately 60%).
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Figure 3. Energy consumption by end use for the Brazilian residential sector — PNE
2050. Source: EPE (2016).

In 2018, new Minimum Energy Performance Standard (MEPS) were defined for non-
inverter machines in Brazil. Since the MEPS were established in Brazil, they have been

raised very slowly with an insignificant impact. The new requirement is now 3.02 W/W,
measured in full load only.



The main metrics used in air conditioning system are the Energy Efficiency Ratio (EER),
and the Cooling Seasonal Performance Factor (CSPF). In Brazil, the metric adopted is
the Energy Efficiency Ratio (EER) and the energy efficiency of HVAC systems is
measured according to ISO 5151 (2017), where the equipment is evaluated under full
load and under a standard temperature condition for heat absorption and rejection.
As this methodology does not evaluate part-load operating efficiency of the equipment,
the inverter systems are classified in the same category as normal split systems.
Consequently, consumers can be misled when purchasing an air conditioner, since in
normal use the equipment operates most of the time under partial load. Measurement
procedures considering part load operation and aligned with international standards
need to be established in Brazil. Units of measurement and measurement procedures
should be consistent to be possible to compare the energy performance of HVAC
systems in different locations around the world (CB3E, 2015). Applicable international
standards in this area are: ISO 16358 (2013), EN 14835 (2016) and ASHRAE 116
(2010).

In Brazil, we have two accredited laboratories by INMETRO to measure the efficiency
of split systems and they are fit only for full load tests as prescribed today. They are
CEPEL — Electrical Energy Research Center and LABELO - Specialized Electric-Electronic
Laboratories from The Pontifical Catholic University of Rio Grande do Sul. The CEPEL
laboratory will be adapted to partial load measurements in 2019/2020 by investments
from PROCEL. The LABELO laboratory is involved in the research project for PROCEL
to define the new method to be used for partial load measurements (probably using
ISO 16358). INMETRO (2019) classifies the air conditioners into four categories: A
(more efficient), B, C and D (least efficient), as shown in Table 1. With the new
requirements established in 2018 current levels C and D will disappear.

Table 1. Split Hi-Wall — INMETRO classification.

Categories Coefficient of Performance
COP >3,23

B 3,02 < COP < 3,23
C 2,81 < COP < 3,02
D 2,60 < COP =< 2,81

In 2018, the "Instituto Clima e Sociedade” (Institute Climate and Society- ICS) has
launched the Kigali Project in Brazil. This project is part of Kigali Cooling Efficiency
Program (K-CEP), an international initiative to help local governments, international
organizations and NGOs to engage in higher energy efficiency implementation in the
HVAC sector. This project aims at changing the energy efficiency of HVAC systems in
Brazil aligning it to the best international practices together with the refrigerant
transition towards lower GWP. A market assessment study is being carried out by
Lawrence Berkeley National Laboratory (LBNL) to help policy makers in new Minimum
Efficiency Performance Standards (MEPs) to be implemented.

In 2018, PROCEL has contracted the LABELO - Specialized Electric-Electronic
Laboratories from The Pontifical Catholic University of Rio Grande do Sul to develop
the Brazilian methodology to measure the seasonal efficiency of SPLIT systems and
present measurement of some equipment bough in Brazil and abroad. The project is
expected to finish in March 2020.

The way we use split systems in Brazil is rather diverse depending on the climatic zone
and sector of use (residential or non-residential). Little is known about the real



operation of split systems in the field. PROCEL has contracted in 2018 a national survey
to determine ownership of appliances and time of use. This is done by interviews and
based on declared ownership and usage. The full result of this survey should become
available by the end of 2019 and will be very useful to define residential operational
conditions for different parts of Brazil. Split systems are also used in the non-residential
sector during the day and are contributing to the peak shift of the electric sector from
the evening to the middle of the afternoon and still very little is known about the
patterns of use in this sector all over Brazil.

In the end of May, a meeting with INMETRO, ICS, PROCEL, laboratories and
manufactures decided to use ISO 16358 to compare the energy performance of HVAC
systems as it has been the most common standard adopted as it is one of the least
complex and because the efficiency is informed in CSPF. In this meeting, LBNL and
LABELO laboratories presented data to generate bin distributions that can be used for
ISO's seasonal efficiency calculation. However, the temperature of the measurements
and the number of measurement points is still under discussion.

2. THE MEASUREMENTS DONE IN 3 DIFFERENT CITIES IN BRAZIL

Daikin is committed to help the transition to higher efficiency in the AC market and
commissioned field measurements to compare the energy consumption of ordinary AC
split systems (A level in Brazil) with inverter machines (also A level in Brazil) to show
the possible reduction in consumption. Field measurements were carried out in Sao
Paulo, Rio de Janeiro and Floriandpolis in normal rooms exposed to the local climate.
The main goal was to compare the energy saving of an inverter versus an on/off split
system. Daikin provided the machines.

2.1. Instituto Maua de Tecnologia (Sao Paulo)

Two split systems 9000 Btu/h one with inverter technology running on R-32 and one
without inverter running on R-410A were installed in two similar office rooms with
similar thermal loads in Sao Paulo.

According to NBR — 15220-3: Thermal performance of buildings (ABNT, 2005) the
Brazilian territory is divided into 8 climatic zones and Sao Paulo is located in Zone 3.
Considering Koppen’s climate classification, Sao Paulo is defined as a Humid
Subtropical Climate. The number of cooling degree hours (24°C) is 2847 (GOULART et
al., 1998). According to Table A-6 - International Stations and Climate Zones from
ASHRAE Standard 169 (2013) the representative zone for the weather file of Sao Paulo
is zone 2A (Appendix A).

Measurements were carried out from March to May 2018 running the machines from
7 AM to 9 PM (Monday to Friday), and from 7 AM to 1PM on Saturday. To increase the
thermal load, 1 heater with 900 W in each room was switched on from 10 AM to 6 PM.
Measurements were performed using two procedures: one proposed by Daikin, (called
the Daikin protocol) and other proposed by IMT increasing the number of parameters
measured. A computational platform of data acquisition and logging was implemented
for the IMT protocol (LabVIEW). Both procedures required a significant amount of data
and an intensive work for its treatment. Regarding the energy saving results, the
inverter system is significantly more efficient than an on/off system. The energy
savings presented by the inverter unit in relation to the non-inverter unit was 61% in
March, 64% in April and 70% in May (Figure 4).
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Figure 4. Inverter versus non-inverter energy consumption — Sao Paulo

2.2. PUC Rio (Rio de Janeiro)

Two split systems 9000 Btu/h, one with inverter technology running on R-32 and one
without inverter running on R-410A, were installed in one office in Rio de Janeiro.

According to NBR — 15220-3: Thermal performance of buildings (ABNT, 2005) Rio de
Janeiro is located in Zone 8. Considering Koppen’s climate classification, Rio de Janeiro
is defined as a Tropical Savanna Climate. The number of cooling degree hours (24°C)
is 10981 (GOULART et al., 1998). According to Table A-6 - International Stations and
Climate Zones from ASHRAE Standard 169 (2013) the representative zone for the
weather file of Rio de Janeiro is zone 1A (Appendix A).

Measurements were carried out from April to June 2018 running the machines from 8
AM to 9 PM (Monday to Saturday) in an alternate manner, one day each machine.
Each machine operated 36 days in a total. The energy saving from the inverter
machine in relation to the non-inverter was approximately 60% (Figure 5). The
comparison between both machines was based on four days (two for the inverter and
two for the non-inverter) with similar external temperatures.
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Figure 5. Inverter versus non-inverter energy consumption — Rio de Janeiro
Source: Demonstration Project R-32 Inverter



2.3. CB3E UFSC (Florianopolis)

In Floriandpolis two sets of measurements were carried out, in the first the comparison
was between inverter with R-410A versus non-inverter with R-410A and the second
between inverter with R-410A and inverter with R-32.

According to NBR — 15220-3: Thermal performance of buildings (ABNT, 2005)
Floriandpolis is located in Zone 3. Considering Koppen's climate classification,
Floriandpolis is defined as a Humid Subtropical Climate. The number of cooling degree
hours (24°C) is 4517 (GOULART et al., 1998). According to Table A-6 - International
Stations and Climate Zones from ASHRAE Standard 169 (2013) the representative zone
for the weather file of Floriandpolis is zone 2A (Appendix A).

2.3.1 Inverter with R-410A and non-inverter with R-410A

The inverter machine running on R-410A was also compared with a non-inverter
machine running on R-410A. Measurements were carried out from January to February
2018 (summer period) running the machines during different times of the day and
thermal load. The energy saving from the inverter machine in relation to the non-
inverter varied from 21% to 60%. The lowest saving was for test conditions above the
thermal capacity of the machines (24h AC running tests during 2 days and heater
2000W 24h per day). The highest savings 59% and 60% were partial load test
conditions (24h AC running tests during 7 and 8 days and heater 1000W 24 h analysing
only the night period). From the 73 operation conditions that were analysed, 37 had
savings higher than 50%, 29 between 40% and 50% and 7 between 20% and 40%.
Table 2 presents the savings achieved for each case mentioned before.

