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Presentation Items

1.  DOE has established 15 issues and / or questions in September 2017

2.  23 Non-DOE Responses submitted by November 6, 2017.

3.  Responses ranked by major category Chart 28

4.  DOE activities to date

4.  Data Gathering proposals from Dan Mulkey and from Steve Rosenstock

5.  Issues and definitions:  Load Factor and Capacity Factor

5.  Future Direction

6.  Discussion
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PUL means Per Unit Load

Issue 1. DOE seeks comment, data, and information regarding initial 
(first year) of service) PUL data for distribution transformers.

PUL data from loading studies to date shows considerable diversity, 

1. light loading in rural settings

2. > 70% of nameplate in some urban settings as well as for Commercial 
and Industrial loads.
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Issue 2. DOE requests input on the initial RMS PUL values 

PG&E on this subject has related the following load summaries:
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Rate Class Definitions

E1 Residential
E7 Residential Time of Use (TOU)
E19P, E19S, E19V - Medium General Demand-
Metered TOU Service
E20P, E20S, E20T - Service To Customers With 
Maximum Demands Of 1000 Kilowatts Or More
A1 Small General Service
A10 Medium General Demand-Metered Service
A6 Small General Time-Of-Use Service



Task Force to investigate Distribution Transformer Loading – DOE updates
Philip J Hopkinson, PE , David Brender, Senior Member

7Distribution Transformer Loading Taskforce Pittsburgh, March 26, 2018

California energy consumption 
compared to total US where in 2016:
Use California Total US
1. Residential 32.1% 37.9%
2. Commercial 36.7% 36.6%
3. Industrial 17.3% 25.2%
4. Transportation 5.6% 0.2%
5. All Other 8.3% 0.0%
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Data Gathering Per Dan Mulkey

1.Single-phase overhead serves residential, small to medium commercial, 
agricultural, and industrial.

2. Three-phase overhead are mostly small to medium agricultural but also used to 
supply small to medium commercial and industrial

3. Single-phase submersible is mostly residential with some small commercial

4. Three-phase submersible is mostly small to medium commercial with some 
multi-family residential

5. Single-phase pad-mount is mostly residential with some small commercial

6. Three-phase pad-mount is mostly commercial and industrial with some 
agricultural and some multi-family residential
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Issue 3. transformers of a given category (e.g., specific kVA, phases, 
application,

etc.). Specifically, commenters should specify whether the distributional 

data they provide represents the first year of service, or the full lifetime.

PG&E data represents a total summary and not a first year only.
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Issue 4. DOE seeks comment, data and information regarding the load 
growth

No data on this subject.  

1. Load growth normally results from new loads being added to existing 

circuits.  

2. LVDT’s may be relatively constant.  

3. MVDT’s likely to see new loading associated with electrification of motor 

vehicles 



Task Force to investigate Distribution Transformer Loading – DOE updates
Philip J Hopkinson, PE , David Brender, Senior Member

11Distribution Transformer Loading Taskforce Pittsburgh, March 26, 2018

Issue 5. DOE seeks comment, data and information regarding the extent to 
which efficiency is taken into account in transformer purchasing decisions.

Two Considerations:

1. Must be DOE Compliant
2. Low Price and best delivery
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Issue 6. DOE seeks comments, data, and information regarding 
Temperature Correction

1. Most stakeholders believe that temperature accurately measured 

2. Base temperature corrected to 20 C

3.  Full load temperature extrapolatable from initial conditions, local 

temperature and loading.
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Issue 7. DOE seeks comments, data, and information regarding how 
temperaturevaries with PUL

Temperature rise generally rises with load current to the 1.6 power at 
steady state conditions.
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Issue 8. DOE seeks comments, data, and information on the continued use of 
a single test PUL requirement. 

1. The 2016 rules for efficiency (50% of load for MV and 35% load for LV) are 
good

2.  Insufficient data for changes in PULs.

3. Load diversity significant, dependent on transformer application.
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Issue 8 Cont’d. Other comments on the continued use of a single test PUL 
requirement. 

3.a. Many Transformers purchased in bulk and placed in stock and applied as 
needed.

3.b. Same transformer may be in a light or heavy loaded application.

3.c.  Same transformer may be applied in residential, commercial or industrial 
applications.

