
NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated bythe Alliance for Sustainable Energy, LLC.

Jin Tan,a Yingchen Zhang,a,* Ibrahim Krad,a

Vahan Gevorgian,a and Erik Elab

a National Renewable Energy Laboratory, Golden, CO 80401, USA

b Electric Power Research Institute, Charlotte, NC 28262, USA

October 13, 2015

Investigating Power System Primary 
and Secondary Reserve Interaction 
under High Wind Power Penetration 
Using Frequency Response Model



2

Outline

ÅBackground

ÅMulti -area Frequency Response Integration Model 

(MAFRIM)

Å! ŘŜƳƻƴǎǘǊŀǘƛƻƴΥ άPrimary and Secondary Reserve 

Interaction under High Wind Power Penetrationέ

ÅConclusion



3

Background

ÅProject: Active power control from wind power (DOE)

ÅGoal 
V Adjust ǘƘŜ ǿƛƴŘ ǇƻǿŜǊΩǎ active power in various timeframes 
V Improving power system reliability

Å Time scales, spatial scope and topics

Millisecond Minute Lifetime of WT

Turbine Plant Inter-
connections

Control 
design

Power system 
operation Economics

Bridge

Why should WP 

provide APC ?

Can wind 

provide reliable 

response?
O

WP
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IC: Inertial Control;  PFC: Primary frequency control ; TC: tertiary control; 
FESTIV: FlexibleEnergy Scheduling Tool for Integration of Variable generation;

MAFRIM: Multi-Area Frequency Response Integration Model

Wind Variability

Services and Analytical Tools at Different Time-scales

O

WP
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Multi -Area Frequency Response Integration Model

Key features:
Å Bridge dynamic simulation & economic dispatchsimulation;
Å Response to 4-s AGC and 5-min dispatch ; 
Å Represent frequency dynamics from seconds to days level considering the 

variability of the wind.
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A demonstration: Primary and Secondary Reserve Interaction 

Incentive
Å ñThere is no commercially

available simulation tools that

can realistically model the

interactions between these two

types of reserves(primary and

secondary)ò[1]

MAFRIM
Å Provide a unique and

comprehensivelook at primary
and secondary reserve
interaction under high wind
powerpenetration

[1] J. Eto, et al. ά¦ǎŜof FrequencyResponseMetrics to Assessthe Planningand OperatingRequirementsfor ReliableIntegrationof
VariableRenewableDŜƴŜǊŀǘƛƻƴέΣFERCreport preparedbyLBNL,December2010
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Modelling

Å Dynamic Grid Model

o Phasor-based grid Model 

o Four-area AGC model

o ²ƛƴŘ ǇƭŀƴǘΩǎ  PFC and AGC 
controller

o Dynamic AGC  dispatch model

Å FESTIV Model
o Wind and load forecasting model

o Day-ahead security-constrained unit 
commitment model

o Real-time SCUC and security-constrained 
economical dispatch model
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Simulation

ÁFESTIV simulation

Á24-hour dynamic simulation

Á Interaction between the PFC and SFC

ÁEffects of Wind AGC on long term frequency response 
performance
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FESTIV Simulation

Å Day-ahead unit 
commitment, real-time 
unit commitment, and 
economic dispatch for  
Wind and  conventional 
ƎŜƴŜǊŀǘƻǊΩǎ ƎŜƴŜǊŀǘƛƻƴΦ

Å Spinning and regulation 
reserve dispatch.

Å Optimize the dispatch by 
considering the 
variability of the wind.
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24-hour dynamic simulation

Å 24 hour simulations

Å Dynamic responses of 
conventional generators and 
the wind plant

Å Frequency response of the 
interconnection grid


