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INTRODUCTION

OBJECTIVES

• Renewable generation does not provide grid
stabilisation features such as inertia,
synchronising torque, damping torque, etc.
• The reduction in the system inertia due to
rapid integration of renewables is likely to
cause some serious cascading failures and
blackouts due to high rate of change of
frequency (ROCOF).
• Fast Frequency response (FFR) Services from
energy storage and Demand Response are
being explored for provision of frequency
support.

• To provide grid support such as Virtual inertia and fast frequency response from DER

BACKGROUND: DECREASING
SYSTEM INERTIA

• To provide flexibility and stability for operation of DER.

METHODOLOGY
a) Development of a real-time simulation, hardware in the loop (HIL) platform to evaluate the
impacts and performance of DER
b) Testing and evaluation of various technologies Such as: Demand Response , PV and Storage.
c) Development of new control approaches for stable and flexible operation of DERs

ONGOING WORK : HIL TESTING OF VIRTUAL INERTIA CONTROL
FOR VARIABLE SPEED HEAT PUMP
•

Frequency Dynamics based on swing equation
𝑑Δf
𝑀
= Δ𝑃𝑚 − Δ𝑃𝐿 − 𝐷Δ𝑓 − Δ𝑃𝑔
dt
• 𝑀 – System Inertia
• D – Load damping
• Δ𝑃𝐿 - change in load power
• Δ𝑃𝑚 - change in generator power
• Δ𝑃𝑔 - change in generator power due to governor
action, set up to as to return frequency to nominal
with a time delay.

•

Investigate and quantify the
capability of a heat pump to
provide Virtual Inertia.
Aggregate response of large
population of the heat pumps.

RESULTS

Introduction of frequency response from
Distributed Energy Resources ( DER) can have
two components: droop control (KD)and virtual
inertia (Mi) both delayed by PLL response times
(𝑇𝑝𝑙𝑙 ):
𝑑Δf
𝑑Δ𝑓
−𝑇𝑝𝑙𝑙 𝑡
−𝑇𝑝𝑙𝑙 𝑡
𝑀
= Δ𝑃𝑚 − Δ𝑃𝐿 − 𝐷Δ𝑓 − Δ𝑃𝑔 − 𝑒
𝐾𝐷 Δ𝑓 − 𝑒
𝑀𝑖
dt
𝑑𝑡

• Droop control improves frequency response, but
only up to a point then cause an instability.
• Additions of virtual inertia restores stability.
• PLL time delay has an important effect.

CONCLUSIONS
• The proposed controller for the heat pump is validated using HIL test.
• The heat pumps have tendency to provide virtual inertia.

FUTURE WORK
• Develop controllers for PV + Storage + Controllable Load to support grid frequency.
• Aggregate large pool of frequency responsive controllers embedded in the distribution network.
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