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Committed to high
performance buildings...

Taitem is a full-service consulting engineering firm whose
projects include buildings in multiple sectors. 

During 30 years of continuous operation, Taitem has
continued to expand its offerings in energy efficiency and
net-zero energy, leading the market, while maintaining its
commitment to its mission as reflected in its name —

Engineering excellence since 1989.

Technology As If The Earth Mattered.

George Aiken
Project Engineer

Brendan Mangino
Senior Engineer



...and the people who
depend on them

Taitem is a mission-driven, certified B-Corp,
committed to a triple bottom line — 
people, planet, prosperity. 
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What we’ll cover
Project overview 

Building info
System design details
M&V - The plan

Measurement & Verification Results
Effectiveness
Usage rates
Operating costs
Efficiency

Lessons Learned
Piping matters!
Standby losses 
Balancing & Commissioning are CRITICAL
Contractor buy-in is not the default

Ultimate HP DHW Design
Revised approach to Ironworks DHW plant
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Ithaca Arthaus

Ironworks Ithaca
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Project overview



Project overview

Ithaca Arthaus
Low to Moderate Income (LMI) Multifamily
124 Apartments
264 Occupancy
Started design in 2019

Ironworks Ithaca
Market Rate (MR) Multifamily
129 Apartments
242 Occupancy
Started design in 2020

Building details



System sizing
Traditional DHW calculator 

(ASHRAE HVAC Applications handbook)

Hourly peak load: 1961 gph 

Ironworks Ithaca (MR)

Ithaca Arthaus (LMI)

Hourly peak load: 1248 gph 

Storage capacity to deliver full peak load
Recovery rate (heat pump capacity)

recover peak in 4hr rated, 6hr rated
Derated heat pump capacity 

deliver total daily peak load in 16 hrs max



Ithaca Arthaus

STORAGE 1240 gallons stored at 140 ⁰F mixed down
to 125 ⁰F out to building

PRIMARY HW 16 SanCO2 heat pumps 245,600 btu/hr
rated, 191,000 btu/hr derated at -5 ⁰F

BACKUP HW (2) 36 KW electric resistance water
heaters, de-energized

Selected system
(LMI)



Two parallel systems with storage tanks in series

Design elements
Ithaca Arthaus

https://www.canva.com/design/DAGz1dbxo1g/PWz7Wqo4PZsXEPx3DVZVIg/edit?utm_content=DAGz1dbxo1g&utm_campaign=designshare&utm_medium=link2&utm_source=sharebutton


Ithaca Arthaus
De-energized back up electric resistance integrated into heat pump plant
Buffer tank on hot return side of heat pumps in place of swing tank

Design elements
Ithaca Arthaus

https://www.canva.com/design/DAGz1dbxo1g/PWz7Wqo4PZsXEPx3DVZVIg/edit?utm_content=DAGz1dbxo1g&utm_campaign=designshare&utm_medium=link2&utm_source=sharebutton


Ithaca Arthaus
Design limitations

Small boiler room 
Limited exterior wall space



Ithaca Arthaus
Stacked heat pump array on exterior wall
Exterior piping manifold

Design limitations and areas for improvement



Ithaca Arthaus
Automatic drain back system 1.0 

Design limitations and areas for improvement



Ironworks Ithaca
Selected system

STORAGE 1500 gallons stored at 140 ⁰F mixed down to
125 ⁰F out to building

PRIMARY HW 18 SanCO2 heat pumps 276,000 btu/hr
rated, 215,000 btu/hr derated at -5 ⁰F

BACKUP HW 72 KW electric resistance boiler

(MR)



Ironworks Ithaca

Staggered heat pump array on exterior wall
Boiler room purpose built for the DHW plant
Heat pump piping manifold within building envelope

Design elements



Ironworks Ithaca
Single heat pump array and supplemental electric boiler in parallel
Storage tanks in parallel 
Omitted swing tank or buffer tank for recirculation water

Design elements



Ironworks Ithaca
Automatic drain back system 2.0 

Design elements



Contractor support
DRAWINGS of detailed system schematics and sequence

DISCUSSION about system operation
and a lot of
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M&V RESULTS 



15 months — Sept. 2022-Nov 2023 
eGauge based monitoring system

Temperatures
Flow Rates
Power Consumption

MEASUREMENT & VERIFICATION RESULTS
Ithaca Arthaus (LMI)



12 months — Feb 2024-Feb 2025 
eGauge based monitoring system

Temperatures
Flow Rates
Power Consumption

MEASUREMENT & VERIFICATION RESULTS
Ironworks Ithaca (MR)



Effectiveness
Both systems proved extremely reliable – WITH NO ELECTRIC RESISTANCE

Arthaus: 99.6% Uptime*

*Fraction of time system provided at least 110 ⁰F water to building loop

Ironworks: 99.99% Uptime*

M&V Results



Usage Rates
Both buildings had significantly lower DHW usage than ASHRAE Guidelines

