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Learning Objectives

e Learn how 2 companies are utilizing the Autodesk sustainability tools

e See how Dynamo, Formlt, Revit, and Insight can be best capitalized on for the
Architecture 2030 initiative

e Understand how the Insight sustainability workflow can be used by everyone in the
firm, not just a select few, when compared to the competing products

e Learn how “accuracy” is the new method to determine energy use intensity (EUI) to
better design and build sustainable buildings

Description

See how Autodesk sustainability design tools were used for the Architecture 2030 initiative with
Perkins + Will, Johnson Controls, and MasterGraphics.aec.

The Perkins + Will case study centers around Director of Research John Haymaker’s "Design
Space Construction / Sprout Space” project. Discover how Perkins + Will and
MasterGraphics.aec used Dynamo Studio, Fractal, Formlt, Revit software, and Insight to meet
design, energy (2030), and view quality requirements.

Learn how Johnson Control’s Clay Nesler (VP of global energy and sustainability) and
MasterGraphics.aec used Formlt, Revit, and Insight on the JCI Shanghai HQ project, where
they compared the accuracy of their existing process using other competing tools to the Insight
workflow. In Mr. Nesler's words, “this is uncanny’—to see not only how close the results were,
but also how few hours were used to generate the schematic design, design development, and
construction documents models for the comparison, and that a large ROI was discovered.

Speaker

I help AEC firms streamline bottlenecks and pain points in their daily people, process, and
technology workflows. With a business strategy session with key people | assess the current
situation based on targeted Q/A and build a goal-oriented plan. My expertise is; Sustainability
Solutions | Computation/Generative Design Processes | Delivering Creative Solutions |
Architecture, Engineering and Construction Software | Strategic Growth, Process and Workflow
Management | Software Development/Documentation | and Kaizen Event/Emotional Intelligence
Practitioner.
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2030 Challenge Goals
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One of these industry demands are the Architecture 2030 Challenge goals. Architecture 2030
states that all new buildings, developments, and major renovations be carbon-neutral by 2030,
with incremental benchmarks leading up to the goal date.

73% of the 20 largest A/E firms, responsible for over $100 billion in construction annually, have
adopted and are implementing the 2030 Challenge. Approximately 40% of all US architecture
firms have adopted the Challenge.

One of the first adopters of the 2030 Challenge was the AlA. They’ve been tracking progress
through the AIA 2030 Commitment and require firms to report their progress through the Design
Data Exchange (DDx).

Building = Biggest Polluters + Energy Consumption

Buildings consume nearly half of all the energy produced in the United States. Buildings are
responsible for nearly half of US CO2 emissions
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Buildings 47.6% . Buildings 44.6%

(45.2 QBtu) (2358 MMT CO,¢)
Industry 24.4%
(23.2 QBtu) Industry 21.1%
(1116 MMT CO,e)
. Transportation 34.3%
Transportation 28.1%
(26.7 QBtu) (1816 MMT CO,¢)
U.S. Energy Consumption by Sector U.S. CO; Emissions by Sector
Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved. Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved.

Data Source: U.S. Energy Information Administration (2012) Data Source: U.S. Energy Information Administration (2012).

Source: ©2010 2030 Inc. / Architecture 2030 All Rights Reserved
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Energy Simulation

Energy simulation is the key

to meeting the
2030 Challenge goals.

Energy modeling is critical to achieving these 2030 targets as well as other energy efficiency
standards. Almost 80% of projects that did not have an energy model and failed to meet the
40% reduction goal (from before 2005).

How can we expect to meet these targets and goals if we don’t know how our design decisions
are impacting performance?

AlA 2030

Autodesk is committed to helping customers achieve 2030 energy reduction targets, and to help
with this, they have automated AIA 2030 Commitment reporting to the Design Data Exchange
(DDx). Instead of manually entering your 2030 data for each project, you can simply send
project data from Insight directly to the DDx. Over 500 firms committed; LINK 2030 Design Data
Exchange; LINK

VX7 2030 Design Data Exchange
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Autodesk Insight

Download & Install
__ the Revit Plugin

* Revit 2017.1+ -~

Installed w/ Revit as
‘Energy Optimization’

ReHG-Q-@-@=2-L0Ac-0Faa- -

BED Architecture  Structure  Systems _Insert  Annotate  Analyze _ Massing 8

L0 e

Modify Location  Creste

enerate Optimize  Enes
Setts
su«:‘" Energy Optimization

Revit / AEC Collection
Subscription Feature

Building Energy

Heating/Cooling

Any Revit model works with Insight but let’s not forget about Formlt foir early conceptual design.y
Building Energy Analysis is built in starting with 2017.1 and going forward. Install Plugin for
Solar Radiation, Daylighting, and Heating/Cooling Load Analysis. LINK

Building Energy Analysis — Computational - DOE2.2 + EnergyPlus engines and typically does
248 runs in the cloud on Green Building Studio; GBS, tested and documented against ASHRAE
140 Practical + Several customers

Daylighting - Uses Autodesk A360 Rendering, a cloud-based engine that uses bidirectional ray
tracing. This engine has been validated against Radiance and real-world measurements.

Solar Radiation — Perez sky model, tested by NREL; National Renewable Energy Laboratory
Golden Colorado

Heating/Cooling — EnergyPlus — ASHRAE 140

How is Insight Different

With over 177 different programs to choose from, and growing every month; International
Building Performance Simulation Association USA — LINK why choose Insight? If | was to pick
one word... BIM, not merely just in terms of Revit — we all know BIM is more than just Revit, it's
about the process.
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Here is a great example of how Insight is different compared to the other software products

On the right side using other software products you must use; specialists, separate model, only
special projects, and additional cost.

Position & Precision

Direction & Accuracy

Detailed Design

Concept to Detail

Bé,{::gggl? Architect+Engineer+Client

One Model

Specialist/Engineer

A Separate Model

Special Projects Only

Every Project

One the left you have Insight; does 248 runs for accuracy, Schematic Design to Construction
Document, anyone can use it, single model usage, use it on every project, included in your AEC

Collection.

Johnson Control Workflow

Shanghai HQ
JCI / Autodesk / MasterGrap
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Validate Existing Analysis

Used other software products and wanted to see how Insight could be used to validate the
workflow and see how the Energy Use Intensity or EUI outcome would be on Johnson Controls
new Shanghai HQs.

Formit =) ) Revit

Benchmark Comparison
USD/m1yr

ASHRAE01(31527)

AREH290(34.40)

AUTODESK' el
- INSIGHT 360 &
Clay Nesler- st - é(&,_ | —
VP, Global Energy and Sustainability at Johnson Controls S A e )

Johnson Controls « University of lllinois at Urbana-Champaign

Building Overview

Numerous technologies used for energy savings. Expected to generate 44 percent savings in
overall energy consumption compared to the local market standard. Additionally, the building is
expected to reduce water usage by 42 percent via its grey water recycling and storm water
recapture facilities

THE FIRST TRIPLE-CERTIFIED GREEN BUILDING IN CHINA PAVES THE WAY TOWARD A MORE SUSTAINABLE FUTURE

i ;JL('"' :

44,300-Square Meter building or for us Americans; 476,841.23 Square Feet, sizeable building
compared to the average 19,000 SQ FT commercial building in U.S.
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Sets a new standard for green and smart buildings, being the first in China to receive several
top global energy efficiency awards including: IFC-World Bank Group’s EDGE (Excellence in
Design for Greater Efficiencies) Certification, U.S. Green Building Council’s LEED (Leadership
in Energy and Environmental Design) Platinum Certification, and the China Green Building
Design Label Three Star Certification.

