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I Pro;ect Objectives:

Project started by a utility looking to characterize a distribution market
around distribution system constraints

Designed and implemented a Transactive Power Application (TPA) to

enable and manage power trading and determine transaction feasibility:
Web-based transaction agreement management front end.

Power flow analysis that includes transaction data.

Supports determination of transaction feasibility.
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| Project Objectives:

- The Transactive Prototype Application (TPA) Energy Trading

project 1s aimed at:
- Enable prosumers and consumers
- Trade power on a NEW market
- Market controlled by utility

- Ensure grid can support the transactions
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I TPA Architecture Details

Web-application (Frontend):

Management of transactions and needed power system data.

Communications Manager (Backend):

Automatically generates OpenDSS model from transactions

Power flow analysis:

Calls OpenDSS with system-generated model data and reads results.
MATLAB .exe for Distribution Locational Marginal Pricing
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I TPA Architecture Diagram
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I OpenDSS Model Objectives

4#p sdp hawekrwyroedfvifgg#rdgvitirubtdgvdfvlyhihaghug |1
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frgvxp hutrdgvl
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I Distribution LMP
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MATLAB DLMP

Shuis kdvh#lgg i bhdul hg#ydubgwe | #ryoj #rqyh {#x=e0
suwedp vHgrwiFR ST 1
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. Frp sihg#owiwlggdagh#h{h

Universityofldaho

College of Engineering




Universityorldaho
College of Engineering



I WebApp: Menus

Search

CUSTOMERMENU — ~ |

Username or email
Search
& MAMAGEMENT MENU =
Password )
Forgot password Main Page And Dashboard
CUSTOMER MENU -
Create account Transaction Management
| Keep me logged in Customer Management =
¥ MAMAGEMENT MENU  ~
Site Management -
m Profile Management -
ﬁ ADMINISTRATION MENU ~
Power Systemn Model
Management -

{51 ADMINISTRATION MENL =
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I WebApp: Producer Site Management

iric Power Market Management

Producer Site Managers

Search

Producer Site 1D«

Q, Mo filters are applied

Producer Site Hame Site Image
PYE11
PVE3L
PVB4S
PWE4E
PVESZ
PYETD
PYET1

PYETS

PVBS2

Site Geolocation

47 658779, 117426048

A7 658779, 117 426048

47 63ETTY, -117.426048

A7 65ETTY, -117 426048

A7 6SETTY, 11T 426048

47658779, -117 426048

47658779, -117 426048

47 65ETTY, 117 426048

AT BSETTY, 117 426048

O % O coonew

Created Datetimie

0140119 1200 PM

0140119 12200 PM

01/01,19 12200 PM

01/01,19 12:00 PM

0101119 12200 PM

010 19 1200 PM

A9 1200 PM

01401519 1200 PM

01/01719 12:00 PM

University

Cap KW
KW 10,000
k'w 10.000
kW 10.000
kW 10,000
kW 10,000
kW 10,000
KW 10.000
KW 10.000

KW 100000

ofldaho

College of Engineering



WebApp: Transaction Management

Electric Power Market Management

Transaction Agreement Managers

_— Q, Filter by Start Datetime: 08/18/14 12:00 AM - 08/20/21 04:36 PM & % © avonew

Trn Agreement IDs  Trn Agreement Datetime T S5tart Datetime  Trn End Datetime  Producer Site Name  Storege Site Hame  Consumer Site Hame  Additionsl Consumed Power? (Yes/No)  Supported? (Ye

O7/0B9 0100

1 QDI 1200 PR DTA0ETS 1200 AM A P¥E11 NullStoragesite Load. 6348 (] =
070819 01:00

2 00191200 PM 07ADEMS 12200 AM AM P34 NullStorageSite Load 6340 B =
0770819 01:00

3 0VIA 1200 PR 0770819 1200 AM s PGS NullStorageSite Load E34c |
0770819 01:00

4 QDAY IZ00 PM  07A08NT 1200 AM PVE46 NullStoragesite Load 645 []

AL
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TPA: S,

Generate Input Files,
Run OpenDSS,

Communication A
Manager P Lcuest prieriy Transaction
Workflow S un openBss,

¥

Create MatLab Input Files
Run MatLab
Output DLMP Prices
& Update Database w/ Prices

v

Determine Transaction Status
& Update Database

2
Increment Current Time

End Program UniVerSityof |dah0
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Simulation Scenarios
. Wkhitv| vwhp # dvithvvhg #wlydulrxviyfhgdulrv
- Ruj ydaw | vwhp #rdglyj# kB ( #8Y
« Igforghts YiksH#eiD3 (

. Revhwhisrz hu | vwhp # 0P Svilgg#hkdyruk kk#ghighg#
wdgvdfwrgviehw hhg#f xvwep hus

- Revhwh#lgg#rgilp #issafadwirgffrp p xglfdwirg#xulyj #
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Original Power Dispatch

