~

ERNEST ORLANDO LAWRENCE
BERKELEY NATIONAL LABORATORY

: A
rreeeer ﬂ

Feasibility of Using Measurements of
Internal Components of Tankless
Water Heaters for Field Monitoring of
Energy and Water Use

James D. Lutz and Peter Biermayer

Environmental Energy Technologies
Division

April 2008




DISCLAIMER

This document was prepared as an account of work
sponsored by the United States Government. While this
document is believed to contain correct information, neither
the United States Government nor any agency thereof, nor
The Regents of the University of California, nor any of
their employees, makes any warranty, express or implied,
or assumes any legal responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by
its trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States
Government or any agency thereof, or The Regents of the
University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof or The
Regents of the University of California.

LEGAL NOTICE

This report was prepared as a result of work sponsored by the California Energy
Commission, (Energy Commission). It does not necessarily represent theot/ibn's
Commission, its employees, or the State of California. The Commission, ta@fta
California, its employees, contractors, and subcontractors make no waesarsss

or implied, and assume no legal liability for the information in this report; nor does
any party represent that the use of this information will not infringe upon pyivate
owned rights. This report has not been approved or disapproved by the Commission
nor has the Commission passed upon the accuracy or adequacy of this information in
this report.



ACKNOWLEDGEMENTS

This work was supported by the University of California, Office of theiBeat,

California Institute for Energy and Environment, under Award Number CNO603A and by
the Assistant Secretary for Energy Efficiency and Renewable ¥ rigugding

Technologies Program of the U.S. Department of Energy under Contract No. O-AC
05CH11231.

The authors would also like to acknowledge the assistance provided by Marcy and Jim
Beck, Rick Diamond and Dennis Dibartolomeo. We are also grateful for thatatyor
space provided by Robert Cheng and David Littlejohn.



Table of Contents

TADIE Of CONENTS ...ttt et e e e e e e e e e e et r e e e e aaaeaeeas 4
Y = 1S Y ¥ X O USRS 5
BACKGROUND ..ottt ettt e e e e e e e e e e e s bbbt e e e et e e e e e e aeeeeaeeaeanans 5
INTRODUGCTION ..eeeeeiiiiiiiitee ettt e et e e e e e e e e e e e e e e e s s s s s sessssrnsaneeeaaaeeaaaeaeaeas 6
Determination of tankless water heater effiCiency...........cccoovvvevviiiiiiiiii e, 6
Department of Energy TeSt ProCEAUIE...........uuueiiiiiei e eeeeeeeens 7
PIumbing SYStEM €ffECES ... oo i i ————- 7
FIELD INVESTIGATIONS AND TESTING ....ccitiiiiiieee ettt e e 8
Initial observations and identification of monitoring OptioNS.........ccccevveeeeeeevivieeeeiiiiiinns 8
LI : To IS PR SRRRRRPPPP 9
RINNAT SITE...cuttetii et r e e e e e e e e aeeeas 14
Energy Efficiency versus gas input for both water heaters..............cccoovveviiiiiiiiiiccnenn. 18
CoNCIUSIONS TTOM SItE VISITS ...ttt e e e e e e e 19
LABORATORY TESTING.....ccii ittt e e e e e e e e e e e s s s s s s eeeeaeaaaaaaeeeeas 19
U010 L] PO UPPRTPPIN 19
LAY ZoE] T =0 1 21
Measuring WaLer FIOW ..........uuuuiiiiiiiiii e 23
Electricity CONSUMIPLION ......coii i e e e e e e e e e e e e et e s s e e e e e e e e eaeeeeeeenennnnnns 24
CONCLUSIONS . ..ottt e e e e e e e e e e e e e s e s s bbb bbbt a e e et e eeeeaaaaaeaaaaasanannnnns 24
REFERENGCES: ... ottt ettt e e e e e e e e e e e e e e e s e bbb bbb e e e e e e e eees 25



ABSTRACT

The objective of this study was to determine if it was feasible to cafiiectation

regarding energy use and hot water delivery from tankless gas watershasing the
sensors and controls built into the water heaters. This could then be used to determine
the water heater efficiency — the ratio of energy out (hot water deliverenergy in

(energy in the gas) in actual residential installations. The goal wasawwebtrusive

as possible, and to avoid invalidating warranties or exposing researchalslity i

issues. If feasible this approach would reduce the costs of instrumentation.

