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The ‘NIST Framework and Road Map for Smart Grid Interoperability Standards’ proposes an
architecture framework to secure the direction of development and standard interoperability of smart grid
and provides a list of identified standard, standard cyber security strategies, and certification framework.
In particular, SEP 2.0 and OpenADR 2.0 are the examples. SEP 2.0 and OpenADR 2.0 can functionally link
HEMS and Smart Grid, but interoperability standards between the two protocols are not planned in above
document. The OpenADR Alliance also announced that work is underway to define mapping tables for
interoperability between OpenADR 2.0 and SEP 2.0, but no information is yet available. Therefore, In this
paper, in developing energy efficiency improvement HEMS, we propose a mapping model that supports
syntactic and semantic founded interoperability between SEP 2.0 and OpenADR 2.0b for ICT grid
convergence based on the standard specification document of each protocol and confirmed through an
example of the semantic mapping function based on the demand response service scenario.
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YA 8 darg]Fe] HeE 8ol Shimizu
Eol M 81 W71k HEMSe) s 48 k3
S 783} a2, OpenADR 2.0be} SEP 2.09] A5
THITHILL 7] w=itellA] ARl o|HE 24
S AAEFe] OpenADR 2.0b2} SEP 2.03F] A5 &
ARFHA T, AA AR S -§ HolE RS AA A
2 TH16]. olefgt “&ol Al OpenADR 2.0b<t SEP 2.0
o] a8l tigh EFol 71t 2 Wik sk, NIST
40 7= BIME FNEA &%k,
OpenADR Alliancel| A= w3 2F¢lo] 218 Folef Kl
AL o} T FHE= gleH19l
= imoﬂfﬂ% SEP ZOTJr OpenADR 2.0b7+9] 458
x5 *}"k HOﬂ 1&—% %01 T

tlo o o o

&
=
=
&

2. ZAUlE gt RFE TRER

2.1 OpenADR 2.0b
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[Fig. 2] Type of home energy management[18]
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[Fig. 3] Interoperability framework diagram[26]

<Table 1> Summary of differences between OpenADR
2.0b and SEP 2.0[6]

Functionalities OpenADR 2.0b SEP 2.0

Limited Yes

Direct Load Control

Profile Structure Tiered profile Modular profile

Full Reporting Services Yes No
Simple HTTP, HTTP,
Supported Transports XMPP RESTful HTTP
Non Repudiation Optional Not Specified
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<Table 2> A syntactic mapping table of common event elements between OpenADR 2.0b and SEP 2.0

OpenADR 2.0b SEP 20
eventlD |dentifiedObject:mRID
vtnComment IdentifiedObject:description
oadrEvent:eventDescriptor priority (implemented) e.g. DemandResponseProgram:primacy
createdDateTime RandomizableEvent:creationTime
eventStatus RandomizableEvent:EventStatus:currentStatus
properties:dtstart RandomizableEvent:interval:start
B ) properties:duration RandomizableEvent:interval:duration
oadrventeiActivePeriod properties:x—eiRamUp RandomizableEvent:randomizeStart
properties:x—eiRecovery RandomizableEvent:randomizeDuration

intervals:interval:duration ListLink—>RandomizableEventinterval:duration
intervals:interval:streamPayloadBase (dependent) e.g. SetPoint
. ) ) ) signalName (dependent) e.g. ChargeKind
oadrEvent:eiEventSignals:eiEventSignal - —
< < signalType (dependent) e.g. powerOfTenMultiplierType
signallD ListLink->RandomizableEvent:mRID
itemBase (dependent) e.g. UnitType

oadrEvent:eiTarget:resourcelD

RandomizableEventmRID

eiResponse:responseCode

Response:status
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[Fig. 4] Interoperability Service between OpenADR 2.0b and SEP 2.0
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<oadr :oadrPayload>
<oadr :oadrSignedObject>
<oadr :oadrDistributeEvent ei:schemaVersion="2.0b">
<pyld:request ID>request ID</pyld:request ID>
<ei:vtnID>HEMS_VIN_TEST</ei :vtnID>
<oadr :oadrEvent>
<ei ‘eiEvent>
<ei:eventDescriptor>
<ei:eventID>test event</ei:eventID>
<ei :modificationNumber>0</ei :modificationNumber>
<ei:priority>0</ei:priority>
<ei:eiMarketContext>

<emix:marketContext>http://MarketContext</emix:marketContext>
</ei :eiMarketContext>

