


This ASHRAE Distinguished Lecturer is brought to you by
the Society Chapter Technology Transfer Committee

Complete the Distinguished Lecturer
Event Summary Critique

- CITC needs your feedback to continue to improve the
DL Program

v Distribute the DL Evaluation Form to all attendees
v Collect at the end of the meeting

v Compile the attendee rafing on the Event Summary
Critique

Send the completed Event Summary Critique to your
CTTC RVC and ASHRAE Headquarters

Forms are available at:
www.ashrae.org/distinguishedlecturers




VOLUNTEER!

www.ashrae.org/volunteer

BECOME A FUTURE LEADER IN ASHRAE —
WRITE THE NEXT CHAPTER IN YOUR CAREER

ASHRAE Members who are active at their chapter and society become
leaders and bring information and technology back to their job.

YOU ARE NEEDED FOR:

<« Society Technical Committees
» Society Standard Committees

»  Chapter Membership Promotion

» Chapter Research Promotion —3 “
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Find your Place in ASHRAE and volunteer

« Chapter Student Activities

« Chapter Technology Transfer
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LEED Topic Possible
Points

ENERGY & ATMOSPHERE 25

Optimize Energy Performance
Enhanced Commissioning
Enhanced Refrigerant Management

INDOOR ENVIRONMENTAL QUALITY

Enhanced IAQ Strategies
Construction IAQ Plan
IAQ Assessment
Thermal Comfort
Acoustic Performance
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Woad Deck




Zoning

Zoning Local Zoning




Contral Points
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Radiant
Fundamentals
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Radiant Cooling - Jelmoli Department Store
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2nd Law of Thermodynamics

Clausius Statement: "Heat generally cannot flow spontaneously
from a material at a lower temperature to a material at a higher
temperature.”




Human
Comfort

I
I
Radiant transfer Convective transfer | Exhalation
\‘ and other processes

0 0
47_5 (I 77 X 27%

1 1
i |

400 Btu/t

THERMALLY ' TYPICAL
ACTIVE SURFACES ! HVAC
systems target i systems target
radiant transfer i convective
E transfer




Human Comfort
ASHRAE Standard 55

Air Air
Temperature Movement
ot bl Metabolism
Humidity Temperature




Air Alr
Temperature Movement

Radiant
Temperature

Relative
Humidity




Average Uncontrolled Surface
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' Area weighted average of the AUST and the surface
temperature of the controlled surface

Average of the Mean Radiant Temperature and the Air
Temperature



Radiant Temperature

CEILING:= 78°F

Room Temp. = 78.0°F
AUST = 78.0°F

MRT = 72.0°F

Operative Temp. = 75.0°F

RADIANT COOLING










Solar Gain
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Solar G

Incident Radiation Reflected Radiation
(shortwave) (longwave)

ts=19°C  Radiant Floor

O O

Absorbed Radiant Floor




Greater Architectural Freedom |
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Reduced Drafts and Noise

Energy Efficiency




Energy Efficiency

L BNL Findings:

Depending on the
e & climate, a radiant
cooling system in
conjunction with a
dedicated outside air

1.5% - Pumps

Load from lights

Chiller | sl i ' system (DOAS) could
o save between 17% -
Otherloads - 42% over the baseline
VAV system

Conventional Radiant coaling
Source: LBNL HVAC system HVAC system
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Fan and
motor

907.7%
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Energy Efficiency

Pacific Northwest National Laboratory

A radiant cooling system in conjunction with a dedicated outside air system
(DOAS) could save 50% over the baseline ASHRAE 90.1-2004 HVAC System

National Renewable Energy Laboratory /

U.S. Department of Energy
50% Energy Savings over ASHRAE 90.1 can achieved using a radiant heating
and cooling system

American Institute of Architects




Science Ceapér Union New Y _':i:'.:_-'--
Hemet, Callfamla LEED ‘New York LEED Platinum
Platinum

NREL Research Support David Brower Center Manitoba Hydro Place Clemson University Lee Hall Clemson,
Facility Golden, Colorado Berkeley, California LEED Winnipeg, Manitoba LEED South Carolina
LEED Platinum Platinum Platinum 50% Energy Savings

Net Zero Energy




Marme Clamson Uniarsity Lea 1

Lozstion Clamsan, 5.C.
[28 miles WSW of Grearmis, 5.C.)

