
Roasting beans in a repurposed air popper

 Coffee Shop
Transform an old air popcorn popper into a coffee bean roaster 

controlled by a Raspberry Pi and a slick user interface. By Mark Sanders

utes to produce roasted coffee. The roasted 
coffee bean can reach temperatures close to 
500°F (260°C). If the beans are roasted too 
fast, however, they can burn, imparting some 
unsavory flavors to the coffee.

The SeTup
To get started, I visited a nearby thrift store, 
which resulted in the purchase of two identi-
cal Presto PopLite poppers for a total of $8. I 
began to use one popper immediately without 
modification. It roasted the beans in less than 
five minutes, which is too fast, so I began un-
plugging the popper for 30-second periods to 
slow the roasting process. This process grew 
tiresome quickly, so I extracted the fan and 
heater assembly from the second popper and 

A quest for delicious coffee led me 
to roasting my own coffee beans 
at home. Using fresh-roasted cof-
fee beans produces coffee that is 

considerably better than even the most ex-
pensive commercial coffee. The home roast-
ing process only requires two things: heat 
and a mechanism to keep the beans moving. 
The beans must be agitated so they are not 
burned when exposed to the heat. One de-
vice commonly used by home roasters is an 
air popcorn popper, which simply blows hot 
air into a chamber. The popper is ideal be-
cause it roasts the coffee beans and circulates 
them at the same time.

Coffee starts out as a green bean (Figure 1). 
Heat is applied over a period of 7 to 15 min-
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Figure 1: Green coffee beans (top) 

and beans after they have been 

roasted (bottom).
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added a thermocouple, an AC relay, some 
LEDs to simulate a flame, and a Raspberry Pi 
(Rasp Pi) to create the Electric Lights and Fire 
(ELF) coffee roaster (Figures 2 and 3). The 
smoke stack on ELF is the roasting chamber, 
and this is where the coffee beans are placed 
for roasting. Video of the ELF in action exists 
on my blog [1], and all the source code is 
available in a Bitbucket archive (see the 
“Downloading Source Code” box).

MeaSuring The 
TeMperaTure
As I mentioned, the temperature inside the 
popper can reach close to 500°F. At these tem-
peratures a thermocouple, which can with-
stand temperatures up to 2,300°F (1,260°C), 
is needed to measure the internal tempera-
ture. A thermocouple is made by welding two 
wires made of different kinds of metal to-
gether at the end and placing them where the 
temperature is to be measured. The two met-
als react differently to changes in temperature, 
producing a small electrical voltage. The K-
type thermocouple chosen for ELF is shown 
in Figure 4 and was purchased from Adafruit 
[3]. It is the most common type of thermocou-
ple, which is made from chromel and alumel, 
two alloys made mostly of nickel. The output 
voltage increases 2-3mV for every 100°F 
(38°C) increase in temperature.

To gain access to the underside of the pop-
per, where the heated air originally entered 

the popping chamber, I disassembled the 
popper and removed and took apart the 
heater/ fan unit (Figure 5). The thermocou-
ple fit nicely through a hole in the heater as-
sembly (Figure 6), sitting beneath a screen 
through which heated air discharges. In this 
position, the thermocouple will not be dam-
aged from the circulating beans or a spoon I 
sometimes use to stir the beans, and it will 
measure the air temperature immediately 

Figure 2: The outside of the ELF coffee roaster has the 

appearance of an old-fashioned wood stove. Green 

beans are placed in the smoke stack where they are 

roasted.

Figure 3: Inside ELF: The top image is the bottom sec-

tion of ELF with the Rasp Pi and its breakout board, 

an AC relay, and an AC outlet. The bottom picture is 

the top of ELF, which has the heater/ fan assembly 

from the popper with a thermocouple.

The source code is kept in a Bitbucket archive, which is a tool to track changes made 
to all the source files for a project. To download the source, visit the link for the ELF 
source repository [2]. On the left-hand toolbar is a cloud icon, which, when clicked, 
will bring up a page where you can download the repository as a ZIP file. After down-
loading the repository, unzip it and go to the root directory of the unzipped source. 
From there, follow the directions in the README.md file located in the root directory 
of the project source to get your ELF up and running.

