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SECTION 223436.23 – HIGH EFFICIENCY GAS DOMESTIC WATER HEATERS
PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract apply to this Section, including General and Supplementary Conditions and Division 01 Specification Sections.

1.2 SUMMARY

A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, high efficiency condensing domestic water heaters, trim and accessories for generating hot potable water.

1.3 SUBMITTALS
A. Product Data: Include performance data, operating characteristics, furnished specialties and accessories.

1. Prior to flue vent installation, engineered calculations and drawings must be submitted to Architect/Engineer to thoroughly demonstrate that size and configuration conform to recommended size, length and footprint for each submitted water heater.

B. Efficiency Curves: At a minimum, submit efficiency curves for 100%, 50%, and the lowest input firing rates at incoming water temperatures ranging from 80°F to 160°F. Test protocols.
C. Pressure Drop Curve: Submit pressure drop curve for flows ranging from 6 GPM to 83 gpm.
D. Shop Drawings: For water heaters, water heater trim and accessories, include:

1. Plans, elevations, sections, details and attachments to other work
2. Wiring Diagrams for power, signal and control wiring
E. Source Quality Control Test Reports: Reports shall be included upon request.

F. Field Quality Control Test Reports: Reports shall be included in submittals.

G. Operation and Maintenance Data: Data to be included in water heater emergency, operation and maintenance manuals.

H. Warranty: Standard warranty specified in this Section.
I. Other Informational Submittals.
1. ASME Stamp Certification and Report: Must have “HLW” stamp of authorization, as required by authorities having jurisdiction, and document hydrostatic testing of piping external to water heater.

1.4 QUALITY ASSURANCE

A. Electrical Components, Devices and Accessories: Condensing water heaters must be listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

B. Performance Compliance: Condensing water heaters must be rated in accordance with ASHRAE 118.1 testing methods and verified by UL or AHRI as capable of achieving the energy efficiency and performance ratings as tested within prescribed tolerances.
C. ASME Compliance: Condensing water heaters must be constructed in accordance with ASME Water heater and Pressure Vessel Code, Section IV (HLW) Potable Water Heaters or (H).
D. ASHRAE/IESNA 90.1 Compliance: Condensing water heaters shall have minimum efficiency according to "Gas and Oil Fired water heaters - Minimum Efficiency Requirements," when tested in accordance with Section G.1 “Method of Test for Measuring Thermal Efficiency” and G.2 “Method of Test for Measuring Standby Loss” of ANSI Z21.10.3 
E. UL Compliance. Condensing water heaters must be tested for CSA compliance with ANSI Z21.10.3 & ANSI Z21.13, "Commercial-Industrial Gas Heating Equipment." Condensing water heaters shall be listed and labeled by a testing agency acceptable to authorities having jurisdiction.

F. NOx Emission Standards. When installed and operated in accordance with manufacturer’s instructions, condensing water heaters hall comply with the NOx emission standards outlined in South Coast Air Quality Management District (SCAQMD), Rule 1146.2; and the Texas Commission on Environmental Quality (TCEQ), Title 30, Chapter 117, Rule 117.465.
G. Low Lead Compliance: Condensing water heaters must be third party classified to meet the requirements of ANSI/NSF 372, hence that the weighted average of the wetted surface area in contact with potable water must be no greater than 0.25% lead content.
1.5 COORDINATION

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, reinforcement and formwork requirements are specified in Division 03.

1.6 WARRANTY

A. Standard Warranty: Water heaters shall include manufacturer's standard form in which manufacturer agrees to repair or replace components of water heaters that fail in materials or workmanship within specified warranty period.

