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Project Objective

e Enable inverter based DR sources to meet
demands of sensitive loads

e Enable parallel clusters of DR sources to
operate in a stable manner without
communication
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Proposed Hardware Platform
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Control Objectives

Real Power-Frequency Droop Characteristics
Reactive Power-Voltage Droop Characteristics
Address short term power quality issues

Ride through nominal amount of voltage sags and
frequency deviations in a benign manner

Island and feed local critical loads upon large
deviation

Reconnect upon system recovery seamlessly
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Year 1 Tasks

Development of Power Source Emulator (PSE)
Study of Energy Storage Requirements (ESR)
Demonstration of Operation of Single Inverter (DSI)

Development of Inverter with Distributed Generation
Control Interface (DGC)

Computer Simulation Support (CSS)
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Hardware Approach

Programmable . _ dc 3 phase

current source T, T Inverter ac
storage | link output
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* Programmable
voltage and current
capability

» Allow source and
battery modeling

* Incorporate effects of
battery management
functions

* Plan B — commercial
converter
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2. ESR
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2. ESR

Determine Vi,
FVpC and N

Determine kVA -
pfand n of the
inverter

Do
you want

A,

k=land T is the

T,max

duration of UPS feature

l

Compute Ah, dC and
ApC of the battery

A,

Select a battery from the
data-sheets of capacity Ah
at a low-rate discharge dC

or that can provide ApC

for a duration of T or

r,max
more

l

Check whether the same
battery also meets the
high-rate discharge criteria

battery sizing to
include UPS
capabilit

=

k=0.50r0.2, and
T is the response

. nmax i
time of the micro-source

!

Compute Ah, dC and
ApC of the battery

l

Select a battery from the
data-sheets of capacity
Ah at a high-rate
discharge dC or that can
provide ApC fora
duration of T o OF
more. The battery must
be capable of sourcing a
peak current of one
order magnitude higher
than ApC
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2. ESR
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* Fit of sample data of time of
response of turbine

* Actual turbine output
response time versus step
magnitude

» Ramp response

2. ESR
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3. DSI
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3. DSI
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3. DSI

Load % Regulation
Type p.f. Phase ‘@’ Phase ‘b’ Phase ‘c’
1.0 1.5 1.5 1.5
Balanced 45(lag) 1.9 1.9 1.9
.89(lead) -0.5 -0.5 -0.5
1.0 0.89 1.4 0.13
Unbalanced 45 (lag) 1.7 1.0 0.47
.89 (lead) -0.92 0.57 -0.43
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3. DSI
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3. DSI
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3. DSI
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3. DSI
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* Cable tray system for interconnections installed

» Physical plant wiring modifications completed

» Being extended to add additional loads

* Load center with measurement interface being incorporated

26 July 2001 NREL Review, Project AAD-30605-14 GV 25
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4. DGC

* CTs, PTs analog interface completed
* Software platform completed

* DSP control output interface being
developed

26 July 2001 NREL Review, Project AAD-30605-14 GV 26



ez

o

R

s WEMPEC

5. CSS

» Several computer simulation models in
process

* EMTP

* Saber

* Matlab-Simulink

* Matlab

 Mathcad
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2000 2001 2002
ID Task Name Start Date | End Date | Duration
1 | Development of power source emulator 12/15/00 | 12/3/01 252d
2 | Study of energy storage requirements 12/16/00 | 3/30/01 75d E—
Demonstration of single inverter feeding
3 complex loads 12/20/00 | 12/5/01 251d
4 | Development of DG inverter control 12/20/00 | 7/11/01 146d e
5 | Computer simulation for Tasks 1-5 12/17/00 | 12/10/01|  256d (S— ]
6 | Expansion of lab scale microgrid
7 | Development of second PSE and Inverter
8 Demonstration of two islanding and
reconnection
9 | Demonstration of power quality solutons
10| Computer simulation for Tasks 6-9
11| Expansion fo lab scale microgrid
12| Development of third PSE and Inverter
13| Demonstration of decentralized control
14 | Demonstration of power quality solutions
15| Demonstration of operation under faults
16| Computer simulation for Tasks 11-15
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Evolution of Platform (Year 1)

* Single
inverter
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of loads
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Evolution of Platform (Year 2)

* Two inverters %

* [slanding and o
reconnection |

» Correcting power [ —
quality events jﬁ ;V%\; e
(balanced) 3

ﬂ

2 (2]
I o
] @
. e
[}
H N
e
38
gg %5
ga
S 2
< >

26 July 2001 NREL Review, Project AAD-30605-14 GV 33



Y

i3
Jran—se WEMPEC

&

Evolution of Platform (Year 3)

:
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