
LOW POWER ARDUINO HACK GUIDE #1: 
ENERGY SAVING ICs FOR DIY PROJECTS

To save energy in microcontroller electronics, one usually has to tackle the root cause of 
energy usage: current draw from the various loads that are connected to the 
microcontroller.  Some loads, such as loads from the microcontroller’s internal operations 
and parasitic current draws in the system, cannot be readily modified for increased energy 
saving.  Instead, we can look to peripheral loads that draw energy from the power supply 
either directly or through the microcontroller’s I/O pins, and select these peripherals wisely 
for increase energy performance!  In selecting such sensors, we typically look for ICs / 
modules that can perform the tasks required but do so efficiently, thus drawing minimal 
current on average. 

In this guide, we’ll lead you through the basic theory of energy usage (power) in 
electronics and then present a variety of sensors that have been hand-picked for their high 
performance and low power usage.  If you have a DIY project that requires interfacing one 
or more sensors with a microcontroller and would like to reduce the energy consumption 
of your system (say, to improve battery life), then this is the guide for you!  Low Power 
Arduino Hack Guide #1 includes a variety of sensors that communicate via analog and 
digital signals and a list of powerful communication modules that pack a punch with very 
little power draw.  
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Topics covered in Low Power Arduino Hack Guide #1
+  Current, Voltage, and Power in electronics - an introduction to the relationships
     between current, voltage, and energy consumption
+  Low-power temperature sensor
+  Low-power ultrasonic / distance sensors and higher-power alternatives
+  Light sensor
+  High-value current sensor
+  Low-power Hall-effect sensor and higher-power alternatives
+  LED driver
+  Accelerometer modules
+  RF module
+  WiFi module and alternatives
+  Bluetooth modules
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Even if you’re a beginner electronics hobbyist, you’re probably familiar with current, 
voltage, and resistance.  The famous Ohm’s law relates these three quantities in DC 
systems with the equation V = IR.  

Another useful and important quantity in electrical systems is power: the rate at which 
energy is consumed or provided to a system.  In circuits, power describes quantities such 
as the rate of transfer of chemical energy in a battery into electrical energy and amount of 
heat loss in a passive or active component.  To calculate power, we use the simple formula 

P = I · V 

Power (watts) equals current (amperes) multiplied by voltage (volts).  So why is this useful?

The power formula expresses energy consumption as a function dependent on two 
variables: voltage and current.  In most digital, embedded systems projects, the regulated 
system voltage is a steady DC value, such as 5V or 3.3V (two common logic voltages).  This 
means that when describing the energy consumption of our project, we can simply take a 
look the current draws of different components!  If we want to reduce the power 
consumption of our device (and thereby increase battery life (as the battery can only 
provide a finite amount of energy in its lifetime), we can specify lower amperage devices! 

In the following guide, we’ve hand-picked a selection of low power (and consequently, low 
current) devices for embedded projects.  If you’d like to search for your own devices 
outside this list, merely consider the power law: which device gives the same functionality 
but with the least current draw?  Finally, some devices may also list a power consumption 
value in watts, and some batteries list a total energy storage value in watt-hours (Wh).  
Take a look at the following devices to see if any fit your embedded project needs!

Current, Voltage, and Power
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SENSORS / DISPLAYS:

Dimensions

Current Supply

Datasheet

Power Supply

Sensing Period

Sensing Range

Description & Uses

IC DHT11

https://www.boxelectronica.com/en/temperature-humidity/25-dth11-humidity-and-temperature.html

15.5mm x 12mm x 5.5mm

2.5mA  current draw

3 to 5V DC logic compatible

20-80% humidity readings @ 5% accuracy

Max 1Hz sample rate (typical 0.5Hz)

http://wiki.seeedstudio.com/images/3/31/DHT11.pdf

This temperature and humidity sensor communicates with a microcontroller via a 
custom single-wire bidirectional communication protocol.  Apart from a 
microcontroller, the only external hardware required to operate this sensor is the pull-
up resistor that comes with it.  

This sensor is unique because it limits power consumption by limiting the rate of data 
collection.  Its low sampling rate makes it unfeasible for applications that require high 
temporal data precision but great for long-period data collection in which the 1 or 
0.5Hz sampling rates are more than sufficient. 