This paper describes the limited field and laboratory investigations to detafrasing
the sensors and controls built into tankless water heaters is feasibledfondieitoring.

It was more complicated to use the existing gas flow, water and tempesatigors than
was anticipated. To get the signals from the existing sensors and contriilsult dind
may involve making changes that would invalidate manufacturer warrantees. The
procedures and methods for using signals from the existing gas valves, wataetiens
and temperature sensors will vary by model. To be able to monitor differentsnandiel
brands would require detailed information about each model and brand.

Based on these findings, we believe that for field monitoring projects itvib@ukasier,
quicker and safer to connect external meters to measure the same panatietetisan
using the sensors and controls built into tankless water heaters.

BACKGROUND

Tankless water heaters heat water only as it is being drawn for use.isThergorage

tank that hot water is kept in, and thus no standby losses from keeping water hot.
Tankless water heaters have become more common in North America in the past seve
years, with annual sales of about 200,000. It is claimed that tankless wates aeate
more efficient that tank-type water heaters. These claims ale omthe efficiency of
tankless water heaters based on Department of Energy (DOE) test pesdédiur

However, as far as we know, no one has measured the field efficiency of tankkyss wat
heaters. It would be beneficial to measure the actual efficiency infeeabplications.

Actual water heater efficiency varies with the frequency, durationlandof hot water
draws.[2]. The number, duration, and flow rate of hot water draws vary from household
to household, so it would be useful to monitor many households over time. In addition,
tankless water heaters are designed to provide a continuous level of hot wateray his
influence behavior and the amount of hot water used. For example, individuals may take
longer showers if they know they will not run out of hot water.

Because of the way tankless water heaters operate, there are someasthes to expect
consumers with tankless water heaters may use hot water differentlyathsumers with



tank-type water heaters. There is a pre-purge time at the beginnwvgryptdeaw with
tankless water heaters. This is a 10 to 15 second period after water stang fefore

the burner is turned on. Since there is no stored hot water in a tankless waterdidater, c
water flows through the water heater for this period. The initial flow oémfedm a
tank-type water heater is at the temperature of the stored hot watenedtHeft in the

water and the heat exchanger in the tankless water heater afterdishipates and is

lost. This loss means shorter draws will be less efficient than longer draws.

A quick, easy and inexpensive way to monitor the energy and water use of tankless wate
heaters would be very helpful. The tankless water heaters sold in the U.S. in the past
several years have sophisticated controls and sensors to provide constant teenipetrat
water. If the sensors and controls built into the tankless water heatatsasily be used

in a monitoring project, then conducting studies to answer questions about the field
efficiency of tankless water heaters might be easier to conduct.

INTRODUCTION

This project examined the feasibility of using the sensors and controls huihattern
tankless water heaters for field monitoring projects.

There were two main parts to this project:
1. field observations and investigations, and
2. laboratory testing of proposed measurement methods.

In the first phase of this project, we looked at two tankless installatioasidéntial
single family houses, one in Berkeley and one in El Cerrito, California. Bo#r wat
heaters were installed outdoors. The two heaters were models of majdaatarers of
tankless water heaters, Takagi and Rinnai. The purpose of these sit@agsits
investigate possible methods of collecting data from the sensors andsontha water
heaters in the field. This phase also included researching existing leematireading
water heater operating and installation manuals.

The second phase of this project was to supplement what we learned from the field
observations by running various tests on a tankless water heater in a labohei@ yalv
parameters could be accurately monitored and compared to measurenhecisnaet
were considering using in a field study. We tried various instrumentatiooaah@s
with laboratory type instrument monitoring the same parameter, and comeing A
Rinnai tankless water heater was tested in the laboratory

Determination of tankless water heater efficiency

Efficiency is defined as the ratio of output energy to input energy. The output isathe he
energy in the supplied hot water. The input energy is the heat content of the rastural g
supplied to the water heater and the electricity used by the water heater.



To determine efficiency we would need to monitor water temperaturesoavel flas use
and electricity use. Modern tankless water heaters have sensors thaemedsuflow
rate, and outlet temperature. The Takagi model, but not the Rinnai modelealsared
inlet temperature.

