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Abstract 
Addressing plug load energy use continues to remain a relatively untapped opportunity to save energy 

and mitigate climate change.  While large stationary modern electrical appliances receive their power 

directly from the utility grid, a growing number of everyday devices require electrical power from 

batteries in order to achieve greater mobility and convenience.  This article will discuss the energy 

efficiency implications for battery charger systems (BCS) with a focus on energy use and an overview of 

BCS policy developments. 
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Introduction 

Addressing plug load energy use continues to remain a relatively untapped opportunity to save energy 

and mitigate climate change. While large stationary modern electrical appliances receive their power 

directly from the utility grid, a growing number of everyday devices require electrical power from 

batteries in order to achieve greater mobility and convenience. These batteries, coupled with their 

chargers, are called “battery charger systems” (BCS). Designers and engineers are quite vigilant in saving 

energy when portable BCS products, such as laptops and cell phones, are running off of the battery. 

However, much less focus is devoted to how much energy is consumed when the product is connected 

to the grid and charging its battery.[1] This article discusses the energy efficiency implications for battery 

charger systems (BCS) with a focus on energy use and an overview of BCS policy developments. 

Today there are approximately 1.6 billion products with battery charger systems in the U.S. Cell phones, 

cordless tools, bar code scanners, electric forklifts, and electric baggage carts are all products that rely 

on BCS. We expect the total number of BCS in use to continue to grow over time as new portable 

products are introduced into the market. Select product categories such as power tools, laptops, 

personal care electronics, cell phones, and mp3 players (among others) are expected to continue to 

grow in numbers from 2010-2013 (Figure 1). Even with the economic recent downturn, the total number 

of BCS products in use is expected to grow by roughly 15% from 2009 to 2013. 

Figure 1. Total number of BCS in use of select categories in U.S. 
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Battery Charger System Fundamentals  

Products powered by battery charger systems are found in a growing variety of end-uses and market 

categories. BCS include, but are not limited to: 

 electronic devices with a battery that are normally charged from ac line voltage through an 

internal or external power supply and a dedicated battery charger; 

 the battery and battery charger components of devices that are designed to run on battery 

power during part or all of their duty cycle (e.g. portable appliances and commercial material 

handling equipment);  

 dedicated battery systems primarily designed for electrical or emergency backup (e.g. emergency 

egress lighting and uninterruptible power supply systems); 

 Devices whose primary function is to charge batteries, along with the batteries they are designed 

to charge. These units include chargers for power tool batteries and chargers for automotive, AA, 

AAA, C, D, or 9 volt rechargeable batteries, as well as chargers for batteries used in motive 

equipment, including golf carts, electric material handling equipment, lift-trucks, airport electric 

ground support equipment (EGSE), port cargo handling equipment, tow tractors, personnel 

carriers, sweepers and scrubbers. 

 
All battery charger systems have three functional components: 

1. A power supply (either internal or external) that converts high voltage ac (either single 

phase or three phase) to low voltage dc; 

2. Charge control to regulate electric current going to the battery during charge and battery 

maintenance modes; 

3. A battery that stores energy for the end use product. 

These electrical components can be housed in a variety of ways, and one cannot determine the energy 

efficiency of the charger by examining their external housings (also known as form factors). The four 

different battery charger configurations are: 

1. Power supply, charge control circuitry, and battery each in separate housings. 

2. Power supply and charge control circuitry in one housing, battery in separate housing. 

3. Charge control circuitry and battery in one housing, power supply in separate housing. 

4. Power supply, charge control circuitry, and battery all in the same housing.  

 

Battery charger systems operate in three modes: charge mode, maintenance mode, and no-battery 

mode.[2] Figure 2 shows the 24-hr charging profile of a small switch mode battery charger, with some 

time spent in no-battery mode, measured according to the California Energy Commission Energy 

Efficiency Battery Charger System Test Procedure.[3] During charge mode (i.e. active mode), the battery 

charger delivers energy to the battery to bring the battery from a state of discharge to state of charge. 

