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What is a “Black Box”

A device whose inner 
workings or capabilities 
are
– difficult to explain
– complicated, or
– otherwise not obvious Example: Airplane data recorders

Example: Communications technologies
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Why the “black box” moniker for some 
Retrofit Energy Saving Devices?

• The reasons vary:
– Multiple technologies: Rather than just one of the passive 

one of the passive technologies, these devices often contain 
two or more

– Unique configurations: The electrical configuration of these 
components is often unique or even patented

– Unique packaging: The technologies are often contained in 
sealed (or even potted) packages.

– Unique claims: Performance claims can be extraordinary, 
and often beyond those made by manufacturers of similar 
technologies

– Source of performance: The performance of the device is 
often attributed not to the individual components, but to the 
special configuration

– Unexplained performance: “We don’t really know how the 
technology works.”
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Common Claims for Energy Saving Black 
Boxes

• Improved power factor
• Reduced harmonics
• Improved voltage imbalance
• Reduced electrical current levels
• Cooler device operation
• Prolonged motor and other device life
• Improved voltage level (higher or lower)
• Improved energy efficiency, often at extraordinary levels:

• 10%
• 20%
• Even 30% or more
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Retrofit Energy-Saving Devices
What are they?

• Typically incorporate common, passive electrical sub-devices
– Capacitors (Var support, power factor correction)
– Inductors/chokes/reactors (Dampening of fast current 

pulses)
– TVSS: Metal-Oxide Varistors (MOVs, lightning/transient 

protection)
– TVSS: Gas tubes (lightning/transient protection)

• A few devices, such as PF Controllers and motor soft starters, 
are “active”

• Most often pre-packaged, modular systems that are easily 
added to existing facility electrical systems (i.e. low installation 
cost, minimal down time)

• Other devices are as simple as a magnet, rectifier, or even a 
piece of metal
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These technologies are common in Industry
Inductors / Chokes / Reactors

Little or no energy savings claims
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Power factor correction Capacitors

Little or no energy savings claims
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Transient Voltage Surge Suppression 
(TVSS)

Little or no energy savings claims
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Marketing Approach

There are huge opportunities for easy energy savings 
in most facilities

The proposed technology is unique and revolutionary

There are many, many satisfied customers

The vendor will verify savings levels

Energy savings are guaranteed and technology warranted
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Our Role as Energy Industry Professionals

• Provide useful insights on the realities of saving energy 
and on the capabilities of different PQ technologies

• To educate and empower the consumer to make informed 
decisions

• Provide methods and resources for making informed 
decisions

• When appropriate, evaluate and test technologies to help 
inform the marketplace.
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Unhelpful Responses

• “It’s nothing but snake oil”
• “It doesn’t work”
•“The company/vendor are 
crooks”

•“Only an Idiot would buy one 
of these”
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Helpful Responses

• Describe what the technology can probably 
do well based on its components

• Identify claims that, based on experience, 
seem extraordinary

• Calibrate expectations on energy savings: 
Anything greater than 1-2% is 
extraordinary

• Provide hard data when possible, i.e. test 
reports, etc.

• Recommend Independent performance 
verification

• Recommend ignoring warrantees and 
guarantees

• Support testing where appropriate
• Give the consumer a methodology to make 

informed decisions

After providing this information, back away … the purchase 
decision is the consumer’s to make.
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Evaluating Claims for Black Box  
Technologies
A Recommended 4-Step Approach for End Users

Require the Vendor to prove:

1) That an energy-savings opportunity exists 
2) That there is a clear means available to save the 

energy identified in (1)
3) That the technology offered by the Vendor 

effectively implements the means identified in (2)
4) That the Vendor’s proposal is cost effective 

compared to competing solutions 
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Example: The justification given for saving energy 
with transient voltage surge suppression (TVSS)

1. Facilities are subjected to multiple incidents of over-voltages 
each day

2. Being subjected to these over-voltages causes end-use 
equipment to over-heat

3. Over-heated equipment operates less efficiently
4. Installing TVSS will attenuate the over-voltages
5. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:
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Example: Logic for saving energy with TVSS
Step 1: Quantify the Energy-saving opportunity

1. Facilities are subjected to multiple incidents of over-voltages 
each day

2. Being subjected to these over-voltages causes end-use 
equipment to over-heat

3. Over-heated equipment operates less efficiently
4. Installing TVSS will attenuate the over-voltages
5. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:

• What data shows that end use equipment is operating at 
elevated temperatures?

• What lab or field results quantify the link between operating 
temperature and device efficiency?
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Example: Logic for saving energy with TVSS
Step 2: Proving that a clear means or mechanism 
exists to save the “wasted” energy

1. Facilities are subjected to multiple incidents of over-voltages 
each day

2. Being subjected to these over-voltages causes end-use 
equipment to over-heat

3. Over-heated equipment operates less efficiently
4. Installing TVSS will attenuate the over-voltages
5. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:

• Show me rigorous test data quantifying the number and 
magnitude of over-voltages for typical facilities

• Prove to me that brief over-voltages can cause heating in 
devices?

• Quantify the correlation between over-voltages and level of 
temperature rise
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Example: Logic for saving energy with TVSS
Step 3: Does the technology implement the means 
or mechanism to save the “wasted” energy

1. Facilities are subjected to multiple incidents of over-voltages 
each day

2. Being subjected to these over-voltages causes end-use 
equipment to over-heat

3. Over-heated equipment operates less efficiently
4. Installing TVSS will attenuate the over-voltages
5. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:

• To what extent will the vendors TVSS technology reduce the 
over-voltages previously identified?
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Example: Logic for saving energy with TVSS
Step 4: Is the technology cost effective compared 
with alternatives?