Table 2. Non-inverter (R-410A) versus inverter (R-410A) — Floriandpolis.

Average Power* (W) Savings
Test AC running | Heater (W) |Non-inverter Inverter W %
R-410A R-410A
1 24 hours 0 202 98 104 51
2 24 hours 0 183 106 77 42
3 24 hours 0 186 75 111 60
4 24 hours 2000 744 588 156 21
5 24 hours 1000 540 252 288 53
6 24 hours 1000 556 300 256 46
7 24 hours 1000 509 198 311 61
8 morning 1000 724 493 231 32
9 night 1000 621 315 306 49
10 24 hours 1000 547 267 280 51
11 24 hours 1000 556 322 234 42
12 24 hours 1000 530 215 315 59
13 morning 1000 658 388 270 41
14 night 1000 679 428 251 37

* Energy consumption divided by time

2.3.2 Inverter R-410A x Inverter R-32

Two split systems with cooling capacity of 9000 Btu/h with inverter technology one
running on R-410A and one running on R-32 were installed in two similar office rooms



with similar thermal loads. The rooms had no occupation, no lights, only an air heater
(1000 W) was switched on in some measurements.

Measurements were carried out from March to May 2018 (summer period) running the
systems during different times of the day and thermal load. The energy saving from
the inverter system running on R-32 in relation to the inverter system running on R-
410A varied from 16% to 34%. The lowest and the highest saving were for test
conditions running 24h. The first test (Test 1), measured in March lasted 11 days and
presented an energy saving of 34%. In April (Test 2) the energy saving was reduced
to 16%. The difference between both tests was the set point for the inverter system
running on R-32: Test 1 (set point of 24°C), and Test 2 (set point of 23°C). Table 3
presents the savings achieved for each case mentioned before.

Table 3. Inverter (R-410A) versus inverter (R-32) — Floriandpolis.

Average Power* (W) Savings
Test AC running |Heater (W)| Inverter Inverter W %
R-410A R-32
1 24 hours 1000 254 167 87 34
2 24 hours 1000 196 165 31 16
3 morning 1000 223 170 53 24
4 morning 1000 176 141 35 20
5 night 1000 217 175 42 19
6 night 1000 74 62 12 17

* Energy consumption divided by time

2.4. Discussion of results
The measurements carried out in Rio de Janeiro and S3ao Paulo showed savings from
60% to 70% and are basically offices being used during the day under partial load.

The measurements in Floriandpolis had more diverse operation conditions and
presented a wider range of savings (21% to 60%) with more than half of the tests
showing savings above 50%. Figure 6 presents the savings achieved for each
measured mentioned before.

Clearly, when Brazil discusses the seasonal rating implementation, the times of use
and partial loads to be considered have to be representative to allow proper savings
calculations.

The field measurements previous mentioned presented mostly savings between 21%
and 60%. This savings shows high differences when compared to building energy
simulation saving estimations done by LabEEE (LabEEE, 2018). The building energy
simulation for split systems is primally based on performance curves. More detailed
information about those performance curves is essential to simulate the real
performance of inverter systems in buildings.
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Figure 6. Results from inverter systems.

3. THE LINK WITH THE BRAZILIAN BUILDING ENERGY LABELLING
SCHEME

Brazil has an energy labelling system for residential and non-residential buildings. They
were implemented in 2009 (non-residential) (BRASIL, 2009) and 2010 (residential)
(BRASIL, 2010). This methodology is now being updated and a public hearing was
done in 2018 for non-residential (CB3E, 2018a) and will be done in 2019 (CB3E, 2018b)
for residential. In these new methodologies of rating, the air conditioner efficiency will
be taken into account.

The Brazilian regulation for residential buildings classifies buildings according to four
levels: from “A” (most efficient) to “"D” (least efficient) (Figure 7).

The building envelope classification can be based on two methods:(1) the simplified
method and (2) the simulation method. Water heating system is also evaluated
depending on the building typology. The simplified method is based on a surrogate
model using artificial neural network of annual thermal loads (cooling and heating)
based on simulations for different inputs data, such as building size, envelope variables
and roof/wall/floor exposure. The residential methodology explores the potential for
natural ventilation, allowing window to be opened based on temperature and times of



use. The estimated primary energy consumption of the real building should be
compared between the reference building (defined according to the Brazilian
regulation). In order to determine the building energy consumption, the annual
thermal load must be divided by a value of the performance coefficient (COP). The
value of the COP for the reference building is determined according to the value
established by INMETRO, representing a split system with level A (COP = 3,24). This
value of COP represents the minimum value for level A, and the real building can use
a higher COP according to the installed equipment. Instead of dividing by the COP —
Coefficient of Performance, it should be more realistic to divide by the Cooling Seasonal
Performance Factor (CSPF).
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Figure 7. Brazilian regulation for residential building.

The Brazilian regulation for non-residential buildings classifies buildings according to
five levels: from “A” (most efficient) to “"E” (least efficient) (Figure 8). The methodology
of classification for non-residential buildings is similar to the one for non-residential
buildings in Brazil: (1) the simplified method and (2) the simulation method. The
simplified method is also based on the results of a surrogate model for calculation of
the energy performance of building envelopes. The lighting and air conditioning
systems are also analyzed. The air conditioning split system assessment depends on
the INMETRO rating still based on COP. The result of the total building thermal load is
divided according to COP of the system to know the total building energy consumption.
As soon as Brazil implements the CSPF rating it will have to be introduced in the
building energy labelling also. The mean Cooling Seasonal Performance Factor (CSPF)
could be adopted or based on a mean for each city regarding climatic diversity and
building operating.

In Brazil, there are no minimum efficiency standards for chillers, VRF (variable
refrigerant flow) and self-contained air conditioning system. Therefore, the Brazilian
regulation for non-residential buildings adopted the System Part Load Value (SPLV) to
determine the efficiency of the system. SPLV is a single numerical indicator of part-
load performance and a representative indication of a system performance operating
under specific conditions. The SPLV calculation is based on the annual thermal load
and the performance of the entire air conditioning system, considering four thermal



load conditions (100%, 75%, 50% and 25%). It is based on IPLV (Integrated Part
Load Value) calculation methodology for equipment but covers all equipment involved
in the air conditioning system and is calculated specifically for the project using actual
weather data, actual part load characteristics, actual equipment performance, and the
anticipated operating hours.

Eficiéncia Energética
Edificagées Comerciais, de Servigos
e Publicas

INMETRO

Edificagio: XXXXX xxxxxx

Figure 8. Brazilian regulation for non-residential building.

Air conditioning systems with inverter are gaining popularity around the world. The
potential of building energy simulation (BES) to properly model different types of air
conditioning systems is becoming a key element to compare and analyse the energy
performance of air conditioning systems under full year operations. A comparison
study between the simulation results of an inverter and non-inverter machine can
contribute to assess their cooling and heating energy performance, particularly in
partial load operation. BES results can contribute with information that promotes the
energy efficient use in buildings. However, it is important to note that building energy
simulation is based on several input data and machine performance has to be properly
accounted.

Important and recent initiatives are the ISO/TC 163 — "Thermal performance and
energy use in the built environment” linked with the CEN/TC 371 - ‘“Energy
Performance of Buildings project group”, and the ASHRAE 205P - "Standard
Representation of Performance Simulation Data for HVAC&R and Other Facility
Equipment”(2019). These two movements agree in the points of commonality of the
input parameters between building and technical system calculation.

ASHRAE standard is to facilitate equipment data exchange formats to improve the
accuracy and efficiency of equipment modeling in simulation software. ASHRAE 205P
will allow manufacturers and other data producers to implement data writing and
reading methods supporting detailed performance data information such as capacity
and input power for all operating conditions. On the other hand, ISO/CEN Standards
(so called “set of EPB standards”) provide ways to calculate the energy need and
energy use of a building with its installations. The packaged EN ISO standards have
been developed to clarify the relationship between buildings and the technical system
(cooling, heating, lighting, etc.) and to be able to evaluate the impact of each system.



