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Project phases and analysis

• Sustainable Building Projects
• Require evaluation of building performance

• Typical analyses for sustainable buildings:
• Climate analysis
• Solar analysis
• Building energy analysis
• Air flow 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

• 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)

(See also: http://en.wikipedia.org/wiki/Building_information_modeling)



(Source: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)

Design process of buildings and level of development (LOD)



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 is 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 matrices that are to be used throughout the duration of the project
to confirm sustainable design goals are being accounted for (such as LEED).

(Source: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)



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 is the most efficient building form?
- How is the building positioned on the building site?
- How is 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: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)



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: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)



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 is 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: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)



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 in 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: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)



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: http://sustainabilityworkshop.autodesk.com/buildings/project-phases-level-development)



Building design tools

• Autodesk Building Design Tools
• http://sustainabilityworkshop.autodesk.com/buildi

ngs/autodesk-building-design-tools
• Revit and Vasari (building information modelling

BIM)
• Green Building Studio
• Ecotect
• Simulation CFD
• 3ds Max Design (lighting simulation)



(Source: Autodesk)

Link with PowerDOE,
eQUEST or EnergyPlus



Building design tools

• Autodesk Revit
(http://www.autodesk.com/products/revit-family/overview)

• Building Information Modeling (BIM) software
• To support design, analysis, collaboration,

documentation and visualization
• Autodesk Vasari (http://autodeskvasari.com/)

• An easy-to-use, expressive design tool for creating
building concepts with integrated analysis for
energy and carbon



Building design tools

• gbXML (green building extensible markup
language) [http://www.gbxml.org/]
• 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



Building design tools

• Green Building Studio
• www.autodesk.com/greenbuildingstudio
• A web-/cloud- based service for use in 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 in monetary terms



Building design tools

• Ecotect (http://sustainabilityworkshop.autodesk.com/software/ecotect)

• A software tool that evaluates the performance
based on climate and environmental factors

• It can assess:
• Weather and human comfort
• Whole building energy analyses
• Thermal performance
• Solar radiation and shading
• Daylighting, shadows and reflections

• Use data visualization to show the analysis results



Building design tools

• Typical functions:
• Sunpath - visualize site-specific shadows
• Solar radiation - quantify the incident solar radiation

striking the building surfaces
• Wind data - see the wind rose diagram (showing wind

direction, frequency and speed)
• External wind simulations - simulate the airflow (wind

speed and pressure) with basic CFD
• Conceptual energy analysis - quick feedback on the

expected energy use and compare the effectiveness of
building form, orientation and envelope design options



Building design tools

• IES <Virtual Environment> (www.iesve.com)
• IES = Integrated Environmental Solutions
• Modules:

• Model Building (3D)
• Climate, Light, Solar
• Airflow, Energy/Carbon, HVAC
• BREEAM, LEED
• UK & Ireland Regulations, Egress
• Global Compliance (e.g. OTTV)
• Value/Cost (life cycle)/Environmental Impact



(Source: IES-VE)



(Source: IES-VE)



Building performance analysis

• Autodesk Sustainability Workshop
• Building Performance Analysis (BPA)

http://sustainabilityworkshop.autodesk.com/buildi
ngs/building-performance-analysis-bpa

• Autodesk Building Performance Analysis
(BPA) Certificate Program (4:32)
• http://www.youtube.com/watch?v=4-g9p6JLktI

• Autodesk BPA Help
• http://help.autodesk.com/view/BUILDING_PERFORMANCE_ANALYSIS/ENU/



(Source: Autodesk)



(Source: http://sustainabilityworkshop.autodesk.com/buildings/bpa-workflows)

Building
performance

analysis
workflows



(Source: Autodesk)

Climate analysis

(See also: http://sustainabilityworkshop.autodesk.com/buildings/climate-analysis,
http://sustainabilityworkshop.autodesk.com/buildings/climate-analysis-bim)



(Source: Autodesk)

(See also: http://sustainabilityworkshop.autodesk.com/buildings/sun-and-shadow-studies-bim)

Sun and shadow studies



(Source: Autodesk)

(See also: http://sustainabilityworkshop.autodesk.com/buildings/vasarirevit-sunpath-visualization)

Sun and shadow studies (cont’d)



(Source: Autodesk)

Sun and shadow studies (cont’d)

