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US DOE comparison of tools:



http://www.eere.energy.gov/buildings/tools_directory
http://www.eere.energy.gov/buildings/tools_directory

Design Optimization Techniques Analytical Tools — Lighting & Visualization
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Design Optimization Techniques Analyvtical Togols — Dav-Lighting
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Notes

*  The NRB facility (highlighted in red) will be generally unobstructed by adjacent site
buildings in regard to solar exposure. The link partially obscures the west wing in
the morning and the east wing in the afternoon.
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Design Optimization Techniques Analvtical Tools — Day-Lighting and Glare
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Notes

*  While a large, un-shaded area of glazing provides ample illumination of the interior, the brightest
(red) interior surfaces are in stark contrast to the darkest areas. The result is glare. Occupants
at the perimeter will tend to close the shades, thereby reducing available light throughout.
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Design Optimization Techniques Energy Modeling — An Qverview

System Control Plant Capacity

Interactions Interactions

Weather

Costs:
Annual
& LCC

Space
Loads

Hot / Ch.W.
Demands

OVERAL ENERGY MODELING STRATEGY

Energy
Input



Design Optimization Techniques Analytical Tools- Case Study with Revit/IES

NO SKYLIGHT{_ ATRIUM _} SKYLIGHT
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= The Case Study Model is intended to demonstrate a variety of
exposure and configuration variations in a single example.

= Simplicity is preferred, in the interest of facilitating experimentation



Design Optimization TeChniquesl Analytical Tools- Case Study with Revit/IES

e The Curtain Wall and
windows are modeled
using the basic Revit
tools.

CurtainWalll Side

= The skylights and
atrium roof are
modeled as a “sloped
glazing” roof type.

Punch Side




Design Optimization Techniques Analytical Tools- Case Study with Revit/IES

e The Heating/CooIing Building Analytical Volume: 152599.97 CF

Load Calculation took  Room Summary

about 15 seconds. It

includes this Room Name Area Airflow Cooling Load (Total) Heating Load (Total)

Summary as well as

detail for each of the 1 Punch Comer 522 SF 756 CFM 17573.9 Btuh 17050.1 Btu/h

[OOMS. 2 Punch Deep 259 SF 324 CFM 7612.1 Btuh 7485.2 Btu/h
3 Punch Square £33 SF 634 CFM 14977.9 Btu/h 14425 5 Btu/h
4 Punch Wide 1082 SF 1262 CFM 29868.0 Btu/h 28572.9 Btu/h

e This calculation and 5 Punch Atrium £33 SF 656 CFM 15419.0 Btuh 16022.8 Btu/h

report took 6 Punch Sky Deep 305 SF 375 CFM 8826.3 Btu/h 8669.7 Btu/h

approximately 20 7 Punch Sky Square £33 SF 634 CFM 14982.4 Btu/h 14441 1 Btuh

seconds to compute 8 Punch Sky Wide 1082 SF 1264 CFM 29906.3 Btu/h 28612.4 Btu/h
9 Punch Sky Comer 522 SF 694 CFM 16214.9 Btu/h 171348 Btuh
10 CW Corner 560 SF 1222 CFM 27719.0 Btuh 233544 Btu/h
11 CW Deep 268 SF 386 CFM 8982 1 Btu/h 9307 3 Btu/h
12 CW Square 552 SF 738 CFM 17254 2 Btu/ 177871 Btuh
13 CW Wide 1120 SF 1466 CFM 343343 Btuh 351007 Btuh
14 CW Atrium 576 SF 963 CFM 22114.9 Btu/h 18763.9 Btu/
15 CW Sky Deep 316 SF 452 CFM 10513 5 Btuh 12025 6 Btu/h
16 CW Sky Square 552 SF 738 CFM 17248 4 Btu/ 17824 8 Btu/
17 CW Sky Wide 1120 SF 1470 CFM 344237 Btuh 362229 Btu/h
18 CW Sky Corner 560 SF 1066 CFM 24282 8 Btu/h 234241 Btu/h
20 Sky Carridor 553 SF 691 CFM 16257 5 Btu/h 15824 8 Btu/h
22 Corridor 670 SF 833 CFM 19607.6 Btu/h 18973.9 Btu/
23 Atrium 2664 SF 3228 CFM 76541.8 Btu/h 69600.9 Btu/h
Totals 14884 SF 19852 CFM 464660.7 Btuh 449624.8 Btu/h




Design Optimization Techniques Analytical Tools- Case Study with Revit/IES

Orientation of CW Cooling Loads Heating Loads
ORIENTATION VARIATIONS O | 457,334 310,774
< By changing the
orientation of the |
. . South 480,024 104.96% 310,774 100.00%
model in Revit and re-
running the energy
analysis, it was easy to I
compare the effect of East I ‘ 580,565 126.95% 310,774 100.00%
altering Curtain Wall .
exposure.
. . West ‘ I 583,873 127.67% 310,774 100.00%
e This Technique allow |
one to optimize the
orientation.
NNE - 10 deg ~\~ 470,868 102.96% 310,774 100.00%
NE - 45 deg \\ 550,594 120.39% 310,774 100.00%
N
NW - 45 dge // 519,812 113.66% 310,774 100.00%
7
NNW - 10 deg 455,443 99.59% 310,774 100.00% 9




Design Optimization Techniques Project Case Study




Design Optimization Techniques Project Case Study
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Design Optimization Techniques Project Case Study
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Design Optimization Techniques

Project Case Study
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Design Optimization Techniques Project Case Study
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Design Optimization Techniques

Project Case Study
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Design Optimization Techniques Project Case Study

