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Agenda of today’s presentation

eAnnex 80 - Subtask B summary
eRadiant cooling systems

ePersonalized Environmental Control Systems
(PECS)

eResults from preliminary simulations
eSummary and future steps




Subtask B summary

eSubtask B: Solutions

—-Develop criteria and methodology to
qualitatively and quantitavely evaluate
resiliency of existing cooling technologies

—-Assess benefits, limitations and performance
of cooling technologies with a focus on heat
waves and power outages

—-Develop guidelines for design and

implementation of resilient cooling
technologies and their combinations

Subtask B summary

*A. Reduce heat gains to indoor environments
and people indoors

—-Advanced solar shading and glazing, etc.

*B. Remove sensible heat from indoor
environments

—-High temperature cooling systems, etc.

*C. Enhance personal comfort apart from space
cooling

—Personal Environmental Control Systems
(PECS), etc.

eD. Remove latent heat from indoor
environments

-Desiccant dehumidification, etc.




Subtask B summary

eTwo major outputs so far

*Working on quantitative KPIs and technology
profile sheets
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Radiant heating and cooling systems

eLow temperature heating and high temperature
cooling principle

eHeat emission or removal by radiation and
convection (more than half by radiation)
e Mostly water-based
eFloor, wall and ceiling can be used; large surface
area for heat exchange
eThree main types
—-Radiant heating and cooling panels

—Pipes isolated from the main building structure
(radiant surface systems)

-Pipes embedded in the main building structure
(Thermally Active Building Systems - TABS)




Radiant heating and cooling systems
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Radiant heating and cooling systems

e Integration of renewable energy resources

e Transferring peak loads to off-peak hours, and peak load
reductions

e Favorable operating conditions for heating and cooling
plants

e Smaller-capacity heating and cooling plants, and
downsized ventilation systems

* Reduced total energy use

e Less space requirement, lowered construction heights
and saved building materials

* Free use of space, no cleaning requirements, quiet
operation

e Uniform temperature distribution, reduced risk of
draught, and reduced vertical air temperature differences

¢ Initial, operational, and energy cost savings




Personalized Environmental Control Systems

ePersonalized environmental control systems -
PECS (micro-climatization systems, localized

heating and cooling systems, personalized
ventilation, etc.)

eHeating, cooling, ventilation, lighting, and
acoustics

¢ PECS condition the immediate surroundings of
occupants, creating a “personalized” space

*PECS provide individual control over different

aspects of indoor environment -> personalized
control
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PECS

eSeveral benefits compared to ambient (total volume)
conditioning systems

-Improved comfort, health and productivity

—-Higher satisfaction with the indoor environment,
due to

e Improvements in the immediate indoor
environment experienced by the occupants

e Possibility of personalized control
—Potential energy and cost savings

—-Increasing focus on individual differences between
people - PECS can address these individual
differences

—-Resiliency (both thermal and air quality)
un —Pandemic-proofing
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Resiliency benefits of radiant cooling, and PECS

eRadiant cooling, by activation of thermal mass

—Possibility to absorb heat gains over a longer
period (also pre-cooling)

—-Integration of renewable energy resources

-Transferring peak loads to off-peak hours, and
peak load reductions (peak shaving and peak
shifting)

—Possibility of intermittent operation

*PECS, by creating a personalized/localized space
-Temperature setpoint relaxation
-Higher room temperatures are acceptable

—Personalized spaces can be occupied longer, and
sooner after the heat wave or power outage
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Preliminary simulations

eSimulation study of radiant vs. all-air systems

*TABS vs. Packaged Terminal Air Conditioner (PTAC)
—-Intermittent (12-hour) and 24-hour operation

e Future weather files for Copenhagen, DK

eLightweight and heavyweight construction

e With and without power outage during heat wave

S
f Office | Corridor [ Office
128|165 ‘A'}i West o - East
I £ S % @ IQIO & 3 . £ 5 v £
\ | | o
‘ 55 ' 24 55 o

Room width = 3.6 m, window portion of the external wall = 30%

Kazanci, O.B., Shinoda, J., Olesen, B.W., Revisiting radiant cooling systems from a
13 resiliency perspective. CLIMA 2022 Conference.
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Preliminary simulations

e Operative temperature, before, during & after heat
wave and power outage

Heat Wave: Copenhagen, Contemporary, West Office
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Preliminary simulations
e Maintaining comfort conditions
Heat Wave + Power Outage
Starts Hours Kept Within Baseline
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Preliminary simulations
eRecovery to comfort conditions
Heat Wave + Power QOutage
Ends Hours Until Recovery to Baseline
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Preliminary simulations

eExtended temperature ranges for PECS (standards
and literature)

eHours below baseline temperature at the beginning of
heatwave/power outage and hours until baseline after
heatwave/power outage

Baseline Hours maintained Hours until baseline
Temperature below baseline temperature is
(9] temperature (h) reached (h)
26 016 27 -|126
27 12 + 19 25 —-|117
28 14 + 40 24 -|108
29 15 1+ 42 23 -|106
30 17 + 64 21 41 64
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Summary and future steps

eRadiant cooling systems, and PECS have several
benefits compared to conventional systems

eThey are also promising solutions during heat waves
and power outages

e Different operation strategies are needed
e Exact benefits will depend on several factors
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Summary and future steps

eFurther studies to quantify the exact benefits under
different boundary conditions

e Quantitative key performance indicators, both long-
and short-term

eDesign, sizing, and operation guidelines based on
detailed simulations

-System sizing issues ->should we size systems
based on future weather files?

eDevelop an approach for considering building,
systems, and occupants simultaneously
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Thank you for your attention!

Ongun Berk Kazanci
onka@dtu.dk
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