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A Review of Transaction-Based Energy Management
Technology for Energy Prosumers

Seak Bai Koh*, Sung-Yong Son**

Abstract The proliferation of distributed power sources such as renewable energy sources drives the
changes of consumers to prosumers who actively want to deal with energy. The prosumer is a new
type of consumer that can sell surplus energy or additionally generated energy to electric power
companies, other energy service providers, or other consumers. To implement such a concept, a new
technology and platform that can support the transaction of the prosumers are required. However,
the study in the area is limited since it is in the early stage. This work examines the state-of-the-art
transaction-based energy management technology through comparative analysis of representative
technologies to show the future trends. Although, technologies and standards for transaction based
energy are not much matured yet. related new research will be continued via competitions.

Key Words : Energy Prosumer, Energy management, IEC 62325, Transaction, Transactive Control,
Transactive Energy

1. A& ,
1-3].
4 [1-3]
. 2012
2 Btu (British Thermal
Unit) [3]- EIA (Energy Information
Administration) 30

This work was supported by the Korea Institute of Energy Technology Evaluation and Planning (KETEP) and the
Ministry of Trade, Industry & Energy (MOTIE) of the Republic of Korea (N0.20168530050080)

*Department of Electrical Engineering, Gachon University

**Corresponding Author : Department of Electrical Engineering, Gachon University (xtra@gachon.ac.kr)

Received December 14, 2017 Revised December 20, 2017 Accepted December 31, 2017



[41.

(deregulation)

(Demand Response, DR)

. DR

(Transaction Based Energy)

Transactive Energy
PowerMatcher

IEC 62325

IEC 62325
4
5
[5]. 2.
/ )
[5].
PNNL Transactive Energy( TE)
[5][6]. TE
PowerMatcher . ,
IEC
62325 EU



3.

3.1 Transactive Energy

GWAC(gridwise

[6].

TE PNNL 2011 5
architecture council) TE
TE “
TE
PJM 2014 GWAC
system
TE
6
-TE
-TE
-TE
-TE
(observable) (auditable)
-TE
- TE
TE

[71.

-Architecture:

TE

[6].

-Extent: TE

TE

« o)
TE

-Transacting parties:
Al

-Transaction:

-Transacted commodities:

-Temporal variability:

-Interoperability:

-Value discovery mechanism:

-Assignment of value:

-Alignment of objectives:

win-win win-lose

-Assuring stability:

(party)



GWAC Stack Transactive Energy
| 8. Economic/Regulatory
Policy Policy &
Device 1 7. Business Objectives M;z:;:g
14
6. Business Procedures ‘ ]
St : g
r 5. Business Context ‘ Models & | |a| |2
Inf, LR | Pricing 4| |e
i Schemes gl |8
L] 4.5 tic Understanding ‘ 2| g
| el |2
e ] el |w
1 3. Syntactic Inte bili ‘ Conceptual | 2| |8
s Architecturs i
Tochnical l | 2. Network Interoperability i
I Cyber-Physical
| 1, Basic Connectivity 4 Infrastructure

1. ransactive Energy element GWAC

[=1
Fig. 1. GWAC Interoperability Stack with elements of
transactive energy

GWAC 1 GWAC
TE
[5].
( cyber-physical level)
) 3
3.2 PowerMatcher
[5].

PowerMatcher
2004 PowerMatcher
LMP (Locational Marginal
Pricing)

. PowerMatcher

/ (device)

(agent)

Matcher ./

Bid - Bid
Price Price
s o
. Matcher _ Matcher

Bid Price Bid Price Bid Price Bid Price Bid Price Bid Price

Device Device Device Device Device Device

2. PowerMatcher -
Fig. 2. Hierarchy of supply & demand matchers in the
PowerMatcher

2 - Power

Matcher

SD-Matcher

SD-Matcher
(matching)
SD-Matcher
SD-Matcher
SD-Matcher
SD-Matcher

SD-Matcher

SD-Matcher
SD-Matcher
SD-Matcher

SD-Matcher
(equilibrium price)



(8.