Temperature-Humidity Sensor

•

•
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Dimensions

Current Supply

Datasheet

Power Supply

Sensing Period

Sensing Range

Description & Uses

IC URM07

https://www.robotics.org.za/SEN0153

27mm x 27mm

Average 5mA current draw

3.0 - 5V DC operating voltage

20 - 750 cm range with 1cm distance resolution

< 60ms

https://media.digikey.com/pdf/Data%20Sheets/DFRobot%20PDFs/SEN0153_Web.pdf

Compared to popular microcontroller-compatible ultrasonic sensors such as the 
Parallax PING))), which draws approximately 35mA during operation, the URM07 
module is ultra low-power, drawing only 5mA on average.  This chip communicates 
over 3.3V or 5V logic-level UART serial, meaning you all you have to do is connect the 
device to a TX/RX pin pair on your microcontroller to use it!

UART Ultrasonic Sensor
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Dimensions

Current Supply

Datasheet

Power Supply

Sensing Period

Sensing Range

Description & Uses

IC GP2Y0D810Z0F

http://jp.rs-online.com/web/p/reflective-optical-sensors/6666580/

13.6mm × 7mm × 7.96mm

Average 5mA current draw

2.7 - 6.2V DC operating voltage

20 - 100 mm range

Approximately 400Hz sampling frequency

http://docs-asia.electrocomponents.com/webdocs/0d1b/0900766b80d1bdd5.pdf

If your application only requires a short measurement distance, then the GP2Y is the 
sensor for you!  The sensor makes up for its lack of measurement range with an 
extremely quick sampling rate.  All put together, it too only draws about 5mA!  The 
GP2Y module is an analog-output device, which means that in addition to hooking up 
power and ground, you’ll need to connect it to an analog input pin on your 
microcontroller to read data. 

Digital Distance Sensor
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Dimensions

Current Supply

Datasheet

Power Supply

Sensing Range

Description & Uses

IC

https://www.mgsuperlabs.co.in/estore/TSL2561-digital-luminosity-lux-light-sensor

2.7 - 3.6V ; 3.3V or 5V I2C compatible

0.1 - 40,000 Lux measurement dynamic range

Average 0.5mA current draw

20-80% humidity readings @ 5% accuracy

https://cdn-shop.adafruit.com/datasheets/TSL2561.pdf

Most hobbyists are familiar with the method of measuring light intensity through a 
simple photoresistor-resistor voltage divider.  As the resistance of the photoresistor 
changes with the intensity of light, so does the voltage at the output node of the 
voltage divider.  Though simple, this crude sensor cannot offer precise data about light 
intensity.  The TSL2561 counters this limitation by offering an enormous dynamic range 
of Lux in the surrounding environment, all at the measly cost of just 0.5mA!  This makes 
it great for long-period data-logging applications!

The TSL2561 communicates with a microcontroller via an I2C bus, which means you’ll 
have to connect at least four wires: power, ground, SDA, and SCL, with pull-up 
resistors on the data and clock lines.  

Digital Luminosity/Lux/Light Sensor

•

•

TSL2561
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Current Supply

Datasheet

Power Supply

Description & Uses

IC ACS712

https://www.sparkfun.com/products/8882

5V DC operating voltage

10mA average current draw
Current measurement up to 5A

https://www.sparkfun.com/datasheets/BreakoutBoards/0712.pdf

One tradeoff to consider in projects is that as the measured values increase in 
magnitude, often so does the cost and complexity of the measuring tool.  The ACS712 
IC current sensor, the most popular and widespread device used in hobby electronics 
modules, draws a mere 10mA from a 5V power supply while measuring currents up to 
5A!  This is great for projects in which batteries or motors are being monitored, 
because the monitoring device can be an introductory microcontroller like an arduino!

To use the the ACS712 module, you’ll have to connect an external passive filter circuit 
to the module’s filter pin.  The modules itself, however is an analog-output device, 
meaning all that’s needed to read data is a single-wire connection to an analog input 
on the microcontroller. 