4. CONCLUSIONS

Based on this overview the following conclusions can be drawn regarding AC split
systems with inverter:

1. As split machines are a commaodity being sold worldwide, it is important to

increase the minimum energy efficiency according to international levels;

The measurement procedures should be based on international standards;

The Cooling Seasonal Performance Factor (CSPF) provides a more accurate

measure of efficiency and should be implemented in Brazil as soon as possible;

Inverter systems can have enormous contribution to energy savings in Brazil;

Information regarding the HVAC performance curves are essential to allow

proper evaluation of its advantage when using building simulation for labeling

or retrofit evaluation;

6. Incentives regarding low-energy buildings have the potential to induce large
modifications in the building industry and to stimulate technological
development and innovation;

7. Regarding public policy, many upgrades are necessary. First to adopt CSPF as
the measure of efficiency in air conditioning system in Brazil. The Brazilian
energy efficient label should be updated to show the real value of efficient
machines in the market, adding information also to be used in the building
labels. The PROCEL seal should also be updated to show the most efficient
machines available. Results from Kigali project can help policy makers in new
Minimum Efficiency Performance Standards (MEPs) to be implemented. The
main goal is to incorporate all best practices mentioned to reduce the impact
of Split systems in the Brazilian energy grid.
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APPENDIX A

Table A-6 - International Stations and Climate Zones from ASHRAE Standard 169
(2013).
Source: ASHRAE, 2013. ASHRAE 169: Climatic Data for Building Design Standards.

American Society of Heating, Refrigerating and Air-conditioning Engineers, 2013,
Atlanta.

TABLE A-6 Intemational Stations and Climate Zones (Continued)
(Mote: Design Conditions tables [SI and |-P] for each station, named
by WMO#, can be accessed online at www.ashrae.org/

168_2013data.)

Precipitation
Country/LOCATION WM Lat Long [ E——

mm .
MOSTAR 133480 4333 17.78 3A 1632 (=1
SARAJEVOBUTMIR 133530 4382 1833 SA L] 35
SARAJEVO.BIELAVE 146540 4387 18.43 SA 921 36
Botswana (BWA)
SEl I KHAMA INTER GE2400 2455 2592 B 449 18
Brazil (BRA)
ANAPOLIS (BRAZ-AFB) 834190 1623 4897 2A 1584 62
ARACAIU (AEROPORTO) E30950 10.98 3707 TN 1485 56
BELEM [AEROPORTO) 821930 138 4548 A 2958 116
BELO HORIZONTE E358T0 1693 43583 A 1477 58
BELO HORIZONTE {AERO) B35830 19.85 4305 2A 1477 58
BOA VISTA (AEROPORTO) E20220 283 -£0.70 TN 1547 &1
BRAEILIA (AEROPORTO) EI1TRD 1587 4783 A 1515 &0
CAMPINAS (AEROPORTO) E3T210 23.00 4713 A 1354 53
CAMPO GRANDE (AERO) EI&120 2047 5467 14 1498 50
CARAVELAS [AEROPORTO) 834970 17463 3925 1A 1472 58
CUIABA (AERDOPORTO) E11420 15465 SE010 OA 1346 51
CURITIBA {(AEROPORTCY) EIR400 2552 4917 3A 1604 &3
EDUARDC GOMES INTL B0 3.03 005 aA 1182 oo
FERNANDO DE NORONHA E24000 385 3242 0A 1028 41
FLORIAROPMILIE (AERD) E3E000 2147 4R55 A 1578 62
FORTALEZA (AERCPORTO) 813980 37TR IR53 0A 1628 (=1
FOZ DO IGUACL (AERD) EIEXTO 2552 5458 A 1TEE 0
GALEAD E37460 22 82 4325 1A 1397 55
GOIANIA (AERDPORTO) 34240 1643 49 23 14 1628 64
GUARULHOS E3T753 2343 46,47 2A 1472 58
LONDRINA (AERDPORTO)N EITGHED 2333 51.13 A 1551 &l
MACAPA E20980 0.0 51.05 0A 733 108
MACENY [ AERDPORTO) EI%A30 852 3578 14 1627 64
MANALIS (AEROPORTO) 821320 3.15 5008 0A 2782 90
MATAL AEROPORTO E15900 5492 3525 0A 1306 51
PORTO ALEGRE (AERO) E35710 30.00 5118 2A 1153 53
PORTO VELHO (AERD)Y EIE240 8.77 6362 OA v 1 BE
RECIFE (AEROPORTO) E218990 807 34 85 0A 1153 93
RO BRANCD 829170 10.00 780 1A 1451 57
RIQ DE JANEIRO (AERD) E37550 2290 4317 1A 1154 45
SALVADOR (AEROPORTO) 832480 1290 3833 A 1804 m
SANTAREM-AEROPORTO E22440 243 54.72 A 112 91
SAD LUIZ (AERDPORTO) B2I810 2600 44 7% A 1982 T
SA0 PAULO (AEROPORTO) E3TE00 21462 4665 2A 1511 59
TERESINA (AERDPORTC) BI5790 5.05 4282 A 13192 55
UBERABA E35760 19.78 4797 2A 1631 64

WVITORIA (AEROPORTO) 236400 2027 4028 1A 189 sl
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Increasing incomes and urbanization - as well as a warming climate - are driving up the
global stock of air conditioners (ACs), particularly in emerging economies with hot climates.
Because AC energy consumption is expected to increase substantially as the stock of room
ACs rises, improving AC energy efficiency will be critical to reducing AC energy, life cycle
cost, peak load, and emissions impacts. Variable-speed or inverter technology improves
AC efficiency, but a seasonal energy-efficiency metric - such as seasonal energy efficiency
ratio (SEER) or cooling seasonal performance factor (CSPF) - must be adopted to maximize
the technology’s energy savings potential and accurately communicate the savings to

consumers, particularly in hot and humid countries such as Brazil.

This study supports Brazil's effort to improve AC energy-efficiency standards by adopting
CSPF in accordance with International Organization for Standardization (ISO) Standard
16358. After providing an overview of seasonal AC energy-efficiency metrics, we develop
national and regional outdoor temperature bin hours (sets of hours at each outdoor
temperature that requires cooling) for room AC use in Brazil. We use those temperature
profiles to evaluate the efficiency of five example room AC configurations: two fixed-
speed units and three variable-speed units with various efficiencies. The results show the
superiority of CSPF over the traditional energy efficiency ratio (EER) metric for capturing
the higher seasonal efficiency of variable-speed ACs. The results also quantify the potential
energy savings from the variable-speed ACs, which range from 25%-60% compared with
the lowest-efficiency fixed-speed unit and represent relatively conservative estimates.

Based on this analysis, we make several recommendations for Brazil:

'I Consider adopting the ISO CSPF metric based on Brazil-specific temperature bin
hours of AC use. In addition to improving Brazil's room AC standards and labeling,
adopting this widely used metric would facilitate harmonization with international
AC-efficiency efforts.

2 Consider using only a single, average set of temperature bin hours for all of Brazil. CSPF
results vary by only 2%-8% across the national and regional temperature bin hours
analyzed in this study. However, it would be useful to consider potentially large varia-
tions in absolute impacts (energy use, electricity cost, emissions, etc.) based on Brazil’s
regional climates.



3 For determining the CSPF of fixed-speed units, reduce compliance costs by using only
one set of test data at full-capacity operation at 35°C, and use another set of data
points at 29°C calculated by predetermined equations.

4 For variable-speed units, determine CSPF while reducing compliance costs by using
two sets of test data at full- and half-capacity operation at 35°C and another set of
data points at 29°C calculated by predetermined equations, without considering
minimum-capacity operation.

The analyses demonstrated in this report for Brazil can also be applied to considering

adoption of seasonal AC energy-efficiency metrics in other countries.
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Energy-efficiency market-transformation programs for room air conditioners (ACs) were
initially implemented in the 1990s and early 2000s in many countries. At that time, most
countries adopted the energy-efficiency ratio (EER) metric' — defined as the ratio of the
total cooling capacity (CC) to the effective power input to the device at any given set of
rating conditions — for rating AC performance based on International Organization for
Standardization (ISO) Standard 5151. Using EER facilitated comparison of performance

across different markets and regions (IEA 2011).

Over time, AC manufacturers have improved the energy performance and reduced the costs
of AC systems. For example, variable-speed (also known as inverter-driven) products that
make ACs highly efficient already dominate mature AC markets such as Australia, Europe,
Japan, South Korea, and the United States. Variable-speed compressors enable an AC unit
to respond to changes in cooling requirements by operating at full or partial loads. This
flexibility improves efficiency performance and reduces power consumption compared to
the efficiency performance and power consumption of conventional ACs with fixed-speed

compressors that cycle on and off.

Although fixed-speed units still dominate the room AC markets in developing countries, the
market share of variable-speed room AC units is increasing. For example, the market share in
sales of variable-speed room ACs in China, the world’s largest room AC market, increased from
8% in 2007 to 65% in 2016 (Park et al. 2017). In India and South Africa, variable-speed ACs are
achieving sales market shares of about 30% and 60%, respectively (TCM 2019, UNDP 2019).

