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* Oil and Gas Energy Storage Potential

e Case Studies
* Spinning reserve
* Black start

 Hardware in the loop
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Oil and Gas Energy Storage Potential

* Spinning reserve

* Black start

* Frequency and voltage regulation
* Large on/off load

* Fast start

* Load smoothing

* Peaker units
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Spinning Reserve

Remote Site with no utility
* Isolated Community

* Mine

» Off-Shore Platform / FPSO

Power Plant is operated off-efficiency due to
* Generation must match load
* Must provide spinning reserve for

* large load swings e.g. drilling rig

* generation sources goes off-line
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What is HIL Simulation
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All simulated
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What is HIL Simulation

It is a real
controller I S S s .
! Real control signal
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Real feedback signals

All simulated
[ ] [ ] [ [ ] [ ] [ ] [ [ ] [ ] [ ] [ [ ]

SESSION 4B — ANCILLARY SERVICE ASPECTS / CASE STUDIES:
Energy Storage in Oil and Gas: A Spinning Reserve Application

Caterpillar: Confidenti



https://events.pennwell.com/pgi2019/Public/Speaker.aspx

~5th International = RTUAL

— Hybrid Power Sy s Workshop o
- ,‘?"5? — AN

18 - 19 May 2021

Loopbak PLC

v

Power Supply Log|x5000 Ethernet Etheet Log'x5000
Controller Interface DLR Modules Controller

Module
( LooEback ’

SESSION 4B — ANCILLARY SERVICE ASPECTS / CASE STUDIES:
Energy Storage in Oil and Gas: A Spinning Reserve Application

Caterpillar: Confidenti



https://events.pennwell.com/pgi2019/Public/Speaker.aspx

L
VIRTUA!
EVENT!

St Internatlonal
Hybrld Powe( Syst;ems Workshop
) / 18 - 19 May 2021

| 48056V 1156A

| -958kW  -15 kvar

| 958KkVA  49.99 Hz
v @

11027V |
| 1617 kW 789 kvar |
| 1799kVA|| 50.00 Hz |

| 11000V 1500 RPM

Vokage Speed

Following

| 1.37MwW 39l)MVArH 413M\IA|

| 100.00 %

j

Control

| 11000V 1500 RPM\
Following

Vokage

| 126 MW/ 305MVAr\ 3.30 MVA

Power Supply LognxSOOO Ethernet Ethernet Log|x5000
Controller Interface DLR Modules Controller

Module
Loopback

SESSION 4B — ANCILLARY SERVICE ASPECTS / CASE STUDIES:
Energy Storage in Oil and Gas: A Spinning Reserve Application

Caterpillar: Confidenti


https://events.pennwell.com/pgi2019/Public/Speaker.aspx

o =

~Gth Internatlonal - — RTUAL

EVENT!

— Hybrrd Powe( Sys@m;)Norkshop

18 - 19 May 2021

Control Philosophy

Centralized vs Decentralized controller

Unit control vs microgrid

* Decentralized:
= Monitor grid power quality (droop controller)

* Centralized: \\
= Monitor genset circuit breaker status
= Monitor genset and turbomachinery health
Centralized Decentralized

= Monitor grid power quality
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B kHY
GWA offshore generator dispatch & load profile

Proposed operation with 3 generators online being implemented

Current operation: 4 Online Proposed operation: 3 Online + BESS Contingency operation after trip: 2 Online + BESS
load  Load- Load  Load loed  Load
Rated Capacity Online MW factor Rated Capacity Online MW factor Rated Capacity Onfine MW factor

32 32 19 55% 32 32 32 52 30 4%
32 32 175 55% 32 32 32 32 30 9%
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Scenario fl 0

Island Operation, Inverter is Grid Supporting, both battery and DGS are supporting to
maintain the frequency and voltage. Battery and DGS also participate to share the load.

&1

Freq (Hz)
3

59

57

Caterpillar: Confidential Green

Frequency response to load change

— Without ES5

With ESS
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