PERFORMANCE COUNTS

Building Energy Simulation — Case study

Environmental Protection Administration, Taipei City, Taiwan

rajanrawal@cept.ac.in
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State of Art Testing Facility
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State of Art Testing Facility
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Experimental Setup for Radiant

Conventional AC Setup:

Power meter —
—— Water Return Temp

E Air cooled Knob
chiller Temp Sensor
___ Water Tank

Temp BN BN BN BN B BN BN

Water flow meters

Temp Sensor

— 10D s Knob
no
Water Supply ~— — Flow Met
Temp - 1 ow Vieter Panel 1 to 7 Supply Temp
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EPT University Campus Site

University Rd

University Rd
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What is a Net Zero Energy Building?




Hot-Dry Climate

Only 23% of the daytime hours fall in the

comfort range
Adaptive Thermal Comfort Standard

Adaptive Comfort Zones (ASHRAE 55) for Naturally Ventilated Spaces in Ahmedabad
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Additional Goals

research
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Iterative Design Process
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Predesign

The entire team with all consultants met over three days in
Ahmedabad, to establish technical potential,
generate options, and agree on design
directions.
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Predesign

Benchmark

Bundle 4 ll. 76% Energy Efficiency .,

Cool

Heat = Fan/Pump ®DHW ®Lights ®Equip
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Predesign Direction

sensor control.

Rajan Rawal - Wednesday, January 21, Taipei



Predesign Direction




Building Massing Analysis

Basis of Design for Energy Performance

Use of Shading Devices & Light Shelf to get maximum advantage
of daylight
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Building Massing Analysis

Building Cooling Loads

Building loads varny with the building massing and orentation. The graphs below show the vearly cooling
loads for cach option:

Totsl Yesrly Bullding Loada for Options {mWh)
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Passive Thermal Comfort

Adaptive Comfort Zones (ASHRAE 55) for Naturally Ventilated Spaces in Ahmedabad
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Passive Thermal Comfort

ASHRAE 55 Comfort Band Performance per space type using typical CEPT
building standards
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Daylighting

Sunpath Annual Cloud Cover

Shading Mask
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Direct sun access needed for daylighting 40° minimum, 80° maximum

Il
PROFILE ANGLE TABLE

South facing wall

—_— 1
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Davllghtmg Schemes Base case

Sunshade /
|Ighibh9|f
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Daylighting Schemes Options

Increased
clerestory height 2 . “— Reduced
g on North

—— | — — — ——

‘ | Withjand without

monitor

Incg)ased ~ | glass blocks

Reduced East/ -

.West glazing
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Analysis Objectives
Optimize shading elements

Daylight autonomy
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Analysis Objectives
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Sun Control Analysis Sample Chart

SUN FENETRATION CHART

10 11 12 13 14 15 16117 18 19 20 21

south facing wall

Saddd dascription of altermative hera

[ 1]

Hrs when sun penelrstas Hrs when shading works o sun on wall Sun below horizon
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Sun Control Analysis South Facing Clerestory

Base Case

(30 deg cut-off)
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Sun Control Analysns South Facmg Transom W|th optlon 1
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Sun Control Analysis — Basement Monitor
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Design Guidelines & Implications
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Design Guidelines & Implications
South Transom

adjacent trees
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Daylighting Analysis Daylight Model Parameters

Model Parameters:

Latitude 23 N
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Luminance of floor plan under clear sky Basement level

Without Glass Blocks
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llluminance of floor plan under clear sky

With Glass Blocks

Without Glass Blocks
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Luminance views under clear sky Basement level

VWIith ou ?
glass-blocks ' (East view) " (South view)

oo
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llluminance of floor plan under clear sky Basement level

With 67% VT on East & West

With 33% VT on East & West
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Luminance views under clear sky Basement level
With 67 % VT on East & West

Seminar Room
(East view)

With 33% VT on East & West

Rajan Rawal - Wednesday, January 21, Taipei 41/91
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Useful Dayllght Index (<100) on __or_k_ Plg_pe Basement level
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llluminance of floor plan under clear sky Basement level
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Daylighting Options - | Floor

