


Building Science Education Solution Center – Decision Guidance for HPWH
Proficiency Level 3: Apply
Learning Objective 3.1:
· Employ condensate and routing options.
Lecture Notes 3.1:
References:
Hot Water Solutions. Heat Pump Water Heater Installation Best Practice. Accessed 2023.	<https://hotwatersolutionsnw.org/installation/do-it-yourself> 

[bookmark: _Hlk134101734]PG&E: Overcoming Installation Challenges for Heat Pump Water Heater Retrofits – Pacific Gas & Electric Presentation. Accessed 2022. (Requires free registration)
	<https://pge.docebosaas.com/learn/ (Pacific Gas & Electric)>

International Code Council. Mechanical Code – Chapter 3 General Regulations. 2015
	<https://codes.iccsafe.org/content/IMC2015CU/chapter-3-general-regulations>

Condensate is formed when moisture from the ambient air is cooled at a constant pressure to the point that it forms a liquid and settles on the cooling surface. Heat pump water heaters (HPWHs) can produce condensate on the evaporator coil during their normal operation, which must be addressed. While the condensate itself is neutral and harmless, if excess moisture is allowed to build up over time it can lead to other issues, such as biological growth (e.g., mold). The condensate must therefore be properly drained to avoid build up.

The first step to set up a HPWH for proper drainage is to ensure that the water heater tank is level so the evaporator drain pan can drain the condensate efficiently. The condensate is collected in a tray below the evaporator coil, which must then be routed to an existing drain or external location using standard PVC piping. According to the International Mechanical Code (IMC), if an existing drain is used, it must be at least ¾ inches in size and larger than the drainage pipe. It should be able to be easily reached for cleaning and removing potential blockages. The homeowner can also choose to drain the condensate into a storage tank for use in irrigation or other purposes. If the HPWH is located in an uninsulated room that can drop below freezing, or if the condensate is drained outside into a cold climate, then care needs to be taken to ensure the drainage route does not freeze and cause blockage. 
If the condensate from the HPWH cannot be drained effectively using gravity, a condensate pump may be required. For example, if the unit is located in the basement and the available drain is located on the ground floor, a pump can be used. If the HPWH shares a space with an air conditioner, the condensate from these two pieces of equipment can often be served by one pump. 

Problem Set 3.1:
1) Which of the following is true about condensate from HPWHs?
a. It is highly acidic.
b. It forms from the moisture in the air.
c. Only a certified contractor can handle it.
d. It will naturally evaporate so you do not need to worry about drainage.
2) True or False: HPWH condensate drainage blockage is more likely to occur in below freezing temperatures.
Learning Objective 3.2:
· Determine the appropriate size of HPWHs for specific household’s needs
Lecture Notes 3.2:
References:
Department of Energy. Heat Pump Water Heaters. Accessed 2023.	
	￼<https://www.energy.gov/energysaver/heat-pump-water-heaters

Department of Energy. Sizing a New Water Heater. Accessed 2023.
	< https://www.energy.gov/energysaver/sizing-new-water-heater>


Proper sizing of a HPWH should ensure hot water needs are met while maximizing efficiency. Efficient operation should minimize electric resistance usage. In most systems, resistance heating turns on to meet high demand or when the air temperature is too cold for the heat pump to operate. This occurs because of the faster recovery time of resistance heating compared to heat pump operation. The recovery time of a water heater refers to how long it takes to reheat new water in the tank after the already heated water is used. If the HPWH can be sized to meet the typical high demand of a household without needing to recover hot water, this will minimize electric resistance usage. The heat pump will then be able to recover slowly until the next period of demand. Additionally, for 120V HPWHs with smaller or no electric resistance backup, sizing to meet this demand will prevent hot water runouts. 
[bookmark: _Hlk102634439]To properly size a HPWH, match its first hour rating (FHR), or the number of gallons of hot water the HPWH can supply per hour with a full tank of heated water, with the peak hour demand for the household. The first hour rating will depend on the storage tank capacity and input rate of heat from the compressor.
To estimate the peak hour demand, first determine the time of day the most hot water is used in the household, and narrow it down to a single one-hour period. Next, complete the worksheet below for this one-hour peak usage time, and calculate the total of each usage during that hour. This value will be the peak hour demand for the household in gallons, and a HPWH will need a first hour rating of this amount or higher.
	[bookmark: _Hlk102647778]Table 1: Worksheet for Estimating Peak Hour Demand/First Hour Rating

	Use
	Average gallons of hot water per usage
	
	Times used during 1 hour
	
	Gallons used in 1 hour

	Shower
	20
	×
	
	=
	

	Shaving (.05 gallon per minute)
	2
	×
	
	=
	

	Hand dishwashing or food prep (2 gallons per minute)
	3
	×
	
	=
	

	Automatic dishwasher
	7
	×
	
	=
	

	Clothes washer
	
	×
	
	=
	

	- Top-loader
	25
	
	
	
	

	- H-Axis
	15
	
	
	
	

	
	
