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Thermoelectric semiconductors 
provide a quiet, refrigerant-free 

alternative to traditional vapor 
compression cooling (VCC). It has 
long been assumed that the figure of 
merit, ZT, of thermoelectrics is too 
low to compete with VCC. While 
this may be true for typical VCC 
designs where a large temperature 
drop is required, distributed cooling 
systems may require only ZT = 0.5 
which is available today. In this 
perspective we outline the concept 
of Distributive Cooling using 
thermoelectrics to heat or cool only 
where it is needed and when it is 
needed. Only the uncomfortable 
occupant needs heating or cooling, 
not the entire room, vehicle or 
building. Such a system level 
efficiency improvement could 
revolutionize the way we think 
about HVAC and provide disruptive 
technologies that make a real 
difference to global energy use and 
climate change.

The energy use and dramatic environ-
mental impact of refrigerants collec-
tively imposes the need to transform
cooling technology to address climate

change in a significant manner. Heat-
ing, ventilation, and air conditioning
(HVAC) accounts for over 25% of elec-
tricity use in the USA, and by 2060 en-
ergy use from cooling could overtake
heating. Refrigerant management, i.e.,
replacing the high global-warming-po-

tential refrigerants themselves, is the
largest (10%) component of the climate

change solution proposed by Project
Drawdown (see Note S1). Enhancing

energy efficiency through smart, effi-

cient HVAC systems could transform

energy usage and facilitate rapid inte-

gration of renewable energy.

In the current centralized architecture for

heating and cooling, a large fraction of

the energy consumed is simply wasted.

HVAC systems are typically designed to

heat or cool an entire building or vehicle

in the worst-case scenario,1 and this re-

sults in continuous operational ineffi-

ciency.2 Such ‘‘overcooling’’ and then re-

heating is ubiquitous because platform

designs emphasize reliability, simplicity,

and initial cost even if energy consump-

tion, user comfort, and health are more

valuable to the operators and occupants.

Such energy intensive, centralized heat-

ing and cooling has been the design

theme for many decades even though

component technologies have advanced

significantly.
Heating or cooling only where and

when it is needed (referred to as distrib-

uted HVAC) (Figure 1) builds upon the

theme of localized as opposed to

centralized heating or cooling. Distrib-

uted HVAC has the potential to dramat-

ically improve the energy efficiency and

reduce the overall energy consumption

of a variety of platforms including resi-

dential and office buildings, vehicles,

storage containers, and warehouses.

Instead of heating/cooling an entire

building, everywhere, all the time, it

can be much more efficient to heat or

cool only the occupants or objects
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that need it, and only when and where

discomfort is sensed.4

Electric vehicles will likely be an early

adopter of distributed HVAC (Figure 1)

because every watt spent on climate

control results in reduction of the

vehicle range or adds to battery cost

and weight. Distributed heating and

cooling systems are anticipated to

sense occupants’ discomfort and then

automatically control heating or cool-

ing of seats, steering wheel, windows,

etc., as well as direct airflow where it is

needed. Where today’s car can require

up to 5 kW for the HVAC system, tomor-

row’s might only use 100–200W to cool

the car seat and other accessories.5
The whole building environment does

not need to be at the same tempera-

ture; rather, the occupants’ local

environment and the building’s global

environment can have separate tem-

peratures. Advances in controls and

sensing, supported by the internet-of-

things, have reached a level that can

address the requirements for imple-

menting distributed HVAC in the built

as well as the transportation environ-

ment.6 Examples for these advanced

controls would be net-zero commercial

buildings such as ‘‘The Edge’’ in Am-

sterdam, and One Angel Square in

Manchester, UK. Smart building control

systems can also achieve grid integra-

tion, wherein a building can participate

in demand response to lower energy

costs and/or shift loads to times when

electric power is available from renew-

able resources.
Separate HVAC zones for individual

rooms is known to provide better com-

fort and improved energy efficiency.

Distributed HVAC for large buildings

typically involves hot and cold water

to store heat and move it from room

to room. Smaller buildings and individ-

ual homes can simply distribute the hu-

midity and temperature-controlled air
5, 1–4, April 21, 2021 ª 2021 Elsevier Inc. 1


	Distributed and localized cooling with thermoelectrics automated on-demand heating and cooling could transform energy use
	Supplemental information
	Acknowledgments




