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Introduction to Lawrence Berkeley National Laboratory
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Managed by the University of California for the United States
Department of Energy HH NN K BIEE RSB RARER
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Lawrence Berkeley

(AN National Laboratory

+ Dedicated to solving the most pressing scientific problems facing humankind.
B O FHBRALFEIRN&RZ BR[O,

¢ More than two decades of work internationally on clean energy and climate policy,
appliances, buildings, transport, industry, air quality. ¥ F &K &5 e RS (&
BE. B BRH. XB. T, s5HFESHR-T%F.

+ Technical Support to US DOE Energy Efficient Appliance Standards Rulemakings. /4
EEBERE T RE R S E T ER HRAR S HF

+ Designed superefficient refrigerators during CFC transition under Montreal
Protocol. S4FFI/RIE BEKPCFCHS IR IRTER, BRITBERKTE

+ Technical Support to China, India, Mexico, Brazil, Egypt and Indonesia to revise air
conditioner standard. yHE. EIE. £E. BEf. BEMEIE AT T AR
HEETTIRMEAR

+ Technical Support to China National Institute of Standardization (CNIS) to revise
multi-split air conditioner standard.y #a KA ELIFR BT (CNIS BT Z B
TR AR
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Project Overview and Status I B #f/@ & i E

+ Market Assessment iz (Q1 - Q3 2018)
A Completed report, available online ST ii#k4s, M ERIATHEHREEX

+ Technical Analysis to support VRF standards and labeling (Q3 2018 - Q2 2019)
ARSI HTLA X FFVRF 2 B AR R ARIR

Q Developed cost-efficiency curve analytical framework for baseline model
T & 7 BT BRI AN-RE R 2 2 T ESE
A Verifying data inputs, scaling factors and developing cost-efficiency curves for additional
capacity sizes IEfE A EMFISENRERKMASE. THERE, FALNAR-EHHZ%
A Selected VRF testing planned for early Q2 2019 #E 720195 % —=E g9 1T %!
Q International policy design for standards and labeling E riE#ifrE & FRIRE]ZE (Q1 2019-Q4 2019)

+ Support implementation and evaluation of market transformation impact

S FrSRife ST iZE B R (Q2 2019 - Q4 2020)

+ Support procurement and policy roadmap with subnational pilot demand response program for smart
ACs SZFFXHE A= VAL T3 BUR & K I 2 I B i R A SR I AER A K E (Q2 2019 - Q2 2020)
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Detailed Flow Diagram of the Methodology ¥ A3 A 1% 2%

Identification of advanced
components and component

packages MESXHEME [
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AC DESIGN MODULE

Simulations

using VapCyc Tool
TR, X
FAVapCyci

AC Testing
SR

T

Component change for low-
GWP refrigerant transition
R EATR AR R

I

REFRIGERANT MODULE

Identification of low-GWP
refrigerant transition

TRGWP #2471 R R #RIA
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Incremental
Manufacturing Cost

Efficiency improvement
of advanced

components & XER [

RERIHR T

COST CURVE &
LIFECYCLE ANALYSIS
MODULES

Manufacturing cost 4 F= % 2
Incremental retail price {1 &

Cost of advanced
» components
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Energy Efficiency

» Energy savings TTaEE
Bill savings FIH & %E
Payback period f 7[5 W A
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Least LCC cost design
options per efficiency
rating E-FBERBUKF AT
& o BRI AR T &
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Recommendation for
Cost-effective level of
efficiency for standard
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Ductless mini VRF system: 14 kW capacity - 4 indoor units
NEIVRF RS §lieE14 KW-A4SE R

Refrigerant (R410A) (kg) 4.8
Number of outdoor units 1
Number of indoor units 4
4800 Indoor 1: P24 A=09.52[3/8"] 30 m [98 ft] a=09.52[3/8"] 15m [49 ft]
Capacity (BTU/h) 0 ...
CapaCity (kW) 14.0 - Total Ien;gth of each liquid pipe is as follows - ) |
Power input (kW) 3.69 e
EER (W/W) 3.81 PUMY-P6ONKMU1
Indoor unit capacities (kW) A(30m[981t])
1] 2.6 ]
2 26 a(15m[49ft]) d(20m[65ft])
3| 3.5 b(1om321]) | | c(10mp321])
e = =
Number of headers 1 D E
Number of joints 0
Piping length (m)
09.52 [3/8"1| 45.0
06.35 [1/4"]| 40.0
Additional refrigerant charge (kg) 6.1