(7]

-Stochastic operation devices:

-Shiftable operation devices:

( :
) batch-type

-External resource buffering devices:

on/off

) , ( )

, heat buffering device

-Electricity storage devices:

flywheel super capacitor

-Freely-controllable devices:

( )

-User-action devices:

stochastic
operation device

(constraint)
(local
optimization)

(global optimization).
PowerMatcher ESC (The Energy
Supply Cooperative)

(Hybrid Energy Grid Management:

HEGRID , Lochem )
9.
3.3 IEC 62325
(protocol)
EU . IEC 62325
IEC 62325 ENTSO-E(European Network

of  Transmission  System  Operators for



50 u o1

Electricity)
EU EU TSO
. ENTSO-E use
case CIM (common information
model)
. IEC TC 57 IEC 62325

WG-16 (Deregulated Energy Market)

CIM
IEC 62325 series
[10]-[17].

-IEC 62325-301: Common information model
(CIM) extensions for markets. CIM
extensions object
-IEC 62325-351: CIM European market model

exchange profile. ESMP (European market

Jot-CIM

[EC 61970 [EC 61968 [EC 62325 ‘

36x - Market Profles
352 NorthAmericanStyle Market Profile ‘

351 EuropeanStyle Market Profile

45n Contextual Documents
Reserve Capacity
Seheduling Resource Mlocaionand ~ Settlement  Acknowledgement
Process Nomination
Assembly and Syntactic Document Models
Schedule Bid Doc Capacity
Assembly Assembly Assembly
ol || ol
3. IEC 62325 [10]

Fig. 3. IEC 62325 model overview

profile)
profile (ESMP)

-IEC 62325-45x: Profile and context modelling
rules.

European style market

IEC 62325-301 CIM model
(Market Operations Package) EU
(Market Management Package)

[20]. IEC 62325-351
EU TSO
business process [11].
EU Bidding
()

. IEC 62325-351
TSO

(scheduling),
(capacity allocation),
(settlement)

(acknowledgement)
TSO

IEC 62325 TSO
ENSTO-E (European Network of Transmission
System Operators for Electricity)

EU
TSO



|
am -, |
Information model : ACC: aggregate core component
i 1 ABIE: aggregate business informaticn entity
Profiling Baged unl MBIE: message business information entity
derivation :
H 1 - i
Regional contextual |, 1 Rules defined in IEC 62325450 |
model 4, |
ACC " + Contextual model Basedon |
T i : parentmodel with possible |
Document contextual Ba?"d""l restricions
model H + Noadditions possibletothe |
ABIE e | parentmodel i
i |
Implementation |
derivation I
Message assembly |
model . oy Message concep |
MBIE ' model
T |
|
Message |
impk > w0
syntactic model H
4. |[EC 62325-450 framework[11]

Fig. 4. IEC 62325-450 modelling framework

IEC 62325-351 EU
(regional contextual model)

ACCs(aggregate  core
components)
(document contextual model)

ACCs
ACCs
information entities

(contextualisation)
aggregate business

(ABIEs)
(message assembly
model)
XML [12].

TE PowerMatcher
. TE

IEC 62325

PowerMatcher
, (
)
IEC 62325 EU TSO
IEC 62325-301
CIM
DSO/ISO
. TE OASIS OpenADR

CIM

1. TE, PowerMatcher, IEC 62325
Table 1. Comparison among TE, PowerMatcher and IEC
62325

TE PowerMatcher | IEC 62325
multi-variable
Identity | optimization simulator standard
mechanism
power
TSO BP
Purpose| optimization supply-demand o
. standardization
matching
policy maker, rid operator.
Related | grid operator, s P ’
market operator, TSO
persons | market operator, el
efc. )
sometimes, , .
Charal market onl can be applied to| too big for the
<tic | cannot solveyall the various sized | small, middle
c-teristic problems market market

TE PowerMatcher,



52

1 1

IEC 62325 . IEC
62325 EU CIM
model IEC 62325-351
TSO
TE
. PowerMatcer
TE
PowerMatcher
prosumer
(local market)
[18].
TE
REFERENCES
[1] S. Katipamula, D.P. Chassin, D.D. Hatley,
R.G. Pratt, D.J. Hammerstrom,
Transactive Controls: Market-Based
GridWiseTM  Controls for  Building

(2]

Systems, PNNL-15921, July 2006.

