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Project phases and analysis

Sustainable Building Projects

Require evaluation of building performance

Typical analyses for sustainable buildings:
Climate analysis
Solar & daylighting analysis
Building energy analysis
Air flow & ventilation analysis

Life cycle analysis

Carbon analysis




Project phases and analysis

Building Information Modeling (BIM)

An approach to design that uses intelligent 3D
computer models to create, modify, share, and
coordinate information throughout the design
Process <>
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BIM is useful for sustainable design

It can help people iteratively test, analyze, and improve
the building design

- It can be used for building performance analysis (BPA)

e

Green BIP

(See also: )




Basic concepts of Green BIM
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BIM-supported daylight visualization and analysis
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Design process of buildings and level of development (LOD)
MANAGEMENT OF PROJECT MANAGEMENT OF DIGITAL MODEL
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Pre-Design

Objectives:
Identify the requirements of the project, existing conditions, and unearth any essential
information that will inform the design process.

Sustainable Design Inquires:

-What information will support building performance analysis (BPA) practices?

-What specific climate considerations should be brought to light?

-What passive sustainable design strategies should be considered in the building design?
-What environmental resources can the building design utilize?

-What are the energy/performance goals for the project?

Building Performance Analysis (BPA) Actions:

-Decide what climate data i1s most appropriate for the geographic location.

-Conduct a site analysis that minimally includes investigation of solar radiation, wind
patterns, presence and condition of existing structures, inventorying existing vegetation, and
documenting any acoustic challenges that exist.

-Analyze climate charts and determine if building is likely to be heating or cooling
dominated.

-Research what sustainable design strategies would be applicable to both the geographic
location, and climate zone of the project.

-Establish measurement metrices that are to be used throughout the duration of the project to
confirm sustainable design goals are being accounted for (such as LEED).

(Source: )




Conceptual Design

Objectives:
Decide on the direction of the design by experimenting, iterating, and obtaining integrated
design input from all parties.

Sustainable Design Inquires:

-What 1s the most efficient building form?

-How 1is the building positioned on the building site?

-How 1s the floor plan organized?

-How do passive sustainable design strategies integrate with the building?

Building Performance Analysis (BPA) Actions:

-Run conceptual energy analysis using and modifying massing forms and determine how the
Energy Use Intensity (EUI) can be reduced by changes in building form, and orientation.
Doing so can help determine the most energy efficient building form.

-Conduct basic shade/shadow analysis of the massing model to determine what areas of the
building could potentially support daylighting, and consequently inform interior space
planning. This also informs the positioning of the building on the site.

-Do solar radiation studies of the mass model to maximize opportunities for solar collection
(e.g. for solar photovoltaics and solar thermal systems).

-Study how the orientation of the massing model interacts with wind on the site. Orientation
of the building can optimize opportunities for passive cooling and ventilation.

(Source: )




Design Development

Objectives:
Verify and edit performative attributes of proposed design, while refining material,
mechanical, and structural systems with specificity.

Sustainable Design Inquires:

-How should the floor plan be modified to improve the quality of day lighting?
-How can HVAC equipment be designed most efficiently?

-How can structural system be designed most efficiently?

-Do passive sustainable design strategies provide the expected performance?
-What materials are being used to construct the building?

Building Performance Analysis (BPA) Actions:

-Run whole building energy analysis of building model, and identify how changes in wall
construction can reduce energy demands. This also presents a good opportunity to test the
performance of HVAC systems that were initially selected in Concept Design.

-Complete simulations that determine the general geometry of performative features to
determine if shades, light shelves, and solar chimneys are working as predicted.

-Run interior daylighting analysis of spaces, and confirm proper light levels are being
achieved.

-After maximizing the efficiency of the building envelope, run cooling/heating load
simulation so that HVAC equipment can be sized for efficiency.

-Perform structural analysis of model so that structural systems can be optimized.

(Source: )




Final Design and Documentation

Objectives:

Provide detailed direction, and specification, to construct the most comprehensive iteration
of the building. Assure that the constructed manifestation of the design will be as sustainable
as feasibly possible.

Sustainable Design Inquires:

-Are sustainable design goals achieved?

-Are building owner’s expectations of costs and performance achieved?
-What 1s the expected performance of the building?

Building Performance Analysis (BPA) Actions:

-Perform detailed whole building energy analysis of the final design to document expected
performance, and measure against baselines. And compare final design against the
measurement matrices that were defined in Pre-Design.

-Perform greenhouse gas emissions analysis to document expected environmental impact.
-Audit final building materials for costs and green qualities (recycled content, close
proximity to construction site, low VOCs).

(Source: )




Construction

Objectives:
Bring the building design into physical reality, by practicing sustainable construction
methods and utilizing quality control methods.

Sustainable Design Inquires:

-How can waste be reduced in the construction process?
-How can fabrication methods reduce waste?

-How can construction be done 1n a sustainable manner?

Building Performance Analysis (BPA) Actions:

-Analyze building quantities to assure that exact material quantities are delivered to the
project site. Doing so will avoid excess material that gets turned into waste.

-Analyze best fabrication methods with digital automation. This step reduces waste material
in the production of building assemblies.

-Run construction scheduling simulations that identify how to reduce equipment operations
on the project site. Less use of construction equipment reduces both energy consumption and
air pollution.

(Source: )




Operations and Maintenance

Objectives:
The building becomes occupied and has all equipment operating.

Sustainable Design Inquires:

-Are environmental control systems operating correctly?

-Is building able to maintain sustainable design goals when occupied?

-Is maintenance being done that assures environmental control systems can continue to
perform at their optimum?

Building Performance Analysis (BPA) Actions:

-Perform initial and ongoing commissioning of environmental systems to assure they are
working as anticipated. Poorly performing environmental systems can result in
compromised occupant comfort, and unnecessary energy consumption.

-Add ongoing utility cost/demand data to energy model, and compare/identify differences
between designed and actual performance.

-Administer occupancy survey to verify occupant satisfaction, and make recommendations
to facilities management for improving occupant satisfaction.

(Source: )




Project phases and analysis

Thermal analysis
Cooling & heating load calculations
HVAC plant and control systems
Dynamic thermal simulations
Wall/window make-ups & condensation analysis
Energy analysis
CO, emission calculations

Natural ventilation & mixed mode systems

[Model — Simulate — Results — Analysis]




General input data of thermal simulation engines
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Option 1

(Source:

Design option comparison for schematic design studies
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Project phases and analysis

Computational fluid dynamics (CFD)

Predict complex air flow 1nside & around
buildings

Visualization of results

Comfort analysis 5 1
Ventilation airflow analysis ~_,;;“~jj \..-.-.

\\\ g

Wind pattern studies
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Building design tools

Examples of design and analysis tools
Autodesk Insight for Revit
Autodesk Green Building Studio

IES Virtual Environment

R = AUTODESK'
[ L INSIGHT

éHECE)I\[i EéSlLDlNG STUDIO' g sefaira

Sefaira




Building design tools

Autodesk Revit

( )
Building Information Modeling (BIM) software

To support design, analysis, collaboration,
documentation and visualization

Insight: Building Performance Analysis (BPA)

Integrated with Revit

Autodesk Insight Overview (1:43)
¥ AUTODESK
L INSIGHT




Autodesk Revit and Insight for Building Performance Analysis

What is Insight?