Source: Mitsubishi Electric Corporation. 2016. Air Conditioning Systems — City Multi Data Book.
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Baseline manufacturing cost and other assumptions used in the analysis :
B LA BE RAR T E A (R 1%
Ductless mini VRF system: 14 kW capacity - 4 indoor units
INBEIVRFZR S : #4214 KW-45 ZERHL

Manufacturing Cost
Component (RMB)
Fan motor 320
Fan Blade 133
Heat Exchanger 1216
Compressor (VSD) 2370
Refrigerant 509
Sheet metal 363
Valves 224
Header/Joint 200
Pipeline 385
Controller 950
Other 492
guestimates for a 14 kW and 4 indoor units ductless mini VRF system.
Assumptions
Consumer discount rate 2.25 %
Hours of use 1569 hrs/yr
Lifetime years 12 yrs
Electricity price 0.55 ¥ /kWh
Annual increase rate of electricity price 1 %
All makrup 100 %
Incremental price sensitivity (e.g., £50%) 50 %

\\\ 1772
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Options to further improve efficiency of VRFs with associated costs:
Ductless mini VRF system: 14 kW capacity - 4 indoor units

il =]

Retail Price
Baseline Mfg Cost |Incremental Mfg Increase from Base |Energy Savings
Component (RMB) Cost (RMB) Case (RMB) from Baseline
Baseline VSD
Compressor 4.1 EER Compressor 1010
Compressor 1 4.3 EER Compressor 1170 160 320 5.9%
Compressor 2 4.5 EER Compressor 1530 520 1040 11.0%
Compressor 3 4.7 EER Compressor 1890 880 1760 15.6%
Compressor 4 4.9 EER Compressor 2520 1510 3020 20.4%
Direct Current (DC)
Baseline DC variable speed drive
inverter for compressor 1360
Direct Current (DC)
variable speed drive
for compressor and
All DC inverter fans 1760 400 800 5.3%
Baseline Heat
Exchanger (HE) - 1216
UA of both HEs
HE 1 increased by 20% 1675 459 918 8.3%
UA of both HEs
HE 2 increased by 40% 2055 839 1678 14.2%
UA of both HEs
HE 3 increased by 60% 2355 1139 2278 19.0%
UA of both HEs
HE 4 increased by 80% 2571 1355 2710 22.3%
UA of both HEs
HE 5 increased by 100% 2931 1715 3430 25.8%

ENERGY TECHNOLOGIES AREA

= VRFEEBNIIT A R R BRAE: MIVRFR S, 19814 kKW-45 =R

Note:
Manufacturing
cost estimates
listed are LBNL’s
current best
guestimates for a
14 kW and 4
indoor units
ductless mini VRF
system. (1)
Baseline
compressor has
2.9 EER. (2) UA
represents the
product of overall
heat exchange
coefficient (U) and
heat exchanger
area (A).



Manufacturing cost and retail price increase per efficiency improvement:
Ductless mini VRF system: 14 kW capacity - 4 indoor units

HIER AT EMMERESIRAIEM: NEIVRFRS, H/0214 KW-45ERHL
PRELIMINARY RESULT ¥4 58

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0

Price (in 1000 BRL)

10.0

0.0

APF (W/W)
—o—Minimum Manufacturing Cost —o—Minimum Retail Price
A Actual Price of 14 kW ACs in China
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Net savings per efficiency improvement gE3UR A FIEE:
Ductless mini VRF system: 14 kW capacity - 4 indoor units

PRELIMINARY RESULT #JZ %R

20.0

15.0

10.0 a1l 1| | B NIg
5.0 { { T |

_::Z 43 44 46 48 51 53°5. }515}51;}6})}6}2}6“6“6} _

-10.0

Net Savings throughout the lifetime
(in 1000 ¥)

-15.0
APF (W/W)

EmBill Saving [ Incremental Retail Price  ——Net Saving

Efficiency improvement up to APF of 7.5 is cost effective from consumer standpoint indicating very significant
cost-effective efficiency improvement potential. MSEZRZEBE, VIARERIZFZIAPF.5, FERFESMANE
1, BEEEEZNESIRAE .
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Payback per efficiency improvement gEx$2 A [5] Y4 HA:
Ductless mini VRF system: 14 kW capacity - 4 indoor units

PRELIMINARY RESULT #JZ %R

4.0
3.5
3.0
2.5
2.0

1.5

Payback (inyears)

1.0
0.5

0.0

APF (W/W)
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DOE VRF rulemaking update E[F gt R 2fVRFiRE#IEE!

