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Overview

1.Elements of a recirculating DHWS

2.Introduction of applicable codes

3.Legionella

4. Design Considerations

5. Balancing
• Why

• Methods

Reference Material: Domestic Hot Water Systems - CEU 
221, March 2015; goes into more detail regarding 
individual elements and their design considerations



Recirculating DHWS – Why?



Why is Domestic Hot Water 

Recirculation Important

1. Occupant Comfort

2. Healthcare Requirements 

3. Safety Requirements 

4. Code Requirements 

5. Water & Energy Conservation



Water Conservation

• According to a 2014 Government Accountability Report, 
40 out of 50 state water managers expect water 
shortages under average conditions in some portion of 
their states over the next decade.

• Surveys have shown that wait times of 10-30 seconds 
were marginally acceptable and wait times in excess of 
30 seconds were considered unacceptable

• With these wait times a significant amount of water is 
wasted every minute of every day!

• A well balanced recirculating DHWS will go a long way 
in conserving water



End Uses of Water in Various Types 

of Commercial and Institutional 

Facilities



A Properly Designed DHWR System 

Should:
• Provide adequate amounts of water at the 

prescribed temperature to all fixtures and 
equipment at all times of use, 

• Utilize an economical hot water source,

• Dynamic – adapts to changing conditions

• Provide a cost-effective, efficient, and lasting 
installation,

• Provide an economical operating system with 
reasonable maintenance, and 

• Minimize risk to those using the fixtures it serves.



Elements of a DHWR System

• Hot Water Source

• Supply Piping

• (Thermostatic) 

Mixing Valves

• Pump(s)

• Return Piping

• Balancing Valves 



Hot Water Source

• Automatic storage water 

heater

• Instantaneous – tankless

• Booster heaters

• Semi-instantaneous

• Boilers



Supply Piping

• The portion of 
domestic hot water 
piping between the hot 
water supply and the 
fixtures.

• The heat loss from the 
supply piping is what 
determines the 
required recirculation 
system flow.



(Thermostatic) Mixing Valves 

• In systems where the 
domestic hot water 
temperature is to be 
lower than the 
temperature stored in 
the water heater, a 
(thermostatic) mixing 
valve should be used 
for tempering. 



Recirculating Pumps

• The required flow 

through the system is 

a function of the heat 

loss over time and 

the acceptable 

temperature drop to 

the last fixture.



Return Piping

• The return piping passes 

the water that is being 

circulated back to the 

water heater and the 

mixing valve

• Sizing the return piping 

is dependent on the 

flow in each segment.



Balancing Valves

• Purpose is to 

“normalize” flow in 

each branch to equally 

offset heat loss

• Types – manual; fixed 

flow; thermostatic; 

DDC



Balancing Valves
• The flow through each 

segment is a percentage of the 
total system flow and is 
regulated by the balancing 
valves

• A properly balanced 
recirculation system will result 
in the same temperature at 
each balancing valve

• Types of balancing valves: 
manual calibration, fixed flow, 
or thermostatic



What’s & Why’s of having to worry 

about balancing a system?
• Account for heat loss in transit to fixtures

• Account for paths of least resistance

• Recirculation systems have become a more 
critical and closely monitored issue in building 
design

– Plumbing Codes

– Legionella

– Water Conservation

– Impact on building efficiency



A Few Considerations When 

Designing the Recirculation System

1. Route the hot water supply pipe as close to 

fixtures as possible

– Less time required to get hot water to the fixture

– Minimize the potential areas for bacteria to grow

– Minimize wait time

– Minimize the dead leg where water could become 

stagnant



Dead Leg



A Few Considerations When 

Designing the Recirculation System

2. Calculate the flow required to offset heat loss at 
the end of each branch

– Balancing flow accordingly ensures no short-circuiting 
of hot water through the path of least resistance

3. Minimize flow velocity to prevent erosion in 
copper piping

– High water velocities combined with hot water can 
cause velocity erosion issues for the copper piping

4. Don’t oversize the pump!!!!!

5. Pay attention to the appropriate Codes



How to Improve Current Designs

1. Review traditional methods their 

advantages and disadvantages

2. Study alternative methods as well as their 

advantages and disadvantages

3. Make an informed decision as to the best 

solution for the given application



Codes that Dictate the 

Requirements for DHWS
• UPC & IPC state dependent

• Regional, state, and local plumbing codes 

• ANSI/ASHRAE/IES 90.1: Energy Standard for 
Buildings Except Low-Rise Residential Buildings