These three parameters can be used determine the energy output of the veatetrheat
order to measure efficiency, additional measurements must be taken taretaenm
energy input. This means measuring the gas consumed by the waterdrehthe
electrical energy input. To measure the energy, the gas flow rate, gasrpregas
temperature and the heat content(higher heating value) of the gas nesdethea

Tankless water heaters use electricity for the combustion air fan and toquwels
when the unit is running. When the unit is not heating water some electricity is @hsum
as standby power. Also some models use electricity for freeze pyotect

Factors effecting efficiency

Field efficiency can vary from the efficiency measured in a laboratadgr the DOE test
procedure due to differences in the:

e number, duration, frequency, and flow rate of hot water draws,

ambient temperature surrounding the water heater,

temperature of the water supplied by the water heater,

temperature of the water supplied to the water heater, and

use of resistance heating for freeze protection.

Department of Energy Test Procedure

The DOE test procedure to measure the efficiency of water heate?4 isour simulated

use test.[1] The 24-hour simulated use test determines the amount of fuel araitglectr
used during a 24-hour period to heat 64.3 gallons (243 L) of water. The water is heated
from 58 °F (14.4 °C ) to 135 °F (57.2 °C). Itis drawn in six equal draws of 10.7 gallons
(40.5 L) at one-hour intervals at the beginning of the test. After the draws,tdre wa
heater is left in standby mode for the remainder of the 24 hour test. If theheater

has a variable input rate, as nearly all modern tankless water heaters uist theeé

draws are at maximum flow rate and the second three draws are at the mftomum

rate. There are additional requirements if 135 °F (57.2 °C) outlet water tsgorper

cannot be reached at the minimum flow rate.

Plumbing system effects

Plumbing systems vary by the distance of the end-use from the water heffemenbés

exist for the diameter of the pipe and the pipe material. The efficiency aftire e

domestic hot water system and how the water interacts with the systdravea

important impacts on hot water use. Some of the factors that may impact how censumer
use hot water are the structure of the plumbing system, including any longpuleted



pipes, and if a hot water recirculation system is present. Field monitoring oatest w
use at large numbers of houses may be able to give insight into plumbing Systtsn e
We did not consider plumbing system issues in this project.

FIELD INVESTIGATIONS AND TESTING

We investigated a Tagaki TK-2[3] and a Rinnai Continuum Model 258% field

Initial observations from the site visits and from reading instalatianuals are

discussed below. These provided suggestions of what could be further investigated in the
laboratory.

Initial observations and identification of monitoring options

Both the Tagaki and the Rinnai models have a monitor and controller that displays
temperatures and water flow rates via a two-wire connection to the water.h&he
controller can be used by the consumer to set the hot water temperature.s inere i
option of having more than one monitor and temperature controller per water heater.
These can be placed in separate locations within the house. Typically, a mastdecontr
is placed in a bathroom and this controller can override any other controller3addie
remote monitor is used to set the water temperature leaving the water higlads the
capability to display the inlet and outlet water temperature as well asttivateo flow

rate from the water heater. The Rinnai monitor only shows the outlet wapssrsgare.

Sensors for water flow and temperature feed into a printed circuit board. Themhasit
one display and the user can toggle between the available outputs. The water heate
sends this information as a digital signal. The digital signal sefhebgirtcuit board in

the water heater could be deciphered and sent to a continuously recording data logger
This would be difficult to do without the help of the manufacturer or would require
specialized knowledge to decipher the digital signal with a logic a@aly

Without using the sensors on the water heater, the inlet and outlet water teregerat
could be determined more conventionally by thermocouple probes in the water lines or
with surface mounted temperature sensors on the inlet and outlet pipes.

The gas flow is harder to measure without installing a gas meter. Theheaters we
investigated don’t appear to measure gas flow rate. Because combudiion esr
proportional (within limits) to the gas input, combustion air flow or combustion blower
speed could serve as a proxy for gas consumption. The fan speed could bedhtgasure
Hall effect device or a tachometer. While a typical diaphragm typegtes can be used
to accurately measure and record gas flow, this would require breaking igtasthe
supply line. Gas flow, as well as other parameters could be determinbd foost

popular tankless water heaters in a laboratory and then correlated to a simphetgara
to measure in the field as a proxy. It is very important to understand details ektankl
water heater operation for this approach. Another approach would be to monitor the
house gas meter, try and account for any other gas use and subtract that amount from the
total gas use.



