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Streamlining
Electrification
In the project in August’s
“Streamlining Electrification in
Support of Decarbonization,” by
Nathan Ho, P.E., Member ASHRAE,
the domestic hot water load is significantly smaller than other loads.
Would the proposed system still be
more energy efficient with higher
COP than the baseline during the
California summer with limited hot
water demand for heating?
What heating loads are being
served in these buildings during
summer?
Shahid Naeem, Member ASHRAE, Milton, ON, Canada

The Author Responds
The limiting factor on efficiency
of the overall proposed process is
the relatively low heating hot water
temperature produced by the HVAC
heat recovery chillers; the low heating hot water temperature necessitates the use of auxiliary electric
heat to meet the 140°F domestic
water storage requirements in the
application covered, which lowers
the aggregate COP of the process,
even during summer conditions.
We anticipate summer heating loads would be minimal and
primarily driven by HVAC reheat
demands.
Nathan Ho, P.E., Member ASHRAE, Irvine, Calif.

Building
Decarbonization
And HVAC
In our opinion, the article “How
Building Decarbonization Can
Transform HVAC” in the September
2021 issue by Peter Rumsey, P.E.,
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Fellow ASHRAE; Jorlyn Le Garrec,
Associate Member ASHRAE; and
Avril Levasseur, P.E., Associate
Member ASHRAE presents an unrealistic picture of the ability of electric heat pumps to replace natural
gas fired appliances in space heating applications, particularly where
gas fired boilers are currently used
in cold climates.
The authors acknowledge the
drawbacks of electric resistance
heating as a means of decarbonization, noting that it can consume
several times the energy used by a
heat pump. While not stated, it follows that when source to site losses
are considered, electric resistance
heating may well consume more
energy, and produce more greenhouse gas (GHG) emissions, than a
natural gas boiler located on-site.
This, of course, is due to the far
greater losses associated with electrical generation and transmission.
Consider Scenario Bin Figure 1 of
the article if 100% resistance heating
is substituted for the heat pump.
Using the authors’ own assumptions
for transmission losses and power
plant efficiency, one finds that it
takes 224 units of energy to produce
100 units of heating energy on-site,
a 45% source to site efficiency. This
is compared to the 80% source to
site efficiency for the 84.7% efficiency gas boiler in Scenario A (the
Figure 1 note indicating this to be
a 90% boiler also appears to be
incorrect).
Of course, the authors are
not advocating widespread use
of electric resistance heating.
Nevertheless, existing heat pump
technology is not going to replace
gas boilers in cold climates without
significant amounts of backup heat
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(i.e., electric resistance) in most
existing buildings. It will also not do
so at the COP levels assumed by the
authors. Air-to-water heat pumps
are generally designed to supply
water at temperatures below 140°F,
whereas many hydronic systems
require 180°F supply water under
design conditions. While such heat
pumps may indeed be able to operate at, or close to, outdoor design
temperatures in northern parts
of the U.S., they are likely to operate at a COP below 2.0 under these
conditions when supplying 140°F
water (if they can do so at all). If one
assumes a COP of 1.8 in Scenario B,
rather than 3.0 as the authors do,
the source to site efficiency of the
heat pump is no higher than that of
the gas boiler in Scenario A.
Many factors determine whether
there is really a benefit to the electrification of a given heating system.
Chief among these is the ability of
the heat pump to operate throughout the heating season at an average
COP (corrected for any backup electrical resistance energy consumption) high enough to compensate
for the incremental generation and
transmission losses associated with
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the use of fossil fuel derived electricity. Colder climates,
older buildings, higher hydronic system water temperatures and more carbon intensive electrical grids all tend
to work against building electrification saving energy or
providing any real GHG reduction.
If one looks at operating costs, the COP must be even
higher to compensate for electricity costs that in the U.S.
average more than 3.5 times as much as natural gas on a
cost per unit energy basis (DOE March 2021 data). When
compared to a gas boiler having a seasonal efficiency
of 84% this means that the seasonal COP needs to be at
least 2.94 for the heat pump system to result in lower
operating costs.
The authors, as well as ASHRAE’s leadership, seem to
regard building electrification as a panacea. Much as
they may wish otherwise, fossil fuels continue to produce over 60% of the electricity in the U.S., grid capacity
is marginal in many areas and heat pumps are not up to
the task of replacing fossil fuel heating equipment in all
applications. These realities may change over time but
to assume so would be irresponsible. A premature, onesize-fits-all rush to building electrification will result in
higher operating costs, lower grid reliability, and greater
GHG emissions. These consequences, along with any
resulting decrease in system performance, are contrary
to ASHRAE’s purpose and the interest of the public we
serve.
Keith Page, Member ASHRAE, Zeeland, Mich.; David Scearce, P.E., Member ASHRAE,
Reading, Pa.; Paul Sohler, Member ASHRAE, Merchantville, N.J.;
Cory Weiss, Associate Member ASHRAE, Warren, Mich.