Along with this trend toward variable-speed ACs, seasonal energy efficiency ratio (SEER)
metrics have been designed to estimate AC performance based on part- and full-load
operation at multiple temperature conditions, depending on climate. Local climatic conditions
affect the amount of time an AC operates at part or full load, so climate-specific weighting
is used in calculating SEER to provide a more representative measure of performance than
the traditional EER. Adopting SEER metrics will help capture opportunities for reducing future
energy consumption, particularly in countries where large seasonal variations in climate result

in ACs running at part load for a larger amount of time (Park et al. 2017).

1 Defined at the ISO T1 standard CC rating conditions for moderate climates at outdoor and indoor dry bulb temperatures of 35°C (95°F) and 27°C
(80.6°F). EER is also defined as the ratio of net CC or the rate of net heat removal (in Btu per hour) to the total rate of electrical energy input (in watts)
of a cooling system under designated operating conditions. Although coefficient of performance (COP) is often used for cooling efficiency instead
of EER, I1SO 5151 defines COP as the ratio of the heating capacity to the effective power input to the device at any given set of rating conditions.



In Brazil, 10 product categories of electrical equipment, including ACs, have minimum ener-
gy performance standards (MEPS). The AC MEPS and labeling requirements have been set
based on EER in accordance with ISO 5151. However, as the share of variable-speed ACs in
Brazil is rapidly increasing, reaching about 40%-50% in annual sales in 2018,% Brazil is in the

process of adopting a seasonal energy-efficiency metric at the time of writing this report.

This study supports Brazil’s effort to improve AC energy-efficiency standards by adopting

the cooling seasonal performance factor (CSPF) metric in accordance with ISO 16358.

SECTION 2 | Provides an overview of seasonal energy-efficiency metrics for room ACs.
SECTION 3 | Develops outdoor temperature bin hours for room AC use in Brazil.
SECTION 4 | Evaluates the efficiency performance of room ACs using seasonal

versus traditional metrics

SECTION 5 | Makes recommendations in support of Brazil’s adoption of CSPF.

2 The sales estimate is based on a comment from industrial participants at the Kigali Cooling Efficiency Program (KCEP) Workshop at
the International Conference: Perspectives for Energy Efficiency Improvement in the Brazilian Air Conditioners’ Market, March 25, 2019.



2.Overview of Seasonal
Energy-Efficiency
Metrics for Room ACs

PROJETO

KIGALI




Climate-specific weighting is used to calculate an AC seasonal energy efficiency that represents
performance better than the traditional EER does. In the United States, a seasonal energy-efficien-
cy metric for ACs was developed in 1979 (Didion and Kelly 1979). Since the mid-2000s, as vari-
able-speed ACs have proliferated, region-specific seasonal energy-efficiency metrics have been
designed or adopted to estimate AC performance under regional climatic conditions, and they
are increasingly used as alternatives to EER or COP to set standards and labeling requirements for
ACs and heat pumps.

Seasonal efficiency metrics consider the impact of variations in outdoor temperature on cooling
load and energy consumption, requiring (or optionally allowing) multiple test points to compute
a seasonally weighted average efficiency. These metrics are intended to represent how the AC
would perform over a typical cooling season in a representative building type with typical oper-
ating characteristics (Econoler et al. 2011). The seasonal efficiency metrics used in Japan, India,
and countries in Southeast Asia are equivalent to ISO 16358:2013-defined metrics.? Japan and
India use their region-specific climatic conditions. Southeast Asian countries use the ISO refer-
ence temperature bin hours. The seasonal efficiency metrics used in China and South Korea are
largely consistent with ISO 16358:2013-defined metrics, except that they use their region-specific
climatic conditions and different ways of evaluating performance at part-load operation, along
with minor adjustments. The SEERs used in the United States and European Union (EU) require
more data points for outside temperature and part-load conditions than are required by the ISO
standard. The European SEER (EU SEER) also includes the impact of standby and other low-power
modes. Table 1 summarizes seasonal efficiency-related standards, calculation and test methods,
and metrics for select economies.

3 Test procedures for ACs in these countries are based on the ISO 5151 standard. The ISO 16358:2013 standards specify the calculations for evaluating the seasonal
performance factor—defined as cooling seasonal performance factor (CSPF, ISO 16358-1:2013), heating seasonal performance factor (HSPF, ISO 16358-2:2013), and
annual performance factor (APF, ISO 16358-3:2013, which considers both cooling and heating efficiency for heat pumps)—of equipment with testing covered by ISO
5151,1S0 13253, and ISO 15042.



Table 1: Standards, Calculation and Test Methods, and Metrics for Seasonal AC Energy-Efficiency Evaluation

1SO 16358-1:2013 (CSPF)
N/A 1SO 16358-2:2013 (HSPF) 1SO 5151-2010 CSPF, HSPF, APF
1SO 16358-3:2013 (APF)
GB 12021.3-2010 GB/T 7725-2004
GB/T 7725-2004
- GB 21455-2013 GB/T 17758-2010 GB/T 17758-2010 SEER, HSPF, APF
(EU) No 626/2011
(EU) No 206/2012 EN 14825:2016 EN 14511:2013 SEER, SCOP
Schedule - 19
Variable Capacity Py 1S 1391
Air Conditioners B0 EEE VAl (Part 1 & Part 2) ST
- Top Runner Program JISC9612-2013 JISB8615-1:2013 CSPF, HSPF, APF
MOTIE Notification X .
- No. 2017-206 KS € 9306:2017 KS C9306:2017 CSPF, HSPF
ANSI/AHRI Standard ANSI/AHRI Standard
- SR e 210/240:2008 210/240:2008 SEER HSER

AHRI = Air-Conditioning, Heating, and Refrigeration Institute; ANSI = American National Standards Institute; EN = European
Standard; GB ="Guobiao” (Gudbiao), which means “national standard”; IS = Indian Standards; JIS = Japanese Industrial Standards;
KS = Korean Standards; MOTIE = Ministry of Trade, Industry, and Energy; SCOP = seasonal coefficient of performance.

Note: The Association of Southeast Asian Nations (ASEAN) countries in the ASEAN Standards Harmonization Initiative for
Energy Efficiency (SHINE) program—including Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam - have
agreed to use a test method based on ISO 5151 and CSPF defined in ISO 16358 to set MEPS.

Source: Authors'work based on regional documents listed in Table 1, Xiaoli et al. (2015), Econoler et al. (2011), and APEC (2010).

The difference in seasonal efficiency metrics is primarily due to the outside temperature profiles that
are used to aggregate steady-state and cyclic ratings into a seasonal efficiency value, as well as the
ways of evaluating performance at part-load operation in the metric. Specific parameters to account
for AC performance at part-load and/or lower-temperature operation in the efficiency metric vary
by country. Table 2 shows options that can be used for seasonal energy-efficiency evaluation by the
selected regional standards and ISO 16358.

The ISO CSPF calculation for fixed-speed units requires two sets of test data: measurement of perfor-
mance (capacity and power input) at full-capacity operation at 35°C and 29°C. However, in practice,
countries require only one set of test data at full-capacity operation at 35°C and use another set of
data points at 29°C calculated by predetermined equations (see Table 2), resulting in no additional or
different requirement for testing fixed-speed units compared to using the EER metric.

The CSPF calculation, including the India SEER (ISEER) calculation and the SEER calculation for variable-
-speed units (units with CC < 7.1 kW) in China, requires two sets of test data at full- and half-capacity
operation at 35°C and another set of data points at 29°C calculated by ISO 16358-determined equations.




The China SEER calculation for variable-speed units with CC > 7.1 kW and the Korea CSPF calculation
require three sets of test data at full-, half-, and minimum-capacity operation at 35°C, and another
set of data points at 29°C calculated by their standard predetermined equations. Minimum-capacity
tests are typically conducted at the lowest-capacity control settings of units that allow steady-state
operation at the given test conditions. In China, the minimum-capacity test is conducted at 25% of
full capacity. ISO 16358 suggests the minimum-capacity test at 29°C be conducted first and allows the
minimum-capacity test at 35°C to be measured or calculated using default values.

Table 2: Test Requirements and Options Used for AC Seasonal Energy-Efficiency Evaluation

Full capacity (35°C) Required Required
Half or intermediate capacity (35°C)* Not applicable Required
Minimum capacity (35°C) Not applicable Required/optional/not considered®
Full capacity (29°C) Required/optional® Optional©
Half or intermediate capacity (29°C) Not applicable Optional®
Minimum capacity (29°C) Not applicable Optional/not considered®

? The ISO 16358-1:2013, JIS C 9612-2013 (Japan), and GB/T 7725-2004 (China) standards specify cooling half-capacity at
outdoor temperature tto be 50% (+5% or + 0.1 kW) of full capacity at tat full-load operating conditions. In South Korea,
the KS C 9306:2017 standard is based on full- and minimum-capacity tests. The intermediate-capacity test can be done
at a level between the full and minimum capacities, if the minimum capacity is less than 50% of the full capacity.

b While ISO 16358 requires full-load performance at the lower temperature to be measured, this is calculated in regional
standards by using predetermined equations as below: Capacity(29°C)= Capacity(35°C) x 1.077; Power input(29°C)=
Power input(35°C) x 0.914

¢ Performance at the lower temperature can be calculated by using predetermined equations as below:
ISO, China, India, Japan: Capacity(29°C)= Capacity(35°C) x 1.077; Power input(29°C)= Power input(35°C) x 0.914
South Korea: Capacity(29°C)= Capacity(35°C) x 1.077; Power input(29°C)= Power input(35°C) x 0.864

The ISEER calculation in India does not consider minimum capacity tests.