LW MR TERN MRS J i
WELRTATION ET

£ WATUEA. LHGILBTIBR 1

-~ SR
5 1

PN - OFF

RoweTRuTION
.J.I |

}T i 4T -,.‘ Faris;

_GREEMN ROOF-




Design Optimization Techniques Project Case Study

EAST ELEVATION
HORIZONTAL SHADING
500mm WIDE BLADES SPACED @ 1176mm

EEEEEEEEEEEEEEEEEEEEEEEE

WEST ELEVATION
HORZONTAL SHADING
#00mm WIDE BLADES SPACED @ 1175mm

4:00 PM 5:00 PM
A
E B
U
E 2|
e
D Cc
Narth
b
NORTH ELEVATION <
E VEI ADIN TO 30 DEGREES
00mm WIDE BLADES SPACED & 1500mm
1:00 PM 4:00 PM 5:00 PM
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Design Optimization Techniques Project Case Study

gravel and drains at roof perimeter

green roof system

vegetation reduces urban heat island effect)

plants improve air quality
soil mass insulates and creates thermal lag | at hvac intakes
soil retains stormwater,

releasing it slowly over time

aesthetic benefits for occupants
of surrounding buildings

gravel at roof penetrations

rooftop mechanical equipment in well

eleie
CHoEON O

drain with inspection chamber

\
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biofiltration improves water quality,

gravel vegetation-free zone at
eliminating bioretention cells

perimeter and roof penetrations
soil and plant material

sheet drain/ retention mat
and filter fabric

insulation

root barrier, protection
board, and roof membrane

- concrete roof deck with

IS '3 P Ny |
______ e 2% slope
~ L o
D B b B
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Design Optimization Techniques Project Case Study

o )evh centhU R0 Ve L b el LEVTRRLNED Ve T O
O LABSIEINTR 1D " s 2et " EAPH| UHE ATEV | D 5210
]'L“WW STV~ 13l FRal GRADE SR HAW AVIE
Nepele —— s
o3 \ 70 O |
~ jear! PHIWERN FIFES
WIEL T £
?;{%!ﬁ\ Bl I -:L?: © @
APBION S el UL L] i
JAT IIJ'S'IFE PUMETE- ZoNcPETE
S e O O
CAEES . LNNECT 10 ;
é?mfﬂ;ﬂ:?? 4 @ @ G LOFE 10 PRAIN AT MANHAES
. +_,L H NoTe: 2Xéred| PEQUIESS
WITE.. PYRIY ff#g,%% PEAINALE
L{4TEM
pequItes —H
LOWERNSTE I N SBEATON
PEAINALE
S\STEM ik N =1
" les F!' lee k* 54__7#7’1{ ' "
LAheppns . P
| 2. AFE " EARTY VRS, 2! 1.7 SLPE TOWARPS
AlFELAN — AN ZONNECT 2 l'“i'\th{.aE";r W/ Z Victy pupel
LA P FLR AAD 1O F1% SIMILA - To
AR LABY T SehEMe)
i MpNtoLES, AfTREX. |2 X6 K21 TEEF

20



Design Optimization Techniques

Project Case Study
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{combination of Air Temp, Radiant
Temp and Air Velocity)

ASHRAE 55 comfort chart (pg 7)
Green — ASHRAE comfort boundary
Red — conventional HVAC design boundary

Tight
Environmental

»)

Clothing
Gender, Age, Health
Activity

Direct Sunshine

Radiant (Surface) Temperatures

?L 3 Air Velocity

P
i Air Temp

¢
( Humidity

No Control

Control

Clean Workplaces _
Rooms Transitory
Spaces
(hallways)

Atria

Outdoor
Shelters Outdoors
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Design Optimization Techniques

Summer Summer
Evening Sun Morning Sun

Y

Northwesterly
Winter Winds

Winter Wind Rose

Southwesterly
Summer Wind

7

\s\ Winter —=— Winter 4’

‘ Evening Sun . Morning Sun ’

Noontime Sun
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Summer Wind Rose

Washington D.C. monthly average precipitation 22



Design Optimization Techniques

HOT

WARM

COoOoL

CHILLY

COLD

VERY
COLD
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Indoor Temperatures - Free Response
Proportion of Total Araa in Each Zone
indicates pescent of time temperatures
are in that zone,

indizates percent of ime temperatures

Outdoor Temperatures
P-wortion of Total Area in Bach Jong
arg in hal zone.

100°F

859F

TO°F

55°F

10°F

Washington D.C. Hourly Temperature Distribution

6°F
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Design Optimization Techniques

Project Case Study
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Design Optimization Techniques
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Standard ” With Optimal " With
Atrium Design Shading Displacement
Ventilation
-Mixing system for -Good external -Displacement
ventilation shading on skylights ventilation system

-No shading and large glazed walls  conditioning
-Lights on all day occupied space only

(Bam-Bpm)
-Tight temp control
[72-T5F, 40-60%)

=19%

With Radiant
Floor Heating

[RRARRE]

i

26%
—35%
i i 49%

Mixed Mode
Natural Vent,
Tight Control

-Radiant floor
heating

7

-Operable windows

open during nice
days only, maintaining

72-75F, 40-60%

RH

With Daylight 4 Natural Vent
Dimming Lights With relaxed
Indoor Criteria
to ASHRAE limits

%

-Lights dim in -Temp and humidity
response to controt: 6BET" to
ambient daylight T9ET"
in space

[ Lighting
. Fans, pumps
B cooing
- Heating

—E68%

Total Natural
Ventilation

-No air conditioning,

heating to 68.

:]—93%

Unconditioned
Sunspace

AN

lighting only

-Mo heating or cooling,

25
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