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General

Wellspring designs and manufactures a family of
submetering and control products which employ
an open protocol 2-way radio that complies with
IEEE 802.15.4 and ZigBee radio standards.

The Wellspring Energy Monitor marries this radio
with a microprocessor, firmware, and wired inputs
and/or outputs to track, record and report
consumption, and control loads for a variety of
applications. In its most generic form, the Energy
Monitor handles 4 analog inputs, 4 binary inputs,
4 binary outputs and 2 serial ports. The micro-
processor inside every Energy Monitor carries
application firmware specific to its intended duty,
with inputs, sensing intervals, consumption
registers and control outputs that are tied to its
application.

The Energy Monitor can be mounted outdoors or
in attic locations. For generic meter reading, it
can:
- Read the serial port of one large gas, water
or electric meter.
- Monitor the dry contact or pulse output of up
to 4 large gas, water or electric meters.
- Monitor one electric meter to store data
every 15 minutes, holding 45 days of history.

ASHRAE Guideline 8 Monitoring

Energy Monitors can be used to implement any
allocation method described in ASHRAE
Guideline 8, which is THE standard for recovery
of central system thermal energy costs. Common
uses of the Energy Monitor for GUIDELINE 8
monitoring include:

- Tracking time of operation for up to 4
devices. (ASHRAE Guideline 8, Method 1-4)

- Tracking time x temperature and time of
operation for up to 4 zone valves, when
temperature is above a specified level.
(ASHRAE Guideline 8, Methods 1-4,
temperature qualified)

- Tracking time x temperature and time of
operation based on one integrated
temperature sensor, which eliminates field
wiring in baseboard heating applications.
(ASHRAE Guideline 8, Method 5)

- Tracking time x rise (or fall) in temperature
across a heat exchanger and time of
operation for a fan coil unit, maintaining
registers for both heating and cooling,
whenever the fan is on (can be fan speed
biased). (ASHRAE Guideline 8, Method 8)

ZigBee Radio Network
All Wellspring products use the same radio

architecture, in which data is passed back and
forth between remote devices and a network
gateway through an open protocol ZigBee
compliant mesh operating on one of 16 channels
between 2.405 and 2.485 GHz. The network is
managed by Wellspring’s network application
software (WS-NAS), which is self configuring and
self healing. One gateway within the community
or neighborhood acts as network coordinator,
which automatically selects one of four network
channel frequencies where interference is lowest
(and where Wi-Fi cannot operate). Mesh routers
and end nodes (including Energy Monitors) scan
the same 4 ZigBee channels looking for the
gateway, and join the network on the selected
frequency, choosing the most efficient route.
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Green means “Good to go”

All Wellspring nodes can be tested with a magnet
(see page 4,5), which forces communication with
the gateway. Green flashes means success — red
indicates failure. Feedback happens at the
Energy Monitor when it is installed, saving time
and money.

Power Supply
Energy Monitors may be lithium battery powered,

or line powered by a 120 volt plug-in power cube,
or a DC supply between 7 and 24 volts DC.

Each line powered Energy Monitor acts as a
router (green in the diagram above) and
becomes part of the mesh, routing data from
other devices. If the Monitor is battery operated, it
acts as an end node (Orange above) and
attaches to an external router (green) to send
and receive data to and from the network
gateway (blue) once each day. If the chosen
route ever fails to acknowledge a message, the
Energy Monitor immediately cures the failure by
switching routes, and (if required) changing
frequencies until an acknowledgment is received.

Industrial Lithium Battery

When line power is unavailable, Energy Monitors
operate from one or more industrial Lithium D
size batteries mounted inside a junction box
recessed into the wall behind the Energy Monitor.
Expected battery life is 7 years (warranted for 4),
though many Aqura meters are still in use since
2001 on their original batteries. Battery voltage is
monitored and reported, so that replacement can
be planned before the batteries actually fail.

All data is stored in non-volatile memory, so that
data and register values are not lost when
batteries are removed or replaced.