Generator kW kVAR
632.A 231.61 3.621
632.B 210.55 167.86
632.C 270.67 134.04
634.A 50 0
634.B 50 0
634.C 50 0
675.A 250 0
675.B 250 0
675.C 250 0

Customer kW kVAR
C1 170 20
C2 160 115
C3 120 109
Ca 120 240
C5 170 125
C6 0 0
C7 128 68
C8 8.5 5
C9 33 19

C10 58.5 34
C11 0 0
C12 485 -10
Ci13 68 -140
C14 290 12




Original
Real
Power
DLMPS

Phase A c/kwh 11 c/kWh

Phase B cfkwh 11 /kVARK
Phasec C c/kwh P=Inf
Q=Inf
650
11.000 efiowh
11.000 c/kwh
11.000 c/kwh 7 c/kWh
£ 11.031 c/kwh 41 247 c/kwh e
11 116 o/kwh 11 093 c'kwh 632 11021 cliewh 11 165 o/kwh F"—ﬁEIEW
11.032 c/kwh  11.021 c/kwh 11.016 c/kwh 11'132cikwh Q=
| : G2
/7 V7 /i e -y
i i s ) (; -
| | &4 I
ae 646 £, 645 > o 633 634
12 101 c/kwh C2-4
11.464 cikwh 11
12.156 c/kwh g 7 ekiWh
12.218 c/kwh 15
12.227 c/kwh S i 671 1401 chwh T oo
. 12.219 ckwh G3

- # I ()
611 684 692
c:'[1 )’ 675 I

c12-14
pr—— 2168 o/kwh

b, 4
C7



Phase A ¢/KVARD 11 ¢/kWh
Phase B o/kVARA

Original % <
Reactive =——

650

11,000 KVARA

Power e
11.000 c/kVARD 7 c/kWh

11.038 c/kVARh 11 038 ¢/kVARA 632 [1.O17CKVARN 11111 CkVARh p=50kwW

1.017 c/kVARD 14 086 c/kVARh Q=
11.033 /KVARD 11.015 c/kVARD 11 OISR, 3% Tah Arid ((1320
D LMP S /s I Y774 | b
7/ 4 77 777 | 9
l 646 l 645

] 633 634
Cc6 /]
ea 10.964 c/KVAR C2-4
10.716 c/kVARh
10.938 c/kVARh g1 7 kWh
10.972 c/KVARD 10917 AKVARh o5y
10.865 c/kVARh g 671 10.655 c/kVARh =
10.904 c/kVARR 10912 JkvARh &0
| i G3
/ /f yrdd
4 77 | V7
[ 611 684 692
c1 /
652 =g 11005 c/kVARN

b 4
G




Power Dispatch with PV Integration

Generator kW kVAR Customer kW kVAR
632.A 0 46.758 Cc1 68 20
632.B 78.487 182.46 Cc2 64 115
632.C 225.17 160.78 C3 48 109
634.A 28.441 0 Ca 48 240
634.B 50 0 C5 68 125
634.C 50 0 C6 0 0
675.A 250 0 C7 51.2 86
675.B 250 0 cs 8.5 5
675.C 250 0 c9 33 19

C10 58.5 34
C11 0 0
C12 485 -10
C13 68 -140
Ci14 290 12




Real
Power
DLMPS
PV

Phasa A cikwh

11 &/kWh
Phasa B o'kwh 11 ¢/KVARH
Phase C c/lkwh it
Q=Inf
650
07,343 c/kwh
11.000 c/kwh
11.000 c/kwh s
5 07330 clewh 07 315 clkwh .
11 082 cfewh 11 058 c/kwh 532 R 27,315 chw |-: P_ﬁﬂ_}gw
11.004 crkwh  11.002 c/kwh 11.000 c/kwh 100 et 6—2
o G pr74 |
77 77 777 -—g E— 1-@
Ccé Ren Cc3 an v 633 634
07,031 cfkwh C2-4
11.468 c/kwh .
10.688 c/kwh can -
07 000 c/kwh
10 628 c/kwh 07 030 c/kwh 671 e P—Eﬁ_oicw
10 659 c/kwh o
10.647 cllkwh G3
~ e | P
’ ’ = | S




Phase A c/kKVARN 11 e/kWh

Phase B c/kVARh 11 c/kVARA
Phase C c/kVARh

Reactive Pt
POWGI 650 |

11.000 ¢/kVARB
11.000 c/KVARN
11.000 c/KVARN /KW
632 11.015ckVARN 41 125 c/kVARD ;-50”,:
11.039 c/KVARK 11.039 c/kKVARh =
O3 CKVARN 49 104 kVARD Q=0
11.040 c/kVARK 11.021 c/kVARh 11.015 /kVARh 1. O