Reduced vision windows on South

= Alternate: Opaque partition wall

Rajan Rawal - Wednesday, January 21, Taipei




llluminance of floor plan under clear sky | Floor

Bquipment iab

With 2.8m wide vision wind®

With 1.4m wide vision windd
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Luminance views under clear sky | Floor

'With 2.8m wide

vision windows

Rajan Rawal - Wednesday, January 21, Taipei
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ex (<100) on Work Plane | Floor
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Useful Dayllght Index (>2000) on Work Plane | Floor
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llluminance of floor plan under clear sky | Floor

Equipment lab

Equipment lab

With 300mm clerestory ht

options
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Luminance views under clear sky - | Floor

! With 450mm
‘ clerestory ht

With 300mm
clerestory ht
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llluminance of floor plan under clear sky | Floor

Equipment lab
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Luminance views under clear sky | Floor

~ With glass partition wall

Lab
(East view)

With opaque partition wall
Rajan Rawal - Wednesday, January 1, Taipei




llluminance of floor plan under clear sky Il Floor

Lux

Without clerestory
Rajan Rawal - Wednesday




Luminance views under clear sky Il Floor
' With clerestory

Sim Lab
(East view)

Without clerestoy , ,
Wednesday, January , Taipei




Continuous Daylight Autonomy (300 lux) on Work Plane Il Floor
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Useful Daylight Index (>2000) on Work Plane | Floor

i D R R LU HEHIMEEI iR
= IEII:I:!HEI!-F 73 v ] 1a[ ve] 1)) Em
T GO T 'ﬁ'lllll!l!.ﬂ“i‘ Al

Sim Lab

L

Wlthout clerestory

Rajan Rawal - Wednesday, January 21




Conclusions : Basement

rooms and kept in the conference room

Rajan Rawal - Wednesday, January 21, Taipei




Conclusions : Basement

Help decrease UDI (>2000) up to 30% near
windows!

= Although decrease DA up to 10% and UDI
(<100) up to 6% throughout the space

= Spilt the windows into vision and transom:

Vision- with 33% VT Transom- with 67% VT

Rajan Rawal - Wednesday, January 21, Taipei



Conclusions - | Floor
Reduced vision windows on South

Top: Opaque Middle: Transparent Bottom: Opaque

Increase North windows VT on | floor to 67%

Rajan Rawal - Wednesday, January 21,




Conclusions — Il Floor

Rajan Rawal - Wednesday, January 21, Taipei




Daylighting Analysis Areas
///ﬁ//éﬂiﬂii Sizing of Lightshelves

e

Interior wall finishes

Sizing of South Vision
Windows

Sizing Basement Light
Monitor

Sizing of Basement
Courtyard Windows
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Passive Cooling Potential