Transmit Distance and Network Size

Wellspring currently operates some of the world’s
largest ZigBee networks. A typical Wellspring
network uses thousands of nodes covering up to
50 acres. At some distance and/or density, a
second network may be required. By splitting a

very large site (more than 50 acres) into smaller
networks, the Wellspring system can cover
virtually any geography or node count

Each link in the mesh should be designed at no
more than 100 feet apart inside a building, or
1000 feet outside. Longer transmission distances
under favorable conditions are common, but
favorable conditions cannot be counted on in the
field, and almost never persist over time. Single
link distance and mesh route choices depend on
many variables which change dynamically. That
is why ZigBee mesh networks provide redundant
paths, multiple links, 16 channels and curing
algorithms to deal with the certainty of change
(degradation) in the radio environment.

Larger Water, Gas or Electric Meters

One battery operated Energy Monitor can track
up to 3 separate meters, maintaining 3 separate
registers. If line power is available, up to 4 meters
may be tracked. Data is transferred daily if
battery powered, or once every hour in line
powered applications.

If the meter (or meter cluster) uses an encoder
register or serial port for communication rather
than a dry-contact output, then each Energy
Monitor can track only one serial port (encoder
register, or meter cluster).

Electric Meter time-of-use Monitoring

An Energy Monitor equipped with the right
firmware, and line power is capable of
establishing a history of 15 minute register or
one-hour interval values, reading one serial port,
or 4 meters that are generating a pulse output.
Meter register readings are communicated when
read, and logged for 45 days. Historical data may
be requested by the network coordinator, and
delivered at any time.

A line powered Energy Monitor with time of use
firmware will also act as a router.

Load Control & Monitoring

An Energy Monitor is packaged with three load
control relays — one capable of switching 240
volts up to 30 amps, and two pilot relays capable
of switching 120 volts up to 3 amps. The amp-
hour draw of the primary circuit (up to 240 volt
and 30 amp) is also recorded and reported. Since
this control is line powered, the radio also acts as
a router.




Run Time Meter_(furnace, H20 heater, fireplace)
The run time of up to 4 devices can be monitored
by one battery operated or line powered Energy
Monitor. To operate as a router, the Energy
Monitor must be line powered.

This approach is commonly used with gas
appliances when the BTU/H or KW input rating of
the appliance is known — as is true for a furnace,
electric heater, a fireplace or a domestic hot
water heater. At the host meter reading system,
the input rating of the appliance is simply
multiplied by the “on” time to determine the
energy consumed.

Wellspring also offers a dedicated fireplace
monitor, that tracks both pilot and flame time of
use, plus the room temperature.

Temperature Biased Run Time __(boiler, chiller)
In a boiler room, up to 4 zone valves may be
monitored, tracking time and degree-minutes
whenever the boiler supply water is above a
defined temperature. If the Energy Monitor is line
powered, it may also act as a router.

Monitoring of run time AND temperature has

several advantages:

1. It assures that the heating or cooling system
is supplying heat when the thermostat calls
for heat.

2. It accounts for differences in water
temperature that vary by apartment and
measurement event.

3. It complies with regulations in several states
which require measurement of energy being
delivered (not just a call for heat).

Using the Energy Monitor in this manner
dramatically lowers the cost to monitor heat
delivery, since one radio can serve as both router
and monitor for up to four loads.

At the host meter reading system, the relative
capacity of each apartment’s heater is multiplied
by the register values to account for the
differences in delivered energy consumed
associated with each heater's register values.
The capacity adjusted register values may then
be used as the basis of allocation.

Baseboard Radiation _(with mechanical valves)

In many hot water heating systems, the
thermostatic valve is mechanically driven (there
is no control circuit) and so it is impossible to
monitor the valve electronically. In this case, or
when valves are distributed inside each
apartment, Wellspring recommends mounting the
Energy Monitor above the baseboard enclosure
at the mid-point of the zone run. One temperature
sensor is factory mounted into a mounting
assembly which protrudes through the enclosure

to the exact same sensing point above the heat
exchanger in every apartment. When sensed
temperature at this point rises above 90 degrees,
the Monitor tracks time and time x temperature
(degree-minutes) as the basis for allocation.
Capacity adjustment is made in the host meter
reading system as described above, so that the
final capacity adjusted register value can be used
as the basis of allocation of boiler energy.