When the battery is at or near 100% capacity, many battery chargers will continue to deliver some 

amount of energy to the battery to bring the battery to 100% charge or counteract the effects of battery 

self discharge. This mode of operation is referred to as maintenance mode. In no-battery mode, the 
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battery is removed from the power supply or charger cradle. The battery charger may still draw power 

in this mode even though no battery is connected to the system. There are opportunities in each of 

these modes to improve the energy efficiency of the charger.   

Figure 2. Switch mode battery charger power profile. 

 

Note: 24-hr charging profile of a small switch mode battery charger, with some time also spent in no-battery mode, 

measured according to the California Energy Commission Energy Efficiency Battery Charger System Test Procedure.
[3]

 

For consumer (i.e. “small”) chargers, energy efficiency is defined primarily by 24-hour charge mode 

efficiency. The efficiency of the system is defined as the total energy released by the battery to the 

powered appliance divided by the total energy required to charge and maintain the battery over 24 

hours.[2] In other words, efficiency is the ratio (%) of dc energy that can be discharged from the battery 

to ac energy into the battery charger during a 24-hour charge/maintenance mode cycle. Typical 24-hour 

efficiencies range between 2 – 70%. This combined charge and maintenance efficiency approach 

quantifies the useful service that the battery charger provides for the consumer when the battery is 

installed on the charger.[4] The average power in maintenance and no-battery mode is also important to 

consider when evaluating BCS efficiency.  

Consumer (i.e. “small”) and industrial (i.e. “large”) battery chargers differ in design and application, so 

the metrics of charge mode efficiency are different for each.[4] Charge return factor and power 

conversion efficiency determine the charge mode efficiency in large chargers. For large battery chargers, 

charge return factor is the first part of characterizing how well battery chargers charge batteries. Charge 

return factor is defined as the ratio of ampere-hours into the battery over the ampere-hours out of the 

battery. Charge return factor should ideally be about 1.05 – 1.07 for lead acid-based BCS (the typical 

chemistry for large BCS). Power conversion efficiency is the second part of characterizing the charge 

mode performance of large battery chargers. Power conversion efficiency characterizes the 

performance of the electronics used to charge the battery. Power conversion efficiency is defined as the 
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power out of the charger over the power into the charger. An efficient large battery charger would have 

a high power conversion efficiency value. 

Battery Charger System Energy Use 

Collectively, all battery charger system end uses consume a significant amount of energy annually. While 

individual products consume only small amounts of energy, a large number of BCS products are in use 

nationwide, and this number is expected to increase over time.[1] Because of the increasing stock and 

sales of BCS products in the U.S., a number of groups are targeting energy savings in this market 

segment – for a variety of reasons. For example, investor-owned utilities in California are required to 

meet annual energy savings goals under the oversight of the California Public Utilities Commission 

(CPUC).[5] Along with a variety of other plug loads (e.g. televisions, set-top boxes), battery charger 

systems is a product group likely to see both voluntary and mandatory policy requirements over the 

next few years due to their increasing electricity load.  

Products with BCS consume approximately 61 terawatt hours of electricity annually in the U.S. This 

electricity consumption is enough to power approximately 5.5 million American homes or the equivalent 

representation of 20 rosenfelds (i.e. coal-fired power plants; see endnote).[6][7] It is roughly the same 

amount of electricity consumed by the entire state of North Carolina in one year.[8] Most importantly in 

the context of climate change, our research estimates battery charger products in the U.S. account for 

approximately 37 million metric tons of carbon dioxide (CO₂) emissions each year.[9] We estimate that 

BCS energy use accounts for just over 4% of total household electricity consumption in U.S. homes.[10] 

It is also important to note that energy use varies greatly among end uses (Figure 3). For example, a 

cordless phone may consume roughly 40 kWh of electricity annually while an electric golf cart consumes 

around 6,000 kWh annually. Yet, because there are far more cordless phones in use than golf carts, they 

account for a substantial portion of all BCS annual energy use.  