Assess Thermal Comfort and Natural Ventilation with CFD Model

NMonth Morning Afternoon Evening

Rajan Rawal - Wednesday, January 21, Taipei



Systems Optimization Bundles

Cooling Energy Construct Payback Bundle Bundle Bundle Bundle
Ton KWh/m2 PV kw Rs Ccost Years 1 2 4
Envelope Insulation Strategies
Wall except basement
EWCO0O CEPT BAU wall assembly U-factor at 1.67
EWCO02 Wall assembly U-factor at 1.1 (except basemt.)
EWCO03 Wall assembly U-factor at 0.78 w/ hollow bricks (except basemt.)
EWCO04 Wall assembly U-factor at 0.6 (except basemt.)
EWCO01 ECBC wall assembly U-factor at 0.44 (except basemt.)
EWCO05 Wall assembly U-factor at 0.37 (except basemt.)
EWCO06 Wall assembly U-factor at 0.28 (except basemt.)
EWCO07 Wall assembly U-factor at 0.23 (except basemt.)
Wall basement
EWCO09 Wall assembly U-factor at 1.1 (basementonly)
EWC10 Wall assembly U-factor at 0.75 (basement only)
EWC11l Wall assembly U-factor at 0.6 (basementonly)
EWCO08 ECBC wall assembly U-factor at 0.44 (basementonly)
EWC12 Wall assembly U-factor at 0.37 (basement only)
EWC13 Wall assembly U-factor at 0.28 (basement only)
EWC14 Wall assembly U-factor at 0.23 (basement only)
Roof except basement
ERCOO CEPT BAU roof assembly U-factor at 3.89
ERCO2 RoofassemblyU-factor at 3 (except basemt.)
ERCO3 RoofassemblyU-factor at 1.5 (except basemt.)
ERCO04 Roofassembly U-factor at 0.8 (except basemt.)
ERCO1 ECBC roof assembly U-factor at0.41
ERCO5 Roofassembly U-factor at 0.26 (except basemt.)
ERCO6 RoofassemblyU-factor at 0.19 (except basemt.)
ERCO7 Roofassembly U-factor at 0.14 (except basemt.)
Roof basement
ERCO9 Roof assembly U-factor at 3 (Basement only)
ERC10 RoofassemblyU-factor at 1.5 (Basementonly)
ERC11 RoofassemblyU-factor at 0.8 (Basementonly)
ERCO08 ECBC roof assembly U-factor at 0.41 (Basement only)
ERC12 Roofassembly U-factor at 0.26 (Basementonly)
ERC13 RoofassemblyU-factor at 0.19 (Basement only)
ERC14 RoofassemblyU-factor at0.14 (Basementonly)
Cool Roof except basement
ERC18 Cool Roofw/ CEPT BAU roof assembly U-factor at 3.89 (except basemt)
ERC20 Coolroof w/ roof assembly U-factor at 3 (except basemt.)
ERC21 Cool roofw/roof assembly U-factor at 1.5 (except basemt.)
ERC22 Cool roof w/roof assembly U-factor at 0.8 (except basemt.)
ERC19 Cool roof w/ roof assembly U-factor at 0.41 (except basemt.)
ERC23 Cool roof w/roof assembly U-factor at 0.26 (except basemt.)
ERC24 Cool roof w/ roof assembly U-factor at 0.19 (except basemt.)
Window Glazing Strategies
W5201 CEPT BAU glazing system
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Bundled Measures: Results
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Progression of Energy Efficiency
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"""" 'GETrE'r'a’cTon'Gm'r“'““““'“'““““"éapatftvﬂs-.'i'&i"l:“'g“
—14 B — — —

Predesign Predesign PreDesign Massing HVAC stage Bundle1l Bundle2 Bundle3 Bundle 3A
Baseline Technical Goal stage
Potential

Rajan Rawal - Wednesday, January 21, Taipei 69/91




BIM Model for Quantity Estimates
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BIM System Integration
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Developer, Architect, Contractor, Construction
manager, Occupier, Facility manager

Rajan Rawal - Wednesday, January 21, Taipei



Integrated Systems
North light for daylighting

South facing PV panels tilted to W

latitude angle
Radiant cooling and DOAS

: > integrates with natural
Vision, clerestories, — o ventilation
lightshleves on south bring in ' '
diffuse daylight with occupant _ . i . * Lighting LPD at 4.7 w/m2 and
control . . o I vacancy and daylighting
| controls

Stack effect design, solar

. I Climate controlled spaces
chimney for natural ventilation

"= Outdoor exhibit area reduces zoned separately
~ conditioned area T

Optimized envelope: Insulated
walls and roof, efficient

. — i windows with separate

“' S5 properties for vision and

Ground heat exchange

clerestory




Building External Views
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uilding External Views
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Building Internal Views
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Savings by Measure Type

™ Integrated Passive and
Active Cooling

= Daylighting Controls

= Vacancy Sensor of Lights

™ Insulated Walls and Roof

® Task Ambient Lighting
System

= HVAC Controls

= Plug Load Controls

= Optimized Window Glazing
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Building Energy Monitoring System
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Building Energy Monitoring System
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Building Energy Monitoring System
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Building Energy Monitoring System
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Building Energy Monitoring System
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Calibration of Energy Models

Calibraticon Mer Indoor Air Temperature for Ty pical Sumrmer Dy

= PAzasured Data w- Calibration 1 Calibratican & Calibratiaon S
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Analysis is Part of Design

ITERATIVE ANALYSIS, DESIGN &
COMMITMENT TO PERFORMANCE-
DRIVEN SOLUTION




Respect Entropy




NZE Architecture Has Focus




Context Makes Sense




Use Every Opportunity




User Matters

AND THEY MUST BE PART OF THE
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THANK YOU
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