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Figure 1. Steps and considerations when evaluating a commercial gas-fired boiler replacement.

Graphic by Marjorie Schott, NREL, Photo by Dennis Schroeder, NREL 23144

Commercial Building Hot Water Strategies:

A Short Guide

Introduction

Commercial boilers use combustible gas or oil, and
sometimes electricity, to produce hot water or steam that
is distributed throughout a building for space heating and/
or domestic hot water. Boilers can be found in buildings

of all sizes, from residential homes up to large commercial
complexes, and in general, boilers become less efficient
and less reliable with age. The median lifespan of a gas-fired
boiler is 24-35 years' and even if a boiler is still working,
you should plan to replace it at around 15 to 20 years old or
when maintenance needs increase. The list of equipment
options for replacing gas-fired boilers is growing, especially
when it comes to heat pumps. It is important to consider
options early to find the best solution for your facility
before an emergency replacement becomes necessary.

In many existing buildings, equipment is replaced on a

1 ASHRAE. "ASHRAE Equipment Life Expectancy Chart! Peachtree Corners, GA: ASHRAE.

like-for-like basis, which can lead to inefficient operation,
higher costs, and locking the building into another 25
years of high energy consumption and emissions. When
planning for a new hot water system, the carbon emissions,
energy consumption, costs, and changes in building loads
should be considered to achieve an optimal system. An
open-minded, integrated, and creative approach can lead
to a cleaner, energy-efficient, and more cost-effective
system that meets the needs of your facility and accelerates
reductions in on-site emissions. This fact sheet helps
building owners and managers plan for boiler replacement
early, understand the options, and find the most effective
solutions for their situation. For broader and more detailed
information on upgrading thermal systems — including and
beyond boiler replacement — investigate the Decarbonizing
Building Thermal Systems guide.


https://www.nrel.gov/docs/fy24osti/87812.pdf
https://www.nrel.gov/docs/fy24osti/87812.pdf

Boiler Replacement Motivations

There can be a variety of reasons for replacing a boiler,
from a complete boiler failure requiring immediate
replacement to a change in building loads or alignment
with corporate sustainability goals. These reasons can have
a major impact on the most appropriate replacement
option, and it is important to be aware of them.

In the event of a boiler failure or major repair, there

is a strong tendency to replace like for like. Thoughtful
planning can result in lower operating costs, longer
equipment life, and greater occupant comfort. A proactive
approach can reduce future costs if energy prices rise,

if corporate goals change, or if regulations make future
repairs of a new boiler unappealing.

The lifespan of a boiler depends on the size and quality
of the equipment, boiler utilization, and maintenance
schedules. No one can accurately predict failure timelines,
but there are general estimates (see Introduction, above).
Experienced contractors familiar with your system

and maintenance may be able to provide professional
guidance and estimates. Increasing component failures
and maintenance calls are usually signs that it is time to
schedule a replacement.

Corporate sustainability goals may have changed since
the original equipment was installed, and like-for-like
replacement may run counter to those goals. These goals
are best achieved with proactive planning so that capital
is available, plans are in place, and contractors have been
identified. This can minimize downtime for replacement,
even if the new system configuration requires substantial
changes to the building.

Utility incentives and local and state regulations can
also be motivations for replacement. Incentives can
substantially improve financial opportunities either
through cost reductions or financing incentives and
provide access to qualified design engineers and
contractors. Incentive providers may also have limited
amounts of money and/or time frames to incentivize
building owner action. They also favor more efficient
equipment such as heat pumps over traditional or less
efficient options, such as electric boilers. Local and state
regulations, such as decarbonization mandates, can
require certain building performance levels, which may
be best achieved with equipment different from what the
building currently uses.

Building expansions and/or changes of use can be an
ideal time to consider boiler replacement. Major building
expansions almost always involve additional HVAC

capacity and modifications. It may be more cost effective
to replace a boiler and size the new system appropriately
for the entire building than to leave an outdated boiler in
place and add a separate HVAC system for the expansion.
If the use of the building changes, the need for HVAC
capacity could also change and provide an opportunity to
upgrade/replace the boiler.