Validating Workflow

Not sure if anyone recognizes this building or has seen my presentation that | did in the spring
of 2017. This was my comparison model when | was looking at Sefaira vs Insight and validating
the workflow from Formlt to Revit based on the idea of Schematic Design, to Design
Development, to Construction Document using Insight. LINK

Simple Mass w/ Levels
(No Glazing / Shading)

Overall Targeting & Constraints
(Incl. Glazing & Shading)

Spaces
==l Materials

Etc.

Curtain Wall . = Window = = shading
Design Design Design
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| took that same process and workflow and applied it to the Johnson Controls Shanghai project.
This was a little different since | had to go backwards in the workflow; going from the CD model
and developing a Formlt model for a SD model. Then taking that into Revit to develop the DD
model.

Cohesive and Scalable

=) Revit

Understand and optimize performance throughout the design process-
Get performance feedback when you need it, not when your model is ready

Energy Analysis Engines

Remember Insight uses the DOE2.2 + EnergyPlus engines and typically does 248 runs in the
cloud on Green Building Studio; GBS. This has been tested and documented against ASHRAE
140 Practical + Several customers.

JC| Energy Performance
Energy Range Paradigm with Real Time Feedback on any Model

AUTODESK’ =0
INSIGHT 360"

abXML Certified
+ ASHRAE 140 validation

Hundreds of full whole building energy simulations automatically performed.
Providing you with an interactive range of potential design scenarios
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Heating and Cooling Loads

Additional data that is part of the EnergyPlus analysis is the heating and cooling load
information. You can see a report inside Revit by going to the Analyze tab and selecting the
Heating/Cooling button. For a visualization you can select the Optimize button to open Insight
and at the top right select the Visualize drop-down

JC| Heating / Cooling Loads Table and Visual

The heating and cooling loads in the baseline model are calculated using EnergyPlus hourly simulation
engine for design days.
Building summary

Inputs
Area (SF) 406421.03
Volume (CF) 6393672.00
Calculated Results
Peak Cooling Total Load(Btu/h) 6095364.00
Peak Cooling Month and Hour 7/21 16:00:00
Peak Cooling Sensible Load(Btu/h) | 5801523.50
Peak Cooling Latent Load(Btu/h) 29383791
Peak Heating Load(Btu/h) -4129501.25
Checksums © Heating Loads W/ m?) © cooling Loads (W1 m?)
Cooling Load Density (Btu/(h-ft*)) 15.00
Heating Load Density (Btu/(h-ftz)) -10.16 182 (Low) (igh) 77.0 ALt 00 AR 250
Cooling Heating In the default color-coding scheme, blue indicates higher heating loads and green
: e o indicates lower heating loads. For th ling loads, red indicates high ling load
v e vy Ty vy indicates lower heating loads. For the cooling loads, red indicates higher cooling loads
Window | 357615450 57| as6msr025 80 and green indicates lower heating loads.
Door 000 000 0.00 000
Roof 768840 94 -1261 -780564 94 -1346
Parttion -1016701 31 -1668| -1016701 31 -1753
Floor -500786 25 -8.36| -500759 12 863
Infiltration 257194 95 a2 212966 80 367
Ventiation 000 000 000 0.00
Lighting 244716325 4015| 242264450 4976
Power 218191400 3580| 216871625 3738
People 805882 75 1322
Other 000 000 000 0.00
Total 6095364.00 | 1000 6801042.00 | 1000

The below image shows what the energy number were based on by the default
Formlt/Revit/Insight settings. Out the gate the Energy Use Intensity (EUI) numbers were: 194
kWh/m2/yr which is just below ASHRAE 90.1 at 228

627

| AsHRAZ GO

ASHRAE 601 153

A TURE 203
ARCHTECTURE 00 o
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The below image shows what the numbers were based on my investigation about the actual
building elements: EUI 99.3 which is below ASHRAE 90.1 at 228 and closer to the Architecture
2030 EUI 59.0.

Building Form Benchmark Comparison Benchmark Comparison

KWh/ m? yr USD/ mFlyr

ASHRAES0.1(31527)

ASHRAED1 (228.3)

With some minor adjustments from Clay, being Lighting Efficiency, Wall Construction, HVAC,
and PV Surface Coverage, it went down to: EUI 84.3.

HVAC a PY - Surtace Coverage lE‘ Wail Construction E: Lighting Emciency E:
= g - = et
H :

. = E 1 : - - a2 : .

L]
[ ] o
A a . o o ° ] 0 8 0 0 A0 00 o A._.
» L ]
4 [ ] 4 ]
® o0 .
®
L] " t]

HUAE Types Surface Coverape h Wall Construction Lighting Eficiency

Using Clay’s words once he saw the results; “uncanny on how close you got to our numbers”

Building Form Benchmark Comparison Benchmark Comparison
KWh/m?/yr USD/m?/yr
5
59.28
) )
s g .
H i
Location S g i
g & N [CPERES g §
b > ¥ I 4D O A E % HE 4 recseCTURE 23
' 590 $4.40
$5.78
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The energy performance range is continuous and not a roller coaster ride as you go through the
design changes and update the energy model, all within 10%. This is from my findings back in
the spring of 2017; LINK

Insights / SD to DD Energy Model Life Cycle HH

Model Name Cost Max (USD / ft*/ yr) Cost Mean (USD / ft / yr) Cost Min (USD / ft2 / yr) Model Comparison I‘7|
Design Development
s e » \o e ——
oy  06_SFA Example 5.88 1.78 0.5 Scenarios:
Building Elements + Shade Devices ‘ ‘ =
. 5 €
oy 5_SFA Example 6.22 1.84 3 "
e
Building Elements Added
o¥§  04_SFAExample 5.69 1.64 0.31 . .
~ D o 2
Formit to Revit Wiﬂ‘iﬂ 19»’19 & 3
Y 3.SFA Example 5.3 1.56 0.3
Defined + Slope ’
W¥§  02.SFAExample 5.28 28
Rectangle Sloped
oy 01_SFA Example 5.36 1.58 0.3 l l
Rectangle Shape Basic Design
A AL S

Energy performance—as a range
Below are the findings form the Johnson Control project.

Insights / JCI HQ
11221582 11751632 9151565 928|578
8.4 9.02 7.53 7.69
USD /m? /yr USD /m?/ yr USD /m?/yr USD/mt /yr
21922600_JCI_ARHQ_SD Formit Model... 21922600_JCI_ARHQ_SD Model 2018 21922600_JCI_ARHQ_DD Model_C_2018 21922600_JCI_ARHQ_DD Model_E_2018

Schematic Design: Formlt + Insight
For the below workflow you can watch my Autodesk University class called “Design Strategies
with Formlt”; LINK

Key Learning
o Discover strategies on working between Formlt 360 and Revit models
e Learn best practices for helping convert SketchUp users to Formit 360

e Learn how to take advantage of Insight 360 for facade and energy analysis
e Learn how to take the Formlt 360 model into Revit for further study
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Using Formlt you can define the location of the project and import a satellite photo to start
sketching a simple mass model based on the building foot print. You can include levels to divide
the mass model vertically to help with your energy analysis. If it is an urban location, you can
define simple masses of the buildings that surround the project to get a more accurate energy
analysis.