Fan Coil Heating & Cooling

Energy delivered by fan coil units are monitored
by tracking time and temperature change of the
air passing through the heat exchanger,
whenever the fan is on. This is accomplished with
two temperature probes (sensing return and
supply air) and a fan relay (a switch closed when
the fan runs) Registers are maintained for both
heating and cooling use.

While more costly to install, it is also possible to
maintain separate registers for each fan speed (3
relays for low, medium and high speed).

By adjusting for the relative capacity of each fan
coil unit (and/or each fan speed of each unit) at
the meter reading host, allocation can be done in
compliance with ASHRAE Guideline 8, Method 8.

Other GUIDELINE 8 methods

Other methods of allocation described in
ASHRAE Guideline 8 are technically possible
using the Wellspring Energy Monitor, but they are
not recommended. For example, engineers often
inquire about measuring incoming and leaving
water temperature and flow — this approach
introduces two measurement challenges:

1. Water-side temperature changes are small,
which exaggerate the impact of thermistor
sensing inaccuracies. A %  degree
measurement error over a 2 degree drop is
pretty dramatic, while the same % degree
error is less impactful on the airside, where
changes in temperature are more dramatic
(10 to 30 degrees). And it is easy to immerse
sensors in the air-stream, while special
fittings must be plumbed to do the same with
water.

2.Water flow measurement is challenging,
because heating and cooling system water is
laden with chemicals and debris, running
semi-continuously. Rotating meter elements
are designed for clean potable water flowing
less than 2 hours per day. Unfortunately,
there is no reliable wet flow meter designed
for re-circulating systems.

Set-point and space temperature based
allocation methods (ASHRAE Guideline 8,
Methods 13 and 14) are possible using the
Energy Monitor embedded in a thermostat. This
package is available from Wellspring marketed



as the Green Thermostat. It is also possible to
recover costs using the Green Thermostat based
on separate degree-day measurements at each
thermostat.

Temperature and Humidity Monitor

Energy Monitors are available equipped with only
a temperature and humidity sensor. Simply
mount them on the wall, plug them in, and they
will report data every hour, including the current
temperature and humidity, and values taken
every 15 minutes for the last hour and a half. This
data can be used for tracking, or in support of
billing using degree-day computations for each
apartment.

Other Generic Applications

The long list of standard monitoring applications
gives testimony to the flexibility of the Wellspring
Energy Monitor. With circuitry to condition inputs
and the right firmware, the Energy Monitor could
be used for many other applications. However,
the Energy Monitor is not intended to be used as
a field programmable generic controller. Rather,
each application is carefully considered,
engineered and tested. Data packets are
designed and the data base structure is
established to receive and catalog the data.

While the engineering work to add applications is
not trivial, neither is it out of the question for
applications that have continuing sales potential.

For example, one large gas utility is using Energy
Monitors to track gas and water use, and BTU
use (inlet and outlet temperatures) of central
domestic hot water heaters — then they compare
the result to the sum of measured wet energy use
recorded in the domestic hot water meters. This
data will be used to compute the efficiency of
each boiler system for comparison and
benchmarking, so inefficient boilers can be
identified and repaired. Contact us if you would
like to take advantage of a new radio based
monitoring and control application that will deliver
value for your business.

Summary of Performance, Dimensions
The following lists the Energy Monitor features
and specifications in bullet form.

Energy Monitor Specifications
1.25" depth x 3.25” width x 5” height
Up to 4 binary inputs
Up to 4 binary outputs
Up to 4 analog inputs
Serial port & RS-232 for test/monitoring
Meets ASHRAE Guideline 8 standards
Approved for use by Delaware, New Jersey,
New York, accepted in all other states

Line powered through 7 to 24 v DC power

supply or

Battery operated — Industrial Lithium

5-8 year battery life, based on application
Labeled with bar-code serial numbers, tied to
factory test results

Automated Data Recovery
- Daily (battery units) or hourly (line powered)
time-stamped data from each monitor
Data packet varies by application, but
generally includes:
1. Unique 32 bit address
2. Energy consumed (units very)
3. Time of use in minutes
4.# of use events as a whole number
5. Diagnostics, including:
a. Mesh parental relationship
b. Tampering from magnet
c. Battery voltage

