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What is a High-Performance Building?
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Tools for High-Performance Building Design

What kind of daylight prediction toals do you use to extimate or calculate
daylighting during (a} schematic desing {b) design developamnt?
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Proportion of Participants that use the tool, [%]

Source: Reinhart, C. and Fitz, A., 2006. Findings from a survey on the current use of daylight simulations in building design. Energy
and buildings, 38(7), pp-824-835.



Architect’s Role in Building Performance Simulation

. DESIGN CONSTRUCTION
RFQ/RFP SCHEMATIC DESIGN DEVELOPMENT DOCUMENTS CONSTRUCTION OCCUPANCY

PRELIMINARY EVALUATION & DESIGN

EARLY
INVESTICGATIONS SINGLE ASPECT SIMULATION

> Climate and site Massing and orientation
analysis —

» Programming Matural ventilation

> Benchmarking

» Goal setting

> Rating system Daylight and glare
selection

Solar and shading

Envelope/fagade

Thermal comfort

WHOLE BUILDING ENERGY SIMULATION (ASHRAE Standard 209 Cycles I-11)

Simple Box
Modeling
Conceptual Design
odeling
Load Reduction

Modeling

HWVAC System Selec-
tion Modeling

Design Design Integration
Refinement and Optimization
Simulation Aided
Value Engineering As-Designed

Energy Performance As-built Energy

Change Orders Performance

Post-occupancy
ACTIVE DESIGN PHASES

Source: https://www.aia.org/resources/6157114-architects-quide-to-building-performance
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Building Performance Simulation Software Directory

@ ibpsa.us/best-directory-list/ Capabilities Building Type

CJ Air Flow Simulation J Commercial
— Building Automation () District Scale
—[m——' I B P SA Building Energy Auditing (J Industrial
H'L m U SA_ Building Energy Benchmarking () Multi Family
Building Energy Monitoring (J Portfolio Scale
Code Compliance (J Residential
Energy Conservation Measures (J Subsystem Level
Find Software HVAC System Selection and Sizing J Urban Scale
Life Cycle Analysis
‘ Search ... | Lighting Simulation

Load Calculations

Other

Parametrics and Optimization
Ratings and Certificates

Solar and Photovoltaic Analysis
Support Services

Training Services

Utility Bill and Meter Data Analysis
Weather

Weather Data and Climate Analysis
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Whole Building Energy Simulation



Tools Potentially Useful for the Workshop

= Climate Analysis

» Climate Consultant (https://www.sbse.org/resources/climate-consultant)
» CBE Clima Tool (https://clima.cbe.berkeley.edu/)

= Energy, Solar Radiation, and Daylighting Analysis

» Revit + Insight (https://www.autodesk.com/education/students)

®  Thermal Comfort
» CBE Thermal Comfort Tool (https://comfort.cbe.berkeley.edu/)

= Life-Cycle Assessment
» BEES (https://ws680.nist.gov/bees?2)

» Athena Impact Estimator (http://www.athenasmi.org/our-software-data/overview/)



https://www.sbse.org/resources/climate-consultant
https://clima.cbe.berkeley.edu/
https://www.autodesk.com/education/students
https://comfort.cbe.berkeley.edu/
https://ws680.nist.gov/bees2
http://www.athenasmi.org/our-software-data/overview/

Climate Analysis Tools

= Climate data for building design

= Climate data files (https://climate.onebuilding.org/default.html)

"  Climate Consultant Demo


https://climate.onebuilding.org/default.html

Example Outputs of Climate Consultant
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Energy Analysis with Revit and Insight

" |s based on Building Information Modeling

= Can be used in very early stage of design without detailed information
= Support design exploration and optimization

=  Use Cloud computing

= Can generate and export the EnergyPlus model

References:
= https://www.youtube.com/watch?v=1nkK4yjqCfQ

= https://www.youtube.com/watch?v=7CrG6hw1Wdo



https://www.youtube.com/watch?v=1nkK4yjqCfQ
https://www.youtube.com/watch?v=7CrG6hw1Wdo

Key Steps of Energy Analysis with Revit and Insight

. Create a Revit model using conceptual masses, building elements, or both
. Set the project location

Review Revit energy settings

. Generate the energy analytical model

. Create and run energy models with different design options

o U~ WN

Launch Insight for interactive project exploration, optimization & reporting
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Email Notifications on Cloud Computing Progress

I AUTODESK INSIGHT

I AUTODESK' INSIGHT

Hi Weimin Wang,

Your model has been received. You will receive an email when the analysis is
complete and you can access your results.