With the FormIt model defined we can select the energy analysis tool in FormlIt and generate an Insight
energy model. Insight will give us a base energy cost range / EUI which we can save as a default
scenario in Insight. With the benchmark set, we can start modifying the different factors; building
orientation, wall to window ratios, window shades, building materials, etc. to better define the building
elements.

As we change these factors we will get instant feedback on the benchmark of what factors will gives us
the best sustainability for the building. With these new factors we can add additional scenarios to show
the progression of what we changed so we can compare them at any given time.

Even at this early stage we can look at EnergyPlus heating and cooling loads from the model. Showing us
load density, peak load, and floor area data. We can also export multiple energy model formats being;
Energy Plus, GbXML, and DOE-2, if additional analysis is needed.

Design Development — Formlt + Revit + Insight

As the project progresses from schematic design to design development we can bring the
Formlt model into Revit. The FormIt model will be converted to Revit masses and the levels will
also be converted so we can continue to use them for documentation in Revit.

In Revit we have tools for walls, curtain walls, floors, and roofs to help us to convert from the
mass to Revit building elements. We will use these building elements to help us move further
into design development for our initial cartoon set.
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Once the building elements have been placed we can generate another Insight 360 analysis
and compare the base energy cost range / EUI from the previous Formlt model. Like before, we
can look at the EnergyPlus data along with exporting the Energy Plus, GbXML, and DOE-2 files.
We can also reuse the existing scenarios that we created earlier with this new Insight energy
model for comparison.

Construction Document — Revit + Insight

We can continue developing the Revit model for construction document purposes. Adding
additional detail to the model for construction clarification being; details, sections, elevations,
enlarged plans, schedules, and annotation.

Even in this phase will can generate additional Insight energy models to help track the
substantiality of the building. Reusing all of the previous mentioned scenarios and exporting of
Energy Plus, GbXML, and DOE-2 files for further analysis.

Perkins + Will Workflow

Computational Design

The workflow that is shown is based on a Perkins + Will relocatable classroom building (Sprout
Space). This was first presented at the ACADIA conference by John Haymaker called “Design
Space Construction”, see Figure 1.

Figure 1: A Sprout Space Design, as constructed.
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Generation of Alternatives Performance Analyses Visualization and Optimization

Set Loads &

/
Energy gt

[ Analysis [ !

I o
P . Alternatives / \

____.'“ Generation

L '\

Set Building
Constructions Orientation

ey Direct Line of Sight =
By Quality View Analysis — suseel .—E

I Quality View Se=

You must have the following software loaded or have logins to these cloud based tools; Dynamo
Studio, Project Fractal, Revit, Insight, and Insight Revit Plugin.

Converting existing Grasshopper, Rhino, EnergyPlus, Ladybug, Honeybee, and OpenStudio workflow
The workflow that is shown is based on a Perkins + Will relocatable classroom building (Sprout Space).
Goals This was first presented at the ACADIA conference by John Haymaker called “Design Space
Construction”

« Alternative Generation

*  Minimize Energy Consumption
» Maximize Daylight

» Maximize View Quality

Sprout Space LINK

acadia Conference LINK

n \ -
— -
v o 4 o o \inSights/AllagesklPerin S WIANG scc Aol
oo b ST
“ R b i 1 N\ i 14 1 - = 2%
i 1 A A A v B I I
Director of Research N [ | I A ' : F R 4
A e e | U !

(o] Perkins+Will

2013 - Present « 5yrs

John Haymaker - 1st
Educator, Researcher, Technologist Greater Atlanta Area

Perkins+Will + Stanford University

937 -103 -9.99

Objective

The objective is to use computational design to help us with performance-based design to
minimize energy consumption along with maximizing daylight and view quality. We will also
analyze incident solar radiation, building orientation, wall to window ratio, photovoltaics (PV),
and building element construction to help achieve our goals.

Goals

Goals can define specific Experiential, Ecological, or Economic targets. However, in most cases
it is impossible to maximize all goals simultaneously and the optimization of a single goal must
be compromised in order to maximize overall value. For example, maximizing View Quality
(TO), but minimizing Energy Consumption (FP) for heating in the winter or cooling in the
summer are both affected by the window/wall ratio of the building envelope.
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Examples of goals:
e Minimize Energy Consumption
e Maximize Daylight
¢ Maximize View Quality

Constraints

Constraints are requirements. Alternatives that violate a constraint are not viable. For example,
in the Sprout Space case study perhaps the floor area should be a constraint to ensure enough
room is provided for the desired program, but not so large that it takes up too much of the site.
Example of a Constraint:

e At least 75% of all occupied floor area must have a direct line of sight to the outside,
according to LEED 4.0.

e Providing a larger % of view area might then be formulated as a goal that can be traded
off against other Goals.

Metrics

In order to combine multiple Goals and Constraints into a single value function they must be
guantifiable. The Metric is the unit in which a Goal or Constraint is quantified. While objectives
are declared in qualitative terms, their related indicators are in quantitative ones. The Following
metrics are examples that begin to allow the verification of fulfillment of the constraints, and the
assessment of the degree of satisfactions of the goals (Table 1.1).

Table 1.1: Quantification of the qualitative objectives

Objectives Indicators Metrics

Minimize Energy Consumption Energy Use W/m2

Maximize Daylight Daylight Factor %

Maximize Quality View Quality View (QV) %

Maximize Quality View Direct Line of Sight (DLS) %
Preferences

Goals and Constraints, defined with proper metrics, can begin to be sorted in order of
importance, from those that are mandatory to those that are merely desirable. Stakeholders
define their unique preferences by prioritizing objectives. Gathering preferences can help drive
the formulation, generation and analysis when compromises must occur. Ultimately, a set of
design alternatives will be ranked differently depending on the set of Stakeholder Preferences
used to evaluate them.
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Examples of preferences:

e Student: Minimize Energy Consumption 20%, Maximize Daylight 30%, Maximize
View Quality 50%

e Teacher: Minimize Energy Consumption 40%, Maximize Daylight 40%, Maximize
View Quality 20%

Alternatives

There are many ways to generate a space of Alternatives, including manual, parametric, or
computational strategies. This course focuses on the computational design and the alternates
that we can get from Fractal.

A computational design model represents a space of alternatives by describing a configuration
of variables, ranges, and relationships. It assumes that the optimal alternative for a design
problem exists within the permutations made possible by the model. It is therefore crucial to
define this information collaboratively, and iteratively. Finding an optimal solution within these
boundaries does not necessarily represent the absolute optimal, since it is only the best design
alternative derived from the model. A richer exploration can be achieved by exploring variations
of different general configurations and intentionally manipulating the boundaries of the design
space. Examples of alternatives:

e Alternative 1: Building Orientation = 45, Window Width = 20 ft. (6.09 m.)
e Alternative 2: Building Orientation = 45, Window Width = 15 ft. (4.572 m.)
e Alternative 3: Building Orientation = 30, Window Width = 15 ft. (4.572 m.)