Figure 3. Breakdown of battery charger system energy usage by product category. 
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Note: Logarithmic scale used. Orange diamonds represent the categories of end use products with the highest energy use, 
either because there are many units in use (cordless phones) or because each unit uses a large amount of energy (lift 
trucks). Blue diamonds represent other battery charger end uses. 

There are already a number of BCS that are quite energy efficient, largely due to the market demand for 

smaller and more portable products. The widespread adoption of lithium ion batteries in compact 

mobile applications (e.g. cell phones, mp3 players) was largely because of their superior energy density 

relative to other battery chemistries.[2] On the other hand, the rise of lithium ion batteries also brought 

the advantage of greater energy efficiency, since lithium ion batteries do not have the relatively high 

maintenance charge requirements of Nickel Cadmium (NiCd) and Nickel Metal-Hydride (NiMH) 

batteries.[2] Many other examples exist that we don’t mention here.  

There are still a large number of products, many of which have substantial price-point pressure, that 

remain energy inefficient. As Geist et al. (2006, p.17) note, “Even if all manufacturers adopted highly 

efficient battery charger systems using switch mode chargers and lithium ion batteries, there would still 

be opportunities for efficiency improvements, many of which can be addressed with the application of 

specific technologies readily available to designers today.”[2] Regardless of end-use application powered 

by the BCS, all have the same basic function: providing chemically-stored energy to the end use product. 

The market-ready solutions already employed in energy efficient products can be cost-effectively 

incorporated into less-efficient products, providing lower total cost of ownership to the end user. 

While it is not the purpose of this article to review detailed technical strategies to improve BCS energy 

efficiency, we offer the following general strategies for manufacturers, designers, and engineers:  

1. Utilize more efficient batteries. Energy efficient batteries are a priority because batteries suffer 

energy losses twice: once during charge and once during discharge.  

2. Reduce fixed power consumption. Fixed losses are not dependent on load size. They occur in 

fans, control circuits, and magnetic components. These losses are especially important during 

maintenance and no-battery modes.  

3. Lower charge rate. In most cases when charge rate is decreased, overall efficiency is improved 

by decreasing battery losses and charger losses. However, this efficiency gain is at the expense 

of recharge time.  

4. Increase battery charger system voltage. Resistive losses within the battery, charger, and 

device are each related to the square of the current while current is inversely proportional to 

the voltage. Thus, increasing the voltage can reduce resistive losses during both charge and 

device use.  

5. Utilize hysteresis charging. Hysteresis charging is a form of maintenance charge that maintains 

batteries close to a fully charged state while maintaining a relatively high efficiency. Battery 

voltage is allowed to fluctuate between a low and high point.  

6. Utilize battery sensing circuitry to reduce no-battery mode power consumption. “Vampire 

power” or “phantom loads” are an increasing problem in plug load energy consumption. Battery 

sensing circuitry can be utilized in BCS to power down the charging circuitry when a battery is 

absent from the charger, eliminating the losses associated with the no-battery mode. 
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For more information on designing for efficiency, see Designing Battery Charger Systems for Improved 

Energy Efficiency: A Technical Primer.[2] 

Battery Charger System Energy Policy 

Research related to battery charger system efficiency has been underway since 2002. During this time, 

several governmental bodies have identified BCS as a significant area for energy savings opportunities. 

Many different stakeholders are involved in the process, including governing bodies, BCS designers and 

manufacturers, investor-owned utilities, trade organizations, and energy efficiency organizations. We 

feel that it is vital that each of these groups be involved in the energy policy process, so best approaches 

be discussed and taken. In this section, we review the three primary energy policy developments that 

are relevant to BCS today. 