ISO 16358 suggests the minimum capacity test at 29°C to be conducted first and allows the minimum capacity test at 35°C to
be measured or calculated by using default values. China (for units with CC > 7.1 kW) and South Korea standards require the
minimum capacity test at 35°C and allow the minimum capacity test at 29°C to be calculated by using default values.

Source: Authors'work based on ISO 16358:2013; China's GB/T 7725-2004, GB 21455-2013; India’s Schedule 19; Japan's JIS C
9612:2013; South Korea's KS C 9306:2017.



The SEERs used in the EU and United States require more data points for outside temperature
and part-load conditions than do those used in the Asian countries discussed above or the ISO
standard (Table 3).*

Table 3: Comparison of Primary Test Conditions for Variable-Speed ACs

1ISO United States EU
Outdoor Indoor Part Outdoor Indoor
Part load DB/WB  DB/WB load DB
aro e Required test Outdoor Indoor oa DB/WB
(%) temp. temp. ratio temp. -
5 5 - compressor DB/WB DB/WB - g temp. (°C)
Q) Q) (%) Q)
speed/ temp. temp.
cooling air (°Q) (°C)
volume [°F] [°F]
Full load
A 100 35
Halfload 3524 27719 A2- 35.0/23.9
Max/Full [95/75]
Min load? B 74 30
B2- 27.8/18.3
Max/Full [82/65]
27/19
Full load 26.7/19.4 C 47 25
Ev- X !
Intermediate/ 3[%?%(9)]6 Bl
Intermediate
29/19 27/19
Half load B1- 27.8/18.3
Min/Mi 82/65
in/Min [82/65] D 21 20
F1-
. . 19.4/11.9
Min load? Min/Min [67/535]

DB = dry bulb, WB = wet bulb.

?According to ISO 16358-1:2013, minimum-load operation is defined as operation of the equipment and controls at
minimum continuous capacity; 25% of minimum load is used under the Chinese standard.

Source: Authors"work based on ANSI/AHRI 210/240-2008, EN 14825:2016, and the sources in Table 1.

Degradation coefficient (CD) is a factor of efficiency loss due to the cyclic operation of an AC,
which is an important parameter for on-off cycling performance evaluation. Although the value
of CD is derived from experiments, CD = 0.25 is typically used for all regional metrics (APEC 2010,
Econoler et al. 2011).

Outdoor temperature bin hours for AC use are defined as a set of hours at each outdoor temperature
that requires cooling. Outdoor temperature bin hours used for calculating seasonal efficiency
vary by regional standard. Table 4 summarizes outdoor temperature bin hours used for seasonal
energy-efficiency calculations in select regions.

4 In the EU, the four test points (A, B, C, and D) are points that manufacturers are supposed to “declare!” Hence, each point does not need to be tested; the points
could also be calculated based on other tested points or based on the performance of similar units.



Table 4: Summary of Outdoor Temperature Bin Hours Used in Calculations of Seasonal Energy Efficiency by Region

ISO GB EN JISC KS C
Standard 16358: 21455- 14825: SChfg”'e 9612: 9306: 21%'\/1311/(';\-;'&')8
2013 2013 2016 2013 2017
Temperature Q q a q o _spaee 65-104°F
range 21-35°C 24-38°C 17-40°C 24-43°C 24-38°C 24-38°C (18.3-40°C)
Number of 15 bins 15 bins 24 bins 20 bins 15 bins 15 bins 8 bins
temperature (1°C (1°C (1°C (1°C (1°C (1°C (5°F
bins per bin) per bin) per bin) per bin) per bin) per bin) per bin)
Total hours of Defined fraction
ouiitvion 1,817 1,136 2,602° 1,600 1,569 941 ol ol
temperature temperature
bin bin hours®

# According to EN 14825:2016, equivalent active-mode hours for cooling are assumed to be 350 hours, while the total
hours of outdoor temperature bin equal 2,602 hours.

®Bin hours of each outdoor temperature may be calculated by multiplying the fractional bin hours by the total annual
cooling hours if the fractional bin hours are applicable. ISO 16358 also provides fractional bin hours.

€ Although JIS C 9612:2013 and KS C 9306:2017 define outdoor temperature bin hours in the range of 24-38°C, zero
hours are actually assigned to 35-38°C in JIS C 9612:2013 and 38°C in KS C 9306:2017.
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3. Developing Outdoor Temperature

Bin Hours for Room AC Use in Brazil

To adopt a seasonal AC energy-efficiency metric to the Brazil standard, Brazil can use the ISO
CSPF metricin accordance with ISO 16358-1:2013, based on Brazil-specific temperature bin hours.
Brazil has diverse climates but is predominantly hot and humid, varying by region from extremely
hot-humid (0A) to warm-humid (3A) in terms of American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) climate zone definitions, which are based on cooling degree-
day base 10°C (CDD, ), heating degree-day base 18°C (HDD,,), annual precipitation, annual mean
temperature, and so forth (see Annex A for details).> For example, the Sdo Paulo climate is classified
as hot-humid (2A).

The Laboratory for Energy Efficiency in Buildings (LabEEE) at the Federal University of Santa
Catarina (UFSC) also analyzed weather data for 175 cities in Brazil available as TMYx files,® and it
chose eight representative cities. Table 5 summarizes climate characteristics of the eight cities and
classifies them by ASHRAE climate zone. Figure 1 shows annual outdoor temperature distributions
of the eight cities as analyzed by LabEEE and Lawrence Berkeley National Laboratory (LBNL).

Table 5: Eight Cities in Brazil Defined by UFSC and Corresponding ASHRAE Climate Regions

Fortaleza 6,405 3,363 27.5 1,642

Manaus 6,497 3,455 27.8 2,286
0A

Salvador 6,060 3,018 26.6 1,234

Teresina 7,072 4,030 294 1,392

Rio de Janeiro 5,306 2,268 24.5 1,173
1A

Vitoria 5,651 2,609 25.5 1,407

Sao Paulo 3,886 1,064 20.6 1,587
2A

Porto Alegre 3,708 1,139 20.1 1,374

Source: ASHRAE Weather Data 6.0

5 Degree days are the sum of differences between daily average temperatures and the base temperature (e.g., 10°C or 18°C).

6 Available at http://climate.onebuilding.org/WMO_Region_3_South_America/BRA_Brazil/index.html. TMYx files contain typical meteorological data
derived from hourly weather data through 2017 in the ISD (U.S. National Oceanic and Atmospheric Administration’s Integrated Surface Database) using
the TMY/ISO 15927-4:2005 methods.


http://climate.onebuilding.org/WMO_Region_3_South_America/BRA_Brazil/index.html

Figure 1: Outdoor temperature distributions of eight regions in Brazil
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Solid curves represent LabEEE-analyzed outdoor temperature distributions. Dotted curves are LBNL analysis results.

The hours of each temperature bin for AC use can be determined based on AC use information in the
country. According to the climate data, hours between 21°C and 35°C account for 82% of the annual
outdoor temperature distributions in the eight regions of Brazil on average (46%-100% by location), while
hours over 35°C account for less than 1%, except in Teresina (7%).

Based on the climate data discussed above, this study also estimates hours of room

AC use at each outdoor temperature as follows:

Outdoor temperature at 0% load t, =20°C, consistent with ISO 16358.

Hours of AC use at temperatures between 21°C and 33°C are assumed to increase in proportion
to cooling load.

The total hours of per-unit AC use match with an average AC use (7.2-8.3 hours per day by
region)’, resulting in 2,910 hours of annual AC use (yellow histogram in Figure 2).

