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Codes and
Standards

What’s the
Difference?

Code: A code is a set of regulations, rules,
and guidelines established by a recognized
authority or government agency. Codes define
minimum requirements and are legally
enforceable and compliance with them s
mandatory, and failure to adhere to the code
may result in penalties or restrictions.

Standard: A standard is a document or
specification developed by a recognized
standard-setting organization. Standards are
voluntary guidelines that establish a consistent
and accepted approach to processes,
products, services, or systems. Unlike codes,
compliance with standards are not legally
mandated, but adherence to standards is often
seen as a mark of quality, safety, and best
practices.



Codes and
Standards

What'’s the
Difference?

However ......

A standard can become code if a code body
such as the International Association of
Plumbing and Mechanical Officials (IAPMO)
or International Code Council (ICC) adopts a
standard into their codes.
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» General Applications Section Outline

* Notable Changes
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Feedback

from

Industry

on 2016
Standard

o 000

Review of the 2016 Standard was undertaken
by the IGSHPA Standards Committee in 2019.
Comments were provided to all task force
members for consideration at the beginning of
the new standard development cycle which
began in June 2021.

Recommendations included moving away from
the 2016 format which was meant to be
standalone by heat exchanger type to a more
concise standard which eliminated a lot of the
redundancy by addressing common
requirements in the General Applications
Section.

In addition to recommended edits for each
section of the standard, there were specific
recommendations to review and update:

In situ (formation) thermal conductivity test
Piping materials

Heat transfer fluids for GSHP systems
Hydrostatic pressure testing



The ANSI/CSA/IGSHPA C448 Series now consists
of the following parts:

 ANSI/CSA/IGSHPA C448.0, Design and
installation of ground source heat pump

Standard systems — General applications for all
systems;
Outline  ANSI/CSA/IGSHPA C448.1, Design and

installation of ground source heat pump
systems for residential and other small
buildings;

 ANSI/CSA/IGSHPA C448.2, Design and
installation of ground source heat pump
systems for commercial and institutional
buildings;

« ANSI/CSA/IGSHPA C448.3, Planning, design,
installation and commissioning of district
energy systems;

* ANSI/CSA/IGSHPA C448.4, Installation of
vertical configured closed-loop ground source
heat pump systems;

for 2025




Standard «  ANSI/CSA/IGSHPA C448.5, Installation of
horizontal configured closed-loop ground
source heat pump systems;

Outline . ANSI/CSA/IGSHPA C448.6, Design and
installation of surface water heat pump
systems;

 ANSI/CSA/IGSHPA C448.7, Design and
installation of groundwater systems;

Continued - ANSI/CSA/IGSHPA C448.8, Installation of
standing column well heat pump systems;

« ANSI/CSA/IGSHPA C448.9, Design and
installation of ground source heat pump
systems connected to energy
foundations; and

« ANSI/CSA/IGSHPA C448.10, Installation of
direct exchange heat pump systems.

for 2025




Informative

Annexes
for

2025

Electrical, environmental, and other
guidelines for ground source heat pumps
and underground thermal energy storage
(UTES) systems

Installation checklist for open- and closed-
loop ground source heat pump systems

Site Survey/As-built Worksheet

Annual energy requirements based on
modified ASHRAE bin hour method

Wastewater Energy Transfer Systems
Design and Installation

Bibliography



The General Applications section of this Standard
covers minimum requirements for equipment and
material selection, site survey, system design,
installation, testing and verification, documentation,
General and commissioning and decommissioning.

 Clause 1 — Scope

Applications « Clause 2 — Reference publications

 Clause 3 — Definitions

-  Clause 4 — General
Section | |

. « Clause 5 - Equipment, Materials, and
Outline Handling

* Clause 6 — Site Survey Requirements
+ Clause 7 — Design
» Clause 8 — Installation

« Clause 9 - System testing, verification, and
delivery

» Clause 10 —Decommissioning and abandonment
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Notable
Changes:

Clarifications and clean-up of C448.0 Clause 3
Definitions, for example:

Definitions - Designer — the entity legally responsibility for the
ground-source heat pump system design.