4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.
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5. Existing metric measures efficiency at one load level, either 50% or 35% of 
rated load.

6. New low loss core materials have complicated the efficiency picture:

a. All transformers are at their maximum efficiency at the load where core 
loss equals load loss.

b. Transformers, using conventional grain oriented core steel, normally are at 
their peak efficiency at the measurement points of 50% load or 35% load, and 
are slightly less efficient at either side of the measurement load.

4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.
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4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.
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25kVA Designs studied for losses, efficiencies and costs

1.  Material costs from 2016 DOE rule-making used to valuate designs
2.  M3, M4, and SA1 Amorphous core materials compared
3.  Copper and Aluminum conductors compared
4.  All designs forced to meet DOE efficiency at 50% load
5.  Losses and efficiency examined at peak load efficiency ant at full load
6.  Hypothetical 400 watt limit introduced as max allowed losses to see impact
7.  400 watt limit was standard for 25 kVA pole types in 1966 for electric utilities

18Distribution Transformer Loading Taskforce Pittsburgh, March 26, 2018

4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.
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4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.
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25kVA Designs studied for losses, efficiencies and costs

1. Design 15 with M3, copper HV and AL strip LV typical for CGO Steel

2.  Design 19 with SA1 amorphous core, copper HV and Al strip LV typical of 
amorphous.

3.  Both meet required efficiency of 98.95 % at 50% load

4.  When total losses limited to 400 watts, both designs efficient at high loads
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4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.
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4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.

Issue 9. DOE seeks comments, data, and information regarding testing a 
single transformer at multiple PULs. 

Multiple PUL’s are not necessary but a limit on total losses would flatten the 
efficiency curve.  

1.  Medium Voltage limit ~2.9 * losses at 50% Load.

2.  LV Dry Limit ~5* losses at 35% Load
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4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.

Issue 10. DOE seeks comments, data, and information regarding the 
number of PULs (and the corresponding test PUL values) that parties 
believe may be appropriate for a multiple PUL test procedure. In addition, 
DOE seeks comments, data, and information

This is an overly burdensome consideration

Our Proposal:

1. Continue to measure No-Load and Full Load Losses
2. Arrive at Pass-Fail by calculation

A. Continue efficiency at 35% load for LV and 50% load for MV
B. Introduce second limit at Full Load
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4. Ideally, transformers should be designed to be energy efficient at light loads and at heavy loads.

Issue 11. DOE seeks comments, data, and information on whether there 
are any other options or alternative metrics not presented in this RFI that 
should be considered for measuring and rating the efficiency of 
distribution transformers.

Add total losses be added as a metric to the existing test requirements.  

1. Low Core Losses excellent

2. Low Winding losses also excellent

3. Both necessary to get high efficiency at all loads
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Issue 12. DOE seeks comment regarding the sampling requirements for

distribution transformers. 

Many manufacturers do sampling
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Issue 13. DOE seeks comment regarding the represented values of 
efficiency relative to calculated values;

1. Table values
2. Minimum Values
3. Maximum Values

Most manufacturers use the efficiency table values.



Task Force to investigate Distribution Transformer Loading – DOE updates
Philip J Hopkinson, PE , David Brender, Senior Member

26Distribution Transformer Loading Taskforce Pittsburgh, March 26, 2018

Issue 14. DOE’s requirements related to AEDMs are at 10 CFR 429.70. 

Manufacturers test each transformer produced for losses and apply AEDM
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Issue 15. DOE seeks information regarding the usefulness of the AEDM

provisions, and whether and why manufacturers select the option to use AEDMs.

AEDM provisions are very useful 
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DOE 25 Posted Responses received by November 6, 2017:
Items Position
1,7  DOE Asked 15 questions

5, 14  NEMA Pushes for no new limits on losses
11. Powersmiths Sees loading both light and high, recommends no changes to losses
22. NRECA No further restrictions but WESC likes EPA program.
23. Prolec Do not change losses.
24. APPA Do not change anything
25. Howard Ind. Do not change.