1. Warranty Period for Water-Tube Condensing Water heaters:
a. The pressure vessel shall carry a 7‑year from shipment, prorated, limited warranty against any failure due to waterside corrosion, mechanical defects, or workmanship. 
b. 
c. All other components, with the exception of the igniter and flame detector, are conditionally guaranteed against any failure for 18 months from shipment.
PART 2 -  PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

C. Basis-of-Design Product: Subject to compliance with requirements, provide AERCO International,  Model AM 399W/B___ ; AM 500W/B___ ; AM 750W/B___ ; AM 1000W/B___ ; or a comparable product by one of the following:

1. AERCO International, Inc.
2. _____________________
3. _____________________
2.2 CONSTRUCTION
A. General: The water heating plant shall have a total recovery of ​​_______ GPH, (_____ GPM) at a _____oF temperature rise.  Each water heater shall be UL Listed; ASME Section IV (HLW) or (H) coded and stamped.    Each unit shall operate with a minimum ASHRAE 118.1 efficiency of 95.4% at full fire. System shall consist of a quantity of      Water Heaters Model:

___AM 399W/B each with an input of 399 MBH, output of 379 MBH, 455 GPH, (7.6 GPM) at 40-140 oF when fired with natural gas, turndown ratio 8:1, NOx emissions of less than 20 ppm.)


___AM 500W/B each with an input of 500 MBH, output of 469 MBH, 563 GPH, (9.4 GPM) at 40-140 oF when fired with natural gas, turndown ratio10:1, NOx emissions of less than 20 ppm.)


___AM 750W/B each with an input of 750 MBH, output of 704 MBH, 845 GPH, (14.1 GPM) at 40-140 oF when fired with natural gas, turndown ratio 15:1, NOx emissions of less than 20 ppm.)
            ___AM 1000W/B each with an input of 1000 MBH, output of 938 MBH, 1126 GPH, (18.8 GPM) at 40-140 oF when fired with natural gas, turndown ratio 20:1, NOx emissions of less than 20 ppm.)

B. Description: Water heater shall be direct fired, fully condensing, water-tube design. Power burner shall have full modulation. The minimum firing rate shall not exceed 50,000 BTU/HR input. Water heaters that have an input greater than 50,000 BTU/Hr at minimum fire will not be considered equal. The water heater shall have the capability of discharging into a positive pressure vent. Water heater thermal efficiency shall increase with decreasing load (output), while maintaining setpoint. Water heater shall have an operational setpoint capability of 68 ºF to 180 ºF.. Heater shall operate quietly, less than 50 dba.  Water heater shall be factory-fabricated, factory-assembled and factory-tested, water-tube condensing water heater with heat exchanger sealed pressure-tight, built on a steel base, including a sealed insulated sheet metal enclosure that acts as combustion-air intake plenum, flue-gas vent, water supply, return and condensate drain connections, and controls. Each water heater shall have an ASME approved temperature/pressure relief valve with a setting of 125 psig and 210 oF.
C. Heat Exchanger: The heat exchanger is constructed of stainless steel and shall be capable of handling return water temperatures down to 40 F without any failure due to thermal shock or fireside condensation. It shall be ASME stamped for a working pressure not less than 160 psig. The water tubes shall have a maximum water volume of 2.5 gallons per module. The water heater water connections shall be 2” NPT for 399-500 and 2 ½” NPT for 750-1000.
The water heater shall be designed so that the thermal efficiency increases as the water heater firing rate decreases. The heat exchanger shall be stainless steel construction. Access to the fireside of the thermal modules is available by burner assembly removal. Minimum access opening shall be no less than 6 ¼” diameter circle per thermal module. 

Each module shall have a dedicated water flow meter installed that is capable of detecting water flow rate and displaying through the boiler’s display board.  

D. Modulating Air/Fuel System and Burner: 
The water heater shall consist of the number of thermal modules, and have a total turndown ratio, as shown in the table below, without loss of combustion efficiency.  Each module shall have a dedicated isolation valve on the inlet side of the module.  Each thermal module’s premix burner shall be metal fiber mesh covering a stainless steel head, with spark ignition and flame rectification.  All burner material exposed to the combustion zone shall be of stainless steel construction. There shall be no moving parts within the burner itself. The burners shall produce <20 ppm of NOx corrected to 3% excess oxygen.  A modulating gas valve and variable speed fan shall meter the natural gas and air input, respectively. 
	Model
	Thermal Modules
	Turndown Ratio