The Authors Respond
Thank you for your interest in our paper and for taking
the time to express your concerns. The primary concern
expressed is about heat pump efficiency at low temperatures, which result in higher operating cost and greater
greenhouse gas (GHG) emissions. You bring up a good
point that heat pump COPs will drop in cold temperatures. In talking to multiple heat pump manufacturers,
we have found that heat pumps are already available—or
will be in the next two years—that produce 160°F with an
average COP of 2.0 below 20°F. While a COP of 2.0 would
indeed bring down heat pump efficiency resulting in
less energy and carbon emission savings, this condition
occurs for only a fraction of the heating season.
Chicago is one of the coldest large cities in the U.S.
The histogram above shows the binned hourly temperature of Chicago during a typical heating season. While
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temperatures do frequently drop below 20°F, they only
do so for less than 16% of the hours in October-April.
While we will lose efficiency during those hours, over
the entire heating season, the heat pumps will maintain
an average COP of 3.0 and above.
Our modeling study, which used industry standard
EnergyPlus software to compare natural gas boilers and
all-electric alternatives, supports this conclusion. The
study modeled office buildings in eight cities around
the U.S. for a year, which includes all equipment performance curves throughout the year. This means that we
modeled the energy consumption of heat pumps in 10
minute intervals over an entire year using the ambient
temperature of the associated city and resulting heat
pump efficiency.
Our results show that all-electric heat pumps result
in less annual carbon emissions than their natural gas
alternatives in all but the most carbon-intensive grids.
Additionally, we show that while there are no operating
cost savings, the operating cost for heat pumps is comparable to natural gas alternatives in most U.S. cities.
While heat pumps may not be the solution for all buildings, they are already a viable solution for the majority
of buildings. Time and technological improvements will
only expand their applicability.
We agree that the electrical grid is in need of improvements; however, these improvements will be required
whether or not buildings are electrified. The majority of the electrical grid and natural gas distribution
infrastructure are several decades old and will be going
through upgrades regardless of building electrification. Your letter notes that “fossil fuels continue to
produce over 60% of the electricity in the U.S.” While
this may be true of the current generation, in 2020
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renewables accounted for 76% of
new electricity generating capacity (EIA, U.S. Energy Information
Administration), and this number
is only expected to increase in 2021.
Renewable energy generation is
now more cost competitive than
other generation options. As we
pointed out in the article, even with
a grid that is 100% natural gas powered, heat pumps using the annual
average COP have almost 25% lower
carbon emissions than burning
natural gas in a boiler.
Regarding all the issues brought
up, you agree that “These realities may change over time but to
assume so would be irresponsible.”
The basic facts are that the realities
are already changing with states,
cities, companies and even utilities
across the U.S. already committing
to carbon neutrality. The climate
crisis is already upon us, and the
building sector, which accounts for
40% of U.S. carbon emissions, must
respond.
The mission statement of ASHRAE
clearly states, “to serve humanity
by advancing the arts and sciences
of heating, ventilation, air conditioning, refrigeration and their
allied fields.” We argue that it would
be irresponsible as members of
ASHRAE to overlook the opportunity
for applying more energy efficient
and low carbon equipment in the
many possible situations that exist
today. We, as part of the building
community, due to the dire circumstances and large impact of buildings, need to prioritize building
decarbonization.
Peter Rumsey, P.E., Fellow ASHRAE; Associate Member
ASHRAE; Jorlyn Le Garrec, Associate Member ASHRAE;
Avril Levasseur, P.E., Associate Member ASHRAE,
San Francisco

Optimizing Coil
Loop Energy
Recovery Systems
The article “Optimizing Coil Loop
Energy Recovery Systems” by Gene
Nelson, P.E., Life Member ASHRAE,
in the November 2021 issue is not
clear on how to size the heat recovery coil. The article mentioned
selecting the lowest fluid flow rate.
However, in the coil sizing procedure, it did not mention the flow
rate at all. Also, the procedure mentioned starting the selection with
Qmax, a capacity the heat recovery
coil is unable to achieve. Please
advise.
Somchai Paarporn, P.E., Member ASHRAE, Potomac, Md.

The Author Responds
The article discusses how to determine the minimum tube velocity
using the Reynolds number equation. The flow rate per tube equals
the flow area of one tube times the
minimum tube velocity. To make
the units work out, you will need
to convert the flow area to square
feet or square meters. The product
will then be in cubic feet per second
or cubic meters per second. These
terms can then be converted to
more familiar units of gallons per
minute or liters per second using
conversation factors in the ASHRAE
Handbook—Fundamentals, Chapter
39. Be sure to use the inside tube
diameter in calculating the tube
flow area.
The next step is to select a coil following the procedures discussed to
minimize the number of circuits.
Coil selection software will usually
tell you the number of tube rows
in the height of the coil. The total

number of circuits equals the number of tube rows in the coil height
times the circuiting percentage.
Examples of circuiting are 1/3 (33%),
1/2 (50%), full (100%), or double
(200%). One can estimate the number of tube rows in the coil height
by dividing the coil height by 1.5
(38 mm) per row. The total coil flow
rate is equal to the flow per tube
times the number of circuits.
In determining the value of SERR,
any value of Q at a given OA temperature using a temperature close
to the entering fluid temperature
will work. Qmax is suggested because
this value can be used in scheduling the maximum amount of heat
transfer, which is based on the limits imposed by the frost controls.
I would also like to encourage
designers to explore retrofit opportunities using these guidelines. By
changing out the working fluid,
adding VFDs to pumps and additional frost controls, the system performance can be greatly improved
by using these low-cost changes.
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Gene Nelson, Gene Nelson, P.E., Life Member ASHRAE,
Madison, Wis.
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