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Overview

1. Hardware
2. Standards & Regulations
3. Software
4. Geothermal Energy as a Service (EaaS)
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Learning Objectives

1. Learn how to measure a Btu
2. Understand factory and onsite calibration
3. Understand differences in a connection fee and consumption fee
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British Thermal Unit (Btu)

• Q = cp * M * ΔT

• Q – heating or cooling 
capacity(Btu/hr)

• cp – specific heat of fluid 
(Btu/lb/°F)

• M – mass of fluid per time (GPM)
• ΔT – temperature difference 

between entering and leaving 
fluid (°F)
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Temperature Sensors

• Thermocouple
• Resistance temperature detector (RTD)
• Thermistor
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Thermocouple

• Pros
• Wide temperature range
• Rugged & durable
• Low cost
• Quick response

• Cons
• Lower accuracy (+/- 0.5 - 2°F)
• Nonlinearity
• Drift over time
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METAL B

Differential 
Voltage

‘Cold’ 
Junction

‘Hot’ 
Junction
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Resistance Temperature Detector (RTD)

• Pros
• High accuracy (+/- 0.055 - 0.5°F)
• Linearity
• Repeatability

• Cons
• Narrow temperature range
• Slower response time
• Fragility
• Higher cost

R² = 0.9972
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Flow Meters

• Ultrasonic
• Venturi
• Magnetic
• Turbine
• Oscillating Jet
• Vortex
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Ultrasonic – Spool

• Pros
• No pressure drop
• Reliability
• High accuracy (0.5% - 1%)

• Cons
• Cost
• Sensitivity to fluid 

characteristics
• Pipe condition and installation 

environment
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Ultrasonic – Clamp-on

• Pros
• Nonintrusive
• Easy installation
• Low cost for large diameter pipe

• Cons
• Lower accuracy (1% - 5%)
• Require ultrasonic couplant
• Pipe condition and installation 

environment
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Venturi 

• Pros
• No moving parts
• High reliability and low 

maintenance
• Durability
• Higher accuracy (0.5% - 1.5%)

• Cons
• Intrusive
• Cost
• Pressure drop
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Magnetic 

• Pros
• No moving parts
• High reliability and low 

maintenance
• Higher accuracy (0.5% - 2%)

• Cons
• Intrusive
• Cost
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Turbine 

• Pros
• Direct measurement of flow 

velocity
• Simple design
• Higher accuracy (0.5% - 1%)

• Cons
• Intrusive
• Cost
• Moving parts
• Pressure drop
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European Standard EN1434

• CEN is the European 
Committee for Standardization

• EN1434 specifies 
requirements and test 
methods for “heat meters”

• Ensures the accuracy, 
reliability and compatibility of 
heat metering devices across 
Europe

• Created in 1997
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Measurement Canada

• Government of Canada agency
• Primary mandate is to ensure the 

integrity and accuracy of 
measurement in the Canadian 
marketplace

• Regulates and enforces the 
accuracy of water, natural gas, 
electricity and Btu meters

• USA equivalent is National Institute 
of Standards & Technology (NIST)
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Measurement Canada

• New thermal energy (Btu) 
meter division

• Currently 20 approved thermal 
energy meters

• Using an approved meter 
allows for legal trade of 
commodity

• A thermal energy meter for 
commercial use must be Class 
1 or 2
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Measurement Canada
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Q/A
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Measurement Canada

• Acceptance limits are the sum of 
error for each sub-assembly

• Total error based on the 
measurement equipment and 
test parameters

• 𝐸𝑟𝑟𝑜𝑟 = 𝐸𝑓 + 𝐸𝑡 + 𝐸𝑐

• 𝐸𝑓 = 2 + 0.02
𝑞𝑝

𝑞

• 𝐸𝑡 = (
0.5+3∆𝜃𝑚𝑖𝑛

∆𝜃
) 

• 𝐸𝑐 = (
0.5+∆𝜃𝑚𝑖𝑛

∆𝜃
)

• Typical total error +/- 2% - 4%
20



Acceptance Tolerances

• Natural gas meters +/- 1.5%
• Water meters +/- 1.5%
• Electricity meters  

• Maintenance +/- 2%
• Acceptance +/- 1%
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Factory Calibration