From any Revit Model
(FormIt = Conceptual)

Building Energy

Heating/Cooling

(Source: )




Whole building energy analysis using Insight for Revit
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Building design tools

Autodesk Green Building Studio (GBS)

AUTODESK®
GREEN BUILDING STUDIO®

A web-/cloud-based service for use 1n evaluating
the environmental impact of building design and
design alternatives. It can assess:

Energy and carbon results (e.g. EnergyPlus, eQUEST)

Water usage data

Photovoltaic potential

Daylighting results, natural ventilation potential

The results are often reported 1n monetary terms




Dynamic whole building energy analysis using Green Building Studio

Form
Materials
Systems
Lise
Climate
Utility

ulYear

(Source: )




Revit Architecture

AUTODESK
K i
3 Building ]

Elements
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(Source: Autodesk)
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Building design tools

gbXML (green building extensible markup
language) | |

Open schema designed to transfer essential
information contained within a 3D building
information model BIM (such as walls, windows,
and room areas)

Allows for a consistent way to share information

for engineering analysis tools
Q, b goXML




Building design tools

IES Virtual Environment VE ( )

IES = Integrated Environmental Solutions

Applications:

Energy Modelling & Compliance
Whole building energy simulation; LEED, UK, North America
& global compliance

Building & Systems Design

Solar shading, daylight simulation & lighting design, HVAC
sizing & optimization, airflow, climate analysis & weather,
renewable energy design & optimization, life cycle analysis

3D Modelling & BIM Interoperability




IES Virtual Environment (VE): integrated analysis

Operation

Low-Carbon
Strategies

Carbon HVAC
Loads
Climate Calculation
& System Sizing
Rating
Systems Egress

Video: Introduction to

Parametric & ~—— > ' Value/Cost  VE (New Design &
Model Optimisation i Retrofit) (4:08)

Regulations

(Source: )




IESVE 2019 schematic geometry wizard for building performance
analysis (massing, building energy use & daylighting)

Schematic-Design Massing Options

EUI:16

kBtu/ft* =3 kBtu/ft?

(Source: )




Building design tools

IES VE case studies (in Singapore)
NTU EcoCampus

3D masterplanning and visualization

BCA Academy Campus

Energy modelling and performance optimisation




Snapshot of the sample daylighting simulation in Ecotect and IES-VE

(Source:

Daylight analysis
Daylight factor
Value range: 2-102%
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Building design tools é{ﬁ

Sefaira g Sefaira

Early stage analysis
Compare massings, layout and envelope options
Study natural ventilation & HVAC systems

Use EnergyPlus and Radiance

Applications:
Energy (use, cost, CO,, renewables)
Daylighting (daylight factor, direct sunlight)
Thermal comfort
HVAC sizing (heating & cooling loads)




Sefaira building performance analysis
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€3 sefaira for sketchUp = -

&3 Upload to Sefaira

¥ Close Daylighting Visualization
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(Source:

Sefaira daylighting analysis and visualization

Daylighting Visualization
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Building performance analysis -

Building Performance Analysis (BPA)

Building performance studies to assess how the
building 1s performing, what 1s driving that
performance, and what you can do to influence 1t

Typical tasks:
Climate & weather analysis
Building load & energy modelling
Solar analysis & strategies
Daylighting/lighting analysis & strategies
Wind & airflow analysis




BIM

Building
Information

Modeling

Whole Building Energy Analysis

= Conceptual Models
* Detailed Models

(Source: Autodesk)

Visualization

Structural analysis

Cost

Documentation
Fabrication/Construction
Etc...




Building
performance
analysis
workflows

(Source:

First, know what you’re
trying to accomplish, and
how you’ll measure success.

[Cooat Y Wetrics 3 tools 3 Analysis

This will help you understand what tools to
use, and what to look for in your analysis.

Level 1:

Metrics

Analysis

a8 N\
CEEAl Model 4 Simulate 4 Visualize

Then, when using the software, you’ll know...
* What you need to model

« What inputs and simulation settings to use
* How to best visualize the results

| = If the results make sense

Finally, you will know how to
interpret your analysis results so
that you can make better decisions.

b

You might iterate ... or do other analyses

)




Climate analysis

Workflow: Goals, Metrics, and Analysis Tools
Climate Analysis for High Performance Building Design

___ Goal 8  Metrics Qi Tools g8  Analysis 4

Are you trying to understand... Looking at the results...

Ecotect

- . . f . = Y= How much can | extend the
Determine which passive * Psychometric: Temp & Humidity : : ,
= . . : ; Weather Tool comfort zone with passive design
- | design strategies are most —=| * Heating and cooling degree days —— * :
S for v aite?  Tianal strategies, and how much energy
| #PP : does that save?
] = Ary insights on how to shape the
- | Understand wind patterns for * Wind diraction T":l:"rmd Eofiﬂ:a%rami f building and site features?
I¥asarl, Rewt, Eoolect) o’ -
E— natural ventilation and other | * Wind speed (km/hr) (\; f
o .
- design criteria? * Wind temperature & humidity Are speeds and lemueraturgb
appropriate for natural ventilation?
. - . Sunpath diagram ~
Solar position: Altitude and (Wasarl, Revit, E-:Ete-:tl . # " Would passive heating or solar energy
Understand solar position & azimuth angles e : be appropriate design strategies?
know the rough amount of * :54::I§r Radiation, dllr&c'r_ and Ecatect Solar Position . _ _
solar energy available? indirect (watts/m? How will the sun affect the site and

Ecotect Solar Tool
Ecotect Weather Tool

; A is the b i on?
» Cloud cover (%) what is the best arientation

Autodesk Sustainability ‘kshop Autodesk

(Source: Autodesk)




Sun and shadow studies

Workflow Part 1: Goals, Metrics, and Analysis Tools
Sun and Shadow Studies for High Performance Building Design

____Goal _Jl  Metrics 2 Tools ___Analysis

Are you trying to...

Understand available sun for:
* Passive solar heating
* Daylighting
¢ Electricity generation
» Exterior spaces &
courtyards

Get early insights on passive
design strategies that can take
advantage of the sun’s heat
and hight:

* Massing and orientation

s Building Materials

*» Openings

* Shading ffacade design

* Site features

Autodesk Sustainabilit

Visual & Qualitative
* Solar position

» Shadow visualizations

k4

Detailed & Quantitative
» Sunlight hours on a surface

* Full shadow ranges
* Right to light

» Overshadowing

Autodesk Revitor Vasari
Autodesk Ecotect

h

Looking at the results...

Based on your goals and
climate, where and how should
you focus future design efforts?
¢ Problems: Too much or not
enough sun
* Opportunities: Free energy
and light

Consider:

The context shoding the building.
* The building shoding the context.
* Shodes and self-shoding.

Harness the sun's energy...

Solar Radiation Analysis >

Harness the sun’s light...