DOWNLOADING SOURCE CODE
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By default, the hardware SPI bus is dis-
abled, so read the “Enabling SPI on the 
Rasp Pi” box for instructions on setting up 
SPI on your Pi.

before the heated air enters the roasting 
chamber, resulting in an accurate reading of 
the roasting temperature.

The MAX31855 [4] integrated circuit by 
Maxim Integrated Products reads the ther-
mocouple voltage, determines the corre-
sponding temperature, and provides the 
temperature digitally via a serial peripheral 
interface (SPI) bus. SPI [5] is a method for 
communicating between a master device, in 
this case the Rasp Pi, and one or several pe-
ripheral devices. Rasp Pi 
has hardware and soft-
ware support for SPI com-
munications. Python 
source code available from 
Adafruit [6] can be config-
ured to use either hard-
ware or software SPI to in-
terface with the 
MAX31855. For the ELF 
unit, I chose to use hard-
ware SPI. The schematic 
in Figure 7 shows how to 
connect the MAX31855 to 
the Rasp Pi (see the 
“MAX31855 Update” box). 

Figure 4: K-type thermocouple used in ELF.

Figure 5: Heater/ fan assembly removed from the popcorn popper.

Figure 6: Thermocouple installation. (Top) The screen where hot air enters 

the roasting chamber. (Bottom) The thermocouple installed in the heater/ 

fan unit, over which the screen will sit.

The current version of the MAX31855 breakout 
board looks slightly different from the one 
shown in the schematic of Figure 7. As you can 
see in Figure 8, the pinouts have slightly differ-
ent labels. Table 1 matches the old pin names 
with the new ones. Also helpful on the new 
board are the little triangles below the pins 
that indicate direction of information/ current.

MAX31855 UPDATE

Old New

GND GND

VCC Vin

SO DO

CS CS

SCK CLK

T- Red-

T+ Yellow+

TABLE 1: MAX31855 Pin Labels
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Listing 1 shows the Python code, which 
uses the MAX31855 Python library provided 
by Adafruit [6] to create the Python object 
sensor. The get_temp_f function is called 
every 0.1 seconds when ELF is running. The 
sensor object reads the thermocouple tem-
perature from the MAX31855 and puts it in 
temp. From this information, the heater is 
turned on if the temperature is below the de-
sired setting and turned off if it is above.

ConTrolling The heaTer
The fan and heater of the popper are powered 
with 120V AC power. A solid state AC relay [8] 
turned the heater on and off, as instructed by 
the Rasp Pi. When DC voltage is applied 
across terminals 3 and 4 of the AC relay (Fig-
ure 9), it connects terminals 1 and 2, allowing 
AC current to flow to the fan and heater as-
sembly. At first, I connected one of the 3.3V 
GPIO pins to the input side of the relay, which 
failed to activate it. However, when I con-
nected the Rasp Pi’s 5V line, the relay worked 
fine, which means the GPIO pin cannot pro-
vide enough current to activate the relay, 
whereas the 5V supply does.

The 5V supply cannot be controlled di-
rectly by the Rasp Pi, so I connected a tran-
sistor to a GPIO to control when the 5V 
supply is applied to the relay. As shown in 

Figure 7: Schematic for connecting the Rasp Pi to the MAX31855.

Figure 8: Different versions of the MAX31855. See 

Table 1 for equivalent pins.

Whether you enable SPI from the desktop or 
the command line, you have to reboot for your 
changes to take place. From the desktop, click 
Menu | Preferences | Raspberry Pi Configura‑
tion. In the resulting dialog box, click the Inter‑
faces tab and the radio button next to SPI. Now 
click OK and Yes to reboot.

To do the same thing from the command line, 
open a terminal (if you’re in the GUI) and enter 
sudo raspi‑config, select Advanced Op‑
tions and SPI, then choose Yes to the question 
Would you like the SPI kernel module to be 
loaded by default? The new setting should be 
reflected in the dialog box. Now, choose OK, 
Finish, and Yes to reboot.

