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Extreme weather and other natural disasters can threaten lives, disable communities and 
devastate utilities’ generation, transmission, and distribution systems and often times result in 
extended power outages for many people. But customers’ expectations of service reliability 
have changed dramatically with the evolution of the 24/7-digitally-connected society. Even with 
enhanced response and heroic efforts by crews, restoration that stretches to days and in some 
cases weeks is no longer acceptable. Strategies for improving resiliency for these events fall into 
three categories: 
 

1. Prevention: “Hardening” the grid to prevent damage will require changes in design 
standards, construction guidelines, maintenance routines, and inspection procedures. 
Undergrounding circuits, improved vegetation management practices, and new 
technologies for overhead systems can all contribute to improved resiliency but the 
costs and benefits of the required investments must be evaluated carefully. 

 
2. Recovery: The response to major events and the restoration of the system following 

these events can also be improved. Investments in the smart grid (advanced metering, 
sensors, improved communications, etc.) and associated systems (e.g. outage 
management systems and distribution management systems) can significantly improve 
situational awareness and the effectiveness of restoration efforts. New technologies like 
unmanned aerial vehicles for surveying conditions can also help speed up the 
restoration. 
 

3. Survivability: Even with these investments in the grid, there will still be cases where 
customers experience outages, even extended outages. This makes investments in 
backup generation and other technologies something to consider, especially for critical 
loads (communications, medical equipment, etc.). Some of these critical loads are 
relatively low power and may be easy to power during outages with relatively 
inexpensive technologies.  

 
What is Survivability? 
 
Survivability refers to the ability to maintain some basic level of electrical functionality to 
individual consumers or communities in the event of a complete loss of electrical service. The 
key elements of survivability include communicating with customers; using resilient 
technologies to supply critical infrastructures such as traffic signals, prisons, hospitals, and cell 
phones; and equipping and enabling consumers to use distributed generation technologies. For 
distribution utilities, survivability is a new function – and one that will require new business 
models and innovation. 



 

 

 
Technologies for Customer Survivability 
 
The Electric Power Research Institute (EPRI) recently conducted investigations to better 
understand what technologies are available today that could help consumers deal with some of 
the challenges presented when power is lost for an extended period of time. These 
technologies include: 
 

 Using PEVs as a Power Source – Plug-in electric vehicles (PEVs), both all-electric and 
hybrid, could be used to supply energy to a home during an outage. Hybrid electric 
vehicles also could operate as a gasoline-fueled generator to provide additional standby 
power. Automakers are interested in the concept, but the technologies require further 
development. 

 

 Using Photovoltaic (PV) Systems as a Backup – Increasingly, consumers are installing 
rooftop PV systems to augment grid-supplied electricity. Usually limited by roof area 
and sized to meet an economically viable portion of the building’s electrical needs, these 
systems cannot supply 100% of a residence’s typical demand, nor do the systems, as 
currently configured, allow for operation as independent microgrids1 to supply part of a 
residence’s needs. The existing controls associated with PV arrays are not sufficiently 
functional so as to match the electrical demand of a residence without presence of grid 
supply or local storage. Companies are developing residential circuit breaker panels that 
allow the control of individual circuits and appliances. Control devices could be 
developed to integrate these breaker panels into the PV system, so that when grid 
power is lost, load is automatically curtailed to balance supply and load for the 
residential microgrid.  

 

 Providing power to critical loads – There are innovative technologies to supply power 
to critical loads (such as cell phones, radios, etc.) when there is a loss of grid supply. 
These can include a variety of devices that can be used to generate electricity manually 
with or without a battery to store the electricity.  A few of these are highlighted in this 
paper.  
 

This paper explores some of the measures that the consumers can take while the utility crew is 
working hard to restore power to homes. There are quite a few devices on the market today 
that may help the consumers in providing power to critical devices during an outage. The EPRI 
testing provides a limited benchmark for some of the existing technologies. This paper 
describes a preliminary assessment which reveals that this is an area which may be ripe for 
additional research and development. 

