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Background story  



What can we do about potable systems?
Reduce energy storage & bacteria in domestic water piping systems

Reduce primary piping transmission heat losses with fewer risers

Reduce primary piping chase space & associated capital & labor costs 

Create smaller localized domestic water networks

Provide individualized domestic heated water on demand

Enable adaptation to district energy retrofits

Select exchangers for lowest return temperatures for energy efficiency

Optimize systems for use with renewable energy for exergy efficiency



Strategy…use an old, simple & timeless approach that works



Substation



Typical Application

Substation

Heat Terminal Unit



Typical Application

Substations



Typical Application



Distribution



Distribution

Substation w/o recirc

Traditional w/recirc



Distribution: volume & piping surface area reduction

SubstationTraditional 



Heat exchanger selection: optimize for lowest return temperature

heating fan/coil
Source: Bean, R., 2016. The effect of heating coil performance on boiler efficiency and system complexity. HPAC Magazine Canada



Heat exchanger selection: optimize for lowest return temperature

heating fan/coil
Source: Bean, R., 2016. The effect of heating coil performance on boiler efficiency and system complexity. HPAC Magazine Canada



Heat exchanger selection: optimize for lowest return temperature

Source: Bean, R., 2016. The effect of heating coil performance on boiler efficiency and system complexity. HPAC Magazine Canada

Coil D: one-time capital cost increase for lifetime of energy & exergy efficiency benefits



Heat exchanger selection: optimize for lowest return temperature

domestic water double walled brazed plate 
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Low exergy renewable thermal energy: geo & solar  
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Temperatures (i.e., within rooms, human body, heating/cooling systems, heat terminal units, combustion)
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The Relationships Between Building Performance and Temperatures
A Study in  Energy, Exergy, Entropy, Efficacy, Entransy, Efficiency

Heat pump (heating) Gas/oil/propane furnaces, water heaters, boilers
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Dimensioning Heat terminal unit

Heating returnHeating supply

Domestic/potable supplyDomestic/potable load



Typical Flow & Temperature Demands from Domestic Load

Ref.: IPC / UPC Codes for water supply fixture units (WSFU), max vel. 10 fps, PEX pipe

Source: Bean, R., Stotko, A., Koppi, A., Wiedemann, J., Finch, J., Bliss, K., Folkedahl, M., (2021) Centralized Plants with Decentralized Solutions Using Substations for Enabling Energy and 
Exergy Efficiency, Conservation of Energy and Mass, and Promoting Safety and Hygiene in Multistory Potable-water Systems. White Paper



Typical Flow & Temperature Demands from Domestic Load

Ref.: IPC / UPC Codes for water supply fixture units (WSFU), max vel. 10 fps, PEX pipe

online flow/velocity tool



Typical Risers



Typical Riser Dimensioned



Simplified Plant Piping & Control Representation

Single-source heating 
plant with a buffer 
tank feeding 
distribution network to 
system risers. 



Plant Piping & Control Representation

Multisource heating 
plant using a 
primary/secondary 
strategy serving 
multiple buffer tanks 
piped in reverse-
return, feeding 
distribution networks 
to system risers. 
Generally, parallel 
buffer tanks are used 
with systems having 
more than 200 
substations.



Plant Piping & Control Representation

Multisource heating 
plant using a 
primary/secondary 
strategy serving 
multiple buffer tanks 
piped in series, 
feeding distribution 
networks to system 
risers. Generally, in-
series buffer tanks are 
used with systems 
having less than 200 
substations.



Flow/pressure…constant or proportional…it depends

It may be necessary, in some cases, to have an external input to the circulator 
from the system controller to offset (shift) the curves to accommodate peak 
and seasonal demands through the substations and heat terminal units.



Case Studies
Galileo Business Hotel Marriott Courtyard, Garching bei Muenchen, Germany

256 rooms and 159 apartments, potable demand for hygienic, fast reaction 

times (5 to 8 seconds), riser supply temperature of 131°F (55°C), high 

simultaneity of 5 U.S. gpm (19 l/min).

Leonardo Hotel, Dortmund, Germany 

181 rooms, potable demand for hygienic, fast reaction times (4 to 6 

seconds), riser supply temperature of 140°F (60°C), high simultaneity of 3 

U.S. gpm (12 l/min).



buffer tanks: note June return temperature profile 

buffer tanks: note December return temperature profile 



Galileo Business Hotel Marriott Courtyard, Garching bei Muenchen, Germany 



Leonardo Hotel, Dortmund, Germany 



Lessons Learned
Using district energy principles its possible to reduce energy storage & 

bacteria in domestic piping systems with installed costs on par with 

traditional systems with improvements in energy and exergy efficiency while 

preparing the building for future district energy connections and/or 

decarbonized solutions.



Questions?



Robert Bean Aaron Stotko

Thank you!
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