The blue histogram in Figure 2 shows a set of outdoor temperature bin hours in the draft document for
public consultation by the National Institute of Metrology, Quality and Technology (INMETRO), “Proposal
of Partial Improvement of the Evaluation Requirements of Conformity for Air Conditioners Establishing a
Cooling Seasonal Performance Factor (CSPF) and Determining other Measures for the Availability of these
Products in the National Market”

7 According to a recent survey conducted by the National Electrical Energy Conservation Program (PROCEL)



Figure 2: Annual outdoor temperature distribution (black) and temperature bin hours assumed for AC use in

Brazil (yellow and blue)
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See Table 6 and Table B1 for details.
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4. Evaluating the Efficiency
Performance of Room ACs

This study analyzes the efficiency performance of five room AC models according to the ISO CSPF calcu-
lation with five sets of temperature bin hours for AC use in Brazil. The ISO CSPF calculation refers to I1SO
16358-1:2013 Clause 6.4 for fixed-speed units and Clause 6.7 for variable-speed units. The CSPF calcula-
tion for variable-speed units is based on two sets of test data — measurement of performance (capacity
and power input) at full- and half-capacity operation at an outdoor dry bulb temperature of 35°C — and
then performance at 29°C is calculated by ISO 16358-determined equations. The CSPF calculation for
fixed-speed units is based on one set of test data — measurement of performance (capacity and power
input) at full-capacity operation at an outdoor dry bulb temperature of 35°C — and then performance at
29°Cis calculated by the predetermined equations. Table 6 summarizes the sets of outdoor temperature
bin hours used in the ISO CSPF calculation. Table 7 summarizes basic specifications of the five select
room AC models. Detailed information about temperature bin hours is available in Annex B.

Table 6: Summary of Outdoor Temperature Bin Hours Used in the I1SO CSPF Calculation

... i

ciﬁif,ﬁ?g\ 1SO 16358-1:2013 CSPF
Temperature 21-38°C 21-40°C 21-40°C 21-38°C 21-38°C
range
t::mg:;::e 18 bins 20 bins 20 bins 18 bins 18 bins
Fl;ins (1°C per bin) (1°C per bin) (1°C per bin) (1°C per bin) (1°C per bin)
l?tfﬂrc?éﬁ 2l 2,910 4,405 3,279 1,460
(8 hrs/d) (8 hrs/d) (12 hrs/d) (9 hrs/d) (4 hrs/d)

temperature bin

Table 7: Basic Specifications of the Five Room AC Models Analyzed

Compressor Fixed speed Variable speed
type
Nominal CC

(kW) 3.5-3.6

EER (W/W) 3.2 3.6 33 39 5.0
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4.1 CSPF WITHOUT MINIMUM-CAPACITY TEST

As an example, Figure 3 shows key parameters - including cooling load, performance at full and half
capacity, and part load factor® — used for the Sample 3 CSPF calculation with Average 1 bin hours.
The black bold line in Figure 3 represents cooling power input calculated based on the parameters.
Figure 4 shows cooling load and energy consumption in kWh at each temperature. CSPF is calculated
as Y (cooling load x hours)/ ¥ (power input X hours).

Figure 3: Cooling capacity, power input, and cooling load of Sample 3 (variable-speed) AC unit with Average 1 bin hours
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Degrees Celsius

= outdoor temperature corresponding to each temperature bin

LC([J) = defined cooling load at outdoor temperature ¢

t, = outdoor temperature when cooling load is equal to cooling full capacity

t = outdoor temperature when cooling load is equal to cooling half capacity
®m(§) = cooling full capacity at outdoor temperature t

ﬂ%m(ﬁ) = cooling half capacity at outdoor temperature t

PM{IJ) = cooling full power input at outdoor temperature ¢

Pm(rj) = cooling half power input at outdoor temperature t

P(z‘J) = cooling power input applicable to any capacity at outdoor temperature ¢
FPL(IJ) = part load factor at outdoor temperature {

Note that this CSPF calculation is based on two sets of test data at full- and half-capacity operation at 35°C and another set of
data points at 29°C calculated by I1SO 16358-determined equations.

8 150 16358 defines part load factor as ratio of the performance when the equipment is cyclically operated to the performance when the equipment is
continuously operated, at the same temperature and humidity conditions.



Figure 4: Cooling seasonal total load and cooling seasonal energy consumption of Sample 3 (variable-speed) AC unit

with Average 1 bin hours

500 100
90
400 80
U 7.0
@
U 300 6.0
2
= q 50 o m—CSTL(t)
: e .
B 200 \ 40 CSECL)
_g 3.0 — EER(t)
2 2.0
100 -
‘ 10
0 I I Lo 00
33 35 37

21 23 25 27 29 3] 39

Degrees Celsius

CSTL(t) = cooling load times hours at outdoor temperature ¢

CSEC(IJ) = cooling power input times hours at outdoor temperature t

EER(;) = EER at outdoor temperature z‘J
CSPF =XCSTL(t) / LCSEC(t)

Figure 5 shows the EER and ISO CSPF results with all five sets of temperature bin hours for all five
AC samples.

For fixed-speed units, the CSPF calculation in this analysis is based on one set of test data at full
operation at 35°C and another set of data points at 29°C calculated by predetermined equations.
There is no large difference between the EER and CSPF values for the fixed-speed units. Given that
predetermined equations are used to estimate the performance at 29°C, CSPF for fixed-speed units
results in a linear relationship with EER, i.e., CSPF = a x EER (e.g., a~1.06 with the ISO reference tem-
perature bin hours and the Brazil Average 1 temperature bin hours).

For variable-speed units, using a seasonal efficiency metric (such as ISO CSPF) in Brazil better re-
flects real energy performance by capturing full-load and part-load performance and by helping
better estimate savings gained from the seasonal performance. Given that predetermined equa-
tions are used to estimate the performance at 29°C, CSPF for variable-speed units is greater than
EER by 39%-72%, with the Brazil Average 1 temperature bin hours. The CSPF results vary by 2%-8%
across temperature bin hours.

Note that the CSPF calculation for variable-speed units in this section is based on two sets of test
data at full- and half-capacity operation at 35°C and another set of data points at 29°C calculated by
ISO 16358-determined equations. According to section 4.2, this calculation tends to result in CSPFs
that are lower than those calculated based on performance data measured at both 35°C and 29°C,
including minimum-capacity operation; hence, the results shown here are relatively conservative.
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Figure 5: EER and ISO CSPF of five room AC models by different temperature bin hours in Brazil (ISO 16358, Average 1,

Average 2) and regions within Brazil (0A, TA, 2A)
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4.2 CSPF FOR VARIABLE-SPEED UNITS WITH
MINIMUM-CAPACITY TEST

A few regional standards for variable-speed units require three sets of test data at full-, half-, and
minimum-capacity operation. Minimum-capacity tests are typically conducted at the lowest-capacity
control settings of units that allow steady-state operation at the given test conditions. Because the
draft document for public consultation by INMETRO in Brazil includes a minimum-capacity test at a
lower temperature, this section shows CSPF calculations with AC minimum-capacity testing.

Table 8 compares CSPF results for another variable-speed room AC model with and without
minimum-capacity testing, using the two sets of Brazil-specific temperature bin hours. As seen
in Figure 2, the Average 1 temperature distribution (based on the INMETRO draft) includes more
AC use during lower-temperature hours compared with the Average 2 distribution developed for
this study; for example, hours between 21°C and 24°C account for about 39% of the Average 1
distribution and 11% of the Average 2 distribution. This difference is reflected in Table 8, where
the CSPF value with minimum-capacity testing is only 5% higher than the value without minimum-
capacity testing when using Average 2, but the value with is 15% higher than the value without
when using Average 1. These results suggest that accounting for minimum-capacity performance
is more important when AC use is substantial at relatively low temperatures. However, if the
minimum-capacity testing is conducted, the measurement uncertainty specified in ISO 5151 must
be achieved and compliance costs may increase.

Table 8: CSPF of One Variable-Speed Room AC Model With and Without Minimum Capacity Testing

CSPF without CSPF with
minimum-capacity test minimum-capacity test

Operating
condition
(outdoor dry bulb
temperature)

35°C 29°C 35°C 29°C

Full capacity Measured Calculated® Measured Calculated®

Half capacity Measured Calculated? Measured Calculated?

Minimum Not Not

b
capacity considered considered Gl ez

Temperature

bin hours Average 1 (INMETRO draft)

CSPF

(Average 1) = &l

Temperature bin hours Average 2 (this study)

CSPF

(Average 2) 4.2 44

? Capacity(29°C) = Capacity(35°C) x 1.077; Power input(29°C) = Power input(35°C) x 0.914
b Capacity(35°C) = Capacity(29°C) = 1.077; Power input(35°C) = Power input(29°C) + 0.914
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4.3 SEASONAL ENERGY CONSUMPTION
AND SAVINGS POTENTIAL

Energy consumption depends on the total hours of AC use as well as the number of hours at each
temperature where the AC is in use. Figure 6 shows the estimated annual energy consumption of all
five room AC models by different temperature bin hours. Variable-speed units consume approximately
25% (Sample 3) to 60% (Sample 5) less energy compared with the lowest-efficiency fixed-speed unit
(Sample 1).