Derupancy
Peak Fanslent Oooupancy 202
Dizily Avarage G57
Feak Ful-Time Equhalent (FTE) 32
Total Fuck Bulliing Users (FTE +
Peak Tanslent) 324

Gross Squars Fogtage 53441

BY MICHAEL &. TALBOT, RE., MEMBER ASHRAE

Architecture students at Clemson University enjoy a leg up on their peers:
the building where they study. Lee III's open plan situates students from
four different disciplines side-by-side, providing them with organic opportu-
nities to work with and leam from each other in this net zero energy-ready

building— something that will reap rich dividends after they graduate.

“Students, when they emerge from
thes= disciplines, are going to be
working together the rest of their pro-
fessional lives ” mid John Jacques,
professor emeritus of architecturs
and a member of the design team.
“Having a building that apenly
invites and promotes the whole idea
of collabomative bearning and collab-
orative work between disciplines will

most likely create a student body that
gradimies to collaborate in later life™
The 55,000 {12 space, looated

in the rolling foothills of the Blue
Ridge Mountains in upstate Scuth
Caralina, roughly doubles the
space of the two other ssotions of
the building, known as Lee | and
Lee IL The new space iz home to 12
professional degres programs in the

.

schools of architescture and of plan-
ning, development, preservation and
landscape architecture, as well as
the departments of art and construc-
tion science and management.

The building also serves as an
example of how future buildings
should be built sustainably, incor-
pomling new technologies and “out-
side the box™ thinking.

Design
Design stucice, faculty offices and
elassrooms are mived together in Lee
IIL which oultivates 2 sense of com-
munity in the two-story building and
promotes eaching through discovery
and discovery-hased learning
Students learn froem their pee-
fessors, as well as through their
studic activities and by chatting
with studesits in other depart
ments, Carefully detailed glazing
betwesn spaces supports this type

Lall This colkborative amhibs otire and
landsoaps arohiteciure studio overiocks an
UGty KMlsups 3ich Bechuss shals
and roviow spoce. I I framed by the facuty
offloen (upper kreel) and seminar speces
(ke homved .

febira Earty awaning in the sest plars iook-
Ing thimugh the north poroh and tgads nto
the open S bays wnd enclosed office
i semnar specss. The skylghts and
“shrouds * g [umi natsd from within and
bachilt by the setling sun




VAV vs. Radiant
Side-by-Side Comparison

LU L AL LU L DS LR

Infosys, one of India’s top three software companies, implemented a program
in 2011 to find the best way to cool its bulldings, while creating lower energy
buildings that better suited the needs of its employees. The resulting bullding,

Software Development Block | (SDB-1) in Hyderabad, not only became the first
radiantly cooled bullding in India, but also resulted in the world’s largest HVAC
side -by-side comparison,




12 - 14 BTUHJSF - Radiant Floor
25 - 32 BTUH/SF - Radiant Ceiling

Direct Solar Loads

In areas with high direct solar loads, the systems
capacity can significantly increase to

25 - 32 BTUH/SF .




Typical Parameters

Tubing: Cross-linked polyethylene (PEX) barrier tubing
5/8" diameter
6" to 9" on center spacing
Typieal tubing length per loop - 350’-500’

Operating
Water
Temperatures: 55°F to 58°F
5°F to 8°F temperature differential

Surface Temperature: Minimum 66°F
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Pier 15 Exploratorium

100% Redundant
Variable Speed Chiller
Water Pumps

N

E==1 = e e e e e e e e e e e e e e e e e e = = e

Chilled Water Supply/Return ’ - "_"‘"ﬂ'
to Building [ - - . e ww e R wm mm wm e mm ww mm e e wm wm e e e e A |
1
1

100% Redundant
Variable Speed Hot
Water Pumps f[l— )

5

Hot Water Supply/Return
to Building

\ Bypass for 100% or Partial
Free Cooling

:ﬂozular :u'a[tersciglrlcz f\;ealt Pumr::s g HDPE Condenser Water
roduce Hot or ke ater as Needed w/ ;

P Ri k
Efficient 16:1 Turndown / iping Runs Below Dec

Heat Pump Mechanical Room *
Bay Water Mechanical Room *

100% Redundant Variable
Speed Condenser Water Pumps

Screen can be Intake Pump Low Energy Drum Remaovable Access Panel Modulating Output UV Sterilizer
Lifted above Pier Motors above Filters filter Particles for Tank Servicing Reduces Heat Exchanger Fouling w/
for Manual Cleaning  Deck for Easy Access > 30 micron Minimal Energy use

