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Specification writing

" UNIFI GFM specifications

" NERC GFM BESS functional specifications

" GC0137 3 precursor to Great Britain Grid Code 

" IEEE P2988 Virtual Synchronous Machine

" Technical papers and publications

Membership in industry GFM forums

" UNIFI

" GPST

" ESIG

GFM DOE projects

" GRID-READY WIND (Award No. DE-EE0010652)

" GRID Services Demonstration of a hybrid (wind, solar, BESS) plant (Award No. DE- DE0009024)

Testing at National Labs 

" NREL
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" Equipped and Empowered System Operators

" Risk mitigation and uncertainty management for 

resources dispatch and market product 

development for grid services

" Understanding of cost vs benefit of grid services 

from WPPs (GFL and GFM)

" Increased adoption of WPPs and standalone 

IBRs: removes instantaneous penetration limits 

imposed on WPPs

" Increased pace of decarbonization

$8.5

M

World9s first demonstration of grid-forming services at commercial Type-III wind plant
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PGE/NextEra9s Wheatridge Plant in Morrow County, Oregon:

North America's first energy center to combine wind, solar, and energy 

storage systems (ESS) in one location, with 300 MW of wind, 50 MW of 

solar, and 30 MW of ESS. Jointly owned by PGE and NextEra" Pacific Northwest 

National Laboratory 

(PNNL)

" University of Texas-

Austin

" Portland State 

University

" Portland General 

Electric (prime)

" GE Research

" GE Renewables

" NextEra

" Bonneville Power 

Administration 

(BPA)

Team: 
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" Isolated from NERC 

CIP network

" Non routable DNP 

connection

" Data configured on 

both sides of DNP 

connection

" Secure VPN remote 

access

" GE OT network 

restricted to MQTT 

and VPN server.
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d HMI Workstation

g Real time controller

e RTDS rack
190.168.X.X

GE network
10.178.0.0/16

Lab LAN
190.168.0.0/16

190.168.X.X10.178.X.X f GTNETx2 (Modbus)
190.168.X.X

d Optimizer

Public 
network

Weather 
forecaster

190.168.X.X 190.168.X.X

10.178.X.X

e

Solar forecast 
server

MSG broker

¯ Generic PHHS HMIs developed
¯ Generic PHHS modeling completed (3 

hydro units + 1 PV + 2 BESS + Equivalent 
grid)

¯ Modbus TCP communication is completed

¯ Controller configuration completed
¯ Optimizer configuration completed
¯ Solar forecast validated
¯ DNP3 communication to PLC 

validated

÷ Hydro PLC

190.168.X.X



PHHS
optimizer

Day-ahead PV power forecast

Day-ahead plant target

PHHS 
controller

Hydro setpoints

PV curtailmentDay-ahead water intake 
forecast

Baseline 
schedule

BESS charge/discharge

Updated every 15min

Economics Reliability & Security

PHHS 
assets

Real time monitoring

Atlas Map Quest Waze plus



Funded by:

This presentation may have proprietary information and is protected from public release.

MQTT Message broker architecture

The team has set up MQTT message broker to 

facilitate data exchange.

¯ PV forecast data collection: 

QCELLS server (publisher) -> broker -> PHHS 

controller -> Optimizer 

¯ Site data collection:

PHHS controller (publisher) -> broker -> QCELLS 

server



Human Machine Interface (HMI)



Example 3 Economic Dispatch

Output

24hr Solar Forecast

BESS State of Charge

24hr Load Forecast

24hr Generation 

Forecast

Optimizer

24hr, 15min Granularity 

Optimization Plan

Opt. Mode

Asset Capabilities

Asset Status

Input

RT Grid Pricing

Discharge BESS during High Grid Pricing
Charged BESS during Low Grid Prices
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PHHS operation simulation with varying profiles

Target Hydro output PV limit PV output PV+Hydro

PV hydro mutual 

compensation

PV curtailment No PV curtailment



17

Controllers powered up and customized HMI

Secure remote access and connection to station PLC is set up and under tested  
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Optimal Dispatch and 
Scheduling

" Economics, maximize 
renewables, energy shifting, 
and maximize battery life

" Ability to incorporate real-
time asset status and 
operating values

" Event driven optimization
" Reduced operations & 

maintenance
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