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3Subtask 3a: Energy Storage Evaluation for 
DFACTS/DER Application

• This task will focus on technology evaluation of various    
energy storage technologies such as battery, SMES,           
electrochemical capacitors, and fly wheel energy storage   
that is amenable for the wind energy applications. The     
selection will be based on near term application, economic,
footprint,  and electrical performance. In addition,      
software models will be developed for the energy storage   
technology.

• Deliverable: Report describing the evaluation results and 
models developed due Jan. 15, 2006.
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4Objectives

• Evaluation of energy storage technologies 
amenable for the wind power applications 
(such as battery and electrochemical capacitors)

• Study the grid connection issues
• Understand the energy storage system (ESS)      

distribution issues
• Understand the interaction of multiple wind turbine 

generators (WTGs) 
and ESS in a wind farm (grid connected)

The focus above is on transient or dynamic issues
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5Proposed Approach at the June 2005 
Project Kick-off Meeting

• Single unit modeling to study the ESS impact on 
WTG operation with power grid connection 
- may need develop new models in EMTDC
- average model may be required

• Multi unit modeling to study the ESS impact on 
wind farm operation (PSS/E)
- start with single unit operation in test system
- interaction of multi-unit wind farm of actual power system
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Where are we now:

1. Detailed single unit modeling with PSCAD
Developed wind model in PSCAD

Developed simple converter model for ESS connection

Begin to test the connected system

2. System level study of ESS connections to wind power 
with PSS/E simulations

Single WTG and ESS connected to grid

Multiple WTGs and ESSs connected to Grid

Sample case study
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Detailed PSCAD Modeling

• Variable speed operation 
– Power electronics interface between generator and grid
– Convert variable frequency output of generator to 60 Hz output at 

grid
• Power electronics interface comprised of three sections

– 3-phase rectifier
– DC link (possible energy storage location)
– 3-phase inverter
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PSCAD Model: 3-Phase Rectifier, DC Link

•3-phase diode rectifier chosen
•DC link - interface between rectifier and inverter

–Location for energy storage (batteries, electrochemical capacitors, SMES)
–Location for fuel cells, solar cells - provide additional active power
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PSCAD Model:  3-Phase Inverter

• Standard three-leg, six-switch voltage source inverter (VSI) 
• Transformer:  step up inverter voltage (2 kV) to utility voltage (13.8 kV)
• Switch: 

– IGBT, antiparallel diode
– Synchronized sine-triangle PWM for control
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System level study - Dynamic Model in PSS/E
Wind Turbine Generators(WTG)

General Electric 1.5 MW WTG

General Electric 3.6 MW WTG

Vestas V47, 0.66 MW WTG

Vestas V80, 1.8 MW WTG

Each of models are defined by various ‘sub-modules’

: Aerodynamic model, Generator control model, Generator model, 
Pitch angle control model, 

Some of ‘sub-modules’ are shared between GE and Vestas models

: Wind model, Shaft model, under/over frequency generator tripping 
replay, under/over voltage generator tripping replay
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Employing Power Grid

23 BUSES

6 MACHINES

8 LOADS

34 BRANCHES

∑PG : 3258.7MW

∑ PL : 3200.0MW
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CASE1: Analysis of ESS compensation – Configuration
Configuration of single WTG and ESS connection to the power grid

ESS is controlled to keep the active power flow from wind farm to PCC bus

as a specified value
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CASE1: ESS compensation – simple wind gust case 

Green: Power Flow from 
wind farm to PCC w/o ESS

Purple: Power Flow from 
wind farm to PCC w/ ESS

Yellow &Blue: wind speed

Black&Light Blue:Pg from 
WTG

WTG: GE 1.5MW

ESS: Battery 1.5MW
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CASE2: Distributed ESS vs. Concentrated ESS

ESS is aggregated as one unit 
(±12MW, ±12Mvar), and 
connected to the terminal of 
the wind farm

10 units of EPRI battery 
(±1.2MW, ±1.2Mvar) are 
connected to each WTG

ESS

ESS compensation to keep the active power from either 
individual WTG or total WTG outputs constant

Control 
Strategy

Assume constant wind speed (14m/sec) for 5 WTGs, and wind 
variations for the other 5 WTGs.Wind

10 units of WTG(GE 3.6 MW each) 1% of ∑PG in systemWTG

Aggregated ESSDistributed ESS
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CASE2: Configuration of the distributed ESS
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CASE2: Distributed ESS,  group of WTG with wind variation

Green: Power Flow from 
wind farm to PCC

Blue: Power Flow from 
each WTG/ESS to PCC

Light Blue: Pg from each 
WTG

Purple: Wind speed

Yellow: Pitch angle

Black: Pg from ESS
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CASE2: Configuration of the aggregated ESS
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CASE2: Aggregated ESS, WGT with wind variation

Green: Power Flow from 
wind farm to PCC

Blue: Pg from each WTG

Light Blue: Wind speed

Purple: Pitch angle

Yellow: Pg from ESS
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CASE3: Response to 3 phase bus fault in power gird

3 phase fault occurs on 
the bus of 203

The fault is cleared after 5 
cycle, and the line from 
202-203 is tripped

10 ESS are connected to 
each of 10 WTG
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CASE3: Response to 3 phase bus fault - Results

Green: Power Flow from 
wind farm to PCC

Blue: Pg from each WTG

Light Blue: Wind speed

Purple: Pitch angle

Yellow: Pg from ESS

Black: Voltage on PCC 
bus
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Possible Tasks for Future Study

The component -level case studies for WTG/ESS 
using EMTDC

Study of the ESS compensation for alleviating the 
operational issues of grid connected wind farm 

Study the Interactions of WTG in a wind farm with ESS

Study of the energy management of ESS for 
coordinating with WTG

Study of the advanced control strategy for the 
distributed ESS


