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2030 COMMITMENT - ENERGY REDUCTION GOALS
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TYPICAL ARCHITECT — ENGINEER WORKFLOW
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COLLABORATIVE ARCHITECT - ENGINEER WORKFLOW

T

WHAT SYSTEMS
SHOULD WE
AND LET’S OPTIMIZE OCCUPANCT CONSIDER FOR THE
COMFORT AND EXPERIENCE! BUILDING?
Energy & Thermal AT Building
[ Mechanical LEED & EUI Comfort Daylighting Envelope
FOR RADIANT SYSTEMS, WHAT HOW DO WE OPTIMIZE x4
ARE THE LIMITING FACTORS FOR ENERGY EFFICIENCY OF THE
ENVELOPE, INTERNAL GAINS AND CENTRAL PLANT FOR THE
SOLAR HEAT GAIN? RADIANT SYSTEMS?
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NEW INTEGRATED TOOLKIT - LADYBUG
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INTEGRATED PERFORMANCE MODELLING

Proposed Analysis

Workflow
A v A y A
Energy & Thermal S Building
[ Mechanical ] [ LEED ] [ Comfort ] [ Ravlloh e ] [ Envelope ]
| v |
A 4 v \ 4 A A ;
Detailed

or
Concept

Concept Energy Code Mechanical Optimize Energy LEED Admin
ECM List (ASHRAE 90.1) System Options Performance Cr. |Documentation
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MECHANICAL SYSTEMS - RADIANT FLOORS

Central Plant Heating Central Plant Cooling Distribution/Terminal
Conventional Boiler Packaged/Dx Units Conventional VAV
[ Condensing Boiler ] Air-cooled Chiller Dedicated Outdoor Air

System with Fan Coils

Dedicated Outdoor Air
System with Radiant Floors

Geothermal Heat Pump [ Water-cooled Chiller ]

River Water Heat Exchanger

| .
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Geothermal Heat Pump = = = O
_________________ 7 S
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. Heating
o Ventilation

@ Distrib & Terminal



PARAMETRIC STUDIES: RADIANT SLAB

INPUTS:

» Top Slab Thickness (3”)

* Pipe Spacing (67, 97, 127, 18”)

+ Water Temperature (50F, 51F, 52F, 53F, 54F, 55F, 56F, 57F, 58F, 59F, 60F)

» Solar Load (0 btu/sf, 10 btu/sf, 20 btu/sf, 30 btu/sf, 40 btu/sf, 50 btu/sf, 60 btu/sf, 70 btu/sf, 80 btu/sf, 90 btu/sf, 100 btu/sf)

= 484 SIMULATIONS
OUTPUTS:

» Total Heat Removed
* Radiant Heat Removed
+ Convective Heat Removed

» Degrees from Condensing




RADIANT SLAB STUDIES







ITERATIVE RADIANT SLAB STUDIES

Parametric THERM Model

Bottom Thickness Top Thickness Pipe Spacing Water Temperature
S—p 2" p— 2 = & a 46F
Slab Bottom Temperature (*F)
e o ouoion [T
42 48 54 60 66 k73

* 7.7 Wisf

* 2.5 Wisf

10.2 Wisf 526 F 0.2F -48F
Total Coldest Surface From Condensation From Condensation
Heat Flux Temperature at 50% RH at 60% RH

Parametric Radiant Slab - Heating

Pipe Spacing

12"

Water Temperature Temperature (*F)
e O0F

72 75 78 81 B84 87 90 03 96 99 102

* 21.9 btulsf

Iz
* 4.9 btufsf
10 Sowene
26.8 BTU/sf 16.5 BTU/sf 10.3 BTU/sf 87.8F
Total Radiant Convective Hotest Surface
Heat Flux Heat Flux Heat Flux Temperature
iy 3.24 fps
Water Flow Rate.