Variables

Variables correspond to the set of inputs that drive the computational of design alternatives. The
variables range from those that trigger geometric variation of the parametric model. Examples of
variables:

¢ Window Wall Ratio (percentage)
¢ Window Width (feet)
e Building Length (feet)

Dependent Variables

In any design space, there are relationships between input and derived parameters. Derived
parameters depend on input parameters controlling the size of both Wall and Window
components. Examples of dependent variables in the Sprout Space model are:

e Floor Area

e Wall Surface Area
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Ranges

Ranges define the breadth of acceptable input variable values by defining their lower and upper
bounds and increment intervals. Due to the size and complexity of the design spaces, analyzing
every possible design alternative can often be an impossible task. Specifying the range for each
variable makes searching design solutions more efficient. Examples of ranges:

¢ Building Length (feet) = 32, 37, 42
¢ Window Width (feet) =1, 5, 9

Impacts

Once stakeholders have defined objectives and designers have computational design
alternatives, the next step is to determine the performance impact of each alternative on each
Objective, see Figure 1.1. The impact is the amount of influence the combined variables in an
alternative have on the performance of an objective. Example of impacts of variables over
indicators.

ol e o
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az 24 15 12 E 30 30 12 1.0
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5 15 0.7 20 - 5
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26 12 7 0.4
4 2 0 a4 g4 0.6 o 4
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34 11 . - A . o= . 0.2
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32 10 10 ] ] 0.0 0.4 1.0 ] 0.0
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Figure 1.1: Visualization of the impact of the variables on indicators with Fractal

Value

The next steps require assessment of a Value for every design alternative so that they can be
rationally compared, and choices made. Formulation of an effective value function is usually an
iterative process of narrowing and expanding the search as decision makers, stakeholders, and
designers learn more about the space and their own preferences. Depending of the preferences
of the stakeholders and the accuracy of the analysis methods, different alternatives can score
the highest value with different levels of certainty of their indicators. The process of sorting and
prioritizing the design alternative, see Figure 1.2 should include the following steps:
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¢ Ordering of alternatives according to their performance on each objective

o Ordering of alternatives with respect to goals, priorities, and certainty for each
stakeholder

e Ordering of alternatives with respect to goals, priorities, and certainty for all
stakeholders

s o -
o™ e o a i o © .“350“'\& ﬁ\'\‘* 'g’ ﬁwﬁ“& ﬁa""‘o
& & & < o7 o o M ® S g o° o o° .
o o o o ot oo o W e o™ e o o et
42 24 15 12 5 : = =
w0 23 A 25 0.8 5 10 s
20 20 0.8 g
E: 0.6
18 3
- s 0.7 1.0 3
e }A 0.4
: 2 1.0 0.6 4
0s
34 _ . o ) 0.2
3 1 = 0.2 02 X
22 10 0.0 o o 0.0
INPUT VARIATIONS Design Options Sort by [s favorite Bk [ @clear |
creation time
Brror state
LENGTH is favorite
Length —amo = —- — p— _._. _
f wickh . il ' ]
— Height . I 8 L L L
Offset . . :
\i Orientation
roof Angle
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Figure 1.2: Selected alternative according to value from Fractal

Case Study: Sprout Space

Sprout Space is a flexible, modular, and mobile class room developed by Perkins + Will, see
Figure 2. Sprout Space provides the case study to explain a multi-criteria design, optimization
and decision-making workflow.

e Annual high temperature 71.7 F°
¢ Annual low temperature 55.9 F°
e Average temperature 63.8 F°

e Climate zone 3B
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Figure 2: Sprout Space, 16315 Grevillea Ave. Los Angeles, CA.

Computational Workflow

The integration of their parametric model with analysis tools allows analyzing, evaluating and
visualizing the performances of different alternatives in a design space and compare them
based on their performance metrics. The computational workflow has three stages: computation
of design alternatives that are based on a dynamo studio graph, performance analyses based
on energy, view analysis, and visualization that shows the input variables and the resulting
indicator for energy use, solar analysis, daylight factor, direct line of sight and quality view, see
Figure 2.1.

Generation of Alternatives

Performance Analyses

Visualization and Optimization

Set Loads & -
N ,l

AS

AlA 2030 DDx
___I
l-- Export Data/Images

BS  Alternatives
- Generation :

s

Energy
s Analysis

\
.
3

Set
Constructions

I

Building
Orientation

I- ----- Quality View ===

——————— Schedules/Images

8, Direct Line of Sight .
1

Figure 2.1: Compressed example of the Sprout Space workflow

Geometric Variables

Table 2 shows an example of how to define the main driving variables, metrics, their realistic
ranges within the theoretical ones, and, in the last column, the number of options of every
variable for this case study that combined produce 216 design alternatives. This information is
needed to help us to determine the input needs for the Dynamo graph, the range of those
values, what is realistic to that value range, and finally how many Fractal options. Understand
the more options to these inputs the more alternates we will see from Fractal, which can be over

9 million!
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Table 2: Geometric variables

Variable Metrics Range Realistic Range Options
Classroom Width feet 10 -24 12 1
Classroom Length feet 32-42 42 1
Classroom Height feet 10-15 10 1
Classroom Offset feet 0-60 0,4,12 3
Classroom Orientation degree 0-360° 0 1
Front Window Width feet 1-9 1,59 3
Front Window Height feet 0.1-1.0 0.4,0.7,1.0 3
* Window Wall Ratio Left % 0-1 0.58 1
* Window Wall Ratio Right % 0-1 0.411 1
Roof Angle degree 0-10 05,5 2
Overhang Depth feet 0-3 0,1,2,3 4
Clerestory Width % 0- 1.2 1
1.828
Clerestory Height % 10-75 60 1
Clerestory Spacing feet 0-1 0.142 1
Number of Panes unit 0-12 7 1
(*ENERGY STAR)
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Figure 3: The Sprout Space Computational Design Space of Many Alternatives using Fractal

A design alternative consists of a selected group of options for every input decision variable,
see Figure 3.

This section introduces a simple parametric model that creates Alternatives with geometric and
other outputs suitable for analysis. The project uses a definition script file written in the visual
graphical language of Dynamo Studio and Dynamo for Revit. Dynamo is easy to learn and use
and can drive an environment for collaboration. Once the script is uploaded to Fractal Live it
generates Sprout Space alternatives consisting of project geometry based on length, width,
height, roof slope and other inputs. Subsequent chapters analyze and then decide among these
alternatives.

Conceptual Model for Analysis

The conceptual parametric model provided represents with simple geometry the fundamental
features required by the analyses, see Figure 3.1. The Sprout Space Generator cluster uses
mainly single surfaces to represent walls, floors, roof, windows and overhangs rather than fully
over detailed objects, see Figure 3.2. Generally, when constructing a parametric model, a
modeler strives to be complete in terms of representing all the objects required by the design
(nothing less, nothing more), general enough to represent the design space of alternatives,
effective to support the geometric variations and efficient in terms of the use of computational
resources.

Figure 3.1: The Sprout Space Conceptual Model
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Figure 3.2: Sprout Space Generator cluster

Input Parameters

Several input geometric parameters from the problem formulation drive variations of the model.
The variables are organized in four groups that control the building massing, windows, roof and
clerestory.

Building Parameters

The basic building block for the project consists of two similar classroom bars that join and
share a common wall with an offset. The Dynamo script provides fine control over the classroom
net area with width, length, height, offsets, and orientation, see Figure 3.3. Orientation will be
best used once we bring the model into Revit and use Insight to check the energy performance.
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Figure 3.3: Basic building configuration parameters

Windows Parameters
The model uses a set of sliders to vary fenestration geometry, with independent control of the

left and west window to wall ratio, see Figure 3.4.