Thegas heat contelalso referred to as the higher heating value or HHV in BTU/cuL.ft.
(J/nT)) can be obtained from the local gas utility for the service area of tiemesi

The electrical energy input could be measured with a watt-hour meter or tesataty
with a clamp-on current sensor. This assumes the voltage and power fagor st
constant. The line voltage will not vary by much but power factor would need to be
measured. With variable speed blowers and sophisticated electronics — askaming t
power factor is constant may not be a good assumption.

We wanted to become more familiar with the operation of tankless water hedields
installations. We also checked how the flow meter from the water heatgeramanitor
compared to the water flow recorded by the house utility meter. This would beitiseful
we could record the flow from the remote monitor or from the water heater féder.m
We also wanted to see if a parameter that might be easier to measure Islostea

speed (RPM) or blower current (amperes) could be used to monitor gas input.

Takagi Site

A photo of the Takagi water heater with the front cover removed is shown in Figure 1.
Although the water heater is installed on an exterior wall, a vent systemtacteedtto
exhaust combustion products above the roof level. At this location we investigetrd w
flow rates and gas consumption rates. The remote control panel for waégr hea
displayed inlet and outlet water temperatures.
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Figure 1 Takagi tanklesswater heater with front cover removed.

To check the accuracy of the flow reported by the water heater display, ywareohit to
the flow reported by the water utility meter for the whole house. A wateef was
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opened to produce various hot water flow rates. Water volume was measaée\wor
minutes at the street meter. Flow was calculated by dividing volume by tineewdater

flow at the street meter was plotted against flow on the water heater nardtdisplay.
Results are shown in Figure Zhe results show that the flow meter in the water heater is
quite accurate compared to the utility meter.
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Figure2: Water flow Takagi versushouse meter

Attempts at measuring gas use were not as successful. The water heagiddispinot
report gas use. As far as we could tell, the water heater does not nyzasure
consumption. We investigated using the combustion air blower speed and electricity
consumption as proxies for gas consumption.

A stop watch was used to determine the gas flow rate measured at the houstelgas me
and compared to the rotation speed of the combustion blower. The combustion blower
speed was measured with a tachometer. This approach was inconclusive becasise it
difficult to set the tachometer properly. We did notice considerable huntitigefor
combustion blower (as it got feedback from sensors in the water heater)akgpédeen
there was a change in flow rate. These could average out if the blowericngohtre
determined over a longer time period (rather than the instantaneous meassicéraent
tachometer). Our field data was inconclusive and possibly incorrect-i@ee 3:

Takagi - blower rotation speed versus gas supplied) This measuremenbeoapeated

in a laboratory setting. If a good correlation exists between the blowent apd gas
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flow, then a small tachometer or a Hall effect or optical sensor beuded to count the
revolutions of the blower vanes and thus determine gas consumption.
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Figure3: Takagi - blower RPM ver sus gas consumption

We also measured current to the blower and compared that to gas flow (froousiee
gas meter with only the gas water heater on). Because the blower is vapidae
probably an electrically commutated motor with non-sinusoidal current draw, this

approach was not promising either. (See Figure 4. Current versus Gas Constimption
Takagi)

12



90,000

- 25,000

80,000 +

70,000

- 20,000

60,000 ~

* o 1
50,000 * ¢ 15,000
/ R?=0.6368
40,000
-+ 10,000
30,000

20,000

Burner input (BTU/hr)
Burner input (W)

- 5,000

10,000

0 T T T T T T T T T O
0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4

Blower current (A)

Figure4: Gas Consumption versus Blower current - Takagi

We investigated the relationship between the blower speed and blower cutrent. T
blower RPM might correlate with the gas usage but it might be easier to mmdssur
current to the blower than to measure the blower speed. Theoretically, power
consumption is proportional to the cube of the blower speed. We also looked at this
correlation to determine if we could see a correlation between the speddaaabibhe
current to the motor. We did not find a good correlation. (See Figure 5: Takagi - RPM
cubed versus amps)
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Figure5: Takagi - Blower speed cubed versus current

Rinnai Site

0.4

The other field installed water heater we investigated was a Rinnai Contia8#EnAt

this site the water heater was also mounted on an exterior wall. ltduastvent
model, and did not use a vent system. The installation is shown in Figure 6.
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Figure6: Rinnai tanklesswater heater with front cover removed