Hall-Effect Based Linear Current Sensor

•

•
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Current Supply

Datasheet

Power Supply

Description & Uses

IC US1881

https://www.sparkfun.com/products/9312

5mA typical current draw

3.5 - 24V DC operating voltage

https://www.sparkfun.com/datasheets/Components/General/Hall-US1881EUA.pdf

The US1881 is a latching hall effect sensor, which means that it toggles state once 
when a magnetic field is added or removed and then remains in that state.  This 
functionality is extremely useful in applications where magnetic presence or absence 
might only occur for a brief second but should still trigger a response from the 
microcontroller.

If latching functionality is not necessary, or if not preferred, you can consider using a 
linear hall-effect sensor device such as the SS495A2 from Honeywell. Alternatively, if 
cost and complexity are not an issue but current consumption must be severely limited 
to the micro-amp range (yes, that small!) then you may consider using a surface-mount 
module such as the DRV5032 from TI.   

In addition, the US1881 is also super cost-effective and draws very little current, 
making it ideal for both quick prototypes and final project builds!

Latching Hall-Effect Sensor

•

•

•
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Current Supply

Datasheet

Power Supply

Description & Uses

IC LP55231

https://www.sparkfun.com/products/13884

1.8mA max current draw while driving LEDs

3.3 or 5V logic compatible

http://www.ti.com/lit/ds/symlink/lp55231.pdf

This module, though not a sensor, is worth mentioning because it limits current-draw 
from your microcontroller while driving high-power LEDs.  Those bright white LEDs 
that everyone loves are quite power-hungry, and driving an array of them would 
probably mean loading up the microcontroller’s outputs quite heavily.  Instead, this 
device allows the driving of high-power LEDs with a low supply voltage and current, all 
thanks to fancy “charge pump” circuitry internal to the chip and the module board.  

What’s better is that the LED display patterns and other functionality is all 
programmable via an I2C connection, thus pushing those computations to an external 
device away from the main process tasks of your microcontroller!

LED Driver

•

•
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IC

Current Supply

Datasheet

Power Supply

Description & Uses

ADXL345 ADXL193

https://cdn.sparkfun.com/r/140-140/assets/parts/
3/9/0/2/09836-_01c.jpg

https://cdn.sparkfun.com/r/140-140/assets/parts/
2/8/8/3/09332-1.jpg

40 -145 µA 1.5 - 2 mA

2.0 - 3.6V 3.5 - 6V

https://www.sparkfun.com/datasheets/
Sensors/Accelerometer/ADXL345.pdf

https://www.sparkfun.com/datasheets/
Sensors/Accelerometer/ADXL193.pdf

The popular ADXL345 Accelerometer, 
featured in different accelerometer 
breakouts from various hobby electronics 
vendors, is a 3-axis accelerometer that has a 
configurable acceleration measurement 
range at either ± 2, 4, 8, or 16g.  The 
module draws a remarkably low 145 µA max 
during operation, and also features 
“programmable power modes”.  

To read data from the onboard IC, you can 
choose to use either SPI or I2C, and simply 
need to make the bus connections to the 
microcontroller to start gathering 
acceleration information in 3 axes!

The ADXL193 is a cousin of the 
ADXL345, offering a wider range of 
acceleration measurement, but only in 
a single axis and at the cost of 
increased power consumption.  The 
acceleration measurement range of 
the ADXL193 is orders of magnitude 
greater than the 345, at ±250g.  The 
tradeoff, however is that the sensor 
can only measure acceleration in a 
single direction.  If high-value 
acceleration measurements are 
required in all three axes, then you 
might consider using 3 modules in a 
project (one for each axis), however 
you should take into account that 
each module can draw up to 2 mA.  

The ADXL193 is an analog-interface 
module, meaning the only connection 
signal required with a microcontroller 
is a single line to an analog input pin! 

Accelerometers

•

•

•

•



12

Current Supply

Datasheet

Power Supply

Description & Uses

IC nRF24L01+

https://devzone.nordicsemi.com/attachment/9f19e15b4963ebdadb339263af1377de

1.9 - 3.6V

11.3mA while transmitting, 13.5mA while receiving 
(power consumption is firmware-configurable)

https://www.nordicsemi.com/eng/nordic/content_download/2726/34069/file/
nRF24L01P_Product_Specification_1_0.pdf

The nRF24L01+ has been featured before in DevicePlus tutorials because of its 
simplicity and ease of use, but also because is is has some of the best power 
consumption characteristics in the market!  Compared to other popular RF modules 
such those in the XBEE radio series, which draw around 30-50 mA while transmitting 
and receiving, this IC from Nordic Semiconductor only draws 11.3mA while 
transmitting and 13.5mA while receiving.  What’s cooler is that the IC’s power-
consumption is configurable through software (check out our nRF24L01+ tutorial!)  To 
top it off, nRF24L01+ modules can usually be found for under $5, making them some 
of the cheapest RF modules in the market as well.  Just remember that you need a pair 
of them to establish an RF communication link in your project!