Determining Building and System Needs

The first step in planning a replacement is to determine
the requirements for a new system, which a qualified and
experienced design engineer, energy consultant, or other
HVAC professional can assist with if you are less familiar
with your system. Questions to ask include:

- Has the building’s use or load profile changed since
the current system was installed?

- Are future changes in use or expansion of the
building anticipated?

- How old is the current system?

- Are certain types of systems required or prohibited
by local regulations?

- Is the capital available to replace the system? If
not, can capital be acquired (e.g., loans, grants,
incentives) to replace/upgrade the system if
needed?

- What electrical capacity is available onsite?

Depending on the answers to these questions,
replacement may not be necessary, but a plan to replace
the boiler may still be worthwhile, if for no other reason
than planning for the investment is time-consuming and
may be a requirement of the business. As with any major
construction project, finding engineers and contractors,
planning with the utility for possible electrical upgrades,
ordering equipment with long lead times, and obtaining
permits are easier and less stressful with proper planning.

Understanding your building goals and plans is a key
step in determining the requirements for a new system.
Discussions with engineers and contractors will be more
productive if you have a sense of what you want or need
before you hire them, like if there are future expansion
plans or a change in use of the space, so they can consider
this in the systems they propose.

The next step is to talk to qualified engineers or
contractors.? This may be the engineer or contractor who
designed or maintains the existing system or a referral

2 ENERGY STAR,“10Tips for Hiring a Heating and Cooling Contractor,accessed August 13, 2024, https://www.energystar.gov/saveathome/heating-cooling/10-tips-hiring.
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from another business; or you can combine this step
with contacting your utility to inquire about available
incentives. If there are incentives available, the utility will
likely have a list of qualified contractors who have been
screened for quality and experience and who know how
to perform the work to qualify for incentives. It is always a
good idea to talk to several firms and get multiple quotes;
the prices and the scope of work can vary. The quoting
process itself can also be lengthy for larger projects.
Consider engineers with experience developing solutions
that address your project goals (i.e., decarbonization,
electrification, efficiency, etc.).

When deciding whom to hire, consider more than just
the initial cost. The scope of work and the performance
of the equipment can vary greatly. Some engineers or
contractors may be more interested in a like-for-like
replacement with minimal ancillary work. Other engineers
or contractors may be better suited for larger jobs, as they
have more staff and bandwidth for more complicated
design work, such as conversion to heat pumps, capacity
expansion, building expansion, and equipment sizing

for maximum efficiency and long-term performance
(including considering cycling). The availability of
engineers and contractors and their familiarity with local
requirements is also an advantage.

It is useful to understand the electrical capacity of

the building: Heating electrification often requires
additional electrical capacity to be installed, even for
heat pumps. This is especially true if converting the
heating systems from fossil fuel. It may be possible

to avoid or offset this cost by replacing an outdated
cooling system when upgrading the heating system.

First, the cooling electrical capacity may be sufficient to
supply most or all the required heating capacity, thereby
reducing or eliminating electrical upgrade requirements.
Second, the costs of replacing the cooling system can

be avoided if the new system can both heat and cool.
Heating and cooling systems are often of a similar vintage,
thus eliminating another major near-term capital expense.
Third, combining the heating and cooling systems could
also reduce space requirements, as a single system is likely
to have a smaller footprint.

It can also be advantageous to leave the existing heating
system in place while replacing the cooling system: A
heat pump could provide both cooling and heating, with
the existing heating system providing additional heat in
extreme weather events or in instances of limited existing
electrical capacity. The existing heating system can be
controlled to operate only when needed, reducing most
on-site emissions and providing some added resilience.

Example gas-fired boiler in an elementary school in Connecticut.
These types of systems are candidates for upgrading to a
commercially available electric heating system.