                                                           
1
  Microgrids are small power systems that can operate independently of the bulk power system. They are 

composed of one or more distributed resources (DR) and electrical loads that are interconnected by a distribution 
system. Most of today's microgrids are fairly simple in design, consisting of a single generator supplying a 
dedicated load or of multiple identical generating units ganged to operate much like a single unit. (Source: EPRI ) 



 

 

 
The following sections provide the category of devices selected for the tests, methodology 
behind testing, summary of results and highlights.  
 
Categories of Devices 
 
An article published by Chicago Tribune2 in 2010 titled “Landlines vs. cell phones -Is it time to 
cut the cord?” showed that one in four homes in U.S. relied only on cell phones for their 
communications in 2009. This percentage is increasing every year. Hence keeping a cell phone 
charged is one of the most important needs during an outage. This was one of the key 
considerations in selecting the charging devices selected for the test.  
 
The category of charging devices listed here are selected based on two criteria: the first is their 
ability to power and/or charge devices such as mobile phones, computers, radios, and 
flashlights while the second is how affordable and available are the technologies (mainly 
focuses on technologies costing approximately fifty dollars or less that are readily available, 
with a few exceptions). These devices were purchased from retail outlets such as Best Buy, 
RadioShack, Office Max, and online retail outlets such as Amazon.com and Brookstone. Devices 
such as emergency generators, large battery storage and all but small photovoltaic devices 
were not included. 
 
The devices that were tested can be classified under four major categories and are listed in 
Tables 1 through 3: 

1. Handcranking chargers  
2. Solar chargers 
3. Battery-based chargers 
4. Vehicle 12V chargers 
 

Table 1 List of Devices Tested Under the Category: Handcranking Chargers  

Item 
Number 

Manufacturer Model  Type Cost Output Type Features 

1 Sentína SUPERBattery Handcrank $24.99  USB  Built-in LED flash light 

2 Etón TurboDyne 
Series- ROVER 

Handcrank $49.99  USB AM/FM Radio, Weather 
broadcast, LED 
flashlight, Li-Polymer 
battery 

3 K-TOR Pocket Socket Handcrank $59.95  120V ac 120 V ac output 

4 SOSReady SOS Charger Handcrank $29.99  USB 3 LED and SOS Signal 

5 Etón Microlink FR 
160 

Handcrank 
and Solar  

$31.99  USB AM/FM Radio, Weather 
broadcast, LED 
flashlight 

                                                           
2
 Source: http://articles.chicagotribune.com/2010-07-22/business/sc-cons-0722-save-landline-vs-cell-

20100722_1_landline-cell-phones-outages  

http://articles.chicagotribune.com/2010-07-22/business/sc-cons-0722-save-landline-vs-cell-20100722_1_landline-cell-phones-outages
http://articles.chicagotribune.com/2010-07-22/business/sc-cons-0722-save-landline-vs-cell-20100722_1_landline-cell-phones-outages


 

 

6 Quake Kare ER Emergency 
Ready  

Handcrank 
and Solar 

$49.99 12V Cigarette 
Light Adapter 

AM/FM Radio, Weather 
broadcast, LED 
flashlight  

 

Table 2 List of Devices Tested Under the Category: Solar Chargers 

Item 
Number 

Manufacturer Model  Type Cost Output Type Features 

1 Solar ReStore ReVIVE Series Solar $49.99  USB 1500 mAh Lithium 
Rechargeable 
Battery 

2 UltraLast 
Green 

Sol Charger Solar  $19.99  USB 2 AA everyday 
Rechargeable 
batteries 

3 Nokero  RayCel 
Battery 
Charger P103 

Solar $25.00  Directly charge 
phone batteries 
– no USB 

1 Watt efficient solar 
panel 

4 Bell Howell Solar Charger 
with Keychain 

Solar $19.95  mini USB 450 mAh Lithium 
Battery 

5 Solar Charger P-2600 solar 
Mobile 
Charger 

Solar $11.95  USB 2600 mAh Li-Ion 
Battery 

6 Voltaic  Solar Charger  Solar $98.99  USB 3,000mAh, 11 Wh 
capacity 

7 Ameican Direct SolMate Solar $19.98  USB 800 mAh Lithium 
Battery 

 