California Energy Commission 

The California Energy Commission (CEC) is California’s primary energy policy and planning agency. CEC 

was established in the Warren-Alquist Act of 1974, which was signed into law by then-Governor Ronald 

Reagan. It is the CEC's mission to assess, advocate and act through public/private partnerships to 

improve energy systems that promote a strong economy and a healthy environment.[11] Pacific Gas and 

Electric (PG&E), Southern California Edison (SCE), and the California Energy Commission (CEC) Public 

Interest Energy Research (PIER) Program have jointly created a BCS test procedure for energy efficiency 

that was officially adopted in a CEC rulemaking in December 2008.[12] The comprehensive test procedure 

is for almost all types of residential, commercial, and industrial BCS. It addresses all BCS modes of 

operation (i.e. active, maintenance, no-battery mode) and measures power factor. Part 1 of the CEC test 

procedure applies primarily to BCS for smaller, consumer-oriented products and Part 2 applies to BCS for 

larger, non-road vehicle chargers. Both parts of the test procedure measure energy consumption in each 

battery mode and they also measure energy consumed as the charger interacts with an actual battery.   

As of this writing, CEC is in the process of pursing a mandatory energy efficiency standard for consumer 

and industrial BCS.[13] CEC’s mandatory standard for BCS is in the early stages of development.  We 

forecast that it is likely the standard will break BCS into 4 different product classes: small chargers, large 

chargers, inductive chargers, and emergency exit signs. 

U.S. Department of Energy (DOE) 

The U.S. Department of Energy is also currently in process of creating a rulemaking for consumer battery 

chargers. The DOE first gained statutory authority for BCS through The Energy Policy Act of 2005 (EPACT) 

which amended the Energy Policy and Conservation Act of 1975 (EPCA). The Energy Independence and 

Security Act of 2007 (EISA) further amended EPCA resulting in the current federal rulemaking for BCS.[14] 

The DOE published its test procedure Notice of Proposed Rulemaking (NOPR) for Battery Chargers on 

April 2, 2010.[15] The DOE test procedure NOPR relies heavily upon part 1 of the CEC adopted test 

procedure, including an active mode metric. In addition, the DOE has published its preliminary technical 

support document in September 2010.[16] The DOE has defined 10 product classes for BCS which is 

different from the 4 product classes in the CEC approach. The final rulemaking for the DOE BCS standard 

is expected in July 2011.  
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ENERGY STAR® Program 

ENERGY STAR® is a joint program of the U.S. Environmental Protection Agency and the U.S. Department 

of Energy. It was developed as a “voluntary labeling program designed to identify and promote energy-

efficient products to reduce greenhouse gas emissions”.[17] 

The program first began covering battery charger systems effective January 2006, with its first voluntary 

BCS specification.[18] ENERGY STAR’s version 1.0 qualification levels for BCS identify a “non-active energy 

ratio” metric based on nominal battery voltage to define efficiency. It applies to BCS with 

portable/rechargeable products, stand-alone battery chargers, and universal battery chargers. Through 

the program, a BCS test procedure was also developed that focused on battery maintenance and no 

battery modes for appliances, stand-alone chargers, and other products. 

ENERGY STAR® is currently revising its battery charger specification as of this writing. The revision is 

likely to include a wider product scope, providing additional opportunity for energy savings. Unlike its 

version 1.0 specification, ENERGY STAR® has previously stated that the version 2.0 specification will 

address charge (i.e. active) mode.[19] They have also announced plans to rely on the DOE battery charger 

rulemaking test procedure for consumer (i.e. “small”) BCS. For industrial (i.e. “large”) chargers, ENERGY 

STAR® plans to rely on Part 2 of the CEC-adopted test procedure mentioned above. ENERGY STAR® plans 

to harmonize with international governments with the goal of worldwide harmonization. The industrial 

portion of the specification is tentatively scheduled to go into effect in mid-2011, while the consumer 

portion is scheduled for a mid-2012 effectiveness date.[20]  

Conclusion 

In addition to traditional energy consumption end-uses such as lighting, heating, and air conditioning, 

plug load end-uses are now recognized as a significant energy load. Along with a variety of other plug 

loads, products utilizing battery charger systems are likely to see both voluntary and mandatory policy 

requirements over the next few years in response to their increasing growth and energy demand.  