Solar Radiation Analysis >

Autodesk

(Source: Autodesk)




Workflow Part 2: Modeling, Simulation, and Visualization Settings

Sun and shadow studies (cont’d)

Autodesk Vasari - Sun and Shadow Studies for High Performance Building Design

Model Site & Context
surrounding buildings, site

- ; ! * Times of day %

features, and topography. 3

' * Seasons =

Baosed on anolysis goals

import underiay image ;
« Extremes (solstices)

*» Single day or range

Set Location
Dictates latitude, i
longitude, and climate AT

~
/ E
Building Geometry \ ' ;
If it exists Q . - /

Visualize Shadows & Sun Path

Nass mode!

Autodesk Sustain:

_____ Model Q) Simulate Visualize

Sun Settings —

Still Images
A specific time and date
Export as image or screen clipping

Animations

A range of times or days
Export as movie file

Autodesk

(Source: Autodesk)




Sun and shadow studies (cont’d)

Workflow Part 3: Modeling, Simulation, and Visualization Settings

Autodesk Ecotect - Sun and Shadow Studies for High Performance Building Design

__ Model __Q  Simulate Visualize

Model Site & Context
Surrounding bulldings, site
features, and topography.
Impaort undgeriay mage

Set Location
Dictotes latitude,

longitude, and climate.

Building Geometry
If it exists
Mass model - .xml

Detoiled model - .fbx to .dxf

Sun Settings

Based on analysis goals

Autodesk Sustainabilit

Sunlight Hours

Ed : _ .
Hours of sunlight falling on a surface

Visualized on a grid or object

Ensure comparable scale

Shadow Range
Full daily profile of the shadow path

Right to Light/ solar Envelope
Access to daylight based on context

Overshadowing
What is shading the building when

Study key surfaces like direct |
gain windows, or courtyards
Ensure same time range

o Locate fr'-'.':flll es like po 1S O

o
landscaping
Planes cut through model '
What blocks Yol access? -
[ & | FJ L F - =
Blocking others’ access? =
Vertical sky component
"_-.Tl,-;'|1',- points or surfaces '
What is the solar window?

——

Percentage of a surface

in sun or shade

Autodesk

(Source: Autodesk)




Solar loads/solar radiation analysis

Workflow Part 1: Goals, Metrics, and Analysis Tools
Solar Radiation Analysis for High Performance Building Design

___ Goal il Metrics Tools ___ Analysis

Are you trying to...

Harness the sun's enargy to:
= Passively heat and cool?

* Integrate solar panels?

* Provide interior daylight

Understand where and when
the building will overheat?

Ensure the building won't
negatively impact its
surroundings?

Kn tal radiation on site
4 Climate Analysis I

he |

4 Energy Loads Analysis

-
4 Understand the sun's path
Sun and Shadow Studies

b |

Autodesk Sustainabi

Incident Solar Radiation
(Wh/m? or BTU/ft?)
Direct radiation from the sun and
diffuse radiation from the
atmosphere.

* Peak

* Average

* Cumulative

L 4

W

Absorbed, Reflected, and

Transmitted Radiation
{Wh/m? or BTU/ft’}
Radiation absorbed into tha
fagade, transmitted through
windows, or reflected back.

Autodesk Revit or Vasari
Autodesk Ecotect

Autodesk Ecotect

Looking at the results...

How much radiation is falling
on a surface that must be
controlled,

In cold times of the year, how
much free energy do | get and
how much money can | save?

When it's hot, how much solar
radiation can | avoid with
shades and form, and how
much money can | save from
reduced cooling loads?

How do | maximize solar
energy generation in a PV or
solar hot water installation,
and how much energy should |
expect?

Autodesk

(Source: Autodesk)




Analysis of exterior airflow for buildings and building sites

Workflow Part 1: Goals, Metrics, and Analysis Tools
Exterior Airflow for Buildings and Building Sites: Vasari Wind Tunnel Tool

Tools Analysis

Are you trying to... Rough qualitative comparison Vasarli Wind Tunnel Tool Looking at the results:

between design options of:

* Create comfortable outside = Wind patterns (false color) * Are there areas that are
areas and courtyards by * Wind speeds (m/s) S {': i getting too much or not
strategically locating walls, * Pressures (Pa) Cotort || /Erckact ot enough airflow based on the
trees, and |End5taping? Wind Tunnel 'Yind Rose  Solar Radiation dasign DbjEEﬁ"."ES?

* Dasign your building and site
to reduce unwanted airflow
acceleration on walkways?

What is the ratio of the initial
air velocity and the maximum
air velocity on my site? Are
there areas where the wind is
baing channeled and
accelerated?

* Get a basic understanding of
where to place openings to
get the most out of cross
ventilation?

In areas | want to shelter,
what is the best relative
airspeed reduction | can
achieve?

{Autodesk Simulation CFD should be
used for more advanced and
rigorous analysis. )

* Roughly estimate air pressure
distribution on structures?

Autodesk Sustainability Workshop Autodesk

(Source: Autodesk)




Analysis of exterior airflow for buildings and building sites (cont’d)

Workflow Part 2: Modeling, Simulation, and Visualization Settings
Vasari Wind Tunnel Tool for Exterior Airflow for Buildings and Building Sites

Visualize

{Sereen captures are the only way to export dota)

False-color 2D Slices

Horizontal and Vertical
* Qualitative differencesin
flow patterns

Set Analysis Grid

= Make boundary conditions
large enough.

Model Site Context
Surrocunding buildings and
topography {os masses)

» Clear visualizations of areas
of interest {i.e, head height,
wake of @ building)

» Adjust color scales to probe

Wind Speed &
Direction

Create CDHCEptual = Use wind rose diogrom data

Mass Model for guidance

Exterior form * Consider time of year & day

orientation on the site * Be careful of the scole & units
[ ———

2D vs. 3D Analysis
Choosea T ’ = 30 analysis is recommended for more

and compare resufts

3D Volumetric Traces
* More dynamic way of

visualizing 3D flow:.
- l - P I - i
Weather Station he 47 e Point cloud & ISO Surf. [~ ‘
Dictates wind data and 4 . " o' - * Interrogate the mode! to ;
rosediansi - - Run the s_lmulatlnn unti.l it stabli_lzes. i frar medarsbind miliarns f.l I*I
= When the imoge is moving, it's not showing of specific speeds and .
the wind. It’s calculating. . g h 4

Dressures.

Autodesk Sustainability Workshop Autodesk

(Source: Autodesk)




Daylight Analysis for High Performance Building Design

g
= Visualize
(1) Can | improve .l_g light rays > ECOTECT
overall shape of =
building/room to get S,
more light? How much /) g
can |relyen g " i
= Daylight factor
daylighting? Ic (%) = _~ x\>
= ccuracy
s . b i
fﬂ- -
T
Mo
e
; Mluminance L
(2) Can | get enough light i Gl st S
for my tasks from - i
. e foot-candle) > from climate data?
i koo S| i 3 Congider lightin :u’pi‘élns?
spacific surfaca) ghting -
i g
Yes
(3) How much can | offset Daylight
artificial lights with Autonomy
daylight? How much and UDI (%] DAYSIM
energy can | save?