Figure 6: Estimated annual energy consumption of five room AC models by different temperature bin hours
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Field experiments performed at Instituto Maua de Tecnologia (Maud Institute of Technology), Ponti-
fical Catholic University of Rio de Janeiro (PUC-Rio), and UFSC showed energy savings of 21%-70%
for variable-speed units compared with fixed-speed units, depending on efficiency performance
and operating conditions (Peixoto et al. 2018, Parise and Sotomayor 2018, Giiths 2018).°

Parise and Sotomayor (2018) showed energy savings potential up to about 60% for an efficient
variable-speed unit (EER 5.1) compared with a typical fixed-speed unit (EER 3.1); this result is com-
parable with our results (56%-60% energy savings potential) when comparing fixed-speed Sample
1 (EER 3.2) versus variable-speed Sample 5 (EER 5.0).

Guths (2018) showed energy savings potential of about 37%-51% for a variable-speed unit (EER
3.2) compared with a typical fixed-speed unit (EER 3.2), varying by operating conditions; this result
is similar to or much greater than our estimated results (25%-29% energy savings potential) when

2 A mini-split AC system was installed in each of two rooms, which had the same area and orientation: one AC was a fixed-speed unit, the other was a variable-speed
unit, and both had the same capacity. Experiments were performed with different periods of operation (day and/or night times) and different internal load densities.
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comparing fixed-speed Sample 1 (EER 3.2) versus variable-speed Sample 3 (EER 3.3). Note that the
Guths (2018) field tests included operation during daytime (8 am to 6 pm) as well as night time
(10 pm to 7 am), when ACs are in low-load operation but might rarely be used, and conducted in
Floriandpolis in the south region where cooling load is less than the north region of Brazil. In con-
trast, our CSPF calculations are based on two sets of test data at full- and half-capacity operation
at 35°C and another set of data points at 29°C calculated by ISO 16358-determined equations, not
even considering minimum-capacity performance. Therefore, the calculated energy consumption
differences between fixed- and variable-speed units shown in Figure 6 are conservative.

Annex C and Annex D show analysis of emissions and cost savings due to variable-speed ACs.
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Energy savings potential available from room ACs varies by climate. Because Brazil’s
climate is predominantly hot and humid - and energy-efficient variable-speed ACs are
available on the market - the country has opportunities to increase energy savings by
adopting a seasonal energy-efficiency metric. Based on the analysis in this report, we

recommend the following for Brazil:

'I Consider adopting the ISO CSPF metric (defined as total cooling load over total cooling
powerinput) based on Brazil-specifictemperature bin hours of ACuse. Adopting this widely
used metric would improve Brazil's room AC standards and labeling while facilitating
harmonization with international AC-efficiency efforts. Determining CSPF based on the
test conditions specified in ISO 16358 would make the CSPF values comparable with
those from other countries whose standards are based on or consistent with ISO 16358.

2 Consider using only a single, average set of temperature bin hours for all of Brazil. CSPF

results vary by only 2%-8% across the temperature bin hours analyzed in this study. Using
asingle set of bin hours would reduce additional costs for manufacturers, regulatory com-
plexity for government agencies, and confusion for consumers, compared with using mul-
tiple sets of bin hours for different climate zones. However, it would be useful to consider
potentially large variations in absolute impacts (energy use, electricity cost, emissions,
etc.) based on Brazil's regional climates.

3 For determining the CSPF of fixed-speed units, use only one set of test data at full-capacity

operation at 35°C, and use another set of data points at 29°C calculated by predetermined
equations. ISO 16358 requires testing a fixed-speed AC at full-capacity operation at both
35°C and 29°C. However, using calculated data points at 29°C reduces additional testing
requirements (beyond the requirements for determining EER) — thus reducing compliance
costs — without significantly changing the results. The CSPF values of fixed-speed units are
calculated in a linear relationship with the EER values.

4 For variable-speed units, determine CSPF while reducing compliance costs by using two sets
of test data at full- and half-capacity operation at 35°C and another set of data points at 29°C
calculated by ISO 16358-determined equations, without considering minimum-capacity
operation. In an example from our analysis, this approach results in a CSPF value only 5% lower
than the value calculated using minimum-capacity testing when our higher-temperature AC-
use distribution (Average 2) is used. However, the difference is greater (15%) when using the
lower-temperature distribution (Average 1, based on the INMETRO draft) - suggesting that
minimum-capacity testing may be important if such a distribution is assumed.
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ANNEX A:
ASHRAE CLIMATE ZONE DEFINITIONS

Table A1: Criteria of Thermal Zones

Extremely Hot-Humid

0 PR AL, 6,000<CDD,, 10,800<CDD,,
Very Hot-Humid (1A),
1 i 5,000<CDD, ,<6,000 9,000<CDD,,<10,800
Hot-Humid (2A),
2 o 3,500<CDD, ,<5,000 6,300<CDD,<9,000
2A and 38 Warm-Humid (3A), 2,500<CDD, ,<3,500 4,500<CDD, <6,300
Dry (3B) and HDD,,<2,000 and HDD,,<3,600
: CDD, <2,500 CDD, <4,500
3¢ Warm-Marine (3C) and HDD, .<2,000 and HDD,,<3,600
A and 48 Mixed-Humid (4A), 1,500<CDD,<3,500 2,700<CDD, <6,300
Dry (4B) and 2,000<HDD,<3,000 and 3,600<HDD,<5,400
: . CDD, <1,500 CDD, <2,700
ac Mixed-Marine (4) and 2,000<HDD, <3,000 and 3,600<HDD,<5,400
: 1,000<CDD, <3,500 1,800<CDD,,<6,300
SAand3B  CookHumid (5A), Dry (58) and 3,000<HDD, <4,000 and 5,400<HDD,,<7,200
. CDD, <1,000 CDD, <1,800
5¢ Cool-Marine (5€) and 3,000<HDD, <4,000 and 5,400<HDD,,<7,200
6Aand6B  Cold-Humid (6A), Dry (6B) 4,000<HDD,<5,000 7,200<HDD,,<9,000
7 Very Cold (7) 5,000<HDD, <7,000 8,000<HDD,,<12,600
8 Subarctic/Arctic (8) 7,000<HDD 12,600<HDD,,

CDD,, (CDD,): cooling degree-day base 10°C (50°F)
- Daily mean temperature minus 10°C (50°F)
+ Annual CDDs are the sum of the degree-days over a calendar year.

Marine Zone (C)
+ Mean temperature of coldest month between -3°C (27°F) and 18°C (65°F)
« Warmest month mean < 22°C (72°F)
- At least four months with mean temperatures over 10°C (50°F)
- Dry season in summer.

Dry Zone (B)
- Not Marine (C)
« The dry/humid threshold is determined primarily by annual precipitation and annual mean temperature.

Humid Zone (A): Locations that are not Marine (C) and not Dry (B).
Source: ANSI/ASHRAE Standard 169-2013
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ANNEX B:

OUTDOOR TEMPERATURE BIN HOURS

Table B1: Temperature Bins for Calculating I1SO CSPF

21

22

23

24

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Total

1SO 16358-1:
2013
Table 3

1,817

182

240

323

380

353

317

265

207

177

154

118

84

53

31

17

2914

20

46

89

171

286

367

383

331

294

280

213

152

105

68

43

28

20

2,910

181

394

564

611

524

476

468

355

252

181

124

83

57

41

21

4,405

46

119

220

319

410

427

405

347

283

240

181

135

81

39

18

3,279

55

98

126

142

147

147

143

136

123

108

86

61

39

23

1,460
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ANNEX C:
EMISSIONS-SAVINGS POTENTIAL

Total equivalent warming impact (TEWI) is a measure of the global warming impact of equipment
based on the total emissions of greenhouse gases (GHGs) during operation of the equipment and
disposal of the operating fluids at end-of-life (EOL), accounting for both direct emissions and indi-
rect emissions produced through the energy consumed in operating the equipment (AIRAH 2012).
The method for calculating TEWI is as follows:

TEWI

= GWP (direct: refrigerant leaks including EOL) + GWP (indirect: operation)
=(GWPxmxL __ xn)+(GWPxmx(1-a )) + (E X B % n)

n recovery’ annual

Where: GWP = global warming potential of refrigerant, relative to Co, (GWP Co, = 1); Lonea =
leakage rate per year (unit: %); n = system operating life (unit: years); m = refrigerant charge (unit:
kg); a = recovery over recycling factor from0to 1;E = energy consumption per year (unit:
kWh per year); § = indirect emission factor (unit: kg CO, per kWh).

recovery

Figure C1 shows the TEWI calculation results for the five AC samples with the Average 1 use. The
GHG emissions savings potential is large, e.g., a 56% reduction between Sample 5 (an R32 variable-
-speed unit) and Sample 1 (an R410A fixed-speed unit).

