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As fuel costs continue to rise and power outages become more prevalent around the
country, the necessity of utilizing energy-efficient products of all types is becoming
universally recognized. Additionally, today’s globally competitive business environment
is causing businesses to cut costs in order to remain competitive. Of particular interest
are products like distribution transformers that remain energized and consume energy
24 hr per day.

For years, electric utilities have been evaluating transformers for losses when making
purchase decisions on medium- and high-voltage power transformers. However, in the
commercial arena, the losses—and efficiencies—of 600V class dry type distribution
transformers have received relatively little attention, due in part to the fact that the
initial cost of a low-voltage distribution transformer is the primary driver in determining
which transformer to purchase. The total operating cost of the transformer, over the life
of the transformer, is rarely taken into consideration. As the need to consider energy
efficiency in these applications grows, it’s your job to educate yourself and your
customers on the most cost-effective solution to a variety of applications.

The meaning of the term “energy-efficient transformer” has changed significantly in the
past several years. Today, energy-efficient 600V class distribution transformers fall into
three different categories: Low temperature rise, NEMA TP-1 compliant, and harmonic
mitigating. Depending on the specific application, any one of these may be the best
option.

It’s important to understand a few basic items before discussing energy-efficient
transformers.

Transformer losses. Transformers aren’t perfect devices; they don’t convert 100% of
the energy input to useable energy output. The difference between the energy input
and that which is available on their output is quantified in losses. Transformer losses
fall into two categories: no-load losses and load losses. No-load losses—commonly
referred to as core losses or iron losses—are the amount of power required to
magnetize, or energize, the core of the transformer. Since most distribution
transformers are energized 24/7, no-load losses are present at all times, whether a
load is connected to the transformer or not. When lightly loaded, no-load losses
represent the greatest portion of the total losses.

Load losses, on the other hand, are those losses incident to carrying a load, and
include winding losses (I2R losses), stray losses due to stray fluxes in the windings
and core clamps, and circulating currents in parallel windings. Because load losses are
a function of the square of the load current, they increase quickly as the transformer is
loaded. Load losses represent the greatest portion of the total losses when a
transformer is heavily loaded. Transformer loss data is readily available from most
manufacturers.

Insulation system. The insulation system is another important characteristic of
distribution transformers. The insulation system is the maximum internal temperature a
transformer can tolerate before it begins to deteriorate and eventually fail. Most
ventilated transformers manufactured today use a Class 220°C insulation system. This
temperature rating is the sum of the winding rise temperature, normally 150°C, the
maximum ambient temperature, 40°C, and the hot spot allowance inside the coils,
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30°C. For ventilated transformers, 80°C and 115°C are common low temperature rise
transformer ratings. The standard winding temperature is 150°C for a ventilated
transformer. However, all three of these temperature rise ratings utilize the 220°C
insulation system.

Low temperature
rise energy-
efficient
transformers. Low
temperature rise—
80°C and 115°C—
energy-efficient
transformers have
been available for
more than 40 years.
Until  recently, the
term “energy-
efficient transformer”
referred exclusively to these transformers. Low temperature rise transformers also use
the 220°C insulation system and are designed to have lower load losses than
equivalent rated 150°C rise transformers. As previously mentioned, load losses are
most critical at high load levels. This means that when a transformer is loaded in
excess of half its full load capacity, low temperature rise transformers provide better
energy efficiency than standard 150°C rise transformers. Typical efficiencies of 150°C,
115°C, and 80°C rise transformers are shown in Fig. 1.

The 80°C rise transformer has the lowest total losses of the transformers in this group,
when the load is 50% or greater. In addition to being more energy-efficient, low
temperature rise transformers also run cooler. This not only extends the life of the
transformer, but also means less cooling capacity is required to cool them.

The winding temperature rise is a key component used to arrive at the 220°C insulation
system rating. For example, 115°C rise transformers have a continuous thermal
overload capacity of 15% (35°C), and 80°C rise 75kVA transformers have a 30%
(70°C) continuous overload capacity.

When transformers are loaded in excess of 50% of their full load capacity, low
temperature rise transformers may offer greater savings over the life of a transformer
than standard 150°C rise transformers.