Another option is to edit the /boot/config.
txt file manually, which you can read about 
online [7].

ENABLING SPI ON  
THE RASP PI

01  # Raspberry Pi hardware SPI configuration.

02  SPI_PORT   = 0

03  SPI_DEVICE = 0

04  sensor = MAX31855.MAX31855(spi=SPI.
SpiDev(SPI_PORT, SPI_DEVICE))

05  

06  

07  def get_temp_f():

08      temp = sensor.readTempC()

09      return c_to_f(temp)

LISTING 1: thermo.py
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high, the transistor allows current to flow, 
activating the relay. The Python code in 
Listing 2 turns the heater on and off.

FlaMe SiMulaTor
On the front of ELF, a simulated flame flick-
ers using LEDs placed behind a picture of a 
fire. When the heater is on, the flame flickers 
brightly, and when it is off, the flame flickers 
dimly. To achieve this effect, I used two yel-
low LEDs and two red LEDs (Figure 10). The 
red LEDs go at the bottom to simulate the 
base of a fire, and the yellow LEDs at the top 
simulate the edges of a fire. With the use of 
pulse width modulation (PWM), I achieved 
the flickering effect of a fire. When a device 
has only two states – on and off – and an in-
termediate state is desired, PWM frequently 
is used. For example, if an electric car only 
had no and full propulsion, intermediate 
speeds could be achieved by switching be-
tween the two states. Thus, even though 
LEDs can only be on or off, different light 
levels can be achieved by quickly switching 
between the two settings.

Figure 9, GPIO19 is connected to the base 
pin of the transistor, with a current-limiting 
resistor in between to protect the transistor 
from damage. When the GPIO pin is set 

01  # AC Relay Control Pin

02  AC_PIN = 19

03  

04  import RPi.GPIO as GPIO

05  

06  GPIO.setmode(GPIO.BCM)

07  

08  # Setup AC Power Relay control pin

09  GPIO.setup(AC_PIN, GPIO.OUT)

10  

11  # Turn heater on

12  def heat_on():

13      GPIO.output(AC_PIN, True)

14  

15  # Turn heater off

16  def heat_off():

17      GPIO.output(AC_PIN, False)

LISTING 2: Controlling the Heater

Figure 9: Schematic for connecting the AC relay to the Rasp Pi.

RPi Coffee Roaster

48

PROJECTS

RASPBERRY PI GEEK ISSUE 18



Listing 3 shows the code for one LED when 
the heater was enabled. Every 0.1 seconds, 
the temperature is read from the thermocou-
ple. If the measured temperature is below the 
set temperature, the heater is turned on. If 
above, the heater is turned off. When the 
heater is on, a random value between 20 and 
100 is set as the duty cycle for the LED. The 

duty cycle determines the percentage of time 
needed to keep the LED on during a given 
PWM cycle. A random value is chosen to 
make the flame more lively and change the 
flame, even when the heater is on for long pe-
riods of time. The PWM cycle set to 22Hz de-
termines the period of time used when calcu-
lating how long the LED stays on, based on 

Figure 10: Red and yellow LEDs to simulate a flame.

01  import random

02  

03  # LED flame pins

04  LED_PIN_RED1 = 23

05  

06  # LED PWM objects

07  led_red1 = None

08  

09  # PWM Ranges

10  ON_MIN = 20

11  ON_MAX = 100

12  OFF_MIN = 1

13  RED_OFF_MAX = 1

14  YEL_OFF_MAX = 3

15  

16  # PWM frequency (Hz)

17  PWM_FREQ = 22

18  

19  import RPi.GPIO as GPIO

20  

21  GPIO.setmode(GPIO.BCM)

22  

23  # Setup red pin

24  GPIO.setup(LED_PIN_RED1, GPIO.OUT)

25  led_red1 = GPIO.PWM(LED_PIN_RED1, PWM_FREQ)

26  led_red1.start(0)

27  

28  # Turn heater on

29  def heat_on():

30      red_dc = random.randint(ON_MIN, ON_MAX)

31      led_red1.ChangeDutyCycle( red_dc )