+ The Variable Refrigerant Flow Multi-Split Air Conditioners and Heat Pumps Working Group is proposing a
new Federal test procedure for VRF multi-split systems. VRFZ B FFM#HE TEHIFFE NIVRFZENVI RS
RE— T HTRBE BN 7%

o Compared with the current AHRI 1230 test, a new Controls Verification Procedure is proposed. 5Tl &GH]
AHRI 12300 AL , R8T —FEr A= Sl 77 0%.

Native Controls Test EER vs AHRI 1230 EER Estimates

1.1
1.0 | = S e mm e e e e e e e -
0.9
0.8
% 07 - - -Estimated AHRI 1230 EERs
E‘; 0‘6 —— SysA Improved Efficiency Settings
8 0' — —SysA Default Settings
®© 0.5 . .
—— SysB Improved Efficiency Settings
[~
c 04 —— — —SysB Default Settings
0 3 Improved Efficiency Settings means: —_——_—— . .
: A single set of settings used for all test points that provides higher EERIEER w henoperating at rating conditions. VRF system SYSC |mp|'0V9d Efﬁmency Settlngs
performance, as withmany HVAC systems, is subject to application location, application type, installation details and choice of field .
0 2 settings, among other factors. Optimal field settings willvary depending on desired operating conditions, typical use conditions, energy - —SYSC Default Settlngs

saving goals and comfort level goals. Many VRF systems have multiple parameters that can be selected, allow ing the installer to provide
01 the optimal balance betw eenenergy consumption and comfort forany given application. In this case, the improved efficiency settings for

rating condition operation w eredeemed to be the optimal parameters for the specified test room conditions and environment used during
0.0  psychrometric room testing.

100% 75% 50% 25%
% Load
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Conclusions and suggestions 4518 FAEE

o Completed market assessment report 2 5T X I TR E
+ Developed cost-efficiency curve analytical framework & 7 &4 §/4 = 8 5 4-8E R 2% 7> T HEZE
+ Developing cost-efficiency curves for small capacity ductless mini VRF and ducted VRF systems [F £ H %
/NEYZR FAVRF Z BXATL AIX & T VRF R 4 1 AL A -BE 550 2%
+ Preliminary results indicate that efficiency improvement up to APF of 7.5 is cost effective from consumer
standpoint indicating very significant cost-effective efficiency improvement potential. ¥R 4ERKRKE, M
HBENAE, VIHESURTTEIAPFT.S, HEFENANmN, BERIFERENEARTIE .
+ In the previous EE standard revision, almost 100% multi-split products on the market met Grade 1 in about
2 years after the standard implemented. It is suggested that the proposed standard is stringent enough, so
that models are available in all grades for 3-5 years after the standard is implemented. #£ _E— ki B9 8E 3076
EITH, MiH 1L F100%M 2 B = M E S fE A2F NIL R T —REEITE. BINHTHREERITE 2 08 ™
1, WESEIE3-SFA, HFE TNERERMN™m
+ From 2012 to 2016, model-weighted average efficiency (in IPLV) of multi-split ACs have improved by
between 53-65%, varying by capacity size class M20125F 520165, EF A EASEX/NIZEN =iEF
iR B S I EN G EE o AT R BE(PLV)IRS T53-65%
+ By models: Newest models on the market all exceed Grade 1 efficiency requirements, with model-
weighted average efficiency far beyond 2008 MEPS requirements £ S4t1t: mig EHEH B SEEBII T
—REENE R, HESEEZEERD AR TR REUTBE2008F FRREFRERIZE K

CC=28kW 28KW<CC=84kW CC>84kW
Model Avg 7.75 7.95 7.10
2015 Max 9.50 9.20 7.55
IPLV Min 4.60 4.80 5.00
(WIW) Model Avg 7.31 8.23 7.92
2016 Max 9.50 9.20 8.55
Min 3.95 3.56 6.00

¢ DOE is proposing a new Federal test procedure for VRF multi-split systems, which may provide useful
information for China standard making. DOE IE#£32 i —FHVRF Z EXA T BN 7505, MXE R A EEXSH
BT E R
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Next Steps and Data Support from Project Partners
T—witXfFEET B S ERENNAR S

Timeline T—51TX1:
¢ Complete cost-efficiency curve analysis for multiple capacity models: May 2019
201955 H: WA RSB Z BN A-BEN - 2 24T
& Verify data inputs with testing and manufacturer input: June - July 2019

