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 Introduction 
 
In 2005 the Ypsilanti Food Cooperative [1] was awarded a grant from the State of 
Michigan to install solar panels on the roof of their building. As part of the project, we 
installed watt meters to monitor the amount of power coming into the store from both the 
solar installation and from the utility company, DTE Energy. Initially, this generated 
power was small relative to the power consumed by the store, thus these initial watt 
meters were adequate since we could assume the power moving in the lines was always 
in the same direction. 
 
In 2007 the solar installation was expanded, and we are currently expanding the size of 
the array again in 2009. Additionally we have started net-metering [2] with the utility 
company, which allows us to export excess power back to the utility company and bring 
it back into the store later at no cost. With this expanded system, we now have power 
traveling in two directions with the power company: IN - when we don’t have enough 
locally generated solar power, and OUT – when we have excess solar power. Our current 
watt meters were now ineffective, since they would only show us the amount, and not the 
direction the power was traveling. 
 

Net-metering also forced us to install 
additional utility meters to measure 
power being generated locally and power 
exported back to the utility company by 
DTE Energy. Wanting to measure the 
power ourselves and having three utility 
meters already installed, we worked with 
the utility company to access the data 
from their meters directly instead of 
installing our own meters. This saved us 
the costs of purchasing new watt meters 
and gave us a common measurement 
technique for measuring the power from 
both the solar installation and the utility. 
 
The power monitoring tool was designed 
to be as inexpensive as possible, using an 
old outdated laptop, public domain 
software, and locally written software 
that is easy to implement and clone. 



System Overview 
 
The power monitoring system is based on KYZ pulse output [3] from the utility meters. 
These pulses are connected to the parallel port of a laptop running the public domain 
operating system, Ubuntu Linux [4]. The public domain library parapin [5] permitted us 
to write a program on the laptop that can write or read data to the laptop’s parallel port. 
The laptop reads the KYZ pulses from all three meters (inflow, outflow, and generation) 
at the same time and accumulates the data into one-minute buckets. The laptop then uses 
the public domain program wget [6] to push this data to a file on a web server on the 
internet. When an internet user clicks on the graph button on the SolarYpsi.org website, 
the browser reads data from an XML file that was generated from this input and produces 
a graph to display on the website. 
 

 
The system begins at the utility meters. We are using digital Alpha utility meters [7] that 
were supplied and installed by DTE Energy. These meters have six wires which are 
routed to a separate customer access enclosure which we are allowed to access. The 
meter has two relays, with three wires for each relay. Only the first relay is used in the 
meter so we only need to connect to the top three wires. We did not know this originally, 
so we routed all six wires from all three meters to the laptop. As can be seen in the 
photos, we added a terminal block to the customer access enclosure so that it would be 
easier to attach the wires from the utility meter to the wires running to the laptop. 
 



From the three customer access enclosures the data wires are run thought ½” conduit 
through the brick wall and in to the store to a homemade junction box. This was an old 
parallel port switch box where we removed the switch and used the hole for the ½” 
conduit. We then added three terminal blocks, one for each utility meter, to connect the 
wires in the conduit to the wires for the RS232 connector [8]. Again we connected all six 
wires from each utility meters when we only needed to connect the first three. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The relays in the utility meters have three wires. We supplied the top wire with +5 volts, 
the second wire to ground and then read the third wire. The RS232 connector has a 
grounding wire, so this is what we used to connect the ground from the laptop to the 
ground on all three utility meters. The +5v comes from attaching the top wire to one of 
the pins on the parallel port. Then when the program on the laptop is running, it “writes” 
to those pins and sets them high. The third wire from each meter is also attached to 
another pin on the parallel port and this is the data we “read” from the utility meters.  
 
Initially we had difficulties reading the +5v, and were getting a lot of noise. This was 
because there was no load on the +5v and it floated around. This was solved by using 
pull-up resistors. By adding a 1k ohm resistor between the +5v wire and the ground wire, 
this gives the +5v a load and provides a stable +5v to read. 
 
From this junction box the data is connected to the laptop via a standard printer cable. 
This cable was purchased at a second hand shop along with the parallel port switch box 
for a few dollars. We also purchased two cables: a very short cable for when the laptop is 
mounted on the wall, and a very long one for when we were debugging the laptop 
program. 



 
An old Dell latitude laptop is used for this project to communicate with the utility meters. 
It was given to the project by a volunteer and has a value of less than $100. We loaded 
Ubuntu Linux on the laptop with a bare minimum of options and no desktop 
environment. Ubuntu comes with a free GNU C compiler and we loaded the public 
domain parapin library for accessing the parallel port from the program. At this point it 
was very useful to get the laptop connected to the internet and the store's router setup 
such that we had remote login to the laptop. This allowed us to mount the laptop on the 
wall in the store, connect it to the utility meters, and access the system remotely. 
 