M&V Results

Design guidelines based on 2019 ASHRAE Handbook HVAC Applications Ch. 51, Table 7



Operating Costs
Arthaus was cost competitive with theoretical natural gas boiler system*

*Based on local utility costs in 2023

M&V Results



Operating Costs
Ironworks was more costly due to lower efficiency

M&V Results



Operating Costs
A theoretical swing tank
system came at only a
10% cost increase over
Arthaus* 

*If properly tuned (140 ⁰F storage temp, 125 ⁰F swing tank temp)

M&V Results



Quick Aside

SWING TANK

M&V Results

BUFFER TANK

Recirculation water is reheated with
electric resistance

Recirculation water is reheated with
heat pump system

Tank Terminology



Efficiency
Arthaus annual average COP: 3.2

M&V Results

Heat pump COP variation with return water and outside air temperatures
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Efficiency
Ironworks annual average COP: 2.2

M&V Results

Heat pump COP variation with return water and outside air temperatures
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Efficiency
Big difference between system efficiencies is related to RETURN WATER TEMPS

Arthaus = Colder return water Ironworks = Warmer return water

M&V Results
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Lessons Learned



Piping matters!
Arthaus buffer tank design allowed for colder return water to heat pumps

Lessons learned



Piping matters
Lessons learned

Heat pump COP variation with return water and outside air temperatures
H

ea
t 

p
um

p
 C

O
P 

Return water temperature

Arthaus buffer tank design allowed for colder return water to heat pumps



Piping matters!
Ironworks design limited return water temps to heat pumps

Lessons learned



Piping matters
Lessons learned

Heat pump COP variation with return water and outside air temperatures
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Ironworks design limited return water temps to heat pumps



Standby losses are significant
Heat Loss to surroundings was similar for both buildings

Lessons learned



Complicated building shapes

Ithaca Arthaus Ironworks Ithaca
Tempered water mains on each floor Box & riser design

Unique attributes

121 Watts/apartment

Balancing valves atop each riser

MEASURED

100 Watts/apartment
TARGET

WATTS PER APARTMENT



Balancing and Cx are CRITICAL
Projects were successful due in large part to EARLY performance monitoring

1.Storage tanks rebalanced: maximized storage capacity + lowest return water temps

Lessons learned



Balancing and Cx are CRITICAL
Projects were successful due in large part to EARLY performance monitoring

1.Storage tanks rebalanced: maximized storage capacity + lowest return water temps
2.Distribution system balanced: ensured hot water for apts at lowest recirc flowrate

Lessons learned



Balancing and Cx are CRITICAL
Projects were successful due in large part to EARLY performance monitoring

1.Storage tanks rebalanced: maximized storage capacity + lowest return water temps
2.Distribution system balanced: ensured hot water for apts at lowest recirc flowrate
3.Recirc pumps run lowest flowrate: improved mixing valve stability and storage tank disruption

Lessons learned



Contractor buy-in is not the default
Contractors at both sites were skeptical of new, complex systems

Lessons learned



Contractor buy-in is not the default
Making time to talk about the design and function early on eased jitters

Lessons learned



Contractor buy-in is not the default
Listening to feedback and concerns helped improve designs and contractor
relationships

Lessons learned



Contractor buy-in is not the default
Low number of call backs or performance issues turned skeptics into proponents

Lessons learned



The Ultimate HP DHW Design

TAITEM ENGINEERING, DPC



Ironworks revised
Split the 18 heat pumps into 3 separate arrays of 6 heat pumps 
Provide a 119 gallon 24 kw buffer tank on the supply side of the storage tanks set to 120 ⁰F
Pipe each of the 3 system sub assemblies in parallel, provide circuit setters on supply and
return to the building



Ironworks revised
Stagger heat pumps on exterior wall
Provide automatic drain back system 2.0 
Reduce size of recirc pump, provide better balancing controls 



Ironworks revised
Provide balancing and measurement points within key
points of the hot water plant 



Contractor support
Drawings

Detailed system schematics
Describee

system operation in each mode
how it differs from traditional
systems 



Preconstruction meeting with contractor leading the hot water plant work
Discuss how system operation differs from traditional systems

Early attentions to bottle necks (control systems, coordination with trades/mfr.) 
Discuss pinch points and areas of complexity

Contractor support
Discussion



Ironworks large capacity CO2
Explore different central heat pump hot water plant options 



Ironworks Cascade 
Explore different central heat pump hot water plant options 



Let’s talk about it...

Taitem is a full-service consulting engineering firm whose projects include
buildings in multiple sectors. 
During 30 years of continuous operation, Taitem has continued to expand
its offerings in energy efficiency and net-zero energy, leading the market,
while maintaining its commitment to its mission as reflected in its name —

Taitem Engineering, DPC

Technology As If The Earth Mattered.

George Aiken
Project Engineer
gaiken@taitem.com

Brendan Mangino
Senior Engineer
bmangino@taitem.com

In Hot Water Key design details for effective & efficient DHW systems
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