Photo by Paul Torcellini, NREL 3048

Understanding Existing Equipment,
Associated Systems, and New Water
Heating Options

The system design of each building is unigue. Working
with qualified and creative design engineers and
contractors who consider a holistic approach to boiler
replacement will lead to the most successful outcome.
Below are systemn components to consider when
preparing for a future boiler replacement.

Boilers:

There are different types of boilers, each with advantages
and disadvantages that you should be aware of when
contemplating changes to your system. If you're not

sure what type of boiler you have, a design engineer or
contractor can help you determine this, and the HVAC
Resource Map can provide additional context.


https://hvacresourcemap.nrel.gov/commercial-hvac/central-plant/boiler
https://hvacresourcemap.nrel.gov/commercial-hvac/central-plant/boiler

Beyond Boilers:

The boiler is only one component of the hot water or
steam system in a building. In addition to the boiler, you
should also consider the hot water temperature set points
and water/steam distribution and associated systems—
such as plumbing, pumps, fans and ventilation, etc.—that
could be improved during the retrofit to ensure successful
system performance. In many cases, the cooling system
should also be considered for replacement, as there are
multiple advantages in terms of space and electrical
requirements, reduced capital expenditure, and the
potential for lower operating costs. Here are some
additional components to assess:

- Hot Water Temperature: Heat pumps are increasingly
being used for hot water or steam applications.
While most are not capable of reaching the water
temperatures of fuel-fired boilers—about 180°F—
without supplemental systems, it is possible to
retrofit the existing hydronic system in the building to
comfortably heat with lower-temperature water? This
is accomplished by replacing radiators and heating
coils that can operate at lower water temperatures.
In some cases, the existing systems are oversized
and could serve the building with lower water
temperatures. A qualified engineer or contractor can
inspect and test the existing systems to determine
which upgrades are necessary for lower water
temperatures.

Distribution: Successful distribution of hot water or
steam in your building is essential to the performance
of the system. When planning to replace your boiler,
take the opportunity to consider upgrading the
distribution system: Are some parts of the building
not being heated evenly and need to be improved?
Are systems that do not require a distribution system,
such as distributed (point source) heat pumps like
Packaged Terminal Heat Pumps (PTHPs) or mini-splits,
suitable for areas in your building where installing
adequate distribution is too expensive? Think critically
about the challenges and think outside the box to
improve the space heating in your building.

« Pumps: Choosing efficient pumps and control
strategies helps reduce operating costs and extend
equipment life. Variable speed pumps, sensorless
pumps, high efficiency motors, and pressure reset
controls can help improve the pumping system in
your building.

Plumbing and Piping: The pipes in your building
are a key part of the distribution system, and any
issue can lead to major problems in the building.
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Example equipment room with space available for an
equipment retrofit. Some equipment rooms, however, do not
have such flexible space. Possible space constraints should be
accounted for early in the design process.

Photo by John Porter, NREL 12708

Pay attention to the different materials in your pipe
network, especially in the areas where you have

had problems: The material of the pipes may not be
suitable for the liquid in them, or the pipes may be
aged and need to be replaced. Often the hangers
holding the piping are made of a different metal
than the pipe itself and can cause a galvanic reaction.
Be sure that all dissimilar metals are isolated. Look
closely at the piping insulation: Wet spots indicate
condensation or potential leaks. Replacing degraded
insulation is an affordable and effective method for
saving on energy costs. Piping degradation can be
exacerbated with higher temperature systems, so
switching to lower-temperature systems can reduce
maintenance costs. The piping design and sizing will
need to be considered if there are water temperature
and capacity requirement changes. Improvements
to the plumbing system can also lead to lower
operating costs by reducing pump size and energy
consumption.