Get Support

Thanks for usin% Insight!
Autodesk Insight Team

Hi Weimin Wang,
Your Analysis is complete. You can access the results on Insight.
Project details:

Model: Project4
Location: 78 Budng Lé Thanh Tén, Ho Chi Minh City, Ho Chi Minh City

VIEW INSIGHT

If the above link not working, please copy the following link and paste it into your

browser:
https://insight.autodesk.com/OneEnergy/Model/446247

Get Support

Thanks for using Insight!
Autodesk Insight Team

11



Revit + Insight Demo

Benchmark Comparison
kWh / m? / yr
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Thermal Comfort Tutorial

=  Environmental factors: air temperature, mean radiant temperature,
relative humidity, and air velocity

= Personal factors: clothing insulation, metabolic heat

"= Metrics and models
PPD = 100 - 95 * exp ( - 0.03353 * PMV*- 0.2179 PMV ?)
PPD

%
S0P

PMV scale

34 FHot 60— —1
2 YWarm \ 40 \\ //
148 Slightly warm 30 X Y
0 Neutral J 20
-1 Slightly cool \ /
-2 Cool 10
3-8 Cold gl N/
Al =

20 145 10 05 0 05 10 15 20PHVY

References:
https://www.ripcordengineering.com/files/tech notes/Thermal%20Comfort An%?20Introduction.pdf
ASHRAE Standard 55: https://www.ashrae.org/technical-resources/standards-and-guidelines/read-only-versions-of-ashrae-standards 13



https://www.ripcordengineering.com/files/tech_notes/Thermal%20Comfort_An%20Introduction.pdf
https://www.ashrae.org/technical-resources/standards-and-guidelines/read-only-versions-of-ashrae-standards

Different Applications

" |ndoor built environment
» Mechanically air-conditioned
» Naturally air-conditioned
» Heavily studied
» ASHRAE Standard 55, 1ISO 7730, and EN-16798
= Qutdoor environment
» Urban planning, tourism attraction, weather information
» Examples: street canyons, recreation parks, microclimate design
» Fewer studies but draws increasing attention
= Semi-outdoor environment

» Transitional spaces (e.g., passenger stations, stadiums, atriums)
» Fewer studies but draws increasing attention

14



CBE Thermal C

https://comfort.cbe.berkeley.edu

omfort Tool
% CBE CBE Thermal Comfort Tool

center ForTHEBUILT EnviRonment  ASHRAE-55  EN-16798 Compare Ranges
Inputs

Select method:

PMV method A

Operative temperature

25 . °C
Air speed

0.1 o m/s No local control v
Relative humidity

50 Z % Relative humidity v
Metabolic rate

1 : met Seated, quiet: 1.0 '
Clothing level

0.61 . do Trousers, long-sleeve s Vv

Create custom ensemble
Dynamic predictive clothing

Solar gain on occupants

Help Other CBE tools
Upload Fans & Heat PHS

«/ Complies with ASHRAE Standard 55-2020

PMV = -0.16 PPD =6%
Sensation = Neutral SET = 24.8°C
Psychrometric (operative temperature) v

tas 0.0 °C
th 0.0 %
W 0.0 guwkge:
tee 0.0 °C
tee 0.0 °C

0.0 kiikg

Humidity Ratio [gW Ikgda]

0 12 14 16 18 20 22 24 26 28 30 32 34 36

Operative Temperature [*C]

NOTE: In this psychrometric chart the abscissa is the operative temperature and for each point dry-bulb

Set pressure  SI/IP

temperature equals mean radiant temperature (DBT = MRT). The comfort zone represents the combination
of conditions with the same DBT and MRT for which the PMV is between -0.5 and +0.5, according to the

standard.

Local discomfort

Limits of Applicability: This standard is only applicable to healthy individuals. This standard does not apply

Reset Save Reload  Share

to occupants: a) whose clothing insulation excead 1.5 clo: b) whose clothing is highly impermeable; or ¢) who

are sleeping, reclining in contact with bedding, or able to adjust blankets or bedding.

Documentation

The CBE comfort tools automatically calculates the relative air speed and the dynamic clothing insulation .

15
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Building Life-Cycle Assessment (LCA)

= | CA basics

= Athena Impact Estimator demo

16



Building Life Cycle Stages
=l = TR s o

Extract Raw Transport Manufacture Distribute Construct Operate Dernalish Haul Dispose
Material or Maintain or
install Repair Recycle

Construction ‘ Benefits and Loads
Stage End of Life Beyond the
(C1-c4) Building Life Cycle
(A4 - A5) (D)

Product Stage
(A1 - A3)

B2: Maintenance
B3: Repair

B4: Replacement

B5: Refurbishment

Recovery
Recycling

C2: Transport
Exported Energy

A2: Transport
A3: Manufacturing
A4: Transport
C3: Waste Processing
C:4 Disposal

BE: Operational Energy
(HVALC, Hot Water & Lighting)