• International Boiler and Pressure Vessel Code

• CSA/ANSI Z21.22: Relief Valves for Hot Water 
Supply Systems 

• ASSE International standards

• ASHRAE Guideline 12: Minimizing the Risk of 
Legionella Associated with Building Water Systems



Model Plumbing Code Adoption Map



International Plumbing Code(IPC)



Code Variance

Plumbing Engineer: ‘Ideally, hot water 

should arrive at the fixture between zero 

and ten seconds …”



Important to Consider 

Legionnaire’s Disease 

• Legionnaires’ disease is a potentially fatal respiratory 
illness that gained notoriety when a number of 
American Legionnaires contracted it during a 
convention. (Philadelphia – mid 70”s)

• In warm water, the bacteria can grow and multiply to 
high concentrations

• The Legionella bacteria can be found in many domestic 
hot and cold water systems in trace amounts

• no health concerns with the bacteria until it colonizes 
and the bacteria are atomized and inhaled or aspirated



ASHRAE Standard
• ASHRAE Standard 188 establishes minimum 

legionella risk management requirements for 

building water systems.



Temperature Range for Legionella

• The Centers for Disease Control and Prevention (CDC) lists a 
favorable bacterial growth range of 90–113° F 

• ASHRAE lists a favorable bacterial growth range of 77–108F

• Legionellae Control in Healthcare Facilities lists the optimal 
temperature range for bacterial growth at 68–122°F

• The American Society for Healthcare Engineering (ASHE) and 
the Joint Commission list a range of 77–108°F 

• Combining these ranges would indicate a potential range of 
growth of 68–122°F 

• All available information indicates that almost all bacteria 
dies at temperatures above 130 °

• The higher the temperature, the faster the bacteria dies.



Methods for Controlling Legionella 

• Elevated Temperature Recirculation

• Heat and Flush

• Copper Silver Ionization

• Chlorine Dioxide Gas Injection

• Halogenation

• Ultraviolet Radiation

• Ozonation

• Hyperchlorination

• Filtration/Rechlorination



ASHRAE v. OSHA

• What ASHRAE Says:
– ASHRAE 90.1 also includes the following mandatory 

provisions:
• “Recirculating hot water systems must be equipped with automatic 

time switches or other controls that can be set to switch off the usage 
of the temperature maintenance system during extended periods when 
hot water is not required.”

• “Temperature controlling means shall be provided to limit the 
maximum temperature of water delivered from lavatory faucets in 
public facility restrooms to 110°F.”

• What OSHA Says
– “To minimize the growth of Legionella in a system, domestic 

hot water should be stored at a minimum of 140°”

– “Domestic hot-water recirculation pumps should run 
continuously. They should be excluded from energy 
conservation measures.” 



Why do we have to balance?

• All branches are not created equal

• Each branch has its unique heat & friction loss

• Flows must be “normalized” to offset these 

losses

• Thus assuring the correct temperature is at the 

end of each branch



An Unbalanced DHWR System

• What happens when 

the system is not 

balanced or improperly 

balanced? – flow is not 

“normalized” to offset 

heat loss in each 

branch



An Unbalanced DHWR System



Domestic Hot Water Recirculation 

Systems

• Each circuit has its own heat loss and friction 

effects, from varied pipe diameter and length, 

fittings, fixtures, insulation, ambient temp. etc.



Calculating the Required System 

Flow

• ASPE & ASHRAE publish guidelines for 

calculating heat loss in DHWR systems

• Determining the system heat loss leads to the 

determination of the system (pump) flow 

required to offset the heat loss

• That being said there are a lot of “individual” 

flow determinations based on experience, 

“rules of thumb”, practices handed down from 

generation to generation



“Guestimation” for Recirculation
• 0.5 GPM estimated for each 3/4” to 1” riser 

• 1 GPM estimated for each 1-1/4” to 1-1/2” riser 

• 2 GPM estimated for each 1-1/2” to 2” riser 

• Or guestimate 1 GPM for every group of 20 hot 

water supplied fixtures.



Balancing Valves

Types & Required Certification

• Manual – adjustable ball valve type, with pressure ports 

to determine flow

• Fixed Flow (“automatic”) – constant flow based on a 

selected cartridge independent of pressure drop

• Thermostatic – flow is modulated by water temperature

• NSF61 Certification – over 40 states mandate that 

balancing valves have NSF61 approval, not to be 

confused with NSF/ANSI 372 (low lead only). NSF61

includes a leachate test to evaluate products for all 

contaminants of health effects concern, not just lead.