« Ground heat exchanger - a variety of heat
exchangers, external or below a building, that
use the ground, groundwater, wastewater, or
surface water as a heat source and sink.

Note: Ground heat exchangers include vertical
loop ground heat exchangers, horizontal loop
ground heat exchangers, submerged heat
exchangers, and groundwater heat exchangers

* Ground-source heat pump systems — a variety of
systems that use the ground, groundwater, or
surfaces of water as a heat source and sink.
The general terms include ground-coupled heat
pump (GCHP), groundwater heat pump
(GWHP), and surface water heater pump
(SWHP).




Notable
Changes:

Setbacks

4.5 Setbacks

4.5.1 General

The placement of infrastructure on any project site supporting a ground heat exchanger shall be
the responsibility of the designer. The designer shall review and assess impacts of the ground
heat exchanger with respect to

a)
b)
c)

property lines and easements;
encroachment to adjacent properties;

foreshare requirements of the local authority having jurisdiction for ocean, lake, pond, or
river/ stream applications;

lateral and vertical location in proximity to any unpressurized (gravity flow) sewer lines into or
from a building;

lateral and vertical location in proximity to any pressurized (pumped) sewer lines into or from
a building;

distance from septic tanks and/or subsurface sewage leaching fields;
lateral and vertical location from any other buried utilities such as electrical, gas, or water;

lateral and vertical location from any building and infrastructure, including deep infrastructure
such as tunnels, mines, subways, and adjacent ground source heat exchangers;

distance from a water well;
lateral distance from a fresh water spring;

for vertical ground heat exchangers beneath a building or parking garage clearances shall
be defined by the local authority having jurisdiction and the structural engineer providing
foundation calculations for the building permit; and

other environmental setbacks including dripline of trees.
12



9.4 Underground and underwater piping systems requirements

Notable
Changes:

9.4.1 General requirements

2.4.1.1 Piping materials

Acceptable plastic pipe and fitting matenals for the underground or underwater portion of a

P I pl ng ground heat exchanger (i.e., the ground loop) include PE, PE-RT, and PEX, as specified in this
- Standard.
m ate rla Is MNote: This Clause includes minimum performance requirements for flexible polyolefin piping

systems, such as high-density PE, PE-RT, and PEX, and also for DX piping systems. The
requirements specified in Clauses 5.4.2 a) or 5.4.4 are provided to ensure the necessary
performance criteria for underground and underwater piping systems (such as corrosion
resistance, chemical resistance, flexibility, impact resistance, hydrostatic pressure capability,
and temperature resistance) are met.

Note: CPVC/PVC is no longer listed as an
acceptable piping material for field headers,
manifolds, and indoor piping associated with GSHP

systems.
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Notable
Changes:

Horizontal
piping locations

Updated C448.0 Clauses 7.4.3 Horizontal piping
location and 8.5.2.3 Locating and marking buried

pipes.

7.4.3.1 General locating and marking requirements

All buried horizontal piping shall include a non-destructive system for location purposes and
permanent, conspicuous, and non-biodegradable warmning marking. The system shall meet the
requirements of the authority having jurisdiction. See Clause 8.5.2 3 for installation
requirements.

Note: Non-destructive systems for location purposes can include tracer wire, detectable tape, or
radio frequency or other detectable markers.
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Notable
Changes:

Heat Transfer
Fluids

C448.0 Clause 5.7

5.7.1 System preparation

5.7.1.1 General

5.7.1.2 System cleaning process
5.7.1.3 System disinfection process
5.7.2 Water quality requirements
5.7.2.1 Water analysis

5.7.2.1.2 Water quality specification
5.7.2.2 Corrosion inhibitors

5.7.2.3 Scale inhibitors

5.7.3 Heat transfer fluids with anti-freeze
5.7.3.1 General

5.7.3.2 Acceptable fluids

5.7.3.3 Flammable heat transfer fluids
5.7.3.4 Chemical inhibitors

5.7.3.5 Properties of anti-freeze fluids
15



Notable
Changes:

Heat Transfer
Fluids

Properties of common commercial heat transfer fluids

(See Clause 5.7.3.5.)