1. Facilities are subjected to multiple incidents of over-voltages 
each day

2. Being subjected to these over-voltages causes end-use 
equipment to over-heat

3. Over-heated equipment operates less efficiently
4. Installing TVSS will attenuate the over-voltages
5. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:

• If all else is satisfied, how do I know that I have the most cost-
effective solution?

• What other vendors offer TVSS, and is their offering less 
expensive, regardless of energy-savings claims?

• Is there another, more cost-effective way to lower equipment 
operating temperatures?
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Example: The justification given for saving 
energy with power factor correction

1. Facilities have many inductive loads that draw 
significant amounts of reactive power and drawing 
reactive current

2. Reducing reactive current can produce profound 
reductions in overall current levels and real power levels

3. Installing PF correction will reduce reactive current 
levels

4. This will result in double-digit percentage energy cost 
savings

Progression of justification put forward by a vendor:
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Example: Logic for saving energy with PF Correction
Step 1: Quantify the Energy-saving opportunity

1. Facilities have many inductive loads that draw 
significant amounts of reactive power and drawing 
reactive current

2. Reducing reactive current can produce profound 
reductions in overall current levels and real power levels

3. Installing PF correction will reduce reactive current levels
4. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:

• Quantify the level of reactive current in typical facilities and 
identify their source

• Quantify the amount of energy being lost due to reactive current 
and specify exactly where the energy is being wasted
• What wires
• What devices
• Etc.
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Where is energy lost due to reactive currents?

Service

Entrance

Facility

Loads

H L Caps Caps

Facility wiring
Note: The National Electric Code requires wiring to be designed to operate at moderate 
temperatures to prevent fire hazards
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End-Use Equipment
Transformer Efficiency

• Example: 25 kVA distribution transformer
• Even “standard” transformers are often over 98% efficient
• Proposals are common that show 10% or greater savings 

in transformers that are already well over 90% efficient

It impossible to make devices more than 100% efficient
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Savings Estimates for Transformers
Vendor proposal to a packaging plant

• KVA reduction for T1 = sqrt(3) * V * I 
= 1.732 * 206 * 480 
= 171 kVA

• KVA reduction for T2 = sqrt(3) * V * I
= 1.732 * 401 * 480 
= 333 kVA

• Finding errors of this type is common

• A 1000 kVA transformer operating at 97% efficiency has losses 
of 30 kW at full load

• Reducing these losses is extremely difficult
• Eliminating all losses is impossible
• Saving more energy than losses without fundamental changes to 

the load is impossible
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Example: Logic for saving energy with PF Correction 
Step 2: Proving that a clear means or mechanism 
exists to save the “wasted” energy

1. Facilities have many inductive loads that draw significant 
amounts of reactive power and drawing reactive current

2. Reducing reactive current can produce profound reductions in 
overall current levels and real power levels

3. Installing PF correction will reduce reactive current 
levels

4. This will result in double-digit percentage energy cost savings

Progression of justification put forward by a vendor:

• PF Caps are a well understood technology that can accomplish 
reductions in reactive current downstream of the capacitor 
connection point
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Example: Logic for saving energy with PF Correction 
Step 3: Does the technology implement the means 
or mechanism to save the “wasted” energy

1. Facilities have many inductive loads that draw significant 
amounts of reactive power and drawing reactive current

2. Reducing reactive current can produce profound reductions in 
overall current levels and real power levels

3. Installing PF correction will reduce reactive current 
levels

4. This will result in double-digit percentage energy cost 
savings

Progression of justification put forward by a vendor:

• Is there enough capacitance in the device to achieve near-unity 
power factor?

• Would the technology be located close enough to the loads to 
save I2R heating in most conductors

• Are the energy savings sufficient to offset losses added by the 
retrofit technology?
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The real world is more complicated than simple 
“Does it work?” questions and answers
Results from one detailed testing

• Conspicuous power factor 
improvement
– Reduced PF penalties a 

possibility
• Reduced current levels

– Freed transformer 
capacity

• Improved voltage imbalance
• Slightly worse voltage 

harmonics levels
• Slightly worse current 

harmonics levels
• No statistically significant 

evidence of any energy 
savings
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Example: Logic for saving energy with PF Correction 
Step 4: Is the technology cost effective compared 
with alternatives?

1. Facilities have many inductive loads that draw significant 
amounts of reactive power and drawing reactive current

2. Reducing reactive current can produce profound reductions in 
overall current levels and real power levels

3. Installing PF correction will reduce reactive current levels
4. This will result in double-digit percentage energy cost 

savings

Progression of justification put forward by a vendor:

• If all else is satisfied, how do I know that I have the most cost-
effective solution?

• What other vendors offer PF correction technologies, and is 
their offering less expensive, regardless of energy-savings 
claims?

• Is there another, more cost-effective way to achieve the same 
energy savings?
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Regardless, always 
Consider the Alternatives

Retrofit

Technology

Simple Caps

(at Service Ent.)

Simple Caps

(at Load)
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Favorite Quotes from over the years

• “The technology doesn’t work in the lab … it only works in 
the field.”

• “The technology works at very high frequencies, so 
normal instruments can’t be used to measure it’s benefits”

• “The technology converts reactive power to real power 
AND power factor is improved.”

• “The technology interacts with the whole system to make 
it more efficient.”

• “The technology ‘settles in’ over time, so efficiency just 
keeps getting better and better.”

• “We don’t really know how it works. Not even the inventor 
knows how it works.”

• “I hate talking to engineers … they ask too many difficult 
questions.”
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For More Information

• Bill Howe, PE

Program Manager, PQ Program (P1)
Electric Power Research Institute (EPRI)
tel: 720-565-6888 (USA)
email: bhowe@epri.com

“Extraordinary claims, require extraordinary evidence”

-- Carl Sagan