APS Panel on Public Affairs. 2010.
Integrating Renewable Electricity on the
Grid, Report, 40 pp. American Physical

Society: D.C. Available
online:
http://www.aps.org/policy/reports/popa-r

eports/upload/integratingelec.pdf.

Washington,

[3] Jeffrey Taft, Paul De Martini, Ultra-large

(4]

in Innovative
2013

scale control architecture.
Smart Grid Technologies (ISGT),
IEEE PES.

U.S. E.lLA. 2014. Annual Energy Outlook
2014, Report No. DOE/EIA-0383(2014),
269 pp. US. Energy Information
Administration: Washington, D.C.

[5] J.K. Kok, C.J. Warmer, |.G. Kamphuiset,

(6]

(7]

(8]

(9]

[10]

PowerMatcher: Multiagent Control in the
Electricity Infrastructure, AAMAS'05, July
25-29, 2005.

The GridWise Council,
GridWise Transactive Energy Framework
Version 1.0, PNNL-22946 Verl.0, January
2015.

Nilgun Atamturk, Marzia Zafar, Policy &
Planning California  Public
Utilities Commission, Transactive Energy:
A Surreal Vision or a Necessary and
Feasible Solution to Grid Problems?,
October 2014.

Koen Kok, The PowerMatcher:
Coordination for the Smart Electricity
Grid, Ph.D degree Dissertation, SIKS(the
Dutch Research School for Information
and Knowledge systems) Dissertation
Series No. 2013-17, May 13, 2013.

Bram van der Waaij, Wilco Wijbrandi,
Mente Konsman, White paper Energy
Flexibility Platform and Interface (EF-Pi),
How the developments in the Energy
Flexibility Market can be accelerated by
the Energy Flexibility Platform and
Interface, TNO, June 1, 2015.

IEC, IEC 62325 301 Framework for
energy market communications - Part
301: Common information model (CIM)

Architecture

Division,

Smart



extensions for markets, May 2014.

[11] IEC, IEC 62325 351 Framework for
energy market communications - Part
351: CIM European market model
exchange profile, September 2013.

[12] IEC, IEC 62325 450 Framework for
energy market communications - Part
450: Profile and context modelling rules,
April 2013.

[13] IEC, IEC 62325 451-1 Framework for
energy market communications - Part
451-1: Acknowledgement business
process and contextual model for CIM
European market, October 2013.

[14] IEC, IEC 62325 451-2 Framework for
energy market communications - Part
451-2: Scheduling business process and
contextual model for CIM European
market, May 2014.

[15] IEC, IEC 62325 451-3 Framework for
energy market communications - Part
451-3: Transmission capacity allocation
business process (explicit or implicit
auction) and contextual models for
European market, July 2014.

[16] IEC, IEC 62325 451-4 Framework for
energy market communications - Part
451-4: Settlement and reconciliation
business process, contextual and
assembly models for European market,
November 2014.

[17] IEC, IEC 62325 451-5 Framework for
energy market communications - Part
451-5: Problem statement and status
request business processes, contextual
and assembly models for European
market, February 2015.

[18] Olamide Jogunola, Augustine Ikpehai,
Kelvin Anoh, Bamidele Adebisi,
Mohammad Hammoudeh, Sung-Yong
Son, Georgina Harris, State-Of-The-Art
and Prospects for Peer-To-Peer

53

Transaction-Based Energy System,
Energies, October, 2017.

(Seak Bai Koh) [ 1

« 1991  KAIST

- 2018

e 1990 KAIST

* 1992  KAIST

e 2000 Univ. of Michigan,
Ann Arbor