Parametric THERM Radiant Slab

Top Thickness Pl_puiSmeng . !?.r Temperaturs_ i.%-nu P
Temperature (°F)
52 54 56 58 60 62 64 66 68 (0 12
* 342 btuisf
* 4.4 btusf
38.6 BTU/sf 34.6 BTUIsf 60.1F 51F
Total Radiant Coldest Surface From Condensation
Heat Flux Heat Flux Temperature at §6% RH
AreasServed by Siab, wmrmn‘pmm o 2.8 fps
) N Water Flow Rate
Parametric Radiant Slab - Cooling
Pipe Spacing . - w;h(r'l'umpnrllum wor thrFlux bt
Temperature (*F)
52 54 5 58 60 62 64 00 68 0 712
i * 11.8 btu/sf
10.0 riative
18 convective
* 4.4 btusst
20 radoive
24 convecive
16.2 BTU/sf 12.1 BTU/sf 59F 41F
Total Radiant Coldest Surface From Cendensation
Heat Flux Heat Flux Temperature at 56% RH

Area Served by Slab ‘Water Temp Delta
m_,,_’ 2605 e s G 1.96 fps
) Water Flow Rate



PEAK SOLAR LOADS ON SLAB

N Solar Radiation (BTU/sf)
$ 0 ' 66 100 167 233 300+

. .

40 70

target maximum
CURRENT DESIGN OPTION 1 OPTION 2
SHGC: 0.35 SHGC: 0.35 SHGC: 0.35
Frit: none Frit: 50% (equivalent SHGC: 0.175) Frit: 65% (equivalent SHGC: 0.1225)

Shading: none Shading: none

Shading: none

Maximum Solar Radiation:
224 BTU/sf on October 30th at 11 am

Maximum Solar Radiation:
99 BTU/sf on October 17th at 11 am

EXCEEDS TARGET EXCEEDS TARGET

Maximum Solar Radiation:
65 BTU/sf on September 30th at 11 am

MEETS TARGET



ATRIUM COMFORT

Hottest Week

Average peak outdoor operative temperature = 90 °F
Outdoor Air temperature = 80 °F

2.67 ft/s is approx acceptable highest air speed

NATURAL VENTILATION

No Openings or Smoke Exhaust

AIR
TEMPERATURE
(DRY BULB)

OPERATIVE
TEMPERATURE

With Smoke Exhaust at 2.67 ft/s
ACH 7.4

2.67 ft/s

1fs

11ft/s

With Smoke Exhaust at 1 ft/s
ACH 2.8

Temperature (°F)

75 78.6

With Smoke Exhaust at 0.5 ft/s
ACH 1.4

-
0.5ft/s

—
0.5 ft/s

82.1

85.7 89.3 . 929 96.4 100

90 °F Outside Operative Temperature

Only Buoyancy, velocity at 1.7 ft/s
ACH 4.7

1.7 f/s




HOSPITAL PATIENT ROOM




OPTIMIZING MASSING | SOLAR BENEFIT STUDY

6%

Reduction in patient room energy

15%

Reduction in peak solar load

NET RADIATION (kWh/m2)
Beneficial Radiation Harmful Radiation 540/0

Decrease in direct solar radiation




PARAMETRIC EARLY ENERGY MODEL

INPUTS:

* Glazing Ratio (40%, 50%, 60%, 70%)
* R-Value (spandrel, solid)

* Glazing U-Value (0.4, 0.25)

» Exterior Vertical Fins (0", 15", 30”)

* Orientation

+ HVAC Type (VAV, Hydronic)

= 576 SIMULATIONS

OUTPUTS:

« EUI

« Peak Cooling
* Peak Heating
+ HVAC Size




PARAMETRIC EARLY ENERGY MODEL

L .DesignExplorer

INPUTS RESULTS
—————————————————— 1 N EEE ESE I EEE BN BN DN SEE EEE EBEE BEE BEm EEm B BEm B B e e oy
|!- Orientation GlazingRatio R-Valug(IP] U-Value(ll WVertical Fin Dey in) Sys‘bemTy& EUI Cooling Heating Electric PeakCool PeakHeat HVACsize