You can download the program at SolarYpsi.org/index.php?page=meterprogram . 
The code is compiled with no special options other than adding the parapin library and 
the binary was given the very un-unique name read_meters . Since we access the 
laptop’s parallel port directly, the code needs to run as root, but this is not an issue since 
the laptop is dedicated to this task and not used for anything else. Once the code is 
started, it drives the pins connected to the +5v wires high, and then goes into an infinite 
loop reading the pulses coming from the utility meters. The loop also contains a routine 
to grab the time-of-day. This is used to create one-minute buckets for each meter. As the 
loop reads the pulses, it compares the current reading with the previous reading. If they 
are the same it does nothing and reads again. If they are different, a pulse has been set 
from that utility meter and a counter for that meter is incremented. At the end of each 
minute, the accumulated pulses for each meter are bundled into a string along with the 
wget command and a system call is executed. This sends the data to an URL and posts the 
data to the web server. 
 
On the web server, each time data is receive from a post, the data is written to a text file 
for that day. The incoming data is also summed with past data and written to another, 
summation file. On regular intervals: 5 minutes, 1 hour, 1 day, and 1 month, the 
summations files are used to create four XML files for each graph: daily, weekly, yearly, 
and monthly respectively. The first XML file contains category information and the other 
three XML files contain data for inflow, outflow, and generation. The files are kept 
separate so they can be updated easily. When a user requests a graph from the website, 
the appropriate XML files are merged into one XML file and fed to the flash program to 
display. 
 
 Output  
 
A visitor to the SolarYpsi.org website will be presented with a map of all the solar 
installations located within the City of Ypsilanti [9]. If the user clicks on one of the 
locations, or selects a site from the pull down menu, they will be presented with the daily 
energy graph from that location. The graph has three lines on it, one for each of the utility 
meters: inflow, outflow, and generation. The web page also has a “previous” and “next” 
button on the bottom to see historical data for the graphs. At the top of the web page are 
additional links to see data on a weekly, monthly, and yearly basis. Additional links will 
point the user to photos of the solar installation and detailed information related to that 
installation. 



 
The daily graph is automatically updated every five minutes such that a user can leave the 
web browser open and watch the graph being updated. The weekly graphs automatically 
updates every hour. Dedicated computer displays are located at the solar installations 
with this web page being displayed so that visitor and employees to the can see the solar 
energy generation and energy consumption in real time, just by looking at these displays. 

 
The SolarYpsi.org website also has a dial meter on the home page which is a real time 
accumulation of all the power being generated from all the locations at that moment. This 
allows the user to see how much power is being generated in Ypsilanti at that moment. 
Above this meter is the current weather in Ypsilanti, which can quickly explain why so 
much or so little energy is being generated. 
 
The graph above is a typical daily graph from the solar installation at the Ypsilanti Food 
Cooperative. Note that the graph goes from midnight–to-midnight. The red line is the 
power coming into the store from the utility company. Looking at the inflow data from 
midnight to about 6:00am you can see the cyclical power usage of the compressors for 
the refrigerators and freezers in the store. The store opens at 9:00am and you can see the 
power usage go up as the employees come in and turn on lights, computers, and other 
electrical devices. The graph also contains the sunrise and sunset times for this location. 
You can see that about thirty minutes after the sun has started to rise there is enough solar 
energy to turn on the inverter and start producing power. As the sun climbs higher and 
higher in the sky, the sun’s rays are hitting the panels more perpendicularly and the 
amount of solar power production grows as we reach local noon. Local noon is defined as 
the time of day when the sun is directly over head. After local noon the sun is starting to 
set and power production falls off since the rays are not hitting the panels perpendicularly 
and some of the sun’s energy is scattered and reflected off the surface. Similar to sun rise, 
the solar energy production quits about thirty minutes before sun set. 
 



You can notice an inverse relationship between solar production (yellow) and energy 
being purchased from the utility company (red). As we generate more power locally we 
need lees power from the utility company. The graph is also accurate enough to “see” 
clouds passing over the solar panels.  
 
Though not shown here, the weekly and yearly graphs will show longer term trends, like 
daily and seasonal variations. This was evident soon after the monitoring program was 
put in place. Looking at the weekly graph we could notice that the store dropped to the 
same evening load every night except one night. A quick call to the store confirmed that 
the lights were left on that night, and the employee that closed the store was notified. This 
confirms that simple energy monitoring saves energy. 
 
 Read_Meters 2.0  
 
We are already working on the next version of the program. While the parallel port 
junction box and laptop computer are cheap, they are large and consume more power 
than needed. We have the read_meter  program running on a single board computer 
(SBC) [10] that is about the size of a deck of cards and has 16 input pins and an ethernet 
port. The SBC runs the XDos operating system and uses the Borland C compiler. Since 
there is no parallel port we no longer need the parapin library and can read the input pins 
directly. The SBC also does not have the wget function, but has an equivalent hget 
function for pushing data over the internet to the web server’s database. The SBC 
computer cost $129, plus some cost for the enclosure and connectors, but the added 
simplicity and lower power and space is worth it. 
 
Our current version of the software polls the input pins for transition changes from the 
meters. A more robust (and future) version of the software will employ an interrupt 
handling mechanism to facilitate more frequent transitions from larger panel installations. 
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