We investigated the water flow rates and gas consumption. At this locaiatsav
measured water flow with the utility water meter for the whole house when no othe
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water was being used. At various water flows, the flow display of the meser wa
compared to the reading of the city flow meter. The city flow meterfaidy new and
considered accurate. Again for this water heater the flow rate repgrted monitor
showed good correlation with the utility meter although the units of flow on thateem
monitor were not obvious. (See Figure 7: Rinnai remote monitor versus water meter)

Water Flow
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Figure7: Rinnai remote monitor versuswater meter

We did compare gas consumption with water flow rates at this site. (@ee Bi Water
flow versus gas input) However since the inlet and outlet temperatures wehangeéd,
all this shows is that the burner modulating controls in the water heater wegooee at
regulating gas consumption to maintain a constant outlet temperature.
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Figure8: Water flow versusgasinput

At this site we also compared gas consumption to blower motor current. For this model
blower motor current did not seem to be a good proxy for gas consumption. (See Figure
9: Gas input versus motor amps)
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Figure9: Gasinput versus motor amps

Energy Efficiency versus gas input for both water heaters

For both sites we calculated efficiency during different flow rates. F&pee 10:
Efficiency versus gas input) Efficiency was calculated as the ddatido the water
divided by the heat content of the gas consumed using the following equation:

_ flow, e x px Cpx(Tout —Tin)
- fl oW, x HHV

Note that the efficiency varies significantly at different flonegat This indicates the
importance of field monitoring, as the assumptions from laboratory testingobhapply
in actual field use.
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Conclusions from Site Visits

At this point we can not recommend using the sensors and controls in tankless water
heaters for field monitoring purposes. The two models we investigated seemedtto repor
water flow accurately. One of the water heaters reported both inlet and oudlet wa
temperatures. These data would be sufficient to monitor energy output. However the
other water heater did not report inlet water temperature. Neither modekregast
consumption or electricity use. Field investigations of using blower motor speed or
electricity consumption as a proxy for gas use were not encouraging.

LABORATORY TESTING

Purpose

We conducted laboratory tests to investigate other potential methods of imngnitor
tankless water heaters in the field. A Rinnai m@d&l4 tankless water heater was set up
and instrumented in a laboratory. We tried different methods of measuring the
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temperatures, water flow and gas consumption. The emphasis was on trying to use
existing sensors to obtain data without making any changes to the water heater

In addition, we installed instrumentation that would not be installed in the field @ssass
whether alternate methods would work. These included thermocouples, water flow
meters, a gas meter and a power meter. Thermocouples were used to theasater
inlet and outlet temperatures, a water flow meter measured watenftmthe water
heater, a gas meter was connected, as well as a power meter to rgassure

electricity use respectively. In addition, other temperatures includabgeat air and

flue gas temperatures were measured. A photo of the test setup is shown idFigure
Laboratory test of Rinnai water heater.

20



Figure 11 Laboratory test of Rinnai water heater

Investigations
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Measuring inlet and outlet water temperatures

The manufacturer uses a thermistor to measure inlet and outlet wateraemgser The
thermistors are clamped on to a fitting that is brazed to the copper pipesvaténe
heater. We compared two options to collect inlet and outlet water temperatures.

Option 1- Tap into existing thermistors.

One method of collecting data is to tap into the signal from the existing thernaistbrs

send that to a small data acquisition system. Wires were soldered torthisttirewires.

In the field connectors would be used to do the same. The electrical connechats are
standard connectors, and we would need to obtain the non-standard connectors that the
Rinnai uses for field application of this technique. In a field application wedwunil

want to remove the insulation from the thermistor wires and solder to them thveeway

did in the laboratory. Because, most data loggers have a high impedance, tapping into the
thermistors with parallel wires should not effect the output voltage of thaigters.

We would need to know what type of thermistors they are to convert the voltage into a
temperature. Alternately, this could be determined empirically.

Option 2- Tape temperature sensorsto the pipes entering and leaving the water heater.

Another way to measure inlet and outlet water temperatures is witkostislrface

temperature thermocouples mounted directly on the water pipes and thetedhsula

These would need to be attached under insulation around the pipe. For greater accuracy
the pipe surface measurements would have to be adjusted to give the same temperature a
probes mounted inside the pipe and this correction factor would have to be determined in
a test laboratory. High time resolution data is not possible with this methassbexfa

the thermal mass of the pipes.