201956-7 H: HESLNEIENT B RIRW IR I A S
+ Finalize cost-efficiency curves, impact analysis, and report on technical analysis:

August 2019 201958 : TR ABEMNMLZL, IR FTRE
A CNIS: joint technical analysis 4 %2345 RS & 1E
Energy efficiency market distribution f7i58E385> 70
IPLV-SEER/APF conversion factors 8303 iSRG R 51

d Manufacturers: Cost data, Simulation inputs (compressor map, fan speed,

power, etc.) B AETE . ERWABER(EEVIFE, XUIXE. ThERF)

3 EFC: coordination support i8> #F

r:}”'hl \\\ 1772
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Thank You!
Questions? Suggestions?

Contact BEXZ 51
+ Nihar Shah: nkshah@lbl.gov

¢ Jiang Lin: |_lin@Ibl.gov




AppendiXx

= A
ﬂ \\1//

ENERGY TECHNOLOGIES AREA

reeeee

BERKELEY LAB




Ducted VRF system: 17.5 kW capacity - 5 indoor units
REXVRFZS: §li2817.5 kW-5= 1]l

Refrigerant (R410A) (kg) 5.1
Number of outdoor units 1
Number of indoor units 5
Capacity (BTU/h) 60000
Capacity (kW) 17.5
Power input (kW) 4.68
EER (W/W) 3.75
Indoor unit capacities (kW)
1 2.6
2 2.6
3 3.5
8 3.5
5 5.3

Duct length (m)

09.52 [3/8"] 45.0
06.35 [1/4"] 60.0
Additional refrigerant charge (kg) 7.8

Source: Mitsubishi Electric Corporation. 2016. Air
Conditioning Systems — City Multi Data Book.
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Baseline manufacturing cost and other assumptions used in the analysis:
Ducted VRF system: 17.5 kW capacity - 5 indoor units

B HiEmAMEMRiE: NENVRFRZ, $l:$217.5 kW-5E A1

Note: Manufacturing cost estimates listed are LBNL’s current best
guestimates for a 17.5 kW and 5 indoor units ducted VRF system.
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Manufacturing Cost
Component (RMB)
Fan motor 400 35000
Fan Blade 167 30000
Heat Exchanger 1520 o R
Compressor (VSD) 4220 | ek
Refrigerant 602 | 7 Rersimarkup
Sheet metal 453 " deprecontorhend
Valves 280 10000 W Manufacturing cost
Duct 1830
Controller 1188
Other 600
TOTAL 11260



A —_ L == A . 3 i kY 3 . Fh ) — s\ = ]
E—FIRSVRFEMRIZITAEREXBA: REXVRFRZE, F:/4817.5 KW-5= J1]]
Retail Price
Baseline Mfg Cost (Incremental Mfg Increase from Base [Energy Savings
Component (RMB) Cost (RMB) Case (RMB) from Baseline
Baseline VSD
Compressor 4.1 EER Compressor 2520
Compressor 1 4.3 EER Compressor 2920 400 1200 5.9%
Compressor 2 4.5 EER Compressor 3320 800 2400 11.0%
Compressor 3 4.7 EER Compressor 3720 1200 3600 15.6%
Compressor 4 4.9 EER Compressor 4120 1600 4800 20.4%
Direct Current (DC)
Baseline DC variable speed drive
inverter for compressor 1700
Direct Current (DC)
variable speed drive
for compressor and
All DC inverter fans 2200 500 1500 5.3%
Baseline Heat
Exchanger (HE) - 1520
UA of both HEs
HE 1 increased by 20% 2094 573 1720 8.3%
UA of both HEs
HE 2 increased by 40% 2442 922 2767 14.2%
UA of both HEs
HE 3 increased by 60% 2791 1271 3814 19.0%
UA of both HEs
HE 4 increased by 80% 3214 1694 5081 22.3%
UA of both HEs
HE 5 increased by 100% 3664 2144 6431 25.8%
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Options to further improve efficiency of VRFs with associated costs:
Ducted VRF system: 17.5 kW capacity - 5 indoor units

ENERGY TECHNOLOGIES AREA

Note:
Manufacturing
cost estimates
listed are LBNL’s
current best
guestimates for a
17.5 kW and 5
indoor units
ducted VRF
system. (1)
Baseline
compressor has
2.9 EER. (2) UA
represents the
product of overall
heat exchange
coefficient (U) and
heat exchanger
area (A).