Figure C1: TEWI calculation results for five room AC models with Average 1 bin (2,914 hours of AC use)

7,000
® |ndirect
= Direct
6,000
5,000
2 4000
7
S 3000
2,000
1,000
0
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
(R410A) (R410A) (R410A) (R410A) (R32)

CO,-e = CO, equivalent.
Assumptions: L =4.0%; n =10 years; m = 0.95 kg (Samples 1-4), 1.35 kg (Sample 5); Oeonery = 0.7, =0.356 kg CO,

per kWh with Average 1 temperature bin hours, based on AIRAH (2012) and Letschert et al. (2019).

annual
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ANNEX D:
LIFECYCLE COST ANALYSIS

For consumers, the cost of an AC consists of the upfront cost of the AC equipment and the cost of
AC electricity use. We assess how the lifecycle cost (LCC) of ACs changes as equipment efficiency
improves and electricity consumption declines. Installation and maintenance costs are not
considered for the AC systems discussed here.

L

LCC = Equipment Cost +Z Operating Cost
(1+ Discount Rate)"

n=1

Where equipment cost is the AC purchase price, n is the years since purchase, and operating cost is
the annual operating cost represented by the consumer’s electricity bill. Operating cost is summed
over each year of the appliance lifetime L.

We assume a lifetime of 10 years for room AC equipment. Based on Letschert et al. (2019), we
assume an electricity tariff of RS 0.66/kWh, which is a weighted average between residential and
commercial customers, and a discount rate of 10.5%. Figure D1 shows the LCC results for the five
AC samples with the Average 1 use. The LCC savings potential is large, e.g., up to 40% reduction
between Sample 5 (an R32 variable-speed unit) and Sample 1 (an R410A fixed-speed unit).

Figure D1: LCC of five room AC models with Average 1 bin (2,914 hours of AC use)

9000 : .
“ Equipment price

B Qperation cost (10 years)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

8000

7000

6000

5000

Cost (RS)

4000

3000

2000

1000

0

Assumptions: electricity price = R$ 0.66/kWh, lifetime = 10 years, equipment price = average price based on Letschert et al. (2019).
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1. Summary
1.1. Summary

1.1.1. Basic Information for This Project

Basic Information for This Project

Project Name Collaboration Program with the Private Sector for Disseminating Japanese

Technology for Environment-Friendly Energy Efficient Air Conditioner

Project Location Brazil Sao Paulo, Brasilia, Florianopolis, Rio de Janeiro

Partner Country Brazil

Government Agency | Ministry of Mines and Energy (MME)
Project Period December 28, 2018~ May 28, 2021
Contract Value 19,644,120 JPY

1.1.2. Background for This Project

The economy of Federative Republic of Brazil (hereinafter “Brazil”) is the largest in Latin
America and the ninth largest in the world. It is the largest ACs market in Central and South America,

and demand is expected to increase in the future.

Air conditioners (hereinafter “ACs”) consume large amount of energy. An increase in electricity
demand due to an increase in ACs demand has become a major issue. However, there isn’t an effective
system that consumer can choose high energy efficiency equipment. Controlling electricity demand is an

urgent issue even toward the transition to clean energy.

Moreover, emission of greenhouse gases due to refrigerant gas (hereinafter “refrigerant”) used in
air conditioners has become an issue. R22 refrigerant (ozone depleting substance with Global Warming
Potential (hereinafter “GWP”’) 1810) accounts for 60% of the market, and R410A refrigerant (GWP
2088) accounts for the remaining 40% of it. R22 refrigerant, an ozone depleting substance, is required to
be completely phased out by 2030 by the Montreal Protocol. Conversion to R410A as an alternative
refrigerant is progressing in the market and the Brazilian government has considered conversion to a

refrigerant with a lower GWP.



1.1.3. Technology Targeted for Dissemination in This Project

Name of
Technology
"Inverter" air conditioner using '"R32 refrigerant"
Targeted for
Dissemination
Features of *  Does not destroy the ozone layer
refrigerant . . i
8 *  GWPis 675, about 1/3 of R410A refrigerant = vipe:
*  Higher heat transfer capacity than R410A, d — e
contributing to energy efficiency in air ot te i
conditioners Coolair
e Although it is a lower flammable refrigerant, wé?‘?ir'_
various safety standards have been established ‘ e S
in ISO / IEC. Since 2012, it has been sold in
more than 90 countries including Japan (as of 2019)
Features of * Technology that controls voltage, s
inverter current, and frequency to make ACs ~ wmestes — 7 '
control capacity variable. The inverter
controls the cooling and heating e (4
capacity according to the outside air AL
temperature and the cooling and e
heating load. Efficient operation is il
possible with little loss. o™

1.1.4. Objective/Goal of This Project

The following objectives are to be achieved in order to build a foundation for disseminating

technologies that solve the issues behind this project described in 1.1.1.

A) Preparing an integrated report on the results of the demonstration tests at the three universities.
Based on this report, quantify the effect of the dissemination of environment-friendly energy
efficient ACs on reducing electricity demand and greenhouse gas emissions in Brazil. Providing

the report as data for the consideration of the country's energy policy (air conditioning sector).

B) Defining the direction of implementing ISO 16358-1: a standard for evaluating a performance of
ACs with seasonal performance factor, which allows appropriate evaluation of inverters, with the

aim of linking it to energy efficiency regulations.




C)

1.1.5.

1.1.6.

To compile a proposal for the review of the energy labeling system for ACs and propose it to the
Ministry of Mines and Energy (hereinafter "MME"), The National Institute of Metrology,
Standardization and Industrial Quality (hereinafter "INMETROQO"), and related organizations.

Activities Carried Out in This Project and Results/Outcomes of This Project

The implementation of ISO 16358-1 and the revision of energy efficiency standards, which were
the target of this project, were achieved with the promulgation of Cabinet Order No. 234 on June
29. The energy efficiency standards, which had been lower compared to other emerging
countries, were raised to a level equal to or higher than those of ASEAN through this revision.
Furthermore, review of energy efficiency standards was conducted for the PROCEL seal under

the jurisdiction of MME too, and standardization including R32 refrigerant was completed.

In order to achieve the above, based on the demonstration tests conducted in cooperation with
three Brazilian universities as our own effort before this project, we were able to quantify the
benefits of the implementation of ISO 16358-1 and the revision of the standard by making
maximum use of the results of the demonstration tests in this project. In addition, through
collaboration with an international project (K-CEP project) and with the support of the Japanese
government (Japanese Embassy in Brazil and Ministry of Economy, Trade and Industry), the

collaborative relationship with the Brazilian government was established.

We also held a seminar in Brazil to share the results of this project widely, and were able to
appeal the importance of energy efficiency not only in equipment but also in buildings, and the

importance of strengthening energy efficiency regulations in countries around Brazil.
Business Development Prospects at This Stage and Basis for Its Judgment

We are planning to start production of R32 inverter ACs. By taking the lead in creating a high-

end market for high-efficiency air conditioners, we will accelerate the shift to inverters in the market. By

introducing a high-efficiency inverter with a competitive price, we aim to expand its share in the high-

end market.



1.1.7. Remaining Challenges for Business Development and the Corresponding Handling

Strategy and Policy

Regarding the supply of R32 refrigerant, a supply chain has begun to be established in urban
areas such as Sao Paulo and Porto Alegre in the south, but when considering the entire Brazil, there are

areas where the supply chain is weak.

Daikin Brazil is planning to establish a supply chain for R32 refrigerant in collaboration with

dealers and R32 refrigerant manufacturers.
1.1.8. Possibility of Linkage with ODA Projects
(1)  Human Resource Development

Technical cooperation projects for the training of engineers in performance testing laboratories
for ACs are expected. Technical guidance and support to engineers for appropriate performance testing

under ISO 16358-1 is considered.
(2) Further promotion of energy efficiency policies, spillover to energy efficiency for buildings

The implementation of the top-runner program and collaborative projects related to energy
efficiency policies for buildings are expected. It is possible to implement technical cooperation to
promote energy efficiency policy and system design for the entire building, not just energy efficiency of
individual devices, by identifying issues related to the Brazilian government's energy efficiency policy

and providing support for further improvement of the energy efficiency program.



1.2. Schematic Diagram for Project

,"'\ Brazil Collaboration Program with the Private Sector for Disseminating
j‘ic A ) Japanese Technology for Environment-Friendly Energy Efficient Air Conditioner
Daikin Industries, Ltd

Development needs in Brazil { ' Results that Brazil side expects
( #Following the Paris Agreement \ \

and the revised Montreal Protocol,
the Brazilian government has set a
anl of curhing 37% CO2 emissions
y 2025.
# The worsening of power
shortages during droughts has led
to the need to curb power ‘ 4
demand by reviewing the weak
enerﬁy efficiency(EE) standards
that have not been revised for 10
years, and promoting the use of
energy-saving equipment.

Details of the program
( #Quantification of effects based on \
demonstration test results of
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