The module communicates with a microcontroller via an SPI bus, so make sure to find 
out where your microcontroller’s MOSI, MISO, and SCK ports are located!  For more 
information on how to use the nRF24L01+, head over to the tutorial linked above.  

RF module

•

•
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Current Supply

Datasheet

Power Supply

Description & Uses

ESP8266

https://cdn.sparkfun.com//assets/parts/1/1/1/2/9/13678-01.jpg

3.0 - 3.6V 

80mA average

https://cdn-shop.adafruit.com/datasheets/ESP8266_Specifications_English.pdf

A quick search online for hobby WiFi modules will reveal that ESP8266-based devices 
are by far the most popular.  This is a result of their low price and low power-
consumption.  Compared to WiFi modules based on devices such as the HDG204 from 
H&D wireless (the chip at the center of the Arduino Uno WiFi shield sold by Arduino), 
which draws 250mA in all modes of operation, the ESP8266 draws 80mA average with 
a peak of 215mA.  

The ESP8266 has three modes of operation: “client”, “access point”, and “client and 
access point”.  It communicates with a microcontroller via 3.3V logic UART RX/TX lines.  
Be careful when using ESP8266 modules with 5V-logic microcontrollers such as the 
Arduino Uno, as the 5V serial communication can damage the board.  You’ll also have 
to take care to power the ESP8266 directly from the supply rails rather than from the 
microcontroller itself, as the current draw often exceeds microcontrollers’ ratings.  The 
ESP8266’s different modes, network SSID/password settings, and other features can all 
be configured through “AT” commands sent over the UART connection.  For more 
information, check out our ESP8266 tutorial!

WiFi

•

•

IC
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IC

Current Supply

Datasheet

Power Supply

Description & Uses

CC2540 nRF51822

https://static1.squarespace.com/static/
5039e08be4b00cf0e8cf88cd/t/
510a0096e4b000ead7e06ff7/1359610007453/
BLE+mini1.jpg?format=300w

https://static1.squarespace.com/static/
5039e08be4b00cf0e8cf88cd/t/
53f359e5e4b019f65132e097/1408457193
157/?format=500w

19.6mA while actively receiving, 24mA while 
actively transmitting; configurable power-
save modes

13mA peak receiving, 10.5mA peak 
transmitting; configurable power-save 
modes

2 - 3.6V 1.8 - 3.6V

http://www.ti.com/lit/ds/symlink/cc2540.pdf https://www.nordicsemi.com/eng/
nordic/download_resource/
62726/13/59067464/13358

The first of the two bluetooth modules we’re 
featuring is a “bluetooth low energy system-
on-chip” from TI, the CC2540.  This tiny IC 
contains bluetooth RF circuitry that meets 
Bluetooth communication and Bluetooth 
Low-Energy (BLE) standards, a 
microcontroller with 128KB or 256KB flash, 
and several peripherals such as a 12-bit 8-
channel ADC, GPIO pins, timers, and UART 
controllers.  It’s basically a beast computer 
packed into a tiny package.  

Buying a module such as the RedBearLab 
BLE Mini will allow you to easily add 
bluetooth functionality to your projects 
through a simple UART RX/TX connection to 
a microcontroller.  Or, if you’d like to get 
fancy, you can flash code to the system chip 
itself.  

The second bluetooth module is also 
an extremely low-power bluetooth 
device which meets the bluetooth 
low-energy standard requirements.  
The nRF51822 chip from Nordic 
Semiconductor also integrates a “32 
bit ARM Cortex CPU”, flash memory, 
an 8, 9, or 10-bit ADC, and GPIO 
pins.  Like the CC2540, the nRF51822 
is a tiny but powerful computer that 
comes in a variety of different hobby 
modules such as the Arduino Uno 
clone variant shown above!

Bluetooth

• •

•
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