=
E Luminance
E {eandela/m2
or Nits)
(8) 1s light well perx) N |-
distributed, )

am | avolding glara?

Light Quality g ==
(subjective, e

ww X G

2 3D5MAX Design

render)

Qualitativ

Understand the sun’s path

< Sun and Shadow Studies J

4 Know solar radiation values

Solar Loads Analysis |

b |

Autodesk S

(Source: Autodesk)

__Goal 4 Metris 4 Tools 4 Analysis g

Daylight factor: 2% - 5%

llluminance values
within specified range
for desired task

Daylight Autonomy and
uD! % maximized

Low DGP %, minimize
contrast between
luminance values (10:1
in task scenarios),
visually pleasing space

Autodesk




Building performance analysis

Whole building energy analysis

Simulate expected energy use in the building

I

I'rack the effectiveness of individual passive
design strategies and energy efficiency measures

I

I'he sophistication and precision of the tools and
analysis will increase as one moves along

Conceptual energy analysis (early design stage)
Detailed energy analysis

T

Energy retrofit analysis (for existing buidings)




Whole Building Conceptual Energy Analysis

Goal: Optimize building form, orientation, layout, and constructions based on total energy use. |

Whole building conceptual energy analysis

Vasari or Revit
o

I

‘ Model >‘ Simulate >‘ Visualize >‘ Analyze >| Decide )

Autodesk Sustain

Set location
choose weather data

¥
Create Vass

Model
W

Mass Floors

L 4

Energy Settings:
* Bldg type & zones

* Equipment & sched.
» Construcbons

Model geometry and

operating conditions

[Vasari or Revit)

(Source: Autodesk)

DOE2 Simulation
(Driven by Green
Building Studio in the
cloud)

J

Energy reports

v
Export data for

comparison
(Excel, Hustrator, etc,)

Compare results
Energy use intensity
Life cycle energy cost
Manthly heating and
cooling loads
Energy use potterns

ll-'rf-'!‘..'.'.l!r" (T '\l::.'l'. :ll"i-l .'.'.'.'._
move to next phase

T Yes

Designoption is

— it
optirmized

No

S —

Autodesk




Performance based conceptual design and energy analysis

r

@

~

Conceptual 3d Sketch

—
e <>

%

ﬁ!

S

Project + Shared Parameters
-Creating Parametric Massing
-Tracking Program + Area
- Controlling Materials,

- Defining Environmental Control
Systems

N

3 Conceptual Energy Analysis

-Orienting the Building Sensitive
to the Solar Path

- -Exploring Different Shading .«
and Material Options '

- lterating through Design
. Options to Attain the Lowest )
Energy Use Intensity (EUI)

(Source: Autodesk)

Do you know why conceptual
energy analysis 1s important?




Conceptual energy analysis: study how the sun affects the design

Model [ 'Analyze o-

® . w @ "ENEISIEN = o
2 o ; ¥ - e <) 9 . . & Pick to Edit hid
Location Analyze  Energy Results & Show Mass Show Mass Show Mass Design Ecotect Ecotect
- Mass Model Settings Compare By View Surfaces Zones  Options aﬁi prlfm'li'y - Wind Rose Solar Radiation
Properties
@ 3D View -

3D View: {30} -] 5 Edit Type

Graphics 2 a

View Scale 1/16" =1'-0"

Scale Value 1. 192

Detail Level Medium

Parts Visibility Show QOriginal

Visibility/Graphics Overi... ~ Edit. }E
Grphic Oiply pton

Discipline Architectural 22
Default Analysis Display S... | Solar Radiation Default [
AnaEysii Display Settings Edit... =
Visible In Option all
Sun Path |
Identity Data A
View Name {30}
De| jency Independent
Title on Sheet )
Default View Template None
Extents B _
L AE—. =

Properties help

Unit_6_03_CEA_BASE_DATASET_110707_rhl - Project Browser ]
=0, Views (Project)
3D View: Render_view
3D View: (3D}
Floor Plan: 2D Site
= M3 Schedules/Quantities
Mass Floor Schedule
= 2 Families
& Annotation Symbols

@ Curtain Panels

= Mass

- Box-Shape
50'x50'x100"
90'x210'%70"
100'%100'x40"

@ - H-Shape

@ L-Shape

= Mass1
Mass 1

B Mass3
Mass 3

# - O-Shape

[} T-Shape

il tower_family
- Conceptual Constructions

ye=10 B@T 2 GRMBB P 9 « '
24 option 1 (primary) ~ [] Active Only [“]Press & Drag 70

[Click to select, TAB for alternates, CTRL adds, SHIFT unselects.

(Source: Autodesk)




Solar study and solar response for different design options

Main Building Solar Study Tower Option A Solar Study Tower Option B Solar Study Tower Option C Solar Study

3.2 Q ", & ‘)‘ R ”

Main Building Solar Response Tower Option A Solar Response Tower Option B Solar Response Tower Option C Solar Response

3.3

CEA of A Solar Response

3.4

(Source: Autodesk)
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N

Building performance analysis a

Workflow of building energy analysis
Model geometry analysis (architectural elements)
Data input (energy model)
Dynamic energy calculation
Result sheet
Early design phase:

Quick evaluation for different design solutions

Detailed design phase:

Standard-compliance analysis




Architectural building elements Energy analytical model

Energy analysis results Energy model viewed in eQUEST

(Source: Autodesk)




~

[ Shading & Peak Load Reduction EnergyPlus Software
J
_\ " " "

Glare & Visual Comfort Iterative Whple Bu.lldmg Energy

y Simulation
N

[Electric Lighting Design & Integration Cooling Load Reduction
) Analysis
<

[Computational Fluid Dynamics (CFD) HVAC System Optimization
J
A Energy C §

Life Cycle Cost Analysis (LCCA) nergy Lonsumption

) Optimization
4

[Two Dimensional Heat Flow Modeling Thermal Comfort Analysis
y,
™

[ Hygrothermal Modeling Passive Systems Integration
y,
N

[ Fenestration Design & Analysis
J
_\

[ Assembly Detailing & Specification
y,

(Source: )




Autodesk Vasarl

COURTYARD STUDY

Floor area: 16,405 n
Exterior Wall Area: 8439 mé
EIU: 697 MJ/miryr

Floor area: 12,354 n#
Exterior Wall Area: 7051 m¢
EIU: 717 MJ/mdtyr

(Source: Autodesk)

Floor arex: 13,859 nv®

1

Floor area: 12.858 n¥*

Exterior Wall Arocc 835012 Exterior Well Arca: 6714 n#
EIU: 698 MJ/m?Ar EIU- 681 MU AT

Foor area: 14,321 @
Exterior Wall Area; 8882 nr'
ElU: 699 MJ/m®yr




Solar studies and analyses

29 ghagno

Solar 1nsolation
(Source: Autodesk)
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Climate analysis examples '@)

Climate can influence building design and
dictate what passive design strategies are most
suitable and effective for the building site

Climate refers to the average atmospheric
conditions over a long period of time

Weather refers to the daily temperatures and
atmospheric conditions

3A jre L 12.00< 3B “\* '::" = r-»