	AM 399W/B
	2
	8:1

	AM 500W/B
	2
	10:1

	AM 750W/B
	3
	15:1

	AM 1000W/B
	4
	20:1


F. 
Minimum water heater efficiencies shall be as follows at a 20 degree delta-T:

	EWT
	100% Fire
	50% Fire
	5% Fire

	160 °F
	87.5%
	89.5%
	90%

	140 °F
	87.7%
	89.6%
	91.4%

	120 °F
	89.7%
	92.8%
	94.5%

	100 °F
	93%
	96.1%
	98%

	80 °F
	95.5%
	98%
	99%


G.  Exhaust Manifold, Condensate Trap, and Condensate Neutralizer: The exhaust manifold shall be of polypropylene with a 4”diameter flue connection for 399-500, or 6” diameter for 750-1000. The exhaust manifold shall terminate in a condensate trap.  The condensate trap shall have a gravity drain for the elimination of the condensation into an integrated condensate neutralizer.
H. Blower. The water heater shall include a variable-speed, DC centrifugal fan to operate during the burner firing sequence and pre-purge the combustion chamber.

1. Motors: Blower motors shall comply with requirements specified in Division 23 Section "Common Motor Requirements for HVAC Equipment."

d. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will not require a motor to operate in the service factor range above 1.0.
H. Ignition: Ignition shall be via spark ignition with 100 percent main-valve shutoff and    electronic flame supervision.
I.
The boiler shall be designed such that the combustion air is drawn from the inside of the boiler enclosure, decoupling it from the combustion air supply and preheating the air to increase efficiency.

E. Enclosure: The sheet metal enclosure shall have the capability to be fully open from the front & top, allowing for easy access during servicing.
2.3 CONTROLS

A. Refer to Division 23, Section “Instrumentation and Control of HVAC.”

B. The water heater control system shall consist of a master burner to which other individual burners 2-4 are dependent burners. The entire system shall be CSA or UL Recognized. Each of the thermal module controllers shall consist of a combustion safeguard and flame monitoring system.
Individual thermal module controllers shall be field replaceable.

C. The combustion safeguard/flame monitoring system shall use spark ignition and a rectification-type flame sensor.
D. An optional second communications board shall allow third party Building Automation System (BAS) to control and monitor the boiler via Modbus RS-485 communications on AM399 W/B but it comes standard on AM 500W/B, AM 750W/B & AM 1000W/B.  
E. 
F. The controls shall annunciate water heater and sensor status and include extensive self-diagnostic capabilities. 
G. Each water heater shall incorporate dual over-temperature protection with manual reset and low water cut out, both in accordance with ASME Section IV and CSD-1.
G. 
The AM series water heater(s) shall operate in the control modes listed below:

__ 1. Internal Setpoint

__ 2. 0 to 10VDC Temperature Setpoint

__ 3. Network Temperature Setpoint

__ 4. AM Series Cascade Sequencer

The first four control modes refer to independent boiler settings, while the last control modes refer to banks of boilers operated as a system by AERCO supplied AM Series Cascade Sequencer system.  The following is a description of each control mode.

Internal Setpoint: Water heater shall include integral factory wired operating controls to control all operation and energy input of the water heater. Control of discharge water temperature shall be set through an internal setpoint with an adjustment of 68ºF to 189ºF. The individual thermal module controllers shall vary their respective thermal module’s input throughout its full range to maximize the condensing capability of the water heater and without header temperature swings. 

The water heater will operate to maintain a constant header temperature outlet to +2ºF. Unit shall operate with an Inverse Efficiency Curve, with known Part Load Value Efficiencies. Maximum efficiency shall be achieved at minimum firing input. Controls shall be fully field adjustable from 68ºF to 189ºF in operation. Main Header outlet temperature shall not be more than +2ºF from setpoint at any point of operation. The water heater shall have LCD display for monitoring of all sensors and interlocks.



