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Office Building Air-conditioners in Japan

m \Variable Refrigerant Flow
(VRF) building air-conditioners
are very popular for office
buildings in Japan.

/ Qutdoor units
| on the roof

m  Approximately 1.5 million VRF
air-conditioners are installed in
140 thousand buildings all over
the country.

m Grand total of rated power

consumption is estimated A typical 10- story office building
15GW.




Controllable Inverter-Driven Refrigerant Compressor

m FEach outdoor unit has OutdoorUnit-1 -+« OutdoorUnit-6
Inverter-driven compressors ===
that supply refrigerant gas

HeatEx

to indoor units. \
. — Compressor )
m  Approximately 90% of : -
. I A Refrigerant Circuits
power is consumed by the \Gontrolnetwort | —
COMPressor. N i 3
P’\I Controller Y Controller Controller &
m  Compressor power can be  consimp| |MeemGdY) | meeiY ——E8y,
controlled by the inverter in 7@ (gh- } (Q ) (Q )
an exquisite way instead of N N iy
3 prlmltlve On/Oﬁ Way. IndoorUnit-1 IndoorUnit-2 Indoor
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Power Limitation Command for FastADR of VRF Air-Cons.

m Fast Automated Demand 60 e
: as ower
Response (FastADR) will 5 con 40 Limitation
be realized with the Power ~ Power Command 7,
Limitation Command P, [kw] 20 (
Ol...[... [|Actual power| | |
m AnAggregator sends P, and 15:00 1505 15:4C0nSUMPYON L 40y 1535 1540 1545 15:50 15:55 16:00
an Energy Resource Controller . |
. o T T T T |
(ERC) controls each inverter. . [™S | [Cooling rate changes
Temp. 26 | | due to power limitation
O The most |mportant problem deg C] 25 ooo-SouuePOoncen |
is the prediction of each air- onange o
con. reaCt|On. 15:00 15:05 15:10 15:15 15:20 15:25 15:30 15:35 19:40 15k< .E?n.(\j,.w 6:00

Clock Time [min]
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FastADR Power Limitation Command Allocation

ERC-1, ERC- 2 ., ERC-N

m However, we can expeot

an averaging effect by a Z —=r= | |
arge-scale aggregation {SA‘I—/?(/I'/X Isan

m Each air-con. would react Estimation of responses OK
: - TN o
Zte?(:chhgf)té?:!tli)ér? ecg?wléistieoﬁf VEEIEEE 1 (P;(r) —\_ —D P l\
m |tis atough task for the Rggregaror /’PL_IERC-z me—’ Tm%h
e odlocte (LIl V| rof L | o
Py, Py .., Py toeach Fi_oi : Tq,,_gh ix T, b.
P{r)_L | |[Pho——
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2. Research on FastADR Aggregation




Research on Large-scale FastADR Aggregation

. Aggregation Coordinator
m Alarge number of office —_ADR Center
building air-cons make the = Server

. OpenADR
FastADR meaningful. [cf,mi’;umiﬁ% o
AN ——

m \We assume 25 Aggregators,

each has 20 office bUI|d|ngS Aggregator Na._ Aggrzegator
with an ERC and 20 air-cons. - ﬁ;ié"h'.‘)‘ clnt
m Target Negawatt s : —F = \
-2 kW X. 20 air-cons. ..|."/ \, _Buidng Ve Building
|Air:100n ...Airé%on = Air-100n Ai'régoln
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Realistic FastADR Aggregation Simulator in Our Lab.

m [he simulator has an

Aggregator and 100 real-

time air-con emulators.

m [he EPRI's demo DRAS
server Is installed

m  Network communication
delays are emulated by
"Dummynet.”

m Actual OpenADR
messages are actually
transferred over XMPP.
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Communication Model of FastADR Aggregation