NEMA TP-1 compliant energy-efficient transformers. In 1996, the National
Electrical Manufacturers Association (NEMA) introduced NEMA Standard TP-1-1996
Guide for Determining Energy Efficiency for Distribution Transformers, which it had
developed in coordination with the U.S. Environmental Protection Agency (EPA). It sets
minimum efficiency levels for distribution transformers that were also incorporated by
the EPA in their Energy Star program. The minimum efficiency levels in NEMA TP-1
are about 98%, depending on kVA rating, and are higher than the efficiencies of
standard 150°C rise transformers.

Surveys conducted at commercial and industrial facilities have shown the typical
loading of low-voltage distribution transformers over a 24-hr period averages only 35%
of the full-load capacity of the transformer. The goal of NEMA TP-1 is to reduce energy
consumption, particularly when a transformer is lightly loaded. With the survey results in
mind, NEMA Standard TP-1 sets minimum efficiency levels at 35% of a transformer’s
full load rating.

NEMA TP-1
compliant
transformers have
lower no-load losses
than standard
transformers and
are therefore more
efficient when the
transformers are
lightly loaded. Fig. 2
shows the losses of
a 150°C rise NEMA
TP-1 75kVA
transformer compared to those of standard transformers and low temperature rise
75kVA transformers.

More...

Recent Comments

More...

View all 2011 Product Spotlights

Free Product Info
Our Product Information site is the
ultimate online resource for
products and services offered by
Advertisers featured in our
Magazine. This service is provided
as a quick and easy way to request
Product Information online. Get
FREE product information now.

Case Studies

Minneapolis Public Housing
Authority Achieves Energy
Savings with RTLED Fixtures

LED Street Lighting Retrofit Helps
Waukesha Reduce Energy Costs

Data Center Power Source
Installed in Record Time

Iplay4one How does the 150a
breaker protect wire rated at 130a?
if the breaker can allow 150a draw
wouldn't...
Code Calculations · 1 week ago

meby Many of the older articles
posted to our Web site do not
include the graphics shown in the...
How To Use Belleville Washers
Correctly · 1 week ago

Jason WHERE are the diagrams?
Page 53 of what?!

How To Use Belleville Washers
Correctly · 1 week ago

Lou The points on my submersible
pump keeps kicking on and off the
water slows when it does this...
Troubleshooting Residential Submersible
Pump Systems · 2 weeks ago

Gerry Where can I find this fitting? It
would work great for existing
installations. I currently have...
A Debate in the Deep End · 2 weeks ago

More...

More...

Judgment

The complexities of today’s commercial or industrial
facility, with their equipment environment of linear
and nonlinear loads, places a whole new light on
sizing engine-generator sets.

Understanding NEC
Requirements for Solar
Photovoltaic Systems
During this session, Mike Holt will
address possible conflicts or confusing NEC
requirements, provide tips on proper electrical
installation techniques, and discuss the dangers
related to improper installations. View this On
Demand Webinar!

Top Code Changes: 2011 NEC
EC&M has partnered with NEC
expert Mike Holt to present a one
hour Webinar covering the top 2011
NEC Code Changes. This event will
be broadcast live on the Web with
streaming audio and PowerPoint slides allowing the
audience to have real-time interaction with the guest
speaker, Mike Holt. View this On Demand Webinar!