Manufacturers and designers are responding to policy activities through a variety of actions. By 

designing for comprehensive efficiency, designers can more successfully produce products that meet 

any standard or specification levels that come into effect. In addition, manufacturers and designers 

should be involved in the policy process, providing their technical expertise and market information at 

multiple intervention points. They can do so by attending public meetings, reviewing proposed 

standards/specifications, and providing technical comments. With active involvement from these groups 

and other stakeholders, we can better reach a cost effective means of helping to meet long term energy 

goals, climate initiatives and air quality guidelines.  



Battery Charger System Energy Use: A fundamental walkthrough Swofford 

9 
 

Notes and References 

[1] Foster, S., et al., Battery Chargers and Energy Efficiency, Summary of Findings and Recommendations, N. 
Horowitz, Editor. 2003, Natural Resources Defense Council. available 
http://www.efficientproducts.org/reports/bchargers/NRDC_Battery_Charger_Final.pdf. 

[2] Geist, T., et al., Designing Battery Charger Systems for Improved Energy Efficiency: A Technical Primer. 
2006, Prepared for the California Energy Commission Contract # 500-04-030, Brad Meister, Contract 
Manager. available 
http://www.efficientproducts.org/reports/bchargers/1270_BatteryChargerTechincalPrimer_FINAL_29Sep
2006.pdf  

[3] Porter, S.F., et al., Energy Efficiency Battery Charger System Test Procedure Version 2.2. 2008, available 
http://www.efficientproducts.org/reports/bchargers/1413_Battery%20Charger%20System%20Test%20Pr
ocedure_V2_2_2_FINAL.pdf. 

[4] Porter, S.F., et al., Analysis of Standards Options for Battery Charger Systems, in Codes and Standards 
Enhancement (CASE) Initiative For PY2009: Title 20 Standards Development. 2010, prepared for Pacific Gas 
and Electric Company. available http://www.energy.ca.gov/appliances/battery_chargers/documents/. 

[5] More information on CPUC; available http://www.cpuc.ca.gov/NR/rdonlyres/77E9A246-8F2F-46D7-8C4A-
BE8B06A6A57A/0/CPUCRegulatoryResponsibilities0410.pdf 

[6] Based on average monthly residential electricity consumption of 936 kWh per month in U.S.; from 
http://tonto.eia.doe.gov/ask/electricity_faqs.asp   

[7] A rosenfeld is the equivalent of displacing a 500 MW existing coal plant operating at a 70% capacity factor 
with 7% T&D losses. Displacing such a plant for one year would save 3 billion kWh/year at the meter and 
reduce emissions by 3 million metric tons of CO2 per year as described in: Koomey, J., et al., Defining a 
standard metric for electricity savings. Environmental Research Letters, 2010. 5(1): p. 014017. available at 
http://iopscience.iop.org/1748-9326/5/1/014017/.   

[8] Assuming an average monthly household electricity consumption 1,120 kWh per month; from 
http://tonto.eia.doe.gov/ask/electricity_faqs.asp#electricity_use_home 

[9] Based on 0.6 metric ton of CO2 per MWh; Source: Energy Information Administration. Table 1. 2008 
Summary Statistics (United States). available 
http://www.eia.doe.gov/cneaf/electricity/st_profiles/us.html 

[10] Assuming total household electricity consumption of 1,379 TWh/year. see Residential electricity 
consumption estimates and forecasts by type of end-use, Table 4. 