Table 3 List of Devices Tested Under the Category: Battery-based Chargers 

Item 
Number 

Manufacturer Model  Type Cost Output Type Features 

1 Verbatim  AA PowerPack Standard 
battery 
charger 

$17.99 USB Standard alkaline 4 
AA batteries 

2 Hottips! All-in-one 
Charger 

Standard 
battery 
charger 

$19.99 USB It uses standard 9V 
battery, Vehicle 
12V, USB from PC 
and 120V ac wall 
outlet 

 

Methodology 
 
A laboratory test setup, illustrated by the simplified circuit schematics in Figure 1, was created 
to test the performance of the handcranking, solar, battery-based and vehicle 12V chargers. 
The objective of this test setup was to monitor and record the voltage, current and power used 



 

 

for charging the devices. A laboratory grade high accuracy power meter, Yokogawa WT3000, 
was used for the test which has the ability to compute Watt-hours using an integration 
function. By comparing the Watt-hours put in to the battery to the rated battery capacity (in 
Watt-hours3) through the charging system the approximate percentage of state of charge can 
be estimated. For all the tests conducted, the batteries of the electronic devices were started 
with a nearly zero percentage state of charge.   

 
Figure 1 Simplified Laboratory Test Schematics (Source: EPRI) 
 
Key Findings 
 
A study conducted by Purdue University researchers4 has identified that a fully charged phone 
can be drained in as little as five hours even when not used. For example, Figure-2 shows some 
of the components that drain the smartphone battery. Understanding this information is 
essential while trying to charge a smartphone with the chargers listed here. Charging the 
smartphone or small tablet can be analogous to the following scenario. The device battery can 
be thought of like a bucket and each component that drains the power from battery is 
comparable to holes in the bucket. As one is trying to fill the bucket with water with a small 
cup, if the holes are not plugged properly the water will not be retained in the bucket. Hence, it 
is highly recommended to switch off the phone completely while trying to charge the iPhones 
with the chargers described.  
 
Also many of the chargers EPRI tested are not compatible with the iPad. When the chargers are 
connected to an iPad, the iPad displayed a message stating that the charging device is not 
supported. However, other tablets such as Samsung Galaxy or Kindle e-readers did not have 
that issue. 
 
Except for one charger (Pocket Socket from K-Tor) that had 120 V ac output, all the other 
chargers tested had either USB output or modified adaptor for different electronic devices. 
Hence, charging a laptop is not quite straightforward with handcranking, solar or battery based 
                                                           
3
 Typically the battery capacity is given in mAh. When multiplied with the battery voltage the Watt-hour rating of 

the battery can be estimated. For example, a 1000mAh Li-ion battery with 3.7V is equivalent to 3.7Watt-hour 
battery (=3.7Vx1000mAh). 
4
 Source: http://www.purdue.edu/newsroom/research/2012/120613HuSmartphoneBugs.html  

http://www.purdue.edu/newsroom/research/2012/120613HuSmartphoneBugs.html


 

 

chargers. In this case, a 60W inverter which can convert 12V dc to 120V ac can be used in a car 
to recharge the laptop. Some laptop chargers even have accessories that gives an option to 
directly use the 12 V dc from the cars using the 12V cigarette adapter. However, this method 
has to be approached carefully because of the possibility of draining the car battery. 
 

 
Figure 2 Components that may drain Battery in a Smartphone (Source: EPRI) 

 
The results of the tests are summarized in Table - 4 and Table -5 below based on the type of the 
device.  
 
Conclusions 
 
A wide array of chargers capable of supplying power to small electronic devices have been 
tested as a part of this research. The handcranking chargers proved to be a great choice for 
providing LED light source (flash light) or radio power for listening to weather broadcasts, 
however, they are not suitable to bulk charge the smart mobile phones or the small tablets. 
Small electronic devices like mp3 players may be charged using handcranking chargers. The 
solar chargers are capable of capturing the energy from the sun and charging the electronic 
devices, however, clouds and short days of sunlight can limit the effectiveness of these devices. 
A cost-effective approach for recharging phones during a power outage is to keep a stock of 
long shelf life alkaline AA batteries such as Duracell Duralock5 or Energizer® MAX®6 batteries 
which have 10 year shelf life and use the AA (e.g. Verbatim AA Powerpack7) and 9V (Hottips!8) 
battery-based charging devices. Finally the car batteries provide another option to charge small 
electronic devices, however, it is not recommended for long time use as there is a possibility to 
deplete the car battery.  
  