resources

product info

tradeshow

research

industry links

rss

Select Newsletter

Select EC&M Book

Select Special Report

Select Webinar

CEE News Archive

Power Quality Archive

Industry Events

http://ecmweb.com/product_depot/2011/dewalt-hand-tools-20110606/
http://ecmweb.com/case-studies/
http://feeds.feedburner.com/Ecm-LatestComments
http://ecmweb.com/topics/comments/
http://ecmweb.com/product_depot/2011/
http://ad.doubleclick.net/clk;212056199;6921434;h?http://www.tradeservice.com/ecm.html
http://www.argifocus.com/client/ElectricalConstructionMaintenance/LM1/lm/rsdefault.asp
http://www.argifocus.com/client/ElectricalConstructionMaintenance/LM1/lm/rsdefault.asp
http://www.argifocus.com/client/ElectricalConstructionMaintenance/LM1/lm/rsdefault.asp
http://ecmweb.com/case-studies/minneapolis-public-housing-rtled-fixtures-20110524/
http://ecmweb.com/case-studies/minneapolis-public-housing-rtled-fixtures-20110524/
http://ecmweb.com/case-studies/minneapolis-public-housing-rtled-fixtures-20110524/
http://ecmweb.com/case-studies/waukesha-reduce-enercy-costs-20110503/
http://ecmweb.com/case-studies/waukesha-reduce-enercy-costs-20110503/
http://ecmweb.com/case-studies/data-center-power-source-installation-20110413/
http://ecmweb.com/case-studies/data-center-power-source-installation-20110413/
http://disqus.com/guest/641fdd4611699e9c1a9c095242090ea7/
http://ecmweb.com/mag/electric_code_calculations_7/
http://ecmweb.com/mag/electric_code_calculations_7/#comment-211842321
http://disqus.com/meby/
http://ecmweb.com/mag/electric_belleville_washers_correctly/
http://ecmweb.com/mag/electric_belleville_washers_correctly/
http://ecmweb.com/mag/electric_belleville_washers_correctly/#comment-211485877
http://disqus.com/guest/4961292d831e4c6bbaee84c79e3d061e/
http://ecmweb.com/mag/electric_belleville_washers_correctly/
http://ecmweb.com/mag/electric_belleville_washers_correctly/
http://ecmweb.com/mag/electric_belleville_washers_correctly/#comment-210953272
http://disqus.com/guest/5468955b47bcbaeeb86f62bbfbd8036d/
http://ecmweb.com/ops_maintenance/troubleshooting_residential_submersible_1208/
http://ecmweb.com/ops_maintenance/troubleshooting_residential_submersible_1208/
http://ecmweb.com/ops_maintenance/troubleshooting_residential_submersible_1208/#comment-209208025
http://disqus.com/guest/b349ccef2048aaa2b7ececcce2ffcf60/
http://ecmweb.com/construction/swimming-pool-bonding-requirements-20101101/
http://ecmweb.com/construction/swimming-pool-bonding-requirements-20101101/#comment-207307480
http://ecmweb.com/podcast/
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://ecmweb.com/webinar/
http://ecmweb.com/podcast/gen_sets_0801/
http://ecmweb.com/podcast/gen_sets_0801/
http://www.ecmweb.com/webinar
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://w.on24.com/r.htm?e=305536&s=1&k=C75D2834A7B9A3AF5E7D660E603CF817&partnerref=eby
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://event.on24.com/r.htm?e=254015&s=1&k=0E0A774FB450608287811BFF6DBF8222&partnerref=ecmweb
http://www.argifocus.com/client/ElectricalConstructionMaintenance/LM1/lm/rsdefault.asp
http://www.argifocus.com/client/ElectricalConstructionMaintenance/LM1/lm/rsdefault.asp
http://www.electricshow.com/electricwest2011/Public/MainHall.aspx
http://ecmweb.com/trade_shows/
http://ecmweb.com/research/
http://ecmweb.com/research/
http://ecmweb.com/links/
http://ecmweb.com/links/
http://feeds.feedburner.com/ECMMostRecent
http://feeds.feedburner.com/ECMMostRecent


How to Select the Right Energy-Efficient Dry Type Transformer

http://ecmweb.com/news/electric_select_right_energyefficient/[6/6/11 10:48:11 AM]

As you would expect, at the NEMA TP-1 conditions—35% loading—the NEMA TP-1
transformer is the most efficient transformer. In fact, due to its reduced no-load losses,
the NEMA TP-1 transformer is the most efficient transformer for all loadings up to and
slightly higher than 35%.

Fig. 3 shows the
relative efficiency of
a standard low
temperature rise
80°C transformer
compared to 150°C,
115°C, and 80°C
rise NEMA TP-1
transformers. The
reduced no load
losses of the NEMA
TP-1 transformers
cause all three
ratings of TP-1 transformers to be more efficient than the standard 80°C rise
transformer. However, notice what happens when the transformer is loaded to 50% of
capacity and higher, where the load losses have a greater impact on the overall
efficiency of the transformer: the 80°C low temperature rise transformer is more
efficient than the NEMA TP-1 rated transformers at high-load levels.