SR c
£ /-"'_==I===';:-._\ = e
= == : =t
-~ m;:\\ 28.50< w %, -
& S Y 2 :
by LY 25.65 y — - )
10 o, 8 v - - 4
/7 'S 22.80 bt /Y : e
/ b ¥
, b\ 19.95 e I
(8% W\ i =
| Ry o 17.10 w1l N B I
- 7 i = —— A 1 X Sy
| B ] —3 A . ;. 14.25 AR ARRY
Wt £ | % W
\\ ¥ - L =/ 11.40 vy, | -
\ e T k . A g | - !
2aa [ LY = - =
LS i v/ 5.70
,
2 i
* 245 = I e
W i
jastr




Absolute Humidity x [gfkg]

W]
M

Correlation with ASHRAE-Standard 55

[N]
=
T

Summer9.12%

YWinter 12.65%

[y
M

[
O

—
M

—
o]

A 0 5 10 15 20 25 a0 35 40 45 50

Global Radiation Gh [Mm2]

500

800

700

600

500

400

300

200

100

— N:1.28[K\Wh/m?

[ ]
— S:4.49[k\Wh/m?] |
E:3.49[kWh/m?] |
W:3.53[KWh/m?]
°5 84[k\Wh/m?] -

Inclination of Surface [Deg)
- fy] o P L P -
= = = = = ) = =

o0
]

w
]

5 10 14 20 25
Hours/Day [hid]

Global Radiation [KWh/m2a]
2000

I L 14500
U 1000
N ) s

500

W I
Orientation of Surface




Solar radiation analysis (facade month)

February

October Movember

Global Radiation [KWh/m=*Manth]

December




Absolute humidity [g/kg]
35

Enthalpy [J/ka] 110

Design strategies
for room
conditioning or

HV A C cooling & dehumidifying

Jehurmidifying 15

e

10

cooling

avaporative cooling

heating & humidifying humidifying

0
20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45

Temperature [*C]

Room cnndﬂiuning accurding to the outdoor climate shown in psyc hometric chart
(cf. Olgay, 1963) Lied!, 2011
www.climate-tool.com
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Climate analysis examples '@)

Energy Design Tools, University of California,
Los Angeles (UCLA)

Climate Consultant (version 6.0)

Organize and represent climate information in easy-to-
understand ways that show the subtle attributes of
climate, and 1ts impact on built form

& & Video: Climate Consultant V6.10 (20:46)
b

-~
?.ﬁ




[£| Climate Consultant 5.5 (Build 3, Sep 3, 2014)

File' Criteria Charts Help

Ground Temperature {Avg Monthly of 3 Depths)

LOCATION: HONG KONG, SAR, CHN
WEATHER DATA SUMMARY Latitude/Longitude: 22 32° North, 114 17° East. Time Zone from Greenwich 8
Data Source: CityUHK-45007 450070 WMO Station NMumber, Elevation 65 m
| MONTHLY MEANS JAN FEB MAR | APR " MAY | JUN | JUL AUG SEP | oCcT NOW | DEC
Glebal Horiz Radiation (Avg Hourly) 235 239 244 208 280 283 373 30 329 353 316 286 |Wh/sq.m
Direct Normal Radiation (Avg Hourly) 159 123 112 107 133 145 243 201 136 267 251 233 |Whjfsg.m
 Diffuse Radiation (Avg Hourly) 142 157 161 185 . 173 . 178 182 187 186 176 163 155  |Wh=g.m
Global Horiz Radiation (Max Hourly) 717 856 881 219 569 935 572 553 533 864 7497 725  |Whjsg.m
| Direct Normal Radiation (Max Hourly) 780 794 750 723 . 751 . 735 754 752 74 799 803 735  |Whfsg.m
Diffuse Radiation (Max Hourly) 323 o7 401 414 407 b B b i 11 397 370 333 309 |Wh/sg.m
Global Horiz Radiation (Avg Daily Total) 2533 26091 2908 3370 3670 3855 4925 4331 3999 4043 30 3056 |\Wh/sg.m
Direct Normal Radiation (Avg Daily Total) 1713 1387 1335 1354 1745 1952 3218 2558 2270 3063 2746 2432 |Why=q.m
| Diffuse Radiation {Avag Daily Total) 1533 1763 1921 2325 2269 2375 2407 2381 2263 2016 1787 1659  |Wh/sq.m
Global Horiz Hlumination (Avg Hourly) Jux
. Direct Normal Hlumination (Avg Hourly) e
Diry Bulb Temperature (Avg Monthly) 15 15 19 22 26 27 23 23 27 25 21 17 degrees C
| Dew Point Temperature (Avg Monthly) 11 12 15 19 . 22 . 25 24 24 23 19 15 10 degrees C
Relative Humidity (Avao Monthiy) 74 30 a2 a4 a1 34 79 81 30 e a9 aG percent
Wind Direction (Monthly Mode) 20 a0 100 50 &0 50 250 240 80 90 50 50  |degrees
| Wind Speed (Avg Monthly) 2 3 2 3 2 3 3 2 3 3 2 2 m/s
| 18 15 20 21 24 25 26 25 25 23 20 19 |degrees C
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|&| Climate Consultant 5.5 (Build 5, Sep 3, 2014) bl
File: Criteria Charts Help

LOCATION: HONG KONG, SAR, CHN
CRITERIA: (Metric Units) Latitude/Longitude: 22 32° North, 114 17° East, Time Zone from Greenwich &
Data Source: CityUHK-45007 450070 WMO Station Number, Elevation 65 m
ASHRAE Standard 55, current Handbook of Fundamentals Comfort Model [SEIEGt Help for definitions) E 1
. 1.0 | Winter Clothing Indoors (1.0 Clo=long pants,sweater) 2.0/ Terrain Category to mndlﬁ«' Wind Speed {Z=suburban)
' . 5 Summer Clothing Indoors (.5 Clo=shorts, light top) _ !? I:“. Min. Indoor Velodty to Effect Indoor Comfart {mjs)
1. 1 Activity Level Daytime {1. 1 Met=sitting,reading) 1.5 Max, Comfortable Velocity {per ASHRAE Std. 55) {m/s)

Sﬁ,ﬂl Predicted Percent of People Satisfied (100 - PPD)

_Mmm.él Comfort Lowest Winter Temp calculated by PMY model(ET= C)
243 | Comfort Highest Winter Temp calculated by PMV model(ET™ C)
ﬁ?l Comfort Highest Summer Temp calculated by PMY model(ET* C)

HﬁJ Maximum Humidity calculated by PMY model {3a)

| —

0.8 | Max. Mechanical Ventilation Velodty {m/s

7. SUN SHADING ZONE: (Defaults to Comfort Low) . 3.0 Max. Perceived Temperature Reduction (°C)

| 23.8 | Min. Dry Bulb Temperature when Meed for Shading Begins (*C) {Min Vel, Max RH, Max WB match Natural Ventiation)
' 9, INTERNAL HEAT GAIN ZONE (lights, peopie, equipment);

315.5 | Min. Global Horiz. Radiation when Need for Shading Beqins (Whjsq.m)