—_— N Titanium Flat Plate
4

¢ JraC—— i s

3 | 7
Filtered Water Tank b p
!
/
" !
Intake Screens w/ Vertical Turbine /

R 7 i 7/
Automatic Brush Pumps Operate Variable Speed FRP Vertical b /

Cleaning \ inParale Corifugal pumps Oparatg |




S

: an

Il b out : H
e —r
it

i A b s S, e

sl s sty e

=yl

Typhcal Pararmeters
THO ne =y itywiviues 05 L bwni
G it
T ik e s by M
ooty
e
Termpibiem WEEE
]

Barrtace Tomaseamnire: s f




Construction Detalls




Slab on Grade

@)
=
=

2
=
>
L
o




uspended Slab

PEX Tubing

Metal Deck

Insulation




Topping Slab

PEX Tubing




Wood Deck o
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Local Zoning




Zoning

ydelgligle Local Zoning




Piping.&
Controls




Switchover Control

COLD WATER RETURN

COLD WATER BUPPLY

— — —
— S— —

GLOBE VALVE /™
CIRCUIT SETTER T -

-




over Control

HOT WATER RETURN

COLD WATER RETURN

COLD WATER BUPPLY

——— | =
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GLOBE VALVE /

JIRCUIT SETTER




COLD WATER BUPHLY
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VALVE GLOBE VALVE [
SETTER CIRCUIT SETTER




Switchover Control

HOT WATER RE TURN

COLD WATER RETURN

COLD WATER BUPPLY
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Local Injection Contral

COLD WATER RETURN




HOT WATER SUPPLY

COLD WATER RETURN
COLD WATER SUPPLY
—
BEVALVE ! §
NT SETTER
3 —
LLED WATER

HOT WATER RETURN

GLOBE VALVE/
CIRCUIT SETTER [
£ S, \“
N
™
5
N
a5 4
2 WAY VALVE WITH
NETWORK RELAY
HOT WATER




2 WAY VALVE WiITH
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CIRCUIT SETTES

WATER




GLOBE VALVE/
CIRCUIT SETTER
. l e XA
N
N
-
N
X
2 WAY VALVE WITH
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] HOT WATER




Control Points

- Space Temperature

- Indoor Relative
Humidity

- Operative Temperature

- Operating Water
Temperatures

- Slab Temperature

- Control Valves

- Circulating Pumps
Outdoor Temperature

- Outdoor Relative
Humidity




target water temperature for maxrmum
effectiveness

- Continuously monitor indoor relative humidity
for condensation control

- Maintain constant slgb temperature




necessarm/ carry wrth n‘
objectionable and injurious
condensation of water vapor on
the cooling panels...”

F.E. Giesecke, PhD Founder of the Texas A&M University Architecture Program
Hot Water Heating and Radiant Heating and Radiant Cooling, 1946




dew point

Solution >
Continuously monitor indoor
relative humidity and maintain s v
B R \

supply water temperature above - ~”*
dew point at all times




Controllability

- High thermal mass provides “inertia” against
temperature fluctuations

- Heat transfer from the thermal mass to the space is
instantaneous whenever there is a temperature
difference

- Thermal mass evens out fluctuations in internal

temperature
- Secondary system used to handle high load densities



Condensation Control
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Typical Cost Factors
No Cost

- Structural Slab already part of the construction budget
- Chilled water source typically already part of the budget

Additional Cost

- Cost of tubing, manifolds, fittings, circulators
- Insulation
- Increased L*ar

l . Reduced Cost

- Smaller air handling units, ductwork, diffusers, etc.

- Reduced ceiling space requirements may allow for reduced floor to floor
heights

- Potential to reduce electrical service size

Reduced Maintenance Cost
[ . Less airside equipment to maintain

-




factured solutions
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Slab &
Construction Details




Performance .

12-14 BTUH/SF Sensible, up to 25-32 BTUH/SF wit
floor installations

Important Considerations
- Controlling IndoogRelative Humidity
- Controls
- Installation .
- Installation a .

ct solar for radiant
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Enerqgy Efficient
Embedded Tube
Radiant Cooling
Systems

Questions