Property Water Propylene Ethylene | Methanol Ethanol Glycerin
glycol glycol

Efficiency Very good Fair Very good | Very good Good Good

Corrosion Mone Very good Very good | Fair Fair Very good
protection

Freeze Mone Very good Very good | Very good Very good Very good
Protection

BODICOD MNone Fair Good Good Good Good

Flammable No MNo Mo Yes Yes No

Toxic Mo Mo Yes Yes MNo MNo
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Notable
Changes:

Pressure
Testing

C448.0 Clause 9.1.2 Hydrostatic pressure
tests.
»Individual borehole U-bend assembly
short term test (optional)
»Ground heat exchanger hydrostatic
pressure testing

Changes to note:

Pressure test requirements are based on
ASTM F2164 but adapted to this Standard
specifically for ground heat exchangers.

Test includes an initial expansion phase, a
Stabilization phase and then the pressure
is set to the test pressure (established by
the designer) and a 60-minute test is
conducted. A passing test in indicated if
no visual leak is observed and the test
pressure does not reduce by more than
5% during the 60-minute test.
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Additions:

Energy
Foundations

New standard C448.9: Design and
Installation of ground source heat pump
systems connected to energy foundations.

Reinforcing

cage

Heat

exchanger

U-tube

18



ANSI/CSA/IGSHPA C448.3, Planning, design,
Additions: installation, and commissioning of district
' energy systems

District Energy ‘Ir)]lgltagg ?]r;ergy systems definition

 Exclusions

Residential

.
\ —_.—0—

Bioenergy
(BioMass)

Retail

Industrial

Future Energy © Envida Community Energy Inc. All rights reserved. This content is excluded from our Creative
Sources Commons license. For more information, see i i i

Image from Interreg North-West Europe4DHC technology quide 19
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A slight deviation from the standard format:

O Introduction 5 Equipment and materials

1 Scope 6 Design of district energy

systems

2 Reference publications

7 Installation of systems

3 Definitions

8 System start-up

4 Project Planning
= Master planning

9 System commissioning

= Pre-planning

10 Decommissioning and
= Site Survey abandonment
= Geothermal suitability assessment

= Preliminary concept plan
= Confirmatory investigations
= Refined concept plan

= Detailed engineering design

( CSA
SBGROUP‘“ CONFIDENTIAL | 20




MATERIAL

PIPING

FITTINGS

Copper/copper alloy

ASTM B88

ASME B16.22, ASME
B16.18

Ductile iron

ANSIFAWWA C151/A21.51

AWWA C153/A21.53

Cement-mortar lining for
ductile-iron pipe and fittings

AWWA C104/A21.4

PEX ASTM F876, ASTM F2788, | ASTM F877, ASTM F1055,
CSA B137.5, NSF 258-3 ASTM F1807, ASTM F1960,
ASTM F2080, ASTM F3347,
ASTM F3348, CSA B1375,
NSF 358-3
Steel ASTM A53/A53M, ASTM ASME B16.5, ASME B16.9,
A106/A106M, AWWA C200. | ASTM Ad20/A420M,
ANSI/AWWA G208
PE ASTM D3035, ASTM F714, | ASTM D2683, ASTM D3261,
AWWA C906, CSAB137.1, | ASTMF2206, ASTM F1055
NSF/ANSI 258-1
PE-RT ASTM D3035, ASTM F714, | ASTM D2683, ASTM D3261,

ASTM F2623, ASTM F2769,
CSA B137.18, NSF 358-4

ASTM F1055, ASTM F2208,
ASTM F1807, ASTM F1960,
ASTM F2769, ASTM F3347,
ASTM F3348, CSA B137.18,
NSF 358-4

PP-R and PP-RCT

ASTM F2389, CSA B137.11

ASTM F2389, CSA B137.11

Prestressed concrete cylinder | AWWA C301, AWWA C304 | AWWA G301
pipe
FRP ASTM D2996, ASTM D2997, | ASTM D5685

ASTM D3517, AWWA CB50

Distribution piping
materials
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Insulated piping and
pre-insulated piping
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Energy Transfer Stations,
Communications, and Storage