0VDC to 10VDC Temperature Setpoint: Water heater shall include integral factory wired operating controls to control all operation and energy input of the water heater. The individual thermal module controllers shall vary their respective thermal module’s input throughout its full range to maximize the condensing capability of the water heater without header temperature swings. 
The water heater will operate to vary header temperature setpoint linearly as an externally applied 0 VDC to 10 VDC signal is supplied to the E8 Controller. Unit shall operate with an Inverse Efficiency Curve, with known Part Load Value Efficiencies. Maximum efficiency shall be achieved at minimum firing input. Main Header outlet temperature shall not be more than +2ºF from setpoint at any point of operation. The water heater shall have LCD display for monitoring of all sensors and interlocks.

Network Temperature Setpoint: Water heater shall include integral factory wired operating controls to control all operation and energy input of the water heater. The individual thermal module controllers shall vary their respective thermal module’s input throughout its full range to maximize the condensing capability of the water heater without header temperature swings. 

H. The water heater will operate to vary header temperature setpoint as an external communication utilizing the MODBUS protocol is supplied to the water heater’s communications module via the RS-485 port. Unit shall operate with an Inverse Efficiency Curve, with known Part Load Value Efficiencies. Maximum efficiency shall be achieved at minimum firing input. Main Header outlet temperature shall not be more than +2ºF from setpoint at any point of operation. The water heater shall have LCD display for monitoring of all sensors and interlocks.
H. The Boiler Manufacturer can supply as part of the water heater package the AERCO AM Series Cascade Sequencer to control all operation and energy input of the multiple water heater plant. The Cascade Sequencer shall be comprised of a microprocessor based control utilizing the ArgusBus protocol to communicate with each boiler’s Communication Board via the RS-485 port.  One Cascade Sequencer shall have the ability to operate up to 8 AM water heaters of any size combination.
2.4 ELECTRICAL POWER

A. Controllers, Electrical Devices and Wiring: Electrical devices and connections are specified in Division 26 sections.

B. Single-Point Field Power Connection: Factory-installed and factory-wired switches, motor controllers, transformers and other electrical devices shall provide a single-point field power connection to the water heater. 
C. Electrical Characteristics:

	
	AM 399B/W
	AM500B/W
	AM 750B/W
	AM 1000B/W

	Voltage
	120 V

	Phase
	One

	Frequency
	60 Hz

	Full-Load Current
	1.8
	2.5
	3.6
	4.9


2.5 CONDENSATE

A. Low-profile condensate neutralizing tubes. Each tube shall be suitable for no less than 12 months continuous operation at full condensing rate. Tubes shall be refillable;

B. Condensate traps, manufactured from only non-corrosive materials. In order to guarantee flue gasses cannot leak into the boiler room, the traps shall be float-type traps NO EXCEPTIONS.
2.6 VENTING 

A. The exhaust vent must be UL Listed for use with Category II, III and IV appliances and compatible with positive pressure, condensing flue gas service. UL‑ listed vents of PVC, CPVC, PP, or Al 29-4C stainless steel must be used with water heaters.
B. The minimum exhaust vent duct size for each boiler is four-inch for AM 399 and AM 500 or six-inch diameter for AM 750 and AM 1000.

C. Combustion-Air Intake: Water heaters shall be capable of drawing combustion air from the outdoors via a metal or PVC duct connected between the water heater and the outdoors. 
D. The minimum sealed combustion air duct size for each water heater is four-inch for AM 399 and AM 500 or six-inch diameter for AM 750 and AM 1000.
E. Common Vent and Common Combustion Air must be an available option for water heater installation. Consult manufacturer for common vent and combustion air sizing.

F. Follow guidelines specified in manufacturer’s venting guide.

2.7 SOURCE QUALITY CONTROL

A. Burner and Hydrostatic Test: Factory adjust burner to eliminate excess oxygen, carbon dioxide, oxides of nitrogen emissions and carbon monoxide in flue gas, and to achieve combustion efficiency. Perform hydrostatic testing.

B. Test and inspect factory-assembled water heaters, before shipping, according to ASME Boiler and Pressure Vessel Code.

1. If water heaters are not factory assembled and fire-tested, the local vendor is responsible for all field assembly and testing.