	Total Peak Hour Demand
	=
	


Source: energy.gov (https://www.energy.gov/energysaver/sizing-new-water-heater) 
In addition to the above sizing guidance, a few other factors need to be considered. The first is mixing valves and the hot water setpoint. Mixing valves allow for the temperature of the water in the tank to be higher than normal, then mixed with cold water to reach a lower temperature that is safe for use. It increases the amount of thermal energy that can be stored in the tank, and as a result increases the amount of hot water that can be delivered before the tank runs out. There will likely be a slight decrease in efficiency due to higher standby losses (thermal losses through the tank while the hot water in the tank is not being used), though it may be offset by less use of the electric resistance elements in times of high demand. For 120V equipment, the mixing valve can be crucial to preventing hot water runouts. Once the tank is empty, the heat pump will take a while to recover the tank temperature. Increasing the effective capacity of the tank with a mixing valve will help avoid that problem. Some HPWHs come with an integrated mixing valve, so verify the equipment before adding an aftermarket mixing valve. Mixing valves may also be required to take part in certain rebate or incentive programs. 
The second factor to consider is the recovery time and the conditions that affect it. Recovery time in heat pump mode is affected by not only the inlet water temperature, but also the ambient air temperature in the space. Low inlet water temperatures and cooler air in the winter can significantly increase the recovery time. This can cause challenges in colder climates, or in outdoor installation locations. When sizing, consider all of the above guidance to ensure hot water needs are met efficiently. 
Problem Set 3.2:
1) [bookmark: _Hlk102634418]What is the first hour rating of a water heater?
2) [bookmark: _Hlk102647736]Calculate the first hour rating of a HPWH properly sized for a household that has the following peak hour demand: 2 showers, 2 shaves, 1 food prep, and 1 top-loader clothes washing.

Learning Objective 3.3:
· Establish other installation guidance topics, including: 
· How recirculation pumps work and whether they should be installed in HPWH
· Back draft safety for cases where a gas furnace and a HPWH are in the same room
Lecture Notes 3.3:
References: 
Hot Water Solutions. Heat Pump Water Heater Installation Best Practice. Accessed 2023.	<https://hotwatersolutionsnw.org/installation/do-it-yourself> 

Ask This Old House. How to get Hot Water with a Recirculating pump. 2016, Accessed 2023.
	< https://www.youtube.com/watch?v=AQC_shrv8KA&ab_channel=ThisOldHouse>
Rheem Technical Service Bulletin. HeatPump Water Heater w/ Recirculation. 2019, Accessed 2023.
	< https://rmc-cdn.s3.amazonaws.com/site/rheemdotcom/resources/tech-bulletins/Heat+Pump+w-recirculation+1331.pdf>

Insider Tech tip. Water heater venting safety. 2016, Accessed 2023.
	< https://insider.energytrust.org/tech-tip-water-heater-venting-safety-2/>


Recirculation Pumps:
A continuously operated circulation pump, or recirculation pump, is used in water heaters to ensure that hot water is available at any time. This is more apparent with water fixtures that are located far away from a building’s water heater, as there is more water in the pipe that needs to be pumped out before hot water from the water heater can be delivered to the fixture. Recirculation pumps address this issue by continuously circulating water through a valve that diverts water from the fixture back to the water heater, where it is heated. The water is recycled this way until it reaches the desired temperature, as measured by a temperature sensor placed at the input of water flow to the water heater. When the desired temperature is reached the recirculation pump shuts off. Note that using a recirculation pump to ensure there is hot water in the water lines means that if cold water is needed instead, the cold water may be lukewarm from the heat, and could take time before the water is cold.
Recirculation pumps can be used for water systems with HPWHs as well, but an issue that has come up with this use is that the hot water being circulated can prevent the HPWH from operating correctly.  If the temperature of the water coming into the HPWH is not cold enough, then the HPWH will not activate its heating cycle to heat up the tank water. This limits which modes of the HPWH can be used with the recirculation pump to be able to avoid excessive, wasteful operation. Another issue is that a continuously running recirculation pump causes energy waste. Because of this, many energy efficiency programs require that if a recirculation pump is installed it has to be tied to a push button or occupancy sensor in the bathroom to make it operate only on demand. 
Backdraft Safety with HPWHs and Gas Furnaces Sharing the Same Airspace:
When using a gas furnace or other combustion appliances, there is a possibility of backdrafting, where the products of combustion, exhaust, and flue gases aren’t vented properly, and instead escape into the indoor air space. There is a minimum airspace needed for safe operation of combustion appliances, which is dependent on the type of appliance. If the room’s airspace is insufficient to operate the furnace safely, louvers and openings can be added to connect to another airspace to provide the necessary volume. When multiple combustion appliances share the same airspace, more air is needed to operate safely and avoid backdrafting.
Similar considerations must be made if HPWHs share an airspace with furnaces or other appliances that operate through combustion. HPWHs release cold air to their surroundings as a byproduct, after drawing in warm air to heat up the water in the HPWH’s tank. This temperature drop can depressurize the airspace, so if the HPWH is sharing the same air space as a combustion appliance, the decrease in pressure can cause the appliance to no longer have enough air to operate safely and backdraft as a result. Other ways this could occur is when the common vent might be oversized when it is just the gas furnace that remains, preventing the gas furnace from drafting correctly. And if the HPWH exhaust is only ducted, it can depressurize the room where the HPWH and gas furnace resides causing the gas furnace to backdraft.
For additional information about combustion safety for gas-fueled appliances, see the Combustion Safety module.
Problem Set 3.3:
1. What can cause excessive, wasteful energy use when using a recirculation pump with a HPWH?
2. How can a HPWH cause a combustion appliance to backdraft when operating in the same airspace?
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