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1. Abstract

The increase of renewable energy and distributed energy resources (DERs) is upsetting the past normal flow
of power from distant large generation sites to large urban centers. Renewable energy is now being
connected to the power grid at multiple system points, causing power to flow in a different direction than
how the power grid was originally designed. This change in power flow is termed “reverse power flow,” and
it can have a large, negative impact on installed transformers. According to IEEE C57.12.00, transformers are
designed for step down operation (i.e. power flow in one direction) unless otherwise defined, such as for
generator step-up (GSU) transformers or system intertie transformers (power in both directions).

Evolving changes to the power grid system will first be presented from a utility perspective. Reverse power
flow will require the evaluation of existing transformer assets and new transmission infrastructure. Large
additional transformer upgrades/de-rating/replacement costs need to be considered as well as new
transmission investment due to reverse power flow.

The impact on different types of transformers from a design perspective will be presented next. Most
transformers may not have been designed for reverse power flow. The change in direction of power can
cause large changes to the leakage flux pattern, core loss, core temperature, metal part temperature and
winding temperature of a transformer. Increased loss and thermal cycling can reduce transformer life.

Small increases in excitation voltage can lead to significant magnetizing current increases and harmonics.
Comparing the results of various operating conditions, reverse active and reactive power flow are the worst.
Restrictions on power flow without the loss of transformer life or transformer replacement may be required.

Reverse power flow can also have an impact on on-load tap changers (OLTCs). The frequency of tap
changing operation may be higher, and the tapping range may no longer match system requirements.

Several examples will be presented where multiple studies were conducted on various step-down
transformers. These transformers all had dual low voltage (LV) terminals and the flow of power was
originally HV to both LVs. The change in power flow from LV to HV and even LV to LV was shown to have a
significant negative impact on the transformer’s operation and required a large de-rating under reverse
power flow scenarios. This impact was different depending on the transformer winding arrangement, core
type and clamping design. These case studies are examples of real significant impacts to power transformers
under reverse power flow conditions that would not have been known without a study.
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2.

Learning Objectives

This tutorial provides the following learning opportunities:

— Context for reverse power flow due to changes to power grids caused by increasing renewable
generation connection and its variability by nature

— Impact of reverse power flow to utilities with large installed transformer base

— Performance impact for power transformers with reverse power flow

— Effect of reverse power flow on OLTCs

— Cases studies of step-down transformers that required significant de-rating

Learning Outcomes

By attending this tutorial, attendees will gain an understanding of the following:
— What is reverse power flow and why is it happening
— Why reverse power flow can impact certain power transformers

— Necessity of studying impact to power transformers from a design perspective that will see reverse
power flow
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