16. EEI Sees loading increasing, wants limits on total losses
6.  AK Steel Sees increasing loads and advocates limit on total losses
3, 13  HVOLT Inc. Summarized loading feedback and pushing for limits on total losses

15. ACEEE +ASAP Sees light loading and wants Testing done at lower % Load 
17 Metglass Sees light loading and wants Testing done at lower % Load 

18. PG&E, SCE, SDG&E Like IEEE Data Collection Program

8.  Babanna Suresh Wants rectifier transformers included in efficiency standard
9.  Babanna Suresh Testing at 100% load added, clarify rectifier transformers
2, 10, 12, 19, 20, 21.     Annonymous Anti Global Warmer
4.  Oleh Iwanuslw Announced a portable losses test pushing limits on core, load losses
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March 12th discussions with Jeremy Dommu:

1.  Comment collection completed by DOE for now

2.  No public meeting planned to review comments

3.  If NOPR is issued then a public meeting will be held

4.  Navigant Consulting is still involved

5.  Mike Rivest is still the Navigant contact
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Loading Task Force Activities

Current Interested Participants:  
a.  EEI via Steve Rosenstock
b.  Several large Utilities:

i. PG&E
ii. So. Cal. Ed.
Iii. PECO
iV AEP
V  DUKE
VI Con ED

c.  Some Wind and Solar Customers

Mechanics:  
a.  Establish compatible EXCEL Data file for data reporting
b.  Use real time data acquisition for key locations 
c.  Use neutral clearing house (EEI) for gathering data and maintaining neutrality.
d.  Annual load cycles gathered by rate class and logged over full 8760 hourly period/yr.
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Brad Kittrell
ConEd | Distribution Engineering | Eng. Supervisor

Definitions:

Load Factor = Average Load/Peak Load

Capacity Factor = Average Load/ Rated Load
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From Steve Rosenstock, EEI spokesman on 10/2/17:

1. Table 1 of the PG&E report makes a nice template for a “first cut” of     
information gathering and identified as Tier 1.

2. Tier 2 could be more detailed data on sub-categories of residential / 
commercial / industrial as shown on your slides

3. Tier 3 is the most detailed data of sub categories based on geographic 
location or other key operational variables (such as trending data, if 
available).
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PG& E Perspective Conclusions: 

1.  Load cycles by hourly data logging should be accurate.

2.  Load cycles by rate class capture daily, monthly, and annual 
load ranges

3.  Load factors can be calculated by day, month and year vs. 
Load Cycles

4.  RMS-equivalent easily obtained from hourly data but Load 
Factor OK.

5.  Transformer nameplate kVA is less than peak capability based 
on modelling
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Dan Mulkey

38Distribution Transformer Loading Taskforce Pittsburgh, March 26, 2018



Proposal to establish Task Force to investigate Distribution Transformer Loading
Philip J Hopkinson, PE , David Brender, Senior Member

Data Gathering Per Dan Mulkey

1. Single‐phase overhead– most used size is the smallest size purchase – currently the 15 kVA

2. Three‐phase overhead – most used size is 150 kVA (next to largest available size) presumably agricultural load

3. Single‐phase submersible – most used size is 100 kVA (most are used in residential subdivisions where customers 
are aggregated up to the design voltage drop or flicker limit)

4. Three‐phase submersible – most used size is 150 kVA (smallest available size) presumably commercial load

5. Single‐phase pad‐mount – most used size is 100 kVA (most are used in residential subdivisions where customers 
are aggregated up to the design voltage drop or flicker limit)

6. Three‐phase pad‐mount – most used size is 150 kVA (default type commercial and industrial)

On a percent by transformer unit – the small single‐phase transformer serving residential will absolutely overwhelm 
everything else. Change that to % of kVA or % of energy or % of cost, I suspect that the commercial/industrial served 
by a three‐phase pad‐mount will slightly exceed the residential served by single‐phase transformer.
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Discussion: 

1.  Is the PG&E approach typical of others?

2.  Are load cycles gathered by other utilities?

3.  Is loading data relatable by rate class?

4.  Are load cycle peaks the basis of sizing transformers?

5.  Is there a common format for collecting data?

6.  Can other data be shared publicly?

7.  Would it be preferable to use EEI for Utility data?
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Future Assignments

1. Charts to members of Task Force and all on web site.

2.  Request loading data summaries.

3.  RMS-equivalent loading by Nameplate is the goal.

4.  Other formats will be collected as submitted.

5.  EEI ready to assist as needed.

6.  Ultimate desire is to collect data for Liquid, Dry, and LV Dry.

Next Meeting Jacksonville October 15, 2018
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