Many states, including Massachusetts, Minnesota, New York, and California, have
passed legislation mandating the use of distribution transformers that meet or exceed
the NEMA TP-1 efficiency standards. Installations in these states where the average
loading of the transformer exceeds 50%, the use of NEMA TP-1 compliant transformers
may actually cost building owners more in electricity costs than if they had installed a
standard transformer with a 80°C low temperature rise.

In applications where the anticipated average daily loading of a distribution transformer
is about 40% or less of the full load capacity of the transformer, NEMA TP-1 compliant
transformers may be the most economical choice. Operations that run a single shift
and are vacant overnight and on weekends should reap the long-term benefits of
installing NEMA TP-1 compliant, energy-efficient transformers. In addition to the energy
savings companies may receive by installing NEMA TP-1 compliant transformers, they
may be able to take advantage of rebates offered by many local utilities and
government agencies to customers who install energy saving products in their facilities.
In many cases, the rebate is nearly equal to the difference in price between a NEMA
TP-1 transformer and a standard 150°C rise transformer.

Harmonic mitigating transformers. The harmonic mitigating transformer is a relative
newcomer to the world of energy-efficient transformers. The previous analysis
regarding low temperature rise and NEMA TP-1 transformers assumes the
transformers are feeding linear loads. However, it’s a fact of life in today’s world that
many loads are nonlinear in nature, and the number of these loads is growing. The
impact of nonlinear loads on distribution transformers is a separate topic itself and can’t
be adequately covered here. However, nonlinear loads reduce the efficiency of
distribution transformers, including K-factor rated transformers. The higher the content
of nonlinear loads, the lower the efficiency of the transformer. Most harmonic mitigating
transformers are at least 98% efficient, even when the load is 100% nonlinear in
nature. Under normal loading conditions, the life expectancy of a transformer is at least
20 years. Over the lifetime of the transformer, even a minor improvement in efficiency
can result in significant energy savings.

If your distribution system is rich in harmonic loads, particularly single-phase harmonic
loads like laptop computers, lighting ballasts, and office equipment, energy-efficient
harmonic mitigating transformers may offer the greatest overall benefit and energy
savings.

Examples of energy savings using different transformers. One way to
evaluate which transformer is best for a specific application is to look at the costs
associated with the transformer losses. Table 1 shows the losses, in watts, of low
temperature rise energy-efficient transformers previously discussed. These are typical
losses. Actual losses will vary from one manufacturer to another.

But what is really important are the dollar costs of these losses. The following
equation was applied to the values from Table 2, then used to calculate the annual
operating cost.

$ Cost/yr = ($/kWh)(1kW/1000W)(losses in watts)(24 hr/1 day)(365 day/1 yr)

The price of electricity varies across the country. In Table 2, a price of $0.08/kWh was
used to determine the operating cost of these four transformers.

When operated at full load 24/7, the 80°C rise transformer costs $729 less to operate
than a standard 150°C rise 75kVA transformer.

If the transformer is loaded at 35% of its capacity, the NEMA TP-1 150°C rise
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transformer is the least costly transformer to operate. The NEMA TP-1 transformer
costs $98 less per year than a standard 150°C rise transformer, at $0.08/kWh. As the
cost of electricity increases, the savings become even greater.

There are several different energy-efficient transformer options available in the market
today. To determine which is the most cost effective for a specific application, it’s
important to have a reasonably accurate idea of how the transformer is going to be
loaded. When a transformer is going to be lightly loaded, a NEMA TP-1 compliant or
115°C low temperature rise model is likely the best option. On the other hand, when the
anticipated load on the transformer is going to be in excess of about 50% percent of its
capacity, an 80°C low temperature rise model is likely the better choice. However, local
ordinances, building codes, energy codes, and legislation may limit the available
options by mandating the use of a specific type of transformer.

Fairhead is product manager for dry type distribution transformers at Eaton/Cutler-
Hammer, in Pittsburgh.
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