Temperature measurement conclusions

It would be easier to tape surface mount thermocouples or thermistors to the cogper pip
leading into and out of the water heater than to insert additional connectors intcethe wi
leading to the thermistors that come installed on the water heater.

Measuring Gas Consumption

The water heater had modulating gas burner. The gas burner would vary the heat outpu
and thereby gas consumption according to what was needed to meet the outlet water
setpoint. The gas first flows through a main on-off gas valve before entering a
modulating gas valve. From here the gas piping splits off to feed two burners, one on
each side of the water heater. Each burner has its own solenoid valve. The ribbon type
burners are fed gas through gas ports from the manifold. Air is supplied from & blowe
that blows air to a chamber beneath the ribbon burners and also flows around the ribbon
burners.

In the lab we can easily set up a gas meter, but we wanted to see if we cadilthigviai

a field monitoring situation. Knowing which gas valves are open and by how much if
they have variable openings could be used to determine the gas input.

22



To investigate whether this might be possible we determined the input simtizds
solenoids. Wires were connected in parallel with the gas valve solenoids to regulithe
signal. Since the gas valves are connected to 90V DC power, for safety and ¢atheduc
voltage, the tap-off wires were run though opto-isolators.

The gas valves are controlled by pulse width modulaton. This is a square weale sig

with constant frequency but varying pulse widths. Only one valve seemed to raodulat
The input frequency was 500 Hertz and didn’t change. Since the frequency is gderay
same the input to the gas modulating valve cannot just be connected to a pulse counter.
The data acquisition device would have to measure the width of a pulse and not just the
number of pulses. This is too complicated for a simple data acquisition system to
measure.

A way around this problem is to convert the varying pulse width, constant frequency
signal to a voltage. The gas valve control could be determined by the average volta
which would change with the pulse width.

Conclusions from investigating modulating gas valves

Measuring gas flow by recording the input to the modulating gas valvelsendiifficult

to use in field monitoring. The electrical input to the gas valves is hard to get to and the
voltage is too high to measure safely. The gas valves are controlled with pitlse wi
modulation which is hard to measure directly with standard data acquisitiemsysall

this means using the signal to the gas valve is not likely to work well fdmfienitoring
projects.

Measuring Water Flow

The tankless water heater has a built in flow meter which sends a signal to thedPC boa
in the water heater housing. This signal is converted to a flow by the water heate
circuitry.

The built-in flow meter has a pulse output signal. We measured the frequency of the

pulsed output compared to laboratory measured flow. The data for a range of flow rate
are shown in Table 1

Table 1: Water flow versus pulse frequency from tanklesswater heater flow meter

Flow in GPM (I/9) Frequency (Hertz)
1 (0.06) 50

2 (0.13) 89

3 (0.19) 140

4 (0.25) 191

5(0.32) 242
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Conclusions for water flow measurement

The signal from the flow meter built into the tankless water heaterysasy to use.
However getting to the signal would require either cutting and/or recongedgtes.

Electricity Consumption

Because it has a variable speed motor that modulates the blower speed, thieatate
does not have a constant power input. This is typical of tankless water heatevdapld t
Even when the no hot water is being generated, there is a standby power consumption.
Other items requiring power on a tankless water heater include freezetipmotesistors

if the ambient temperature gets close to freezing, and power for the gas. val

To accurately measure the power, a true RMS power meter would be neededuemea
voltage and current. Because of electronic controls the power curve may not be
sinusoidal The load on the blower could also have an effect on the power factor and a
constant power factor can not be assumed.

We measured power consumption for the entire unit by plugging the power cord of the
water heater into a true watt meter. This method would not be possible if the @aear h
electrical connections were hard-wired.

CONCLUSIONS

It is more complicated to use the existing gas flow, water and temperatscgssthan
was anticipated. To get the signals from the existing sensors and contlitflsu and
may involve making changes that would invalidate manufacturer warrantees. The
procedures and methods for using signals from the existing gas valves, wataefiens
and temperature sensors will vary by model. To be able to monitor differentsnandiel
brands would require detailed information about each model and brand.

Based on these findings, we believe that for field monitoring projects itvib@ukasier,
quicker and safer to connect external meters to measure the same parameter
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