32  

33  # Turn heater off

34  def heat_off():

35      red_dc = random.randint(OFF_MIN, RED_OFF_MAX)

36      led_red1.ChangeDutyCycle( red_dc )

LISTING 3: LED Control in heater.py
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ture, set temperature, and notes. The web 
page updates the display elements with the 
latest state information. The operator uses 
the web interface to change the mode, tem-
perature, or notes. When such a change is 
made, the web page sends the new setting 
to the web server on the Rasp Pi. The 
change is reflected on the web page after 
the next polling interval when the most re-
cent data is retrieved from the web server. 
All roast data is saved on the Rasp Pi so it 
can be viewed at a later date.

ConCluSion
Many roasts have been performed with ELF, 
which allows much better control over the 
roasting process than repeatedly plugging 
and unplugging the popper. If a particular 
roast produces excellent coffee, I have the 
details in a log, so I can reproduce the pro-
cess in the future. Improvements are still 
being made to ELF; for example, I’m cur-
rently working on developing my own chart-
ing module in JavaScript, the programming 
language for web browsers. With the new 
module, I will be able to add markers during 
the roast to identify certain roast events. I’ll 
also rewrite the temperature gauge to use 
just one image each for the background and 
the dial, greatly reducing the number of im-
ages that have to be downloaded. The dial 
image will rotate on top of the gauge back-
ground to indicate the temperature, allowing 
the dial to operate in finer increments and 
move more smoothly during temperature 
changes. I’ll use JavaScript to implement this 
functionality as well.  ● ● ●

the duty cycle. When a higher frequency is 
used, the flickering effect is less noticeable, 
and when a lower frequency is used, the light 
looks like it is blinking instead of flickering.

A photo of a fire placed over the LEDs 
gives the impression of a real fire. The flame 
portion of the picture was cut out and re-
placed with wax paper, which is transparent 
enough to allow the LED light through but 
also cloud the light to make it appear warm 
and glowing instead of bright and direct (see 
Figure 2).

uSer inTerFaCe
The interface for controlling the roaster was 
developed with Django [9], a Python-based 
framework for designing web pages. The 
background, temperature gauge, temperature 
digits, timer digits, and power light are all im-
ages (Figure 11). The dial on the temperature 
gauge rotates in 5° increments to create im-
ages that correspond to different tempera-
tures. Almost 100 images comprise the control 
panel, so to avoid latency during the roast, the 
code disables the roaster controls until all im-
ages have been downloaded to the web page.

Django comes with its own web server, 
which is designed to be used during develop-
ment. It typically is not used for public web-
sites, because it is not fast enough to handle 
the load of millions of users requesting a web 
page. However, because I am typically the 
only user connecting to the roasting web 
page, I used the development server.

The web page, running on the laptop, 
polls the web server on the Rasp Pi every 
second for the most recent state. The web 
server, running on the Rasp Pi, responds 
with the most recent mode, roaster tempera-

Figure 11: The user interface is a web page showing the roasting controls and state of the 

system. This image shows a roast in progress.

[1]  Coffee Hacks blog:  
http://  coffeehacks.  blogspot.  com/  2016/  02/ 
 electric‑lights‑and‑fire‑elf‑raspberry.  html

[2]  Bitbucket repository:  
http://  bitbucket.  org/  kamakrsa/  crc

[3]  Thermocouple:  
http://  www.  adafruit.  com/  products/  270

[4]  Thermocouple breakout board:  
http://  www.  adafruit.  com/  products/  269

[5]  SPI: http://  en.  wikipedia.  org/  wiki/  Serial_
Peripheral_Interface_Bus

[6]  MAX31855: http://  github.  com/  adafruit/ 
 Adafruit_Python_MAX31855

[7]  Enabling SPI: http://  www.  raspberrypi‑spy. 
 co.  uk/  2014/  08/  enabling‑the‑spi‑ interface‑  
on‑the‑raspberry‑pi/

[8]  AC relay: http://  www.  amazon.  com/  gp/ 
 product/  B0087ZTN08

[9]  Django: http://  www.  djangoproject.  com/
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