AS5: Construction & Installation
C1: De-cosntruction / Demolition

=
=
B
=
=3
e
e
b
L
]
.t
©
=
=
©
=
—
<T

B6: Operational Water

Sources:
=  European Standard EN 15978:2011
= U.S. General Service Administration, https://sftool.gov/plan/399/life-cycle-perspective-life-cycle-thinking
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LCA Components

S

4 Life cycle assessment framework
' N 4 N
Goal and scope
definition
- /
4 N
Inventqry Interpretation
analysis
o /
4 ™
Impact >
assessment
- AN /
-

Direct applications:

Product development

and improvement
Strategic planning

Public policy making

Marketing
Other

~

/

Source: 1SO 14040 (2006)
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Impact Assessment

Evaluate the potential human health and environmental impacts of the inputs &
output identified from the life-cycle inventory analysis.

= Select and define impact categories
= (Classification

= Characterization

= Normalization (optional)

= Grouping (optional)

= Weighting (optional)



Impact Categories

Commonly used impact categories include:
= Global Warming
= Ozone Depletion
= Acidification

= Eutrophication

= Smog Formation
®"  Human Health

= Ecotoxicity

" Fossil Fuel Use
= |Land Use

= Water Use

Source: EPA TRACI 2.1: https://www.epa.gov/chemical-research/tool-reduction-and-assessment-chemicals-and-other-environmental-impacts-traci g



https://www.epa.gov/chemical-research/tool-reduction-and-assessment-chemicals-and-other-environmental-impacts-traci

Athena Impact Estimator Demo

Athena Impact Estimator for Buildings

File  Edit

j il ™ L
‘I 1 1 1
1
e 1

Reports Tools Window  Help

Copy

Paste {

=TT Impact Estimator for Buildings
=-[I¥ Example (100% of Global Warming Potertial)
EI I.tl Columns and Beams (0.27%)
------ & Example (1007 of Global YWaming Potential)
EI [ﬂ Walls (0.95%)
& E:-;ample (100% of Global Waming Potential)
Exterior Wood Stud Wall

Bearms And Columing —

Prl:‘lald Friia Matenals _

Flaars

Foundation—

Roofs—

Walls —

= E‘i Project Extra Materials (98.78%) ) 100,000 200,000 300,000 400,000 500,000
H T i Global Warming Potential (kg COZ eq)
oo & Example (1007 of Global YWaming Potential)
proDUCT | CONTIRUCITON L=z END OF LIFE | o Nt e TOTAL EFFECTS
(Al o A3) [MEﬁ} (B2, B4 &B6) {Cl1C4) [D}
Operational
Replacement | Energy Use
LCA Measures Unit Total Total Total Total Total Total Total AtoC AtoD
Global Warming Potential kg COZ axq J.41E+05 7.BOE+0D4 1.54E+03 1.66E+D5 1.67E+06 1.46E+04 -6.20E+03 2.10E+06 2.00E+0D¢
Mcidilica tion Potantial kg 507 ag 1.19E+03 4. 9BE+D2 1. 36E+01 1.1 ZE+Dd 1.12E+04 1.79E+02 -B.01E-O1 1.31E+04 1.31E+0«
HH P articulats: kg PM2 5 eqg 4. FBE+D2 B.ODE+D1 4. 11E+DD 1.9%E+03 2.00E+0D3 6.25E+00 -3.51E-D1 2.56E+03 2.56E+0:
Euvtrophication Potential kg N e 4. F2E+D2 9.06E+01 & .BSE-O1 5. 30E+02 5.30E+02 1.1ZE+01 -4, 12E-D2 1.10E+03 1.10E+0D:
Ozone Daplation Polential kg CFC-11 e 0.26E-D3 1.34E-D3 4 45E-D5 3. O5E-O2 3.06E-D2 5.B1E-07 0.0DE+0DD 5.02E-D2 5.02E-D:
Smog Pobential kg O3 eqg 2. ATE+D4 1.3BE+04 1. &65E+032 I63E+D4 3.65E+04 5.B5E+03 -B.10E+00 7.7RE+04 7.7BE+0D«
Total Primary Energy M1 2.092E+D6 B.31E+05 2 20E+Dd 2. BRE+O7 2.BBE+0O7 2.15E+05 -1.60E+03 3.27E+07 3.27E+07
Blew - B o abs e Foscon M1 P FARFNA R ANF+NS 1 TAF+Nd F RAF4NOT P RAF+LNT P ASF+NR -1 . AOF+N% R.FAF DT R_TFAF 4N
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Thank You!

Sponsor:
U.S. Department of State

CB 1).S.-ASEAN SMART
Y XJ@ ;] CITIES PARTNERSHIP

Contract:
Weimin Wang

Email; weimin.wang@charlotte.edu
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