Improved Hot Water Code Calculation

Rationale

Code calculations for hot water use and energy consumption are overly simplistic. Current
calculations do not consider plumbing design, which typically engenders significant hot water
waste. They also assume that the same quantity of hot water is used by homes regardless of the
time of the year and regardless of climate location. Further, hot water recirculation systems that
are gaining popularity can cause significant increases in hot water energy consumption if
adequate controls are no employed. None of these hot water energy impacts are currently
considered by Florida’s Energy Codes.

Background

Hot Water Waste

Research indicates that conventional residential plumbing designs waste 20-25% of hot water use
in homes (Lutz 2005, Klein 2012, Henderson and Wade 2014) yet energy codes provide no
mechanism to account for this hot water waste. The quantity of hot-water waste that a hot water
distribution system experiences is dependent on three principle factors:

e The length and diameter of the hot-water piping between the hot-water heater and the
point of hot-water use (i.e., the volume of hot water that can be left in the piping)

e The amount of insulation on the hot-water piping

e The elapsed time between multiple hot-water events that use the same piping

Improved piping layout and plumbing design using insulated piping can significantly reduce hot
water waste. However, at present, there is no incentive in Florida’s Energy code that would
encourage better piping layout and plumbing design.

Hot Water Use Quantity

In addition to the hot water waste engendered by distribution system design, the quantity of hot
water used in residences is also influenced by the mains water temperature entering the home.
The research shows that approximately 50% of the hot water used in homes is for showering
(Henderson and Wade 2014) and that the mean hot water system delivery temperature is
approximately 125 °F (Lutz and Melody 2012, Parker 2002). Showering does not occur at 125 °F
S0 it is reasonable to assume that there is a “useful” mixed water temperature at which showering
does occur. Some quantity of water at the mains water temperature must be mixed with the hot
water to achieve the useful mixed water temperature. As a result, the temperature of the mains
water entering the residence is a significant determinant of the quantity of hot water necessary to
attain the useful mixed water temperature for at least 50% of the hot water used in homes (i.e. for
showering).

The National Renewable Energy Laboratory has conducted research to determine typical mains
water temperatures based on climatic data (Burch and Christensen 2007) and found that mains
water temperature is relatively well correlated to the average air temperatures and that it



fluctuates over the course of the year as a sinusoidal function. On an annual average basis, the
average mains water temperature is approximately equal to the annual average air temperature
plus 6.4 °F. Thus, in Tallahassee, Florida, the annual average mains water temperature is 73.2 °F
(66.8 + 6.4) and in Miami, Florida, the annual average mains water temperature is 82.5 °F (76.1
+ 6.4) a difference of 9.3 °F. If one assumes that the useful mixed water temperature for
showering is 105 °F, the impact of these mains water temperatures can be calculated. The
fraction of hot water at 125 °F needed to achieve the mixed water temperature of 105 °F is
calculated as follows:

Hot Water Fraction = (105 - Tmains) / (125 — T mains) Eqg. 1

Thus, for Tallahassee the hot water fraction is 0.614 and for Miami the hot water fraction is
0.529. The research has also shown that the typical shower lasts about 8.3 minutes at about 2.7
gallons per minute, using approximately 22 gallons of mixed water. Thus, in Tallahassee, the
typical shower would use 13.5 gallons of hot water but in Miami that same shower would use
only 11.6 gallons of hot water, or about 2 gallons less. If one assumes that there are
approximately 2 showers per day in the typical household, the difference in daily hot water use
between Tallahassee and Miami would be about 4 gallons per day — or approximately 1,460
gallons per year. The approximate energy implications of this difference in hot water use can
also be calculated. If one assumes minimum standard electric water heater efficiency of 0.95 and
the temperature difference between the mains water temperature in Tallahassee (73.2 °F) and a
hot water delivery temperature of 125 °F, the energy use for this additional 1,460 gallons of hot
water is 1460*8.3*(125-73.2)/0.95/3412 =194 kWh per year.

While bathing is the largest single user of hot water in the home, this same mixed water
temperature issue exists for all of the fixtures in the home where skin contact with hot water
occurs, meaning that the difference in total hot water use between a Tallahassee home and a
Miami home will actually be greater than 1,460 gallons per year.

Hot Water Recirculation Systems

Hot water recirculation systems are becoming increasingly more widespread. Hot water
recirculation system pumps and retrofit materials are advertised and sold in DIY outlets like
Home Depot and Lowes as devices that will reduce wait times for hot water at the tap or shower.
These hot water recirculation systems can be very large energy waste, increasing hot water
energy consumption by as much a 200% or more. Where they are incorporated in new homes,
the Florida Energy code should account for this potential increase in hot water energy
consumption.

Proposed Research

The proposed research will characterize hot water waste sources, characterize the implications of
the climatic differences on hot water use and characterize the energy impacts of hot water
recirculation systems and controls with respect to energy consumption in Florida homes and
recommend Florida-specific methods that can be employed in the Florida Energy code for
residential hot water use and energy consumption calculations.



Deliverables

A literature review, research report and recommendations suitable for consideration by the
Florida Building Commission in determining the most appropriate Florida-specific methods,
procedures and calculations for determining the energy use effectiveness, including the hot water
distribution system effectiveness, of domestic hot water systems in the Florida Energy Code for
Residential Buildings.

Budget
The estimated budget for completion of the project is $22,000.
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