                                                           
5
 Source: http://www.duracell.com/en-US/company/Duralock.jspx  

6
 Source: http://www.energizer.com/batteries/everyday-use-alkaline/Pages/aa.aspx  

7
 Source: http://www.verbatim.com/prod/accessories/power-pack-chargers/aa-power-pack/  

8
 Source: http://www.hottips-eco.com/ht_chargers.html  

http://www.duracell.com/en-US/company/Duralock.jspx
http://www.energizer.com/batteries/everyday-use-alkaline/Pages/aa.aspx
http://www.verbatim.com/prod/accessories/power-pack-chargers/aa-power-pack/
http://www.hottips-eco.com/ht_chargers.html


 

 

 
Summary – Options for keeping your iPhone charged during an extended outage 
 
Here are some options for keeping an iPhone charged during an extended outage –  

1. Solar charger option: After a storm, there are often sunny days. A typical solar charger 
can provide approximately 25% charge after 6-8 hours of sunlight. High-end solar 
chargers with large size photovoltaic panels can provide extended range.  

2. A solar charger with handcranking option: The hand cranking option can be used when 
sunlight is not available. A typical person will have to crank for 120 to 150 minutes at a 
steady pace to get a 25% charge on the iPhone. This may be a great option to keep the 
kids busy. 

3. Battery-based chargers option: Keeping some long life AA batteries in stock and using 
them with a device to charge your phone is a great option. One set of 4 AA batteries can 
provide about a 25% charge for an iPhone in approximately 60 minutes using one of 
these chargers listed in this paper. 

4. Using your car battery: Many people already have a USB outlet in the car or a device for 
charging their phone from a 12V cigarette lighter outlet in the car. This can drain and 
damage your car battery. With a full charge, a typical car battery can provide a 25% 
charge to an iPhone in about 50-60 minutes. If you turn your car ON to keep the battery 
charged, make sure you are not in a closed garage. Also gasoline is often precious during 
these times so this may not be the best use of your fuel. 

 
iPads and other tablet computers typically require a little more stored energy than an iPhone 
but similar approaches can be used (with some exceptions for the iPad). 
 
About EPRI  
The Electric Power Research Institute, Inc. (EPRI, www.epri.com) conducts research and 
development relating to the generation, delivery and use of electricity for the benefit of the 
public. An independent, nonprofit organization, EPRI brings together its scientists and engineers 
as well as experts from academia and industry to help address challenges in electricity, 
including reliability, efficiency, health, safety and the environment. EPRI's members represent 
more than 90 percent of the electricity generated and delivered in the United States, and 
international participation extends to 40 countries. EPRI's principal offices and laboratories are 
located in Palo Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; and Lenox, Mass. 
 
# # # 
 
Contacts: 
 
Don Kintner 
Communications Manager 
704-595-2506 
dkintner@epri.com 
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Table 4 Summary of Key Findings 

Item 
Number 

Type Results Limitations 

1 Handcrank Chargers  

 

The handcrank chargers took 5-6 minutes at a 
constant pace of cranking (without stopping)to 
increased battery charge of iPhone or similar 
smart phone (~5.1Wh capcaity) by 1% when the 
phones are turned off completely. After 10 to 
15minutes of cranking a 3-5% increase in battery 
charge could be expected. The results vary based 
on various factors, such as age of the battery, 
capcaity of the battery, background applications 
that are running etc. 
 
In the case of handcranking chargers with Radio/ 
LED, 2 minutes of constant cranking resulted in 
approximately 20-30 minutes of LED light or 30-
40 minutes of radio at low volume. This time 
reduces to 15-20 minutes if both LED and radio 
were on simultaneously. 
 
Handcranking chargers that had solarpanels 
needed at least 8 -10 hours of direct sunlight to 
charge the internal batteries. The radio and LED 
can be used for nearly 2-3 hours. However, the 
solar charging can be augmented by 
handcranking as needed.  
 

The crank rate is typically 2 rotations per second 
(or 130 rotations per minute) for 10-15 minutes, 
which is very difficult to sustain for more than 
one or two minutes. 
 
Some of them do not have internal battery to 
store energy.  
 