(See also: http://sustainabilityworkshop.autodesk.com/buildings/ecotect-shading-masks-calculations,
http://sustainabilityworkshop.autodesk.com/buildings/ecotect-shadows-sunlight-hours,
http://sustainabilityworkshop.autodesk.com/buildings/ecotect-right-light-and-solar-envelope)



(Source: Autodesk)

(See also: http://sustainabilityworkshop.autodesk.com/buildings/solar-loads-analysis-bim)

Solar loads/solar radiation analysis



(Source: Autodesk)

(See also: http://sustainabilityworkshop.autodesk.com/buildings/vasari-wind-tunnel-exterior-flows)

Analysis of exterior airflow for buildings and building sites



(Source: Autodesk)

(See also: http://sustainabilityworkshop.autodesk.com/buildings/vasari-wind-tunnel-exterior-flows)

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



(See also: http://sustainabilityworkshop.autodesk.com/buildings/daylight-analysis-bim)



Building performance analysis

• Whole building energy analysis
• Simulate expected energy use in the building
• Track the effectiveness of individual passive

design strategies and energy efficiency measures
• The sophistication and precision of the tools and

analysis will increase as one moves along
• Conceptual energy analysis (early design stage)

• http://sustainabilityworkshop.autodesk.com/buildings/concept
ual-energy-analysis

• Detailed energy analysis



(Source: Autodesk)

Whole building conceptual energy analysis



(Source: Autodesk)

Performance based conceptual design and energy analysis



(Source: Autodesk)

Conceptual energy analysis: study how the sun affects the design



(Source: Autodesk)

Solar study and solar response for different design options



Building performance analysis

• 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



(Source: Autodesk)

Energy model viewed in eQUESTEnergy analysis results

Architectural building elements Energy analytical model



(Source: www.synergyefficiency.solutions)



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
• See also:

• http://sustainabilityworkshop.autodesk.com/buildings/climate-analysis
• http://sustainabilityworkshop.autodesk.com/buildings/climate-analysis-bim



Climate analysis examples

• Energy Design Tools, University of
California, Los Angeles (UCLA)
• http://www.energy-design-tools.aud.ucla.edu/
• Climate Consultant (version 5.5)

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

• http://www.energy-design-tools.aud.ucla.edu/climate-
consultant/request-climate-consultant.php

• Climate Consultant 5.4 Overview (9:54)
http://www.youtube.com/watch?v=7pxpmdZptDM



























(Source: www.cabe.org.uk/buildings)







Climate analysis examples

• ClimateTool Version 5.10
• http://www.climate-tool.com
• Analysis of the climate relevant aspects in

planning (e.g. temperature, humidity, solar
radiation, light and wind)

• Climate Tool
• http://www.climate-tool.com/en/climatetool.html

• Climate Classification
• http://www.climate-tool.com/en/climate-

classification.html





Solar radiation analysis (façade month)



Climate analysis examples

• Climate Tool – potential analysis of:
• Natural ventilation
• Night cooling
• (Surface) cooling system
• Evaporative cooling
• Passive solar heating
• Passive solar cooling





Analysis of natural
ventilation potential



Night cooling
potential



Surface cooling
potential



Evaporative
cooling potential



Solar heating
potential



Solar cooling
potential



Climate analysis

• Climate Classification
• Climate zones according to temperature and

rainfall may not allow clear conclusions regarding
room conditioning measures

• Common climate diagrams cannot show all the
climate differences

• Climate data evaluation of outdoor temperatures
and absolute humidity is needed for studying
building climatology



Represent
climate zones on
a psychrometric

chart



Represent
specific climates
of subtropics on
a psychrometric

chart



Design strategies
for room

conditioning or
HVAC



Climate and latitude



Building design examples

• Building Design Examples (1)
• http://sustainabilityworkshop.autodesk.com/buildi

ng-design/examples
• Hunts Point Revival: Example of Climate

Analysis and Adaptive Re-Use
• http://sustainabilityworkshop.autodesk.com/project-

gallery/hunts-point-revival-example-climate-analysis-
and-adaptive-re-use



(Source: Autodesk)



Building design examples

• Building Design Examples (2)
• http://sustainabilityworkshop.autodesk.com/buildi

ng-design/examples
• Italian Nursery School: Conceptual Design

Analysis
• http://sustainabilityworkshop.autodesk.com/project-

gallery/italian-nursery-school-conceptual-design-
analysis



(Source: Autodesk)

Solar studies and analyses

Wind tunnel analysisSolar insolation