[11] From http://www.energy.ca.gov 

[12] Final California Energy Commission Rulemaking on Battery Charger System Test Procedure; see 
http://www.energy.ca.gov/appliances/2008rulemaking/2008-AAER-1B/ 

[13] For more information see http://www.energy.ca.gov/appliances/battery_chargers/ 

[14] U.S. Department of Energy. Appliances and Commercial Equipment Standards: Battery Chargers and 
External Power Supplies. Available from: 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/battery_external.html. 

http://www.efficientproducts.org/reports/bchargers/NRDC_Battery_Charger_Final.pdf
http://www.efficientproducts.org/reports/bchargers/1270_BatteryChargerTechincalPrimer_FINAL_29Sep2006.pdf
http://www.efficientproducts.org/reports/bchargers/1270_BatteryChargerTechincalPrimer_FINAL_29Sep2006.pdf
http://www.efficientproducts.org/reports/bchargers/1413_Battery%20Charger%20System%20Test%20Procedure_V2_2_2_FINAL.pdf
http://www.efficientproducts.org/reports/bchargers/1413_Battery%20Charger%20System%20Test%20Procedure_V2_2_2_FINAL.pdf
http://www.energy.ca.gov/appliances/battery_chargers/documents/
http://www.cpuc.ca.gov/NR/rdonlyres/77E9A246-8F2F-46D7-8C4A-BE8B06A6A57A/0/CPUCRegulatoryResponsibilities0410.pdf
http://www.cpuc.ca.gov/NR/rdonlyres/77E9A246-8F2F-46D7-8C4A-BE8B06A6A57A/0/CPUCRegulatoryResponsibilities0410.pdf
http://tonto.eia.doe.gov/ask/electricity_faqs.asp
http://iopscience.iop.org/1748-9326/5/1/014017/
http://tonto.eia.doe.gov/ask/electricity_faqs.asp#electricity_use_home
http://www.eia.doe.gov/cneaf/electricity/st_profiles/us.html
http://www.energy.ca.gov/
http://www.energy.ca.gov/appliances/2008rulemaking/2008-AAER-1B/
http://www.energy.ca.gov/appliances/battery_chargers/
http://www1.eere.energy.gov/buildings/appliance_standards/residential/battery_external.html


Battery Charger System Energy Use: A fundamental walkthrough Swofford 

10 
 

[15] Available 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/bceps_tp_nopr.pdf 

[16] Available 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/battery_external_preliminaryan
alysis_tsd.html#tsd 

[17] From http://www.energystar.gov/, History of ENERGY STAR 

[18] See http://www.energystar.gov/index.cfm?fuseaction=products_for_partners.showBatteryChargers 

[19] October 27, 2010 announcement letter from EPA/ENERGY STAR. Available 
http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/battery_charging_sys/B
CS_SpecRevision_UpdateLetter.pdf  

[20] Ibid. 

 

Acknowledgements 

I thank Suzanne Foster Porter and Dr. Dave Denkenberger of Ecos for their review of this manuscript. A 

number of organizations and individuals contributed to the technical foundation which is the basis of 

this article, including Pacific Gas & Electric, the California Energy Commission Public Interest Energy 

Research program, Electric Power Research Institute, Southern California Edison, and Pacific Gas & 

Electric’s Applied Technology Services group. 

Author Biography 

Jeffrey is a research analyst at Ecos, a consulting firm that provides solutions for clients to reduce their 

energy use, manage their carbon emissions and implement environmentally sustainable practices. 

Within the Ecos Research and Policy department, Jeffrey works on a variety of policy topics at the 

intersection of energy and environmental issues. His primarily focus is on energy efficiency programs 

related to battery charger systems and consumer electronics, such as set-top boxes, computers, and 

video game consoles. 

E: jswofford@ecosconsulting.com 

P: 970.259.6801 
Contact Ecos at www.ecosconsulting.com  
 
 

http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/bceps_tp_nopr.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/residential/battery_external_preliminaryanalysis_tsd.html#tsd
http://www1.eere.energy.gov/buildings/appliance_standards/residential/battery_external_preliminaryanalysis_tsd.html#tsd
http://www.energystar.gov/
http://www.energystar.gov/index.cfm?fuseaction=products_for_partners.showBatteryChargers
http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/battery_charging_sys/BCS_SpecRevision_UpdateLetter.pdf
http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/battery_charging_sys/BCS_SpecRevision_UpdateLetter.pdf
mailto:jswofford@ecosconsulting.com
http://www.ecosconsulting.com/