3. HIGH THERMAL MASS ZOHNE:

8.3 | Max. Qutdoor Temperature Difference above Comfort High (°C)

10. PASSIVE SOLAR DIRECT GAIN LOVVY MASS ZONE:

I ?l Min. Mighttime Temperature Difference below Comfort High (*C) L 15?'?.5 e e . o )

3.0 | Thermal Time Lag for Low Mass Buildings (hours)
16.7 | Max. Outdoor Temperature Difference above Comfort High (*C) SEPAS SIE S URECT BB PNk SO

 i—; 157.7 | Min. South Window Radiation for 5.56°C Temperature Rise {Whfsg.m)
1.7 | Min, Mighttime Temperature Difference below Comfart High {=C) ey

12,0 | Thermal Time Lag for High Mazs Buildings (hours)
L DIRE{‘.:T EVAPORATIVE COOLING ZONE: (Defined by Comfort Zone 12. WIND PROTECTION OF OUTDOOR SPACES:
20,0 Max. Wet Bulb set by Max. Comfort Zone Wet Bulb {7C)

| 3.5 | Velodty above which Wind Pratection is Desirable (m/fs)
6.6 Min. Wet Bulb set by Min. Comfort Zone Wet Bulb (*C) [ i

11.1| Dry Bulb Temperature Above or Below Comfort Zone ({°C)
6. TWO-STAGE EVAPORATIVE COOLING ZONE: 13. HUMIDIFICATION ZOMNE: (defined by and below Comfort Zone)
ik | S Effdency ol Inde el Siags 14. DEHUMIDIFICATION ZONE: (defined by and above Comfort Zone
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[ 4] Climate Consultant 5.5 (Build 5, Sep 3, 2014) o B EH

File: Criteria’ Charts Help

COMFORT ZONE
SUMMER

WINTER
(At 50% Relative Humidity)

| DESIGM HIGH:
@ 1% of Hours Above
i 5% of Hours Above
71 0% of Hours Above
| DESIGM LOW:
1% of Hours Below
(71 .5% of Hours Below

i@ 0% of Hours Below

| TEMPERATLURE RAMGE:
1 =10 to 40 =C

@ FittoData

TEMPERATURE RANGE LOCATION: HONG KONG, SAR, CHN
ASHRAE Standard 55 Latitude/Longitude: 22 32° North, 114.17° East, Time Zone from Greenwich &
Data Source: Cl'_t_nyHK—fiﬁﬂﬂ? 430070 WMO Station Number, Elevation 62 m |
LEGEND
RECORDED HIGH - =
DESIGN HIGH - 35
AVERAGE HIGH -
MEAN - 2 i 2 = i
AVERAGE LOW - %0 i - . . l g
DESIGH LOWY - l l
RECORDED LOW - o o

|
25 | :

20

10

Jan Feh Mar Apr May Jun Jul Aug Sep Oct Hov Dec Annual
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{£ Climate Consultant 5.5 (Build 5, Sep 3, 2014) = | k= _ X

| | File Criteria Charts Help

MONTHLY DIURNAL AVERAGES LOCATION: HONG KONG, SAR, CHN
ASHRAE Standard 55 Latitude/Longitude: 22 32° North, 114 17° East, Time Zone from Greenwich 8
Data Source: CityUHK-45007 450070 WMO Station Number, Elevation 65 m
LEGEND Radiation Temperature
1600 35
1500 33
HOURLY AVERAGES
1400 * G|
TEMPERATURE: (degrees C) |
—— DRY BULB MEAN I _\‘/\ \_/\ T 2
——WET BULB MEAN 08 fill ) 97
DRY BULB (all hours) M iy m.
COMFORT ZONE 1100 i i V""‘"- G 25
SUMMER P
WINTER Hod ﬁ i B B
(At 50% Relative Humidity) oo, I \f,_ N/ o 21

RADIATION: (/s t.m) 800 19
[ GLOBAL HORIZ -\/""R
1 DIRECT NORMAL 700 S~ = 17
[ DIFFUSE - | ) "

500

i 3
[ —
—a..___-
I
o

\-/'\.
400 W

300 { i\ : I {\
i ﬁ }w f\v | /\:
roveTAEAE ,] N wmenmmwmnmmm

- -10to 40 *C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
@ Fitto Data
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| £ Climate Consultant 5.5 (Build 5, Sep 3, 2014)

= | B |

File Criteria Charts Help

LOCATION: HONG KONG, SAR, CHN
RADIATION RANGE Latitude/Longitude: 22 32° North, 114 17° East, Time Zone from Greenwich &
Data Source: Cil":m‘UHI{—dﬁ[]ﬂ? 450070 WMO Station Number, Elevation 65 m
LEGEND
1600
HOURLY AVERAGES
DAYLIT HOURS ONLY 1500
RECORDED HIGH - © 1400
AVERAGE HIGH -
MEAN . H 1300
AVERAGE LOWY - 1200
RECORDED LOWY - o
1100
RECORDED:
1 DIRECT HORMAL 1000 _'___“:}.c\f" - * ——] grm— 7
[ GLOBAL HORIZONTAL 7 . e
I TOTAL SURFACE = s = \E\
./f ) &
(WWhisg.m per hour) 800 = . -
THEORETICAL.: & o a
(=] e
700 — _ _ "5
] a
600 = — =
H00 ] ] — a | BN |
Tilted Surface Radiation Input: 400 |— HEHHHHPEHHHE HH
40.0|| Tilt degrees from Horizontal M = N B
{Vertical = 590%) 300 A n __. _-: il
0.0 | Bearing degrees from South = - B I
200 H A HH L ACHTH i
(South = 0% West = +307) H H
20.0 | % Ground Reflectance 100 H HH __:_. : _'._-, - b U
(20% = grass) - B H - |:|
0 B e e | o
PLOT: Jan Feh Mar Apr Annual

@ Hourly Avg 7 Daily Total
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| £ Climate Consultant 5.5 (Build 5, Sep 3, 2014)

Filee Criteria Charts Help

Total Cloud Cover  100%
RECORDED HIGH - =
AVERAGE HIGH -
MEAN - %
AVERAGE LOWY -

RECORDED LOW - o
Clear Skies 0

100%

0%

80%

0%

60%

50%

40%

J0%

20%

10%

0%

LOCATION: HONG KONG, SAR, CHN
SKY COVER RANGE Latitude/Longitude: 22 32° North, 114.17° East, Time Zone from Greenwich 8
Data Source: Cit':-fUHI{—dﬁD{]? 450070 WMO Station Number, Elevation 65 m
LEGEND

Jan

Feh

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

How

Dec

Annual
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|£s| Climate Consultant 5.5 (Build 5, Sep 3, 2014)