The LED lights or radio have to be turned off 
while charging the phones or mp3 players.  
 
Most devices are made of plastic and the handle 
may damage if it accidentally slips from hand. 
 
The solar chargers in this type of devices are 
typically only for the LED or radio use and 
maynot be used to charge mobile phones or 
other external devices. 

2 
 
 
 
 
 
 
 

Solar Chargers All the solar chargers tested store the energy 
from sunlight to their internal batteries.  
 
The internal batteries of these solar chargers 
widely vary in their capcaity. 
 
8 hours of direct sunlight provided 
approximately 25% charge to the iPhone. 

Getting  8-10 hours of direct sunlight may be a 
problem during winter or cloudy days or during 
storm or hurricane. 



 

 

Item 
Number 

Type Results Limitations 

 
 
 
 

 
 

 
However, the more expensive solar chargers 
such as Voltaic for example have a larger solar 
panel and can capture more energy so they can 
last longer.  
 

3 Battery Based Chargers 
(Standard AA or 9V) 

 
 

These are cost effective approaches to charge 
mobile phones.  
 
They take standard AA alkaline batteries (2 or 4 
battery option available) or a 9V battery to 
charge the phones. In 60 minutes, the iPhone 
battery was approximately charged to 25% using 
a 4AA or a 9V battery charger.  
 

They lack LED lights or radio.  
 
A pack of fresh or long shelf life batteries (either 
4AA or 9V) has to be kept during emergency to 
use this type of devices.  

4 Vehicle 12V Cigarette Chargers 

 

The car battery can provide quick charge to the 
mobile phones during emergency.  
 
Approximately 10-15% of the phone(iPhone) 
battery can be charged in 30 minutes.  
 
The table (Table 5) provides a list of options 
available in vehicles for charging small electronic 
devices.  
 
 

Car batteries are not meant for long term 
current discharge but rather they provide short 
bursts of current, to start the car. 
 
Many cars need the key to be in “ACC” position 
to turn ON the 12V cigarette charger outlet. The 
other accessories such as fan, light, radio etc 
must be turned OFF while charging phone, 
otherwise the car battery may be depleted.   
 
Care should be taken if starting and running the 
car to keep the battery charged – this should 
never be done in a closed garage. 

 

  



 

 

Table 5 Powering Options Available in Various Vehicles 

Item 
Number 

Make of the 
Car 

Model of 
the Car 

Year Typical 
Battery 
Capacity of 
the Car (if 
available) 

Key should 
be in “Acc” 
position to 
charge? 
(Yes/ No) 

120V ac 
outlet 
available 
(Yes/ No) 

Maximum 
Chargeable 
limits (e.g. 
12V, 10A 
max -120W 
etc) 

Number of 
12V outlets 
Available 

1 Mazda B3000 
Pickup Truck 

2007 N/A No No 180W (15A) 2 

2 Toyota  Corolla 2003 N/A Yes No 120W (10A) 2 

3 Toyota Camry 2012 CCA
9 

-582 

RC-125 

Yes No 120W (10A) 2 

4 Volkswagen Jetta 2012 N/A Yes No 120W (per 
outlet) 190W 
total.  

2 

5 Subaru Forester 2008 N/A Yes No 80W (front)/ 
120W 
(console and 
rear) 

3 

6 Acura TSX 2006 12 V  
36 Ah @5 hr 

Yes No 12VDC, (10A) 2  

7 Ford F-150 2002 N/A No No 20A 2 

8 Chevrolet Malibu 2008 N/A No Yes (1) 120W (10A) 2 

9 Honda  Accord 2009 N/A Yes No 120W (10A) 2 

10 Dodge Dakota 2002 N/A No No 15A 1 

11 Chevrolet Camaro 1997 N/A No No 15A 1 

12 Jeep  Grand 
Cherokee 

2002 N/A No No 20A 3 

13 Hyundai  Elantra 2012 N/A Yes No 10A 1 

14 Toyota Tacoma 2010 N/A Yes No 10A 1 

15 Ford Fusion 2011 N/A Yes No 180W  2 

 

                                                           
9
 CCA – Cold Cranking Amperes (starting current supplied by battery); RC – Reserve Capacity 