Front Window Width

© 3 .
Front Window Height
) o7 >
() oss ;L
WWR - Right
(+) o411 >

Figure 3.4: Fenestration Parameters

Roof and Overhang Parameters

The project uses single sloped roof geometry for each class room bar, see Figure 3.5. The
overhang depth variable provides a variable feature for self-shading and aesthetics. The roof
fascia geometry parameter delivers additional geometric variation.

Roof Angle )
® s .

Roof Overhang

j

(~) 3
Figure 3.5: Roof and Overhang Depth Parameters

Clerestory and Pane Parameters

The project features a clerestory design option for delivering natural daylight into the class room
spaces. The parameters define the width, and height, see Figure 3.6. Clerestory spacing, and
number of panes parameters provide control over the geometry generation.
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Figure 3.6: Clerestory Geometry Parameters
Development of Dynamo Graph

Sprout Space Dynamo Graph

The Dynamo graph that was produced for this workflow will require an intermediate knowledge
of Dynamo, see Figure 4.0. With that said, if you have started to work with Dynamo and have
produced some of your Dynamo graphs you should start to understand the logic behind the
process. With the understanding of this logic you can easily start developing your own geometry
shapes and based on your own input controls.

Figure 4.0: Sprout Space Dynamo graph

Design Alternatives Generation

The Sprout Space Dynamo Graph aggregates single or multiple alternative inputs, and routes
it to the preview window either in Dynamo Studio (single) or Fractal Live (multiple) to show the
final solution. In the below section we manually change the inputs and used the Run button to
see one solution at a time. With the use of Fractal Live we can run the same Dynamo graph but
see multiple alternates at the same time.
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Figure 5.0: Seeing multiple alternates from the same dynamo graph; total of 216

Generation of a Single Alternative

The use of individual set of parameters provides for a single design alternative in Dynamo
Studio, see Figure 5.1. Single alternative groups all of the options for the class room geometry,
fenestration, roof, overhang parameters.

NOTE: Dynamo Studio is “unitless”, so “1” can mean “1” foot or “1” meter. There are two graph’s
setup for the initial start of this workflow that have the “default” values setup correctly; Sprout
Space Geometry Default_Values_l.dyn and Sprout Space Geometry Default_Values_M.dyn.
This entire document set is using the “imperial” Dynamo graph; Sprout Space Geometry
Default_Values_l.dyn.

Figure 5.1: Parameters for a single alternative
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Generation of Multiple Alternatives

The “Eractal Live” website provides an efficient workflow for entering multiple options for a
unique parameter, and for very large design space exploration. Each single option is sent for
analyses in a sequence. The number of options can easily exceed hundreds of iterations, so the
feature should be used judiciously.

To try Fractal Live with a Dynamo graph for “multiple alternates”, open the “Sprout Space
Geometry Default_Values_I.dyn” in Dynamo Studio. From the File drop-down use, the “send to
web” option to publish the Dynamo graph to Fractal Live. Give it a name of “Sprout Space” and
pick Publish, see Figure 5.2.

D Autodesk Dynamo Studio

Figure 5.2: Dynamo Studio Graph to Fractal Live

Pick on the this LINK to go to the Autodesk Fractal Live website. You will need to pick on “My
Workspaces” which will require a login before you can use it, see Figure 5.3.

E -
z']' Project Fractal e arte: - Release

Enhance your design power.

Explore the parametric design space of models created in with the automatic generation of a

wide sampling of options.

Get Started

Figure 5.3: Fractal Live and My Workspaces

Once you login it will show all of the current published Dynamo graphs from Dynamo Studio.
Select on the Sprout Space dynamo graph to open it, see Figure 5.4.
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.5 Dynamo
Q Search
Name Description Last Modified 1
Sprout Space Geometry v3.1 2 hours ago

Creased Tower + Plinth 4 weeks ago

Figure 5.4: Fractal Live published dynamo graphs

Figure 5.5 shows an example of the automation process of the “window width” variable.

The variable has a list of three possible options indexed from 0 to 3, The variable ranges from 1'
to 3'. The Item component pulls out a different option from the list every time the “Front Window
Width” option slider is updated. This process applies to automate the exploration of

every variable. Noticed that if nothing is changed as for “variations” or the check marks left On,
that there are 9.5 million alternates!

INPUT sl VARIFTIONS

LENGTH 42 ¥ 3
WIDTH 12 w3 3
3

HEIGHT 10 i

. ) S OFFSET 12 i3 2
Design Options Sort by | creation time AR ‘ 1 Clear ‘ |
ORIENTATION, >

WWR - RIGHT

FRONT WINDOW
HEIGHT

FRONT WINDOW

cross product

‘_ B3 saved |

Figure 5.5: Automation of multiple options per variable

Design Space Matrix

The above automation process creates all possible combination of variables. A simple example
shows two variables that have a mix of variables (Table 4). The first variable uses a set of
values from 'a’ to 'c' . The second one contains values from '1' to '3". The combination of these
two variables creates a matrix which is a set of rows and columns. This matrix is expressed as a
'3 x 3' set. The total possible combination for this set of variables is a design space of a list of
nine runs (Table 2.2). The design alternatives and the “Fractal Live” website works in this way to
create potentially thousands of options. In this case; 9,565,938 to be exact, see Figure 5.4.
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Variable 1

a

b
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Variable 2

Table 4.1: Iteration run design set

Iteration

1

9

Filter Variations

Design Space

a1l
a2
a,3
b,1
b,2
b,3
c1l
c,2

c,3

Earlier we showed “Table 2” and the variations that we would like to use to see the different
alternates. We will need to change the “variations” accordingly to filter down the designs from
9.5 million to more reasonable 216 designs.

Starting from the top input these values and change the option it uses variations:

NAME VARIATIONS VALUE VARIATIONS USEAGE
Length 42 No Check Mark

Width 12 No Check Mark

Height 10 No Check Mark

Offset 12 3 Variations
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Orientation 0 No Check Mark
Roof Angle 5 2 Variations
Roof Overhang 3 4 Variations
WWR — Left 0.58 No Check Mark
WWR — Right 0.411 No Check Mark
Front Window Height 0.7 3 Variations
Front Window Width 1 3 Variations
Clerestory Height 0.6 No Check Mark
Clerestory Width 1.2 No Check Mark
Clerestory Quantity 7 No Check Mark
Clerestory Spacing 0.142 No Check Mark

The values should now match in Fractal, see Figure 5.5.

INPUT VARIATIONS
- 0
woTH - (]
HEIGHT ) O
L |12 s 3 3
OR 0
RO 5 s 2 3
ROOF 3 sa 3
WWR - LE 0.58
WWR-RIGHT 0.411
FRONTWINDOW -
HEIGHT 0.7 U
FRONT WINDOW a .
Saved | cross product v | © Generate
216 design

Figure 5.5: New values added, and variations updated

Now select the “Generate” button to start Fractal on working out the different values, build the
different models, and update the graph to graphically show the variations, see Figure 5.6.
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Figure 5.6: 216 alternates created from variations

Filter Design Alternates
To filter the 216 alternates, you can use the graph which has a dynamic interface to it. Let’s use

the Front Window Height as a filter, pick and drag within the column on the graph. A selection
window will be generated to highlight the selection, see Figure 5.7.
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Figure 5.7: Filtering variations using the interface of the graph
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Use the same approach on some of the other columns and notice the variations that are shown
is getting smaller based on these filters. If you need to clear a filter just select the edge of the
box and move it to the top or bottom so the box collapses, see Figure 5.8.
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Figure 5.8: Less variations being shown using the filters on the columns

With this method you can start to determine what alternates might best fit the design intent for
form and shape. From here you can start selecting some of your favorites by picking on the
“star” in the top left corner of the preview, see Figure 5.9.