11.126 c/kVARh
G2

P V V7 7 L2/ | D) E_ ._@
77 7 V4 | ‘)
\F 646 I I
o AL 645 633 634

10 999 c/KVAR c24
10 829 o/kVARN C 8-11
10.984 c/kVARh ——
11.028 KVARh 10975 VAR 5550w
10,922 c/KVARh il 671 10784 ckVARh 720
: 10 958 c/kVARh

G3

i o I 755~ . @
'[611 684 692 675 I

c1 4

C12-14
652 =t 11 052 c/KVARK

i
C7




I Conclusions

- WSD#issdfdwirgiv xavhgfirup xolkrxuvthgdulrviz Ik#
ghibhg#tdgvdfwirgv

. Uhgxfhvisuf h#irgihhghutlgg#hgf rxudjhvihghy |#udg ]

. Dvwwivwigisrz huv | vwhp #o MWhyrodjhAgh#iarz ,

Universityofldaho

College of Engineering




I Next Steps
. WSD#issdfdwirg#vp xaiwhgHirus

P xolkrxufhgdulrviz Yk#vp dudtj hawtggighp dgg#hvsrgvh
Oduj hu | vvhp

Dgdd vivir #o sdfwirgisrz hul | vwhp thtxlksp hawix kv
wdgviryw huAtggih] xawuw

Ghsa |p hawi #ls s df duir g#ir vl huvE dduhvuiy
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I Transaction Agreement fields
added after DLMP calculation:

. GOP Stufh#wkh# ruhvsrgglyjexvi nz k,1

. WDSUffh + 2nZ k #kdwhkhikwids #urs rvhviirubkhi
WudgvdEvirgip j thhp hawl

. Wkiib d|#eh#f ddxavhg#dvhg#rgikhis OP S#socvl
frvwir g v xwirgl
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I Transaction Enabled/ Disabled Logic

. TLiryvhwrodjhg#
- Wudgvdiwlrgtig dedig

- Iigrwiryhurod]hg dggisulf Iyj #rukhubd#iip hwe
- Wugvdfwrrgtivthgdedng

- Iigrwiryhwrod]hg dgg#sulf bj #Hubkhub#vigrwp hw=
- Wudgvdiwrgtig rdedig
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I Integration of Database and OpenDSS:

. Dssdfdwirgthdgviiirp #ydwledvh#iggHithdvhvi
R shgGVV p rghd

. Dssdfdwirgf#fdaviR shgGVV dgg#rewd v xws xwiinvl

. Dssdfdvirgighviyp hviedgvdfvirgi#hdve By #edvhg#
ragiR shqGVV srz hutfiorz #gdd vivl

. Dssdfdwirgiz ubhviedfni#ogw igdwle dvhindgvdfwirg#
thdve s 1
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I Overvoltage Prioritization: Algorithm:

. Tdviyhd 2 k kiR vhuyrod] h#t#g | #xv =
- J hghudwhik shgGVV p rghdtlgg#ixgl

- Uhdg#k shgGVV R xwsxwl
. I#R yvhwyrod] hifwdiE xvikhg=
. WD Ikirz hvwk ulruly] #e gk dwE xvilvis rdedigl
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l ATP: o e e e
Comm.
Manager
Transaction
Feasibility
Determ. N

Deny Transaction Transaction Hour? Accept Transaction

| S~

Update Database With
Transaction Status

Set Data Points to Range ~1.0

Over-voltage

Data > Threshold?

No Over-voltage
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I Transaction Agreement Fields+:

- Fxvwp hu

- Swgxfhu h

- Frgvxp huvVhh

- P b xp #Hffhsvwhgisulfhtarp #8uwgxfhul h,1

. P d{Pb xp #Hiffhsvhgufh#arp # rqvxp huv h,1
S ulf h#F ukhubd# hvB
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I Overvoltage Prioritization: Info.

- Wudgvdfwrgid jithhp hgwHWD v uhitvvr £ Bvhg#e#
F rgvxp hudgg# urgxfhuw vl
. VIhvithh#f rgghfvhg#e# xvhvl
. P xods D viirurghiE xvl
. P xois Mi#itD vHirutiis uwrgx fhulV ih#cuF ravxp huiv Whl
. Wudgvdfwirgd jihhp hgqwikdyhis ulrulw] 8 r wl
. WDvHhthigrz #hvwifvhg#eriR ghtK rxul
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I Transaction Agreement Enabling

Strategy Price Criteria Met?
T#WD Sulfth idaviehw hhg#t O#lgg# d{#htxhvvhg A
wkhgtkhiB ulfhif ubhud#viP hw
. VDS UIth dovirxwihh# L#igg# d{#htxhvuhg Alkhg
wkhis Uf hiF ubhid#virwb hwl
. Ig#ixwkth Adgudiwirg#d jthhp hqwip d |#h#f rgyhuwhg#
weH rawdfwe dvhgHrgikhvhithvxowl
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