O OpenADR messages Agg. Coordinator Resource Aggregator Many Bundmgs
are transferred from TN VEN - |Aggregation| FastADR TR ke 2%
I .
the VTN server all the e i T ent
way to each gateway A
of building emulator. ADR Event E— =)
: WRITE_EveftStat N
= |EEE1888 web service L corgora ~
standard is used for OpenADR / XMPP RITE PowerRepgrt 60 sec
FastADR power Event Push FETCH Comw‘n’ |
limitation command = ~
from the Aggregator to (| Building's Firewall \1 L
the ERC vt allows outbound only| ey v
' Periodical Pull \/\/
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Simulation Result of Aggregated FastADR Power Reductions

L MET S M=10
m Our air-con emulator's o N
behavior varies one by m \
one and trial by trial. IEEEEERZENY " [ Number of
& s4s29( 12345 aggtrgeglated
20 300 rlaS
m Eachair-con'sresponse | [[___ \ ¢ Tpeeetemm|  ME 99—-\\
of FastADR varies Trials | ooen 0 7T |f’> ST K />§> %m
stochastically R e iiizg@ ol N/
m  Along with number of 5 ., -
aggregation increase, 0 :
aggregated responses i S N stochastic J
became converged. y T \Disturbances ~+-Heasied Power
Ime . ——Predicted Power
A4 . .) === astADR Command
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Averaging Effect in FastADR Aggregation Simulations

X Relative Error

m FastADR aggregation 16 X ~-Std. Dev Predict ~ [] 4
variation decreases = ~arotd. Dev Theory =
along with the number =12 1/VN Rule o] 3 &

5 g 2 Results of o L 5 S

m Standard Deviation L A
decreases according 2 5
with approximately g ° 'E
1/+/N averaging rule. 2

0 i l ! X | | | 0

0O 10 20 30 40 50 60 70 80 90 100

Number of Aggregated Trials M
(Number of Aggregated Buildings V)
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3. OpenADR Standardization in Japan



OpenADR Related Standardizations in Japan

m JSCA™ Standard was published in 2012.
It introduced several OpenADR use cases.
*1: Japan Structural Consultants Association

m ERAB™ Guideline was published in 2017.
It guides OpenADR payload construction.

"2 Energy Resource Aggregation Business Study Committee,

established by Ministry of Economy, Trade and Industry.

m JEC-TR™ series were published in 2018-19.

The series advises detailed implementation
of OpenADR and IEC61850.

"3: Japanese Electro-technical Committee of the Institute of
Electrical Engineers in Japan
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JEC-TR-59004 Main Concern: Allocation of FastADR

m JEC-TR-59004 is Estimation of responses
specialized for the _ — LA
DR of VRF air-con. e o )
aggregation. ad it Y
oI9S Aggregator[{!' ¥*"P._; T‘“I—/N‘—’

= The Aggregator has to < ____L-,E'?fz v L
estimate the responses, \ P, GRS | P A=
and allocate the power Pt . Tors e X
limitation commands P, A
to the Energy Resource Tt
Controllers (ERCs). Py -

TSA_.VI-—E/&I—;/'X
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Feature of JEC-TR-59004 : Negawatt Prediction Inquiry

m First, the Aggregator A
sends the ERC an 100%

assumed limitation r
P, forthe next 5 min. TV 80% D, Base Line Py (1,-1) |

P(t) w e T M ...... |
a Then. the ERC power 60% e v }

Predicted Reductio
answers the predicted U™ 4004 | 1 Toquire with Bmt1)} Wap(m+1)
the corresponding pL(m)

L . .
negaWatt Wsp. 20% [ Commnad with 7 (1) 1 Actual P(r+1"))
: 0% >
m Finally, Aggregator 110 5 11 +5 1 Min. Time ¢
issues an executable e NIV g
power limitation
command P,.
T




Negawatt Inquiry by using OpenADR (Under consideration)

m Negawatt Inquiry with
condition P, would be Aggregator (VTN) ERC (VEN)
implemented by using
EiReport service.

m  Answer of predicted

negawatt w;, would be

) ted by Usi oadrUpdateReport
'”.‘p emente : y using AGG. sends Negawatt Inquiry with condition P,
EiReport service.

oadrUpdateReport
ERC answers predicted Negawatt W,

: oadrCreateReport

m FastADR executable

command P, would be

0| ted b . oadrDistributeEevent
Imp emente .y using AGG. sends execution FastADR command P;
EiEvnent service.
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