Design Options Gort by | is favorite v D

Figure 5.9: Using the Favorite option for sorting

You can also move the columns around on the graph if you would rather see some columns
closer to each other, see Figure 5.10.
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Figure 5.10: Shifting columns on the interface of the graph

Fractal — Export Favorite Designs

Once you have filtered out your “favorites”, see Figure 5.11, we can start downloading the new
Dynamo graph’s, these will have the inputs already defined based on the “favorites” data. Once
we download them we can then use “Dynamo for Revit” to build the Revit mass models.
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Figure 5.11: Using favorites to sort the computational models

With the “is favorite” selected, use the “download” button to download the Dynamo graph that
has those value inputs set as a default, see Figure 5.12.

Save as 5TL
VARIATIONS Sawve as DYN «
4 3 3
Save as CSV
I 0.

Figure 5.12: Download and save individual Dynamo graphs
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You can also download a CSV file that has the entire set of design options in a table format for
other purposes, see Figure 5.13. If you have used the “sort by” for your favorites, then those
values will be at the top of the table.

A | B | c | b | E | F | G | H | | J | K | L | M | N | e} P

1| Length width Height Offset Orientation RoofAngle Roof Overhang WWR - Left WWR - Right Front Window Height Front Window Width Clerestory Height Clerestory Width Clerestory Quantity Clerestory Spacing

2 |9/4/2017,5:26 PM 37 14 13 10 o 5 3 0.8 0.4 0.4 3 0.6 1.828 12 1
3| 9/4/2017, 5:29 PM 32 10 10 [ [ 5 3 0.1 0.1 0.4 1 0.6 1.828 12 1
4| 9/4/2017, 5:56 PM 37 24 12 12 [ 5 3 0.95 0.1 0.4 1 0.6 1.828 12 1
5| 9/4/2017, 5:57 PM 37 24 15 o o 5 3 0.95 0.95 0.999 3 0.6 1.828 12 1
6 | 9/4/2017, 5:58 PM 37 24 15 12 o 5 3 0.1 0.95 0.999 3 0.6 1.828 12 1
7| 9/4/2017, 6:07 PM 42 17 10 12 o 5 3 0.1 0.95 0.4 2 0.6 1.828 12 1

Figure 5.13: Download and save Dynamo graphs in table format

Section 2 — Early Design Modeling

A\

|

f‘\ / b\
A\

il

oo
T N

Figure 1: A Sprout Space Design, as constructed.

Overview

When we run an energy simulation we are first creating a mass model from a Dynamo graph.
This graph is either from your own single alternative from Dynamo Studio or a series of multiple
alternatives from Fractal Live. Either way, we will be converting those surfaces over to Revit
building elements to develop the energy model. We will use this same model to do daylighting,
direct line of sight, and view quality analysis.

A compressed example workflow is shown below, see Figure 1, while the next sections will
detail the Energy Modeling section of the Sprout Space workflow. A more compressive workflow
outline is shown in the PDF called “P+W Generative Process” as part of the “resource” package.
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Figure 1.0: Compressed example of the Sprout Space computational workflow

In this section we will look at how to bring the computational design favorites into Dynamo for
Revit to create the mass models. Once the mass models are created we will walk-thru the
process of converting the mass models to Revit building elements. Below is a quick overview.

Windows
These surfaces are required to add the curtain glazing elements of the front, side, and
clerestory windows once the mass model is inside Revit, see Figure 6.0.

Figure 6.0: Glazing areas

Shading Surfaces
Shading surfaces compute areas of the building under direct solar radiation, see Figure 6.1.
Once in Revit as a mass model we will add roof elements to the surfaces.

Figure 6.1: Shading areas
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Partitions

Once we create a mass model in Revit we add a wall partition which is required to subdivide the
space to properly calculate the dark areas of the building that have no exterior view, when
performing the quality view analysis and daylighting analysis, see Figure 6.2.

Figure 6.2: Wall partition between zones of the building

Envelope Geometry

Like Figure 6.2, the view quality analysis needs the complete geometry of the envelope of the
building including walls as closed planes with co-planar windows, roof and floor to identify the
glazing areas required to perform the analyses.

Dynamo to Revit Mass Family

These next steps show the conversion from a Dynamo mass model to Revit building
components. Using Revit start a new “conceptual mass family” (Mass.rft). If you are using metric
then use the “conceptual mass family” (Metric Mass.rft). Using Dynamo for Revit run the graph
to create the mass and save the family, see Flgure 1.3/1.4.
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(i Sheets (al)
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Figure 1.3: Dynamo for Revit graph using mass family template
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Figure 1.4: The resulting representation of the geometry of a Dynamo graph

Dynamo Graph to Mass Family
We will need open Revit and start a new “Conceptual Mass” family. This can be done by
selecting “File” on the ribbon, selecting New, and Conceptual Mass, see Figure 1.5.

R

Architecture  Structure  Systems  Insert  Annotate  Analy

I@I@ Creates a Revit file.

» B Project
Creates a Revit project file,

E Open D Family
Creates a set of custom components

to use in projects.

Conceptual Mass
@ Cpens a template for creating a

conceptual massing maodel,

g Save As 3

Figure 1.5: Start a new mass family

On the ribbon select Manage and select Dynamo, this will start Dynamo for Revit and open a
separate window, see Figure 1.6.

Manage _Add-Ins  Quantification  Site Designer  Content Admin Kit LA, Pro-Revit Tools  Extensions  Modify (3%

g o -
5% a>

F== = = . W u . 1
Shared Transfer Purge Project . MEP _ Additional Location Manage Decal Select Macro acro ynamo
Parameters Project Standards Unused Units Settings Settings Images Types by ID Manager Security Player

Settin

FA O A @v)‘ R Dynamo m]

Figure 1.6: Open Dynamo for Revit
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Select Open and browse to the folder that holds one of the download Dynamo graphs that we
did earlier with Fractal form section 1, see Figure 1.7.

B Dynamo

FILES ASK

D New R Open Dynamo Definition...
N « Workflow Files » Fractal Design Alternates » v O Search F
dd  Custom Node
el
Organize « MNew folder
-J:. 7 Open ~
G Mame

33

[ Desktop
4 Downloads

A360 Drive B 55G_Design-1.dyn
SSG_Design-1  ov 5] Documents D 556 Design-2.dyn
B 55G_Design-3.dyn

Figure 1.7: Open Fractal design alternate Dynamo graph

Using the navigation tools at the top right you can zoom and pan either the Dynamo graph or
the drawing window. Select the “Run” button to have Dynamo build the Mass in Revit. Once
done go ahead and close Dynamo without saving, see Figure 1.8.

R Dynamo

SSG_Design-1.dyn*

NI 0

Manual

Figure 1.8: Use the Run button to create the mass in Revit

Load Mass into Project

With the mass now created from the Dynamo graph go ahead and save the mass family, call it
the same name as the Dynamo graph “SSG_Design-1”. In Revit start a new project for this
design study using the supplied template called “Revit Model Template.rte”. To do this select
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“File” on the ribbon, select New, and select Browse to go to the appropriate folder that has the
dataset files, See Figure 1.9.