A Basic SCADA Diagram

Sensors PLCs or RTUs & HMI/SCADA Panel View
Sends data to PLCs Feeds data to i Supervise and control from
or RTUs SCADA system . an operational terminal

Manual Inputs PLCs or RTUs HMI/SCADA Computer
Sends data to PLCs Feeds data to Supervise and control
or RTUs SCADA system from a workstation

CONFIDENTIAL | 23
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Additions: CSA/ANSI/IGSHPA C448 — Annex E

Wastewater energy transfer systems design
Annex E and installation

Pumped heat exchangers

—o

From fan coils and AHUs

To fan coils and AHUs e@——e o
) ( Bailer(s)

» ,
_J ¥/ To water to air heat pumps
— b Heat Pump ! I—(From water to air heat pumps

o
HEAT
Exchanger

HHot water supply

I
Heat \\____/

Pumps

) C IN
Primary l'_°OUT
Sewage
Pumps : | /
Cold water supply

Pre-heat St
WASTEWATER TANK re 'I'Gaank(s[}”age

© SHARC Energy. All rights reserved. This content is excluded from our Creative Commons license. For more information, see

Courtesy of SHARC Energy Systems 24


https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/

ANSI/CSA/IGSHPA C448 — Annex E

In-pipe or in-trench enerqy exchangers

BUILDING HEAT PUMP AND —
;‘-‘H)a,» CIRCULATOR(S) REFER TO
RTY Une DWG'S. MD—35 AND MD-38

In-tank/channel heat exchangers

O W

VALVE & BOX SEE —

; - "
DWG. MD—33. . e R\
BUILDING SEWER LEAD —
\
HOPE PIPING PIPE PENETRATING
_ GEO Al BUILDING SEE DWG.
( SUPPL D MD—34
\, RETURN PIPING
4 Pir -HDPE PIPING GEOTHERMAL
SEWER MAIN SUPPLY AND RETURN HEADERS
¥ ) PIPING SEE
DWG. MD-32

SUPPLEMENTAL VERTICAL GROUND
HEAT EXCHANGER

Courtesy of Renewable Resource Recovery, Corp.

© Renewable Resource Recovery, Corp. All rights reserved. This content is excluded from our Creative

Courtesy of Huber Technology Wastewater

SO/UtiOnS © HUBER SE. All rights reserved. This content is excluded from our
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/® Creative Commons license. For more information, see
https://ocw.mit.edu/help/fag-fair-use/
CSA
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Final notes on Annex E Wastewater energy

transfer systems design
and installation

* |nclusions
 Exclusions

* Reference: German Association for Water
Management, Wastewater, and Waste:
DWA Set of Rules, Leaflet DWA-M 114,
April 2020.




Public review ended August 6, 2024

Editing by CSA staff — ongoing

Approval ballot by CSA C423 Technical
Committee on Ground and Water Source Heat
Pumps

Final production/editing by CSA Staff

Targeted release date: May 2025

27
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The International Ground Source Heat Pump Association (IGSHPA) board of directors voted
to sunset the 2017 IGSHPA Standards when the next edition of the Bi - National C448
Standard is published to promote consistency of design and installation in the U.S. and
Canada.

Through the Bi - National Standard the ground-source heat pump industry continues to come
together to create a reasonable and relevant standard which may be applied by designers,
installers, and building owners. Additionally, this document will provide useful guidance and
references for regulators and their jurisdictions as this industry continues to grow.

As we move through this next standards cycle this Standard will continue to evolve and adapt
to reflect the coming changes in the ground source heat pump industry including

* A2L refrigerants
* Equipment rating standards
» District energy systems

and will continue to support the global effort to reduce green house gasses in North America.

© 2018 CSA GROUP TESTING & CERTIFICATION INC. | ALLRIGHTS RESERVED.
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Opportunities
and

Challenges

We face them
together
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Mark Metzner - ViceChair, TC C423

Thank you
&
Questions
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MIT OpenCourseWare
https://ocw.mit.edu/

RES.ENV 007 Geothermal Energy Networks (GENSs): Transforming our Thermal

Energy System
IAP 2025

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms.
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