<ei:createdDateTime>2017-07-30T00:00:00Z</ei : createdDat eTime>

<ei:eventStatus>far</ei:eventStatus>
</ei:eventDescriptor>
<ei:eiActivePeriod>
<xcal :properties>
<xcal :dtstart>
<xcal :date-t ime>2017-07-31T00:00:00Z</xcal :date-t ime>
</xcal :dtstart>
<xcal :duration>
<xcal :durat ion>PT24H</xcal :durat ion>
</xcal :duration>
<ei:x—eiNotification>
<xcal :durat ion>PT24H</xcal :durat ion>
</ei:x-eiNotification>
</xcal :properties>
<xcal :components/>
</ei:eilctivePeriod>

<ei:eiBventSignals>
<ei:eiEventSignal>
<strm:intervals>
<ei:interval>

<xcal ‘duration>

<xcal :durat ion>PT1H</xcal :durat ion>
</xcal :duration>
<xcal ‘uid>

<xcal : text>0</xcal : text>

</xcal :uid>

<ei:signalPayload>
<ei:payloadFloat>

<ei:value>0.75</ei ‘value>

</ei :payloadFloat>

</ei:signalPayload>

</ei:interval>
<!-— Skip 23 additional intervals of price data —>
</strm:intervals>
<ei:signalName>ELECTRICITY_PRICE</ei:signalName>

<ei:signalType>price</ei:signalType>
<ei:signal ID>SIG_01</ei:signal ID>
<oadr : currencyPerKWh>

<oadr : itemDescr ipt ion>currencyPerKWh</oadr : i temDescr ipt ion>
<oadr : i temUni t s>KRW</oadr : i temUni t s>
<scale:siScaleCode>none</scale:siScaleCode>
</oadr : currencyPerKWh>
<ei:currentValue>
<el :payloadFloat>
<ei:value>0.0</ei :value>
</ei:payloadFloat>
</ei:currentValue>
</ei:eiEventSignal>
</ei:eilventSignals>
<ei:eiTarget>
<ei:venID>HEMS_VEN_TEST</ei :venID>
</ei:eiTarget>
</ei:eilvent
<oadr : oadrResponseRequi red>never</oadr :oadrResponseRequired>
</o0adr :oadrEvent>
</oadr :oadrDistributeEvent>
</oadr :0adrSignedObject>
</oadr :0oadrPayload>

[Fig. 5] An example of oadrDistributeEvent of OpenADR 2.0b on DR program

T8 RS
control) 7|5 A3
OJAE|H 7]dk

23} Alo)(demand response and load
S gty =3 §3 4} e
T8 wHEgolEH, #AF oA 2k
(distributed energy resources) 715 J&S Abgal o4
29| 7Hg &S AXetaL o WIES o5 AA sk
Bzl HAo] Qs Fig. 4914 Devicel 2 SEP
2.0 stackS 7HA] 31 gl tulo] 27t Hlo] AA2 HEMS
ZHE oWIEE Ao}l F3k 4= gt} Device2e
HEMSZ58 23 #-a} Aojnt wh= FAv}. & 34
VENe°] HEMS®] SEP 2.0 stack 2% ¢
Ho VEN o[HlES] Zlgfol s

=
=

A3t} Fig. 59} Fig. 62 Fig. 4014 AHg & 5= gl
o] wfsgell S Fo|RER YA FHIY=A &

4= Tk Fig. 59] #o| 2= 207} A557] 447 A
of el A7AE AR FAgte] B4 oy~
Aol g8 JAEEE Fieddth 54 Ade 5%
= 8h= Alo] ohyel, VENo| #ejels BE A4S 538
= g} wehbA] SEP2 stackS o]oll 2 Add 2

A5 A oFstt}. Fig. 62 Fig. 500l &olsl= HEM
PVE zdshs ZrIfs YA Aotk dE

Devicele] PV #F¢lole} 7HdstH ‘HTTP GET(context
list) 2 A4t oyA] A4 Ao 555 HEMSe| 833}

- =



ICT A8 §g2 3 SEP 2.0% OpenADR 2.0b7Fe]

deg vy 2 47
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HTTP/1.1 200 OK
Content-Type: application/septxml
Content-Length: {contentLength}

<DERControlList xmlns="http://zigbee.org/sep" all="2"
href="/derp/0/derc" results="1" subscribable="1">
<DERControl>
<mRID>85ESSA7257</mRID>
<description>PV Control</description>
<creationTime>1501372857</creat ionTime>
<EventStatus>
<currentStatus>1</currentStatus>
<dateTime>1501372862</dat eTime>

<potential lySuperseded>false</potential lySuperseded>
</EventStatus>
<interval>
<durat ion>86400</durat ion>
<start>1501459200</start>
</interval>
<randomi zeDurat ion>0</randomi zeDurat ion>
<randomi zeStar t>0</randomizeStar t>
<DERControlBase>
<opModFixedV href="/derp/0/dc/0"/>
</DERControlBase>
</DERControl>
</DERControlList>

[Fig. 6] An example of DERControlList of SEP 2.0 on
DR program
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