R Autodesk Revit 2018.2 - Not For Resale Version -

Create Insert View Manage Add-Ins Quantification  Site Designer  Content AdminKit  |A. Pro-Revit Tools  Ex
1

@JE_’ Creates a Revit file. E‘El % @

: Settingsv Settings
Creates a Revit project file.

Project Location

MEP Additional | Location
[ new Project

ew Project ? X
Template file  Workfiow Files v ¢ B X Bl vews v
S Previ
|Construction Template 54 Browse... | Name . Date modified Type ot
2/8/2018 8:24 AM File folde
Create new 2/8/2018 8:24 AM File folde
(@ Project O Project template 2/8/2018 8:24 AM File folde
2/16/2018 2:56 PM File folde
oK i pme Help ) 2/8/2018 8:24 AM Fflefold(
& Formlt to Revit 2/8/2018 8:24 AM File folde
IRV L e e @ Fractal Design Alternates 2/8/2018 8:24 AM File folde
Suite F== ‘elementsinthe project ality Vie 2/8/2018824 AM  File folde
o Workiiow b 9/13/2017252PM  Autodes!
< >
File name: ‘ Revit Model Template.rte v |
Files of type: | Template Files (*.rte) v|
Open Cancel

Figure 1.9: Start new project using supplied Revit template

Leave the new project open and use the keyboard combo of Ctrl+Tab to go back to the mass
family. We need to import the mass family into Revit by using the “load into project and close”
button to finish, see Figure 1.10.

nKit LA Pro-Revit Tools  pyRevit  pyRevitDev  Extensions  Modi =~
- e R . il
Soe - & [T |:| =g
N s =0 al & : :
5| Join - &5 - 0P om o o o . Load intg Load into
+ - =J|| i;l,l =4 Project | Project and Close
Geometry Meodify Measure Fal

Figure 1.10: Mass family being loaded into project
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Once you are in the project you will get a warning about enabling the Show Mass mode. This
needs to happen so you can see the Mass family once it is inserted, select Close to accept the
new display setting. Also, you will need to pick a point in the drawing window to place the mass
family, so it is in your project. Once done then go ahead and hit the Escape key twice to finish.
Lastly, a warning will come up about the mass contains mesh, this is because of how the
Dynamo graph created the geometry, this is fine for our usage. Go ahead and hit the red X to
close it, see Figure 1.11.

Massing - Show Mass Enabled X

Revit has enabled the Show Mass mode, so the
newly created mass will be visible.

To ternporarily show or hide masses, select the Massing & Site
ribbon tab and then click the Show Mass button on the
Massing panel.

Masses will not print or export unless you make the Mass )
categery permanently visible in the View Visibility/Graphics Warning
dialeg.

Mass contains only mesh geometry, which can't be used to compute Mass Floors, 4
volume, or surface area.

2@+

] Do not show me this rnessage again

Figure 1.11: Warnings when inserting the mass family into a project
Select the newly loaded mass and add one mass floor, see Figure 1.12.

afm @ - b . C‘Q O Mass Floors X
n = Hl d
R \/ﬁ\ ozo Edit  Relatel ow Level 1 ﬁ
o 5 I i
EE',| *® % =5 @ Family Host Wal [ Level2
View Measure Create Mode Wq

Figure 1.12: Adding mass floor

Add Curtain Wall Glazing to Surfaces

Using the Massing & Site tab you will use the Curtain System tool to apply glaze onto the
surfaces of the mass. In this case we are using a type that has no divisions or frames, see
Figure 1.13.
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Figure 1.13: Steps to add glaze to the surfaces

Adding Walls to Surfaces

Repeat this process using the Wall tool from the Mass & Site tab. We will use the “Generic - 8”
wall type, make sure the “Location Line” is set to “Finish Face: Exterior”. Also make sure to add
a wall for the interior partition that separates the two rooms, see Figure 1.14.

T Properties

Q Basic Wall

Generic - 8"

New Walls v £
Constraints
Location Line Finish Face: Exterior
Base Constraint Level 1
Base Offset oo
Base is Attached

Figure 1.14: Applying walls to exterior surfaces along with the one interior surface

Adding Roofs to Surfaces

Repeat the process again for the roofs. In “properties” use the “Generic — 12” roof type and
change the option to “faces at bottom of the roof” to apply it correctly. On the ribbon select
Create Roof to finish, see Figure 1.15.
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Figure 1.15: Adding roof to surfaces

Adding Floors

Select the “Level 1” floor plan view and add a floor using the “pick wall” tool that encompasses
the exterior of the building, select the green check mark to finish, see Figure 1.16.

Properties =] Nl 9
ol | a3 O

Basic Roof
- e Clear Create ;

Selection Roof
%

New Roofs Multiple Selection

Constraints £
Bk i L i i3

- -
Picked Faces Location [Faces st Bottomn of the Roof ]
-

LEFEruser o
Room Bounding %]

Related to Mass

i % . — x 1%, Boundary Line |/~ (1 (8 (& @ @ E: D} r-EJF
| + - N B Siopehmow £ TS A S =
1 Lol - Set Show Ref Viewer
e \_/*‘ . @ 9 Span Direction @ > ,@ - Plane

View  Measure Create Mede Draw Work Plane

Figure 1.16: Add a floor to the building

Adding Rooms
Add two rooms, use the existing room definitions from the “options bar”, see Figure 1.16/ 1.17.

Upper Limit:  Level 1 ~ | Offset: | 10" 0" = Herizental ~ * Room: Mew W

x New

1 Room
2 Room

Figure 6.17: Adding rooms to the model

Energy Model Location

The next 3 steps are the typical workflow when you want to create an energy model for analysis
using Insight. Step 1: Set location, Step 2: Settings, Step 3: Create energy model, and Step 4:
Generate analysis.

On the Project Browser, under 3D Views, open the 3D Energy Model view. On the Analyze tab
set the “location” to “16315 Grevillea Ave, Lawndale, CA 90260”, see Figure 1.18.
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Figure 1.18: Set location for weather data

Energy Model Settings

On the Analyze tab change the Energy Settings so “Analytical Space Resolution” is set to 6”
and “Analytical Surface Resolution” is set to 3”. Along with setting the “Perimeter Zone Depth” to
0. Because of how small the model is we need to change these settings to the minimum, see

Figure 1.19.

B " Energy Settings *
Parameter Value

Energy Analytical Model #

Made Use Conceptual Masses and Building Elem

Ground Plane Lewvel 1

Proiect Phase Mew Construction

Analytical Space Reselution 06" )

Analytical Surface Resolution o 3"

Perimeter Zone Depth 00"

Perimeter Zone Drmeian —

Advanced ]

Other Options Edit...

Figure 1.19: Changing the settings to work with the model size

Create Energy Model

On the Analyze tab pick on “Create Energy Model” to generate the energy model, by default it

always uses or creates a view called “3D Energy Model, see Figure 1.20.
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Figure 1.20: Creating the energy model
Changing the View Display

Currently the energy model view shows the building elements and the energy analytical
surfaces. To best see the energy model, you can turn Off all of the model categories using
“Visibility/Graphic Overrides” tool. Either type in “VV”, “VG”, or go to the Properties palette and
in the Model tab take the check mark Off for “Show model categories in this view”, see Figure
1.21.