Balancing Through Manual 

Adjustment of Flow

• Calculate flow rate required to offset heat loss 

in a given branch/riser

• Set the flow through the balancing valve by 

measuring pressure drop across the valve using 

the supplied charts

• Iteratively adjust the  balancing valves to 

“tweak” the flow rates to “normalize” the flow 

through all of the branches providing “equal” 

temperature throughout



Manually Adjusted Balancing Valves



Manually Adjusted Balancing 

Valves

• Of globe valve design (most)

• Relatively inexpensive

• Knob adjustment; some have graduated set-

point markings, and some with locking 

memory setting

• Ports for reading the pressure differential 

during manual balancing



Manually Adjusted Balancing 

Valves
• Supplied with Flow rate vs. Pressure Loss 

charts and Graphs, or Spreadsheets, for their 

various settings



Fixed Orifice Type

• Constant Cv venturi orifice between pressure 

ports

• Can be *slightly* quicker to set due to one 

variable in the Cv-ΔP-GPM relationship being 

constant

vs.



Difficulty of balancing with a 

manual valve

• Setting a manually adjusted system requires the 
valves to be iteratively adjusted and readjusted

• Can take a significant amount of time

• Have to have a journeyman (certified plumber)

• Equipment needed - commissioning tool

• Sometimes done without mathematical 
calculations - primarily guestimate [rule of thumb]

• Pressure dependent - flow will change when the 
pressure changes
– Balancing inherently done in a static condition



Benefits of Manually Adjusted 

Balancing Valves

• Field adjustable

• The least expensive valve cost 



Fixed Flow Balancing Valves

• Frequently advertised as ‘Automatic’ because 

they maintain their specified flow rate 

throughout a range of pressure differentials

• They function with replaceable, flow regulating 

cartridges, each having set operating flow rate 

and pressure differential ranges



Difficulties with Fixed Flow

• Prone to clogging – small orifice, tight 

clearances 

• Still dependent on calculations - guestimate

• Not dynamic



Benefits of Fixed Flow Balancing 

Valves 

• Factory set

• Replaceable internals of the valve for 

maintenance or change in flow requirement



Thermostatic Self-Adjusting 

Balancing Valves
• Temperature actuated to adjust the return flow 

rate to maintain the specified hot water 

temperature - dynamic

• Increases the return flow as water temperature 

cools below the specified set-point

• Reduces the return flow of water that is still hot



Issues with Thermostatic Balancing

• Thermostatic balancing valve cost is higher 

than manual or fixed balancing valves 



Benefits of Thermostatic Valves

• Dynamic, Self-Actuating

– Does not require a calculated flow or rely on pressure

– Adjust to system demands as parameters change

• Eliminates need for iterative setting (labor)

• Installs the way the engineer designed

– Valve is designated by temperature and pipe sizing

• Match to the pipe size at the end of the supply branch

• Select a closed temperature setting

• Ideal for a retrofit because automatically balances



Benefits

• Supports accurate system balancing and design 

• Always allows some flow, never fully closed

– Even low flow helps thwart bacteria growth

– Can still run a sanitizing flush through system

• It is a temperature device solving a 

temperature problem – not a flow devise 

solving a temperature problem



Lack of Awareness of Thermostatic 

Balancing Valves
Recent survey of a few hundred plumbing 
engineers:

• 58% said biggest challenge is accurately setting 
balancing valve flow rates (vs. knowing what 
type/size is best, etc.)

• ~60% said they have most experience with 
manual & fixed flow valves

• Only ~20% regularly use thermostatic type but 
growing significantly



Thermal Balancing Valve with 

Variable Speed Pump

• Thermostatic valves and VFD pumps complement 

each other to provide maximum efficiency

• Pumps can proportionately slow down as valves 

approach setpoint

– Minimizes wasted hot water and energy.

• Constant Pressure Mode or “AUTOAdapt” setting 

recommended.

– Valves take care of temperature

– Pump takes care of flow



Summary 

1. Domestic Hot Water Recirculation Systems are 
becoming a more critical design issue

2. Plumbing and health codes, as well as efficiency 
goals, will impact designers decisions

3. Important to understand actual requirements –
no more “guestimation”

4. Recognize problems with conventional balancing

5. Embrace the technology

– Use the valve that solves the design challenge

– Create a system that works together for efficiency



Questions?

Why is Domestic Hot Water Recirculation 

Important (name 2 of 5 reasons)?

What is the purpose of a balancing valve 

in a recirc DHWS?

What are the 3 primary types of balancing 

valves?

What ANSI accredited certification is 

required for water distribution systems in 45 

of 50 states?

What is the biggest difference between a 

thermostatic balancing valve and the other 

types of balancing valves?