MNELamem - B _—— —-— — —-— - ____E’-—__,a____.—-"_—_—
r ' &4 LN 4
J i . i | = ST e e
E-Flat ! B 7

16 - .35 4 204

Nwl—angw I 40
l 5 14 15 /

30 y
N\'\.l-ﬂngN 0 P
| 12+ 30+ 10
201
I =
I | e = ——
SF _—— i et = =

VARIATIONS



PARAMETRIC EARLY ENERGY MODEL

f—
NE-an(g)Rlefhtiun GITi[tllr_lgRaliu FEH-_\.-(\P] Uuq-ah_m.(lv] V-rlil:asl[]Fi_n Depth(in) E;}ystﬂlﬂy.pel EUl Cooling Heating Electric PeakCool PeakHeat HVACsize
4,500
I [ ol 10,000 10,000
130
B85 18 254 18
NE-Flat 70+
— — 50 9,000 4 4,000 9,000
| 0.35 - 20 129 164
A el 7 8,000
- v | HD d =
15| L 144 \K/ﬂ{
a0
b tawana 00 124 60 7,000 - 7,000
0.304 104 3,000 -
I -— 20|
S 5 Y 104 6,000 - 6,000 -
| — T I — ! 104 a5} 2,500
80 a4
SE ]—le-zE | & iy
" — —
@20 32 x Sort by Qrientation E| [+]
@

Attributes

‘Orientation | NW-angh
‘GlazingRatio : 60
R-Value(IP) : 3
U-Value(IP) : 0.25
Vertical Fin Depth(in) : 0
SystemType : Hydr

EUI . 83.735338

‘Cooling : 9.157861
Heating . 6.586038
Electric : 67 741439
PeakCool : §254 159704
PeakHeat : 3353.332373
HVACsize | §254.159704
Rating : 0




THE IMPACT OF PARAMETERS

160

140

120

100

Patient Room EUI (kBTUMZ)

@mEquipment OLighting ®Cooling ®Heating ®Humidification m@Fans + Pumps
Vay Chilled T0% 30% Double Triple Spandrel Opague
Beams Pane Pane
HVAC Type Glazing Ratio Glazing Type Wall Type




PEAK LOADS & ENVELOPES

LIMITATIONS OF CHILLED BEAMS

A 6’ chilled beam can remove 7,000 Btu/h
of heat from a patient room.

A 8’ chilled beam can remove 7,900 Btu/h
of heat from a patient room.

9,000 l
— 8,000 At a certain point, it becomes
L S
5 ! too difficult to cool a space
5 7.000 with chilled beams and you
= must swtich to a VAV system
§ 6,000 to ensure summertime
i) comfort.
B 5,000
=
O
5 4,000
=
3
8 3,000
3]
&)
£ 2,000
S
o]
O 1,000

0

0 2 4 6 8 10 12

Length of Chilled Beam (ft)



PEAK LOADS & ENVELOPES

Solar M Glazing Conduction M Opaque Conduction Infiltration ~ m Equipment Lighting  m People

/ _\ 8 CHILLED BEAM

CAPACITY

=11

=1 BT BT )

= ——
TS

vision
w spandrel
I opaque
shades glazing area = 100 sf

vision

W spandrel

. opaque
glazing area = 100 sf

shades

Cooling Load Contribution (BTU/h)

Cooling Load Contribution (BTU/h)

12000

10000

8000

6000

4000

2000

L2000

10000

8000

6000

4000

2000

8’ CHILLED BEAM

™, CAPACITY




ITERATING THROUGH DESIGN OPTIONS

a2 302 = 10080

sHoe = 035
U-Value = 025 (tipie pane)
RoValue (opaque) =20

RoValue (spardrel

Facade Breakdown (o floor-t-flocr)
0% vision

0% spandrel

0% opague.

gang 32 = 10050

sHoe = 035
U-Value = 025 (vipe pane)
ReValue (opaque) =20
RiValue (spandre

Facade Breakdown (o floor-t-floce)

azng ama= 11035

sHoe = 035
UnValue = 025 (tipe pane)
ReValue (opaque) =20
RValue (spandrel) =

Facade Breakdown (o floor-t-flocr)
a3 vision

37% spandrel

20% opaque

Strateges to Explore to Meet
Chilled Beam Capacity:

Friting on glazing o lower SHGC

SHGC 01 0.26 brings peakairload 107,458

ANDIOR

(OB with Variable Volume provides +-2,000 BTUR
addiional cooling load

Strategies to Explore to Meet
Ghilled Beam Capaci
Friting on gazing o lower SHGC
SHGC 01 0.26 bings peak alrload 107,115

DR

(CBwith Variabie Volume provides +1-2000 BTUR
addional cooling load

Strategies to Explore to Meet
Ghilled Beam Capacity:

Friting on gazing to lawer SHOC

SHGC of 0.28 brings pask i load 107505

ANDIOR

CBith Variable Volume provides +1-2000 BTUN
addiional cooiing load
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Cos ond GarsbutanteTuny

p——

[ ——

e
% |
¥ 3
e
\\% R
e,
PeskArLosd =00095TUN
swoc = 0 Srtgio o Explors oot
e cana Gae

Facade Breakdown fiom flor-o-foor)
9% vision

23% spandrel

8% opague

ANDIOR

08 vith Variable Volume provides ++2,000 8TUM
addiionsi coolin loac
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Facade Breakdown (rom flor-o-foor)
34%vision

ANDIOR

GB with Variable Volume provides 42,000 8TUR

6% spandrel
0% opace adifonsl cooing load
EeT———
/\ i
|
o | |
) " L 5
s
= oue
s guimgama ot
AirLoad =558 57U
sHec = 035 Strategies to Explore to Mect
& Chlled Beam Capacty 1 Vol

§

3

Facade Breakdown (from flor-o-foor)
‘34%vislon

0% spancrel

0% opague

Conto gt

Cotng oné Combation BTU)

——

3

5 Gritd Deam Gopacty ‘

[r——

 Coiea Beam Capacty.

__vm AirLoad =782 5TUI

N

& Cried Beam Capacty.

PR

sHoe
Uvalue
R-Value (op2ue)
RValue (spancrel) =&

035
025 (riple pane)
2

Facade Breakdown (fom floor-o-focr)

0% spandrel

gezngarea =0

sHoe = 035
Uivalue = 0.25 (e pane)

ReValue (spancrel) = &

Facade Breakdown (fom floor-o-foor)
345 vision

RValue (spancrel) =&

Facade Breakdown (rom flor-o-faor)
43% vision

Strategles to Explore to Meet
Chilled Beam Capacity:

Friting on glazing to lower SHGC

‘SHGC of 0.26 brings peak arload 107,977

AND

CB with Variable Volume provides +1-20008TUR
additonal cacling load

Strategles to Explore to Meet
Chilled Beam Capacity:

Frting on glazing to lower SHGC

‘SHGC o 0.26 bings peak ar 103410 6,828

rategles to Explore to Meet
Chilled Beam Capacity:

Frting on glazing to lower SHGC

SHGC of 025 brings peak airload 1o 7333

ANDIOR

G with Variable Volume provides +/-2000 8TUN
additonal caoling load
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ENERGY SAVINGS FOR OPTIMIZED DESIGN

Site Energy (MMBtu]

70,000

60,000

50,000

40,000

30,000

20,000

10,000

ANNUALSITE ENERGY BY END USE

EUI: 159 kBtu/sf-yr <«

13%

COOLING

Chilled Beams

—

-9%

R

-29%

. —

-31%

EUI: 183 kBtu/sf-yr

COOLING

All-Air VAV

W LUGHTING ®mDHW ®EQUIP mFANS m®mPUMPS & AUX mHEATREJECT m HEATING COOLING



SUMMARY OF LESSONS LEARNED

Communication

* Internal

* With consultants

*  With Owner
* lterative Process
* Specialize in what you know best -
right tools for right people on the
team

» Focus efforts on critical components
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