C. Allow Owner access to source quality-control testing of water heaters. 
PART 3 -  EXECUTION

3.1 EXAMINATION

A. Before water heater installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations. Examine piping and electrical connections to verify actual locations, sizes and other conditions affecting water heater performance, maintenance and operations.

1. Final water heater locations indicated on Drawings are approximate. Determine exact locations before roughing-in for piping and electrical connections.

B. Examine mechanical spaces for suitable conditions where water heaters will be installed.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 WATER HEATER INSTALLATION

A. Install gas-fired water heaters in accordance with 
1. Local, stats provincial, and national codes, laws, regulations, and ordinances.
2. National Fuel Gas Code, ANSI Z223.1/NFPA 54 – latest edition.
3. National Electrical Code, ANSI/NFPA 70 - latest edition.
4. Canada only: CAN/CGA B149 Installation Code and CSA C22.1 CEC Part 1.
5. Manufacturer’s installation instructions, including required service clearances and venting guidelines.

B. Assemble and install water heater trim.

C. Install electrical devices furnished with water heater but not specified to be factory mounted.

D. Install control wiring to field-mounted electrical devices.

3.3 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 sections. Drawings indicate general arrangement of piping, fittings and specialties.
B. Install hot water piping to tank & mixing valve before piping DHW directly to building fixtures. Mixing valve must be used to temper the tank temperature before sending to building.
C. Install piping adjacent to water heater to permit service and maintenance.

D. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full size of connection. Provide an isolation valve if required.

E. Connect gas piping to water heater gas-train inlet with unions. Piping shall be at least full size of gas train connection. Provide a reducer if required.

F. Connect hot-water piping to supply and return water heater tappings with shutoff valve and union or flange at each connection.
G. Multiple heaters shall be piped in reverse return or provided with balancing valves on hot water outlet.  Each water heater shall have individual isolation valves for servicing and a hot water hose connection for start-up and field testing.  

H. Install piping from safety relief valves to nearest floor drain.

I. Water heater Venting
1. Install flue venting kit and combustion-air intake.

2. Connect venting full size to water heater connections. [Comply with requirements in Division 23 Section "Breechings, Chimneys and Stacks."]

J. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."

K. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, assemblies and equipment installations, including connections, and to assist in testing.

B. Tests and Inspections
1. Installation and Startup Test: Perform installation and startup checks according to manufacturer's written instructions.

2. Leak Test: Perform hydrostatic test. Repair leaks and retest until no leaks exist.

3. Operational Test: Start units to confirm proper unit operation. Adjust air-fuel ratio and combustion.

4. Controls and Safeties: Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

a.
Check and adjust initial operating set points and high- and low-limit safety set points of fuel supply, water level and water temperature.

b.
Set any field-adjustable switches and circuit-breaker trip ranges as indicated.

C. Remove and replace malfunctioning units and retest as specified above.

D. 
E. Performance Tests
The water heater manufacturer is expected to provide partial load thermal efficiency curves. These thermal efficiency curves must include at least three separate curves at various BTU input levels. If these curves are not available, it is the responsibility of the water heater manufacturer to complete the following performance tests: 
1. Engage a factory-authorized service representative to inspect component assemblies and equipment installations, including connections, and to conduct performance testing.

2. Water heaters shall comply with performance requirements indicated, as determined by field performance tests. Adjust, modify, or replace equipment to comply.

3. Perform field performance tests to determine capacity and efficiency of water heaters.

a.
Test for full capacity.

b.
Test for water heater efficiency at [low fire, 20, 40, 60, 80, 100, 80, 60, 40 and 20] percent of full capacity. Determine efficiency at each test point.

4. Repeat tests until results comply with requirements indicated.

5. Provide analysis equipment required to determine performance.

6. Provide temporary equipment and system modifications necessary to dissipate the heat produced during tests if building systems are not adequate.

7. Notify Architect in advance of test dates.

8. Document test results in a report and submit to Architect.

END OF SECTION 223436.23 
�Should we also only keep NFPA 54 note 2 like we did for AM boilers?
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