• After Measurement Canada 
has approved a Btu meter, the 
manufacturer must prove each 
device has been calibrated to 
the standard

• Devices often have a higher 
accuracy than the minimum 
acceptable tolerance

• Calibration certificates come 
with every Btu meter ordered
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On-Site Recalibration

• Measure against a high 
accuracy control

• Ensure stable conditions
• Various measurements across 

the temperature and flow 
range 

• Readings taken at the same 
time

• Frequency is dependent on 
application

y = 1.0667x - 5.8302
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Calibration in Other Industries

• Aerospace
• Hospitals
• Nuclear power
• Pharmaceuticals
• Biotechnology
• Industrial processes
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Small ΔT Considerations

• Thoughtful pumping 
strategies

• Calibration of temperature 
sensors

• For low load and small ΔT 
situation apply fixed fee 
past a certain threshold
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Hardware vs. Software

• Local storage limitations with 
physical Btu meters

• Software is needed for:
• Long term data collection
• Data organization and analysis
• Graphical interpretation
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Communication Interfaces

• BACnet and MODBUS are 
communication protocols

• MS/TP is for BACnet and RTU is 
for MODBUS 

• Ethernet, RS232, and RS485 are 
communication methods for 
physical connection

• Wi-Fi enabled for wireless 
communication method
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Communication Interfaces

Ground heat exchanger

Ground source heat 
pumps

Gateway
Remote 
server

Temperature 
sensors

Flow meter

MC 
approved 
Btu meter
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Software
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Software
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Software
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Software
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Software
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Software
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Software

• Automated reports for all 

stakeholders

• Billing information summary

• Summary of GHX 

performance

• Recommendations for 

optimized operation
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Q/A
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History of Water Measurement

• First recorded use of a water 
meter was in the 1850s 

• First widespread installation of 
water meters for billing began 
in late 19th century in Europe

• Connection fee vs. 
consumption fee
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Geothermal Energy as a Service (EaaS)
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• 400+ homes with Enertech heat 
pumps

• 300 ft vertical boreholes
• 4 separate ambient loop systems
• Auxiliary cooling towers
• Future phases planned

Whisper Valley, TX, USA
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Richmond, BC, Canada

• 4 vertical GHX fields
• 2.2 miles of 20” supply/return 

lines
• 3 back-up natural gas boilers
• 2 back-up cooling towers
• 1,900,000 ft2 of residential GFA
• 300,000 ft2 of non-residential GFA
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Richmond, BC, Canada
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Richmond, BC, Canada

• Connection fee: 9.56 ¢/ft2 of GFA
• Consumption fee: 0.7 ¢/kBtu 
• Excess demand fee:

• Btu/hr > 20.46 Btu/hr/ft2 = 62.7 
¢/Btu/hr/ft2

• Baseline space heating/cooling and 
domestic hot water determined by 
an energy model
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• Connection fee + “surge-type 
pricing”
• Heating and cooling dynamic 

billing based on GHX trend

• Heating dominate district loop
• Heating 20 ¢/Btu 
• Cooling 10 ¢/Btu 

70°F
Heating 20 ¢/Btu
Cooling 10 ¢/Btu

70°F
Heating 10 ¢/Btu
Cooling 20 ¢/Btu

• Connection fee + “surge-type 
pricing”
• Heating and cooling dynamic 

billing based on GHX trend

• Cooling dominate district loop
• Heating 10 ¢/Btu 
• Cooling 20 ¢/Btu 

Geothermal EaaS New Ideas
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What are the two types of sensors needed to measure Btu’s?

What is the difference between factory and onsite calibration?

What is the difference between a connection fee and consumption fee?

Learning Objectives Q/A

• Temperature sensors and flow meters

• Factory calibration occurs from the manufacturer when a device is created
• Onsite calibration occurs onsite periodically to eliminate sensor drift errors

• Connection fee is a fixed fee for the service connection and a consumption fee is variable based 

on usage
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Thank You!

• Connor Dacquay, Dr. Eng, PE, CGD
• 1-204-996-8133
• connor@geoptimize.ca
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