ZlgBee Compliant Radio Network
Fully compliant with 802.15.4, operating on
one of 16 channels from 2.405 to 2.485 GHz
ZigBee and ZigBee Pro compatible (V 3.5.0)
2-way radio with message acknowledgment
Low noise amplifier at every node
Self forming mesh network with no less than
100% redundant pathways
Automatic curing if message is not
acknowledged. All nodes able to change:
1. Mesh route
2.Channel frequency to find a new network
Temperature range — 33 to 140 F if line
powered or lithium batteries,
Network Gateway connected to Linux base
station, which is connected to internet via
cellular modem or Ethernet.
Single network capable of handling up to
3,000 nodes over 50 acre site.
Multiple networks extend range and size.
Network diagnostics delivered with data —
application variables downloaded via radio.

Installation

Energy Monitors are normally attached to a
vertical surface with two or three #6 flat-head
sheetmetal screws. Radio signals cannot go
through metal, so do not mount the Energy
Monitor inside a metal enclosure.

It is possible for the Wellspring radio to connect
with the network from any orientation, since multi-
path reflections dominate inside buildings.
Antennae position impacts distance in the free
field, but not when many obstructions are
unavoidable between nodes.

Test the Radio

Place a large permanent magnet near the top of
the enclosure for 2 seconds, or until you see an
LED flash inside the translucent housing. Then
remove the magnet so it does not distort the
radio signal.



Flashing red and
green LED’s
appear from
inside the housing
that tell you how
the test is going
(see box below).
The circuit looks
for your magnet
every 2 seconds,
so be patient. The
circuit does not
respond to your
magnet at all if it
is in-process of joining on its own (takes up to 60
seconds), if it is transmitting data, or if it is
executing a test you initiated with a magnet. A
successful test will take between 30 and 60
seconds. A failure involves a re-try, and takes
longer.

Once a Monitor has joined the network, its initial
response to a magnet is two green flashes, which
means it has joined — then after a pause, it
should flash green 2 more times indicating an
acknowledgment was received. If the test ends
with alternating red and green flashes (4 times), it
indicates that no acknowledgment was received,
and the test has ended. Every test ends either
with 2 greens, or 4 alternating red and green.

LED Indications — GREEN is GOOD

1. Red, Yellow and Green LED'’s light briefly when
power is applied.

2. Test starts, two red indicate that Monitor is not
connected. Two greens indicate it IS connected.

3. If not connected, or no acknowledgment is
received, unit will reset — (green/red together)

4. After reset, two greens indicates the Monitor has
joined — two more greens means acknowledgment
was received — test ends

5. After reset — two greens followed by two reds,
means no acknowledgment was received — radio
will reset and try again.

6. After reset, if network is not found (2 reds), or if no
acknowledgement is found after three attempts,
lights alternate red-green 4 times. Test ends.

Trouble Shooting

It is always a good idea to know what serial
number is shown in the data base for each
location you are checking, and to affirm that the
serial number is correct when the Energy Monitor
is visited. It's just a good policy to affirm serial
number locations whenever possible.

Radio not reporting — Check for tampering to
prevent the radio from communicating (aluminum
foil around antennae) Check radio with magnet. If
no lights flash, change battery, or test power
supply. If radio is active, but not connected to the
network, attempt to force a join after moving
module closer to Router. After join, return meter
to original location and test again. If network
connection fails, move radio to a location where it
WILL join, by adding longer sensor wires to the
Monitor.

Radio will not join at any location  — could be a
network problem, or a component failure —
replace meter register/radio.

Meter data missing in data base — radio is
joined and reporting data — Check serial
numbers — may be mis-assigned in data base.

Meter data is not incrementing — Check for
tampering, in which the resident separates the
radio from the sensor. Check sensor board or
meter to assure that it is properly connected.

For more information, contact Wellspring at 215-788-8485, or e-malil

us at EnergyMonitor@wellspringwireless.com

Wellspring has a policy of continuous product improvement and
reserves the right to change design and specifications without notice.