File: Criteria Charts Help

@ Fitto Data

LOCATION: HONG KONG, SAR, CHN
WIND VELOCITY RANGE Latitude/Longitude: 22 32° North, 114 17° East. Time Zone from Greenwich 8
Data Source: Cit?’UHK—-ﬁlﬁD'D? 450070 WO Station Mumber, Elevation 65 m
LEGEND
15
14
13
RECORDEDHIGH- o
AVERAGE HIGH - 12
MEAN - %
AVERAGE LOWY - "
RECORDED LOWY - o i
(mis) a o
a
[n]
i
i
(i
5 -— — —
4 —_— ] —
3 -—
2 —_— ] —
1 -
WIND VELOCITY: 2 2 ’ o 2 @ a 2
0
7 0to 27 mfs Jan Feh Mar Apr May Jun Jul Aug Sep Oct Hov Dec Annual
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| £ Climate Consultant 5.5 (Build 5, Sep 3, 2014)

File Crnteria Tharts

Help

DRY BULB X RELATIVE HUMIDITY
ASHRAE Standard 55

LOCATION:
Latitude/Longitude: 22 32° North, 114 17" East, Time Zone from Greenwich 8

HONG KONG, SAR, CHN

Data Source: CityUHK-45007 430070 WMO Station Number, Elevation 62 m
100 100 100 100
L E G E N D R - E,,;,.:,l.;.-:n:n Lage C'D'I'J)n:n:unl Dlmnol
80 fweetus o S0 beeT 80 :-m_,a - DD:"':’E'E 80 S e ot 80 Lot
] DDE\‘D
60 60 60 60
40 40 40 40
Dry Bulh a i falaleluTe]
Humidny < 2'] 000 booo b oo 0000000 daan 2“ 000 0 g oo S00 D00 doog 2'] T O T T Lo raHEH R HO o, AT, 2‘] (m]n] [ajm]=] [=]uRn e ]
Comfort Zone 1] 0 0 0
0 4 8 12 16 20 24 0 4 & 12 16 20 24 0 4 & 12 16 20 24 0 4 8 12 16 20 21
Summer JAN FEB MAR APR
""““;‘t"rﬁu% 100 100 .| 100 100
Relative Humidity ':'C":'lnmla Qo SIS Co, o8 -:-DDJ? goaneos | c,.;..:.l.:.-:u:h - oo
80 ﬁ':'t!lmg,:,.;:.':'cn . 80 "'\:"EDTIC' 80 nua e D'B'D o 80 =] T Gn:\n
(ul
(il 60 60 60
40 40 40 40
oooaonoeotd POR0 0000 Long o0 gno0 oo 00 R000 onoo D00 Gooo G000 000 0000 0 5o Q00 oo S0 0000 0008 Aaa g
20 20 20 20
0 0 0 1]
0 4 8 12 16 20 21 0 4 & 12 16 20 24 o 4 & 12 16 20 24 0 4 8 12 16 20 24
MAaY JUN JUL AUG
100 l 100 100 100
fatalatalalalct o
80 = e 3o% 80 80 80
o ggg000 DDG‘DDD“D o0 0a@ ] LT CELY ohoee poagmag | o
fel=T. 1 ol o o® o, 0% -
60 60 60 . 60 2 rarerer
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000 0o p o0 PPN PR00 pooa o PRl al = e LT R
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| £ Climate Consultant 5.5 (Build 5, Sep 3, 2014)

File Criteria: Charts Help

LOCATION: HONG KONG, SAR, CHN
SUN SHADING CHART Latitude/Longitude: 22 32° North, 114 17° East. Time Zone from Greenwich &
Data Source: CityUHK-45007 450070 WMO Station Number, Elevation 65 m

LEGEND &

i CoooD00000 000 00 00 DQDDD

om0 00000 0000000000000 o
oot

:,:,.:DC":'DC' B e 1111 11
2l

u""l‘ ma Lt R LA, B BI]
13

o WARMHOT = 27°C

(SHADE NEEDED)
1052 Hours Exposed
375 Hours Shaded

o

g

Mo ooy
S,
]

{p TGO LGy
Aryy

rr -
1 1 A o s 1“11 L
o D

N
o

o T  F T

A P o

(SHADE HELPS)
432 Hours EXposed
362 Hours Shaded

o COOLICOLD < 20°C

(SUN MEEDED)
121 Hours Exposed
236 Hours Shaded

A

3 T T T T SRR TR T IO 5]
=]

60

T
1, m < '
o f{

oo
o 'Iw.
;’L
=5
ong
i
o

o | PESRES 2 i
=

15 50

s
-

AL TITUDE AMGLE

PLOT MONTHS:
WINTER. SPRING

i December 21 to June 21
SUMMER. FALL
i@ June 21 to December 21

["] Display Grid
[7] Display Shading Calculator

[7] Display Obstruction Elevation

_ 120 0
[ Input Obstructions BEARING ANGLE

[ ] Display Opposite Direction EAST SOUTH WEST
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File  Criteria " Charts: Help

LOCATION: HONG KONG, SAR, CHN
SUN CHART Latitude/Longitude: 22 32° North, 114.17° East, Time Zone from Greenwich &
Data Source: CityURHK-435007 430070 WMO Station Number, Elevation 65 m
LEGEND
[

o WARMHOT = 27°C
(SHADE NEEDED)

(SHADE HELPS)

@ COOL/COLD < 20°C
{(SUN NEEDED)

XGHOMON POSITION

PLOT MONTHS:

WINTER. SPRING

(71 December 21 to June 21
SUMMER FALL

i@ June 21 to December 21

iy

DECEMBER

TN e o e

____________

O

GHNOMON
HEIGHT
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File Criterna: Chars Help

TIMETABLE PLOT

LOCATION: HONG KONG, SAR, CHN

Latitude/Longitude: 22 32° North, 114.17° East, Time Zone from Greenwich &

Data Source: CityUHK-45007

450070 WMO Station Mumber, Elevation 65 m

LEGEND

DRY BULE TEMP
(degrees C)
67% [l <0
2% Il o - 21
B 21 - 27
3% M 27 - 38
1% H =38

PLOT:

DRY BULE TEMP

i Monthly Avg @ Daily
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File Criteria. Charts Help

LOCATION: HONG KONG, SAR, CHN
3D CHARTS Latitude/Longitude: 22 32° North, 114.17° East, Time Zone from Greenwich &
Data Source: CityUHk-45007 450070 WMO Station Number, Elevation 65 m
LEGEND
GLOBAL HORIZ RADIATION
(Whisi.m)

40% [ Night Time
15% [l 4 - 158

O 158 - 316
14% W 316 - 474
on [l > 474

653.35*

PLOT: @ Mot Shaded ) Shaded

GLOBAL HORIZ RADIATION -

@ Monthly Avg ) Daily
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PSYCHROMETRIC CHART LOCATION: HONG KONG, SAR, CHN
ASHRAE Standard 55 Latitude/Longitude: 22 32° North, 114.17° East, Time Zone from Greenwich 8
Data Source: CityUHK-43007 450070 WMO Station Number, Elevation 65 m _
LEGEND RELATIVE HUMIDITY 100% 80°%
DESIGH STRATEGIES: JANUARY through DECEMBER /
SHNELRLBRUOR 6.4% 1 Comfort{559 hrs) " 028
100% [l COMFORTABLE 14.1% 2 Sun Shading of Windows(1233 hrs) 30 36 1
0% [l HOT COMFORTABLE D.2% 3 High Thermal Mass(17 hrs)
4 Direct Evaporative Cooling({0 hrs) 024
6 Two-Stage Evaporative Cooling{0 hrs) 7
¥ Natural Yentilation Cooling(D hrs) WET-BULE - | _1.
8 Fan-Forced Ventilation Cooling(0 hrs) TEMPERATURE /it 3
26.9% 0O Internal Heat Gain{2358 hrs) DEG-E (L (L i