- Fans: While they are not the most important factor
in operating costs, they are critical for proper
combustion and safety. They require maintenance
and have a non-negligible impact on energy use. If
they fail, the entire system may be offline until they
can be replaced. Electric systems reduce complexity
and energy use by eliminating the need for these fans.

- Ventilation: Proper ventilation for mechanical rooms
with combustion equipment is a code requirement.
This ventilation requires energy for fans and places
an additional thermal load on the building. The

3 George Marshall."Evaluating Low-Temperature Water-Heating Options,’ Consulting-Specifying Engineer. Consulting-Specifying Engineer, October 27, 2016. https://www.csemag.com/articles/evaluat-

ing-low-temperature-water-heating-options/
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load can be reduced to some extent if energy
recovery ventilators (ERVs) are used, but these require
substantial capital costs and are not common in
smaller buildings. Non-combustion equipment, such
as heat pump boilers, can eliminate both the purchase
and maintenance costs for this auxiliary equipment.
However, large indoor heat pumps may require

an emergency refrigerant exhaust system. These
systems are activated in an emergency and so are not
consistently running and impacting energy use, but
there are purchase and installation costs.

 Thermal Energy Storage:** Thermal energy storage
stores heating or cooling thermal energy, enabling
the running of equipment at off-peak hours. Thermal
energy storage offers many benefits to the hydronic
systems in a building by reducing peak loads,
equipment size, equipment runtime, and equipment
short cycling. Storage can mitigate or eliminate higher
peak electrical demand and possible associated
charges when converting from a fossil fuel-fired
system to a heat pump. These improvements can
reduce operating and equipment costs and extend
equipment life.

- Cooling System: Replacing the cooling system with
a heat pump while retaining the existing boiler in
place can offer many benefits. The existing boiler can

be used as a secondary heater, while a heat pump
would be the primary. During the coldest days, the
additional capacity of the boiler maintains comfort
while the primary position of the heat pump reduces
operating costs during most conditions. This avoids
or greatly reduces the need to upgrade the electrical
infrastructure. The redundancy of the heating system
also means that a failure or maintenance of the
heating system is not as much of an emergency,
reducing the cost and stress of an otherwise
immediate and expensive event. This can reduce
capital expenditure, as only a single heat pump is
required rather than separate heating and cooling
systems, which are often of similar vintages.

Alternatives to Gas-Fired Boilers:

There are several electric space conditioning technologies,
most prominently heat pumps, that can be used instead
of fuel-fired boilers to meet your building’s heating load.
Technologies in this area are advancing rapidly, and

more efficient systems and environmentally friendly
refrigerant options are becoming available. The following
technologies are examples of these options, with some
acting as standalone units and others that can be used in
conjunction with other technologies. An engineering firm
may present a combination of these options as a solution
for your building.

4 NREL, “Cool Thermal Energy Storage: Basics,"accessed August 13, 2024, https://hvacresourcemap.nrel.gov/commercial-hvac/central-plant/cool-thermal-energy-storage.
5 NREL, "Hot Thermal Energy Storage: Basics,"accessed August 13, 2024, https://hvacresourcemap.nrel.gov/commercial-hvac/central-plant/hot-thermal-energy-storage.

Table 1. Alternative equipment to use in place of gas-fired boilers.

Use vapor compression cycle to supply hot or cold air directly from the refrigeration system, no intermediate working

Air to Air Heat Pumps
Split Heat Pumps; and RTU Heat Pumps.

fluid (such as water or glycol) is needed. Examples include Packaged Terminal Heat Pumps (PTHPs); Mini and Multi-

Use vapor compression cycle to produce and supply hot or cold water to building components like radiators, variable

Air to Water Heat Pumps

Ground Source or Water
Source Heat Pumps

Heat Recovery Chillers

Variable Refrigerant Flow

(VRF) Systems simultaneous heating and cooling.

air volume (VAV) boxes, fan coils, and other heat exchangers.

Similar to air to water heat pumps, except the ground or water is used as the source for the heat pump. These systems
can be more efficient than air source heat pumps.

Capture waste heat from the chiller condenser, allowing for simultaneous cooling and heating.

Supply refrigerant to heating/cooling units in individual zones in the building and can allow for energy recovery and

Use electric resistance to produce and supply hot water in the building; operate similarly to a fuel-fired boiler but are

Electric Boilers
less attractive in many cases.

typically more expensive to operate. The expansion of commercially available heat pump options renders this option

Contributing source: Goetzler, William, Young, Jim, Butrico, Mark, and Ryan Murphy. 2024. Guidance Document on Space Heating Electrification for Large Commercial Buildings
with Boilers. Washington, D.C.: U.S. Department of Energy. https://www.energy.gov/sites/default/files/2024-04/Large%20Building%20Boiler%20Electrification%20

Guidance.pdf


https://hvacresourcemap.nrel.gov/commercial-hvac/central-plant/cool-thermal-energy-storage
https://hvacresourcemap.nrel.gov/commercial-hvac/central-plant/hot-thermal-energy-storage
https://www.energy.gov/sites/default/files/2024-04/Large%20Building%20Boiler%20Electrification%20Guidance.pdf
https://www.energy.gov/sites/default/files/2024-04/Large%20Building%20Boiler%20Electrification%20Guidance.pdf

Example of an electric steam boiler. These can be compact
with low capital cost. However, they may require large
electrical capacity upgrades and have high operating costs.
Those upgrade and operational costs could be avoided with
a heat pump boiler.

Photo by Dennis Schroeder, NREL 38455

Boiler Replacement Impacts

When upgrading a boiler, there are many practical
considerations that go beyond sizing and cost. If onsite
carbon emissions reductions are important, electrifying
the heating system is often the most impactful method.
Heating and water heating are typically the major sources
of onsite emissions; replacing them with an electric
system often reduces these to zero.

System efficiency is another major consideration—it
can be a large factor in operational cost and can deliver
the largest cost savings in the long term. It is also
almost impossible to change after installation. The best
opportunity to improve efficiency is during the design/
installation of the system.

Another important consideration is whether
infrastructure upgrades are required. These can impact
project cost, duration, and potentially even interruption

of building operation. This is often a consideration when
switching from a natural gas boiler to an electric system
such as a heat pump. The electrical service to the building
may also need to be upgraded. Distribution upgrades may
apply regardless of whether the new system is centralized
or distributed.

New system configurations also offer opportunities for
correctly sizing equipment; older systems may have
been designed for outdated building uses and may not
modulate appropriately or have adequate distribution
systems. System sizing affects comfort and operating cost
and can affect system longevity, as oversized systems
may cycle excessively, and undersized distribution can
overload pumps and fans, leading to premature failure
and additional maintenance costs.

A new system should always be at least as efficient as

the system it replaces. If this is not the case, you should
carry out further design work in partnership with a design
engineer and consider alternative firms. The operational
cost savings must be weighed against the initial costs.
Additional costs to the project may be offset by the
reduced operating costs.

Examples From the Field

Since all buildings are different, there are many
approaches to boiler replacement, and the following
examples can serve as a starting point. The last two entries
in the table are a webinar and a collection of interviews
with HVAC designers, respectively, both of which contain
key insights from boiler retrofit practice.



Table 2. Example boiler replacement cases from the field.

Commercial Building
with Tenants: Hudson
Square Properties

Multifamily Building:
Forum Apartments

Historic Office
Building: Cook County
Forest Preserves General
Headquarters

Webinar: From the
Field: Efficient Hot Water
Systems

Designer Interviews:
Commercial Building
Boiler Retrofits

New York City, NY

Denver, CO

River Forest, IL

Various climates;

California

Various climates

- Replacement of steam heating and
packaged terminal air conditioning

(PTAC) units with water source heat pump
(WSHP) system with rooftop water tanks
for thermal storage