020

M
4

10 Passive Solar Direct Gain Low Mass(0 hrs)
50% 11 Passive Solar Direct Gain High Massi{435 hrs)

12 Wind Protection of Outdoor Spacesi{l hrs)
PLOT: | COMFORT INDOORS - 13 Humidification Onht0 hrs)

RNNJTG. C

016 2
X : = 25.1% 14 Dehumidification Onha 2199 hrs) E
@ Hourly © Daily MinMax 38.6% 15 Cooling, add Dehumidfication if needed(3380 hrs) 0] £
@ All Hours ) Selected Hours 2.5% 16 Heating, add Humidification if neededi{221 hrs) E
: 1a.m, " through :I‘nlcin:gh[ » 100.0% Comfortable Hours using Selected Strategies 012 E
(8760 out of 8760 hrs) 75
i@ All Months ") Selected Months § a7
. Comfort Zones show: ' i
AN through  |DEC ' Summer clothing on right, ‘AZ :
i 10,5 T t -.008
) One Month | JaN Mext Maonth Dntaclol s o e, g‘:ﬁq 3 K 10
- - r’E '
) One Day 1 Mext Day 5 L 5
’ e by i
{71 One Hour | 1&.m, Mext Hour Ldjkﬂ 2 |
0 "-dw - 4 TE 004
5 .‘ i |
TEMPERATURE RANGE: 15 = ' ]
i) s
@ -10 to 40 °C © Fit to Data ‘l'- w
| 7] Digplay Design Strategies ' I ) —
-10 -5 ] h 10 15 20 35 40

_ [] Show Best set of Design Strategies DRY-BULB TEMPERATURE, DEG. C
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LOCATION: HONG KONG, SAR, CHN
WIND WHEEL Latitude/Longitude: 22 32° North, 114.17° East. Time Zone from Greenwich &
Data Source: CityUHK-45007 450070 WMO Station Number, Elevation 65 m
LEGEND M
TEMPERATURE (Deg. C) o /U\:‘
H <o L= == JANUARY - DECEMBER
WMoz L e ~
021 - 27 - e = ~
W27 - 38 4 T~ ™
i f " N
B -38 v i ~ 5
RELATIVE HUMIDITY (%) b < N
1 =30 \ \\
[ 30-70 \ ;
B =70 \ \
g ] : \
: /'"" ¥ - B |
, /7 o _
I [ [ 7N\ < — WIND
WEST - | = EAST SPEED
| | m{ - . {mis)
A, L e g P = ." = ‘
1 A W : :
@) all Hours (71 Selected Hours 4 - / |
1a.m; | through  |midnight e \ / /
B / /
i@ All Months i Selected Months s ; 0%
IAN | through  |DEC 2 / AVG
. S ,
(") COne Month | 14N Next Month \ - - o 100%
) % i s
(71 One Day 1 Mext Day S - 2
£ e — -
5 g e T iy & =t | -
A.rumateml = = ~ 10% e = 0%
@ Monthly - e = 20%._
(7 Daily s B
Hourly | Stop
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DESIGN GUIDELINES (for the Full Year) LOCATION: HONG KONG, SAR, CHN
ASHRAE Standard 55 Latitude/Longitude: 22 32° North. 114.17° East. Time Zone from Greenwich &
User Modified Design Strategies, User Modified Criteria Data Source: CityUHK-435007 450070 WMO Station Number, Elevation 65 m

Assuming only the Design Strategies that were selected on the Psychrometric Chart, 100.0% of the hours will be
Comfortable.

This list of Design guidelines applies specifically to this particular climate, starting with the most important first. Clickon a
Guideline to see a sketch of how thig Design Guideline shapes building design. (See Help for more details.)

| £| Design Guideline 59 | =&

59 [ In this climate air conditioning will always be;

@H Traditional passive homes in hot humid clirm)

: [ Traditional passive homes in warm humid clj

WHOLE HOUSE FAN FOR

30 | High performance glazing on all orientations HIGHT FLUSHING

37 [ Window overhangs (designed for this latitudd OVERHANGS PROTECT - T
i y SOUTH GLASS S e ]
@| [ Raise the indoor comfort thermostat setpoint

== MINIMIZE OR CLOSE WINDOWS WHEM AR NORTH GLASS
@ [ Screened porches and patios can provide pa o etdhida NITONER IS AT PROTECTED BY FINS
E| | Use plant materials (bushes, trees, ivy-cover] HIGH MASS WALLS WITH L i PR R
L y [ EXTERICR INSULATION j

32 Minimize or eliminate west facing glazing to ri I i —
T 1 SLAR ON GRADE WITH L
EH Crient most of the glass to the north, shaded EXTERIOR INSULATION IN HOT/DRY CLIMATES
[ High Efficiency air conditioner or heat pump () CEILING FANS FOR
%{p 0 DAYTIME AR MOTION

26 | & radiant barrier (shiny foil) will help reduce 'ﬁ*"#.s;,,m

25 [ In wet climates well ventilated attics with pitch Z
EH Heat gain from lights, people, and equipmen) CLOSE WINDOWE WHEN AlRt

= CONITIONER IS AUNMNING
18 [ Keep the building small (right-sized) becaus P = e chond

33 | Long narrow building floorplan can help ma CANGE OvemitANGE T T ——

STttt

@[ Good natural ventilation can reduce or elimin l o e % l
EH Lse light colored building materials and cool @ Y mﬁ:‘.ﬂgﬂuﬁfﬂm Y

[ If s0il is moist, raise the building high above IN HOT/HUMID CLIMATES

In this climate air conditioning will always be needed, but can be greatly reduced if
building design minimizes overheating

CLOSE Copyright {c) 2008, 2014 Regents of the University of California

42 | 0n hot days ceiling fans or indoor air motion




Further Reading @

Learn everything about building performance
analysis: Autodesk Insight webinar series

Autodesk Insight webinar part 1: Learn everything about
Insight (1:02:20)

Autodesk Insight webinar part 2: Tips and Tricks (1:01:53)

Autodesk Insight webinar part 3: Practical examples

(58:53)
R ¥ AUTODESK
I L INSIGHT




Further Reading %

IES VE YouTube Channel
Climate Analysis & Weather (1:26)
Solar Shading (2:42)
Daylight Simulation and Lighting Design (2:22)

Daylighting Visualisation (1:39)

Dynamic Daylighting (3:41)

Airflow (3:16)

Whole Building Energy Simulation (2:45)

Renewable Energy Design & Optimization (1:56)




Useful Tools

ClimateTool

Software by Andrew Marsh
Psychrometric Chart ,

Weather Data ,

2D Sun-Path :

3D Sun-Path ,

Dynamic Daylighting ,

Dynamic Overshadowing ,