- Energy recovery ventilation system

minimizes wasted heat

- Heating and cooling shared amongst and

between tenants, and eventually, between
other buildings

« Replacement of window ACs and hydronic

baseboard heat supplied by district heat
with packaged terminal heat pumps
(PTHPs) in units and vertical terminal heat
pumps (VTHP) in corridors

« Replacement of steam heat exchanger

with central electric water heaters for
domestic hot water

- Packaged heat pump replaced rooftop

air-handling unit (AHU)

- Variable refrigerant flow (VRF) system to

be installed for space heating and cooling

- Replacing: natural gas boilers and

radiators; window ACs; gas-fired packaged
rooftop unit and direct expansion

cooling; gas furnaces and split system AC;
mechanical ventilation

- Lessons from the field touch on several

types of system changes

- Case study describes replacement of

municipal building boiler system with air
to water heat pumps

- Right-size equipment
- Install meters and collect building data
- Operate or design at lower water

temperatures

- Survey your options for optimal

electrification efforts

- Reduce building emissions even if

converting the building to all-electric isn't
feasible

Description: https.//www.nyserda.ny.gov/
About/Publications/Featured-Case-
Studies/Hudson-Square-Properties
Technical Details: https.//www.nyserda.
ny.gov/~/media/Project/Nyserda/Files/
Publications/Case-Studies/Empire-
Building-Challenge/Hudson-Square-
handbook-slides.pdf

Section 8.1: https.//www.energy.gov/
sites/default/files/2024-04/L arge%20
Building%20Boiler%20Electrification%20
Guidance.pdf

Section 8.2: https.//www.energy.gov/
sites/default/files/2024-04/L. arge%20
Building%20Boiler%20Electrification%20
Guidance.pdf

Webinar: https.//
betterbuildingssolutioncenter.energy.
gov/webinars/field-efficient-hot-water-
systems

Slides: https.//
betterbuildingssolutioncenter.energy.
gov/sites/default/files/2024-05/From%20
the%20Field%20-%20Slides. pdf

Paper: https.//escholarship.org/uc/
item/6k4369zv

Presentation: https.//cbe.berkeley.edu/
wp-content/uploads/2022/04/06-Boiler-
retrofits-decarb-04-22.pdf
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Financial Resources

Incentives, rebates, tax credits, and other forms of
assistance are available from numerous sources. Casting
a wide net when looking for financial assistance and
stacking and braiding these resources can greatly benefit
your project.

Your city, local jurisdiction, utility, or state may have
building performance standards (BPS) or other goals

or initiatives that have associated financial or other
assistance. There are also local organizations around the
country that provide contracting and financing assistance
to small, nonprofit, and community-focused entities.

At the federal level, the Energy Efficient Commercial
Buildings Deduction is available under Internal Revenue
Code Section 179D and was expanded under the
Inflation Reduction Act (IRA). U.S. Department of Energy
information on this tax deduction can be found here.

National Renewable Energy Laboratory

15013 Denver West Parkway
Golden, CO 80401

Transforming ENERGY

303-275-3000 - www.nrel.gov

Online tools like AFFORD, DSIRE, and the Better Buildings
Funding and Incentives Resource Hub can help you get
a sense of the funding options available to you given the
specifics of your project.

Conclusion

Planning a boiler replacement can improve the
functionality of your building and help achieve
decarbonization and efficiency goals. Every building is
different, and considering the needs, goals, and uses of
your building is important to finding the right system.
There are financial resources available, and working

with a thoughtful design team will help you successfully
complete the retrofit.

Schools 2 )
system upgrades.

Photo from Prairie Trails Early Learning Center in Mt. Prospe

Photo courtesy of FGM Architects

NREL is a national laboratory of the U.S. Department of
Energy, Office of Energy Efficiency and Renewable Energy,
operated by the Alliance for Sustainable Energy, LLC.
NREL/FS-5500-90439 - October 2024

NREL prints on paper that contains recycled content.
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