Visibility/Graphic Overrides for 30 View: 3D Energy Model et

Model Categories  Annotation Categories  Analytical Model Categories  Imported Categories — Filters
) If a category is unchecked, it will not be visible.

Filter list: | <show all> ~

o Projection/Surface Cut Detail -
Visibility = Halftone Level
Lines Transparency Patterns
----- Air Terminals By View
] Areas By View
3} Cable Tray Fittings By View
- Cable Trays
[ Casework

Figure 1.21: Turning Off the model categories to best see the energy model
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Develop Insight Analysis
With the energy model now created when need to upload it to Insight to do the energy analysis.
From the Analyze tab select “Generate” to upload the energy model to Insight, see Figure 1.22.

Analyze  Massing & Site I.A, Pro-Revit Tools  Extensions  Modify  Precast =~

+ 'Y Location ., Optimize
D aaa = . e ergy Model
Supports Consistency Check Duct Check Pipe Checl .
Systems  Systems Circuits Disconnects L2 Generate
cal Model Tools H Check Systems Color Fill Energy Optimization

Figure 1.22: Uploading the energy model to Insight for energy analysis

You will get some final messages, the first one select “Use existing Energy Analytical Model”, on
the second one simply select Ok, see Figure 1.23.

Energy Analytical Model Already Exists w | Energy Analytical Model Complete - Check Limitations X
The Energy Analytical Model may be out of date with the current state of Process Complete — The Energy Analytical Model has been
the building model. What do you want to do? successfully created.

Revit model content and complexity varies widely. We
—> Use existing Energy Analytical Model recommend that you check the wholeness of the energy

Runs a simulation using the energy analytical model that was generated the last time the analy‘tical model.
energy analytical model was enabled.

To learn more about energy analytical model validation and

— Update Energy Analytical Model limitations select the link below.

Generates new energy analytical medel for the simulation which can take some time.

Cancel

[J Do not show me this message again. Cancel

Click here to learn more Click here to learn more

Figure 1.23: Final messages before uploading to Insight

Design Alternates

In section 1 we used Fractal to create at least 5 favorites, we have now completed one of those
design alternates. You will need to repeat the above processes to finish the other 4 design
alternates, see Figure 1.24.

I AuToDESK INSIGHT INSIGHTS  LEARNING ~  SUPPORT ~ B 2ro0 scrunrz -

iiii

Insights / Autodesk / Perkins+Will / MG-aec Project

Model Comparison

Seetaros

122 133

|
¢

USD /e fyr

S$SG_Design-§ SSG_Design-4

132 123 138 ,
- > . =z } | ' }

Figure 1.24: All design alternates uploaded to Insight
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Section 3 — Energy, Daylighting, View, and Solar Analysis
Figure 1: A Sprout Space Design, as constructed.
Energy Analysis
IAUTODESK INSIGHT INSIGHTS ~ LEARNING *  SUPPORT ~ n;:«noc SCHULTZ ~
Insights / Autodesk / Perkins+Will / MG-aec Project =
122 133 Model Comparison |aln
Scenarios: Custom - ’
> S = : T
SG._Desigs D E #
13.2 123 138 {
- . =T _
] (]

Figure 1.1: Energy analyses of Sprout Space alternatives

An energy simulation calculates the heating and cooling energy required to keep the building at
a comfortable temperature throughout the year (typically this means keeping the building
between 19 C and 26 C). Each simulation we can define the attributes of each design in terms
of their PV, internal loads, occupancy scheduling, and the material properties of the design.

Energy simulation uses details of the spaces, building constructions, and weather data to
calculate the temperature inside each room for every hour of the year (8760 hours) to calculate
the heating and cooling energy required to keep the temperature inside each room comfortable
when people are using each room.

The Autodesk Insight cloud tool used in this course is simply an interface to two engines called
DOE-2.2 and EnergyPlus, which does the calculations described above. Both have been tested
against ANSI/ASHRAE 140.

Insight will measure performance against Architecture 2030 and ASHRAE 90.1 benchmarks,
making early targeting and feasibility seamless. Insight also links to AIA 2030 Design Data
Exchange for easy transfer of data and filling the forms.

Install Insight Plugin
Regardless of the type of analysis you wish to do, to get started with Insight Solar Analysis with
Revit, you should install the most recent version of the Insight plugin.
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Insight Energy Analysis

| assume that you did the previous section and have an Insight project to work with. In Revit, on
the Analysis tab pick on “Optimize” to open the Insight analysis, see Figure 1.7. You can also go
directly to the website; insight360.autodesk.com and sign in using your Autodesk Account
information.

»nsistency Space Space Hestingand  Panel  Schedule/ Duct Pressure PipePressure Check Duct Check Pipe Check  Show

R om & & OB J @

& Delete Energy Mage!

Separator Naming Cooling Loads Schedules Quantities LossReport LossReport  Systems  Systems Circuits Disconnects 12 Generate
Is M Spaces & Zones ¥ Reports & Schedules § Check Systems Color Fill nergy Optimization
1 Insight - m] e
Default Value - Analysis Model -
< Back to Insight % E’ = 0
Building Form
| 1] @ i
RN -0.86
m;m,
Location
L» Bing

Figure 1.7: Opening the Insight website

Interface

On the interface there is 5 main items to know about. (1) Understand your design’s Energy Cost
or EUI, (2) The key factors driving building energy performance, (3) Use the factor ranges to
explore different outcomes and sensitivity, (4) Save scenarios and compare those scenarios to
visualize potential energy savings, (5) Visualize PV energy generation potential and heating and
cooling loads in your model context, see Figure 1.8.

SSG_Design-1

& Backto Insight kR £ ©
Building Form e o
™ O o O]
L}
Location
) = T TR
b g 2 ¥ T 4wl = A E oM
Benchmark Comparison Model History e a
USD / e yr USD / 1 yr
Building Orientation
570.0 & &
Rotates a building clockwise from 0 degrees,
| e.g. 90 degrees rotates the North side of the
| building to face East.
[

Figure 1.8: The 5 main areas of the Insight interface
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Adding Scenario

When first looking at the energy model we need to add a “default” scenario to capture the initial
settings before making any changes. This way we can see how the energy model is
progressing, and if needed, be able to go back to the original settings, see Figure 1.9.

()= o

Scenarios Default Value - Analysis Model

Recommended
Settings
v ®
" Default 5
&

Figure 1.9: Adding the default scenario

Let’'s add one more where the photovoltaics (PV) is not being counted by default. Scroll-down to
the bottom and select “PV — Surface Coverage” to open the tile. Select it and change the sliders
so it is set to “0%” for PV, see Figure 1.10.

= 10

Defines how much roof area can be used for PV E
panels, assuming area for maintenance access,
rooftop equipment and system infrastructure.

PV - Surface Coverage

Current Setting:
0% -90%

20
Surface Coverage

Figure 1.10: Changing the PV to 0%
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Now go back up to the top and create a new “Scenario” and call it “Default — PV”, see Figure
1.11.

Scenarios SSG_Design-1 £ ©
R oefaut- Py /

1] ﬁt? 'i'

Default (1]

Figure 1.11: Adding new Scenario with PV set to 0%

Select each one to note the huge difference in the energy usage between using PV and not
using PV. If you are looking at SSG_Design-1 the setting goes from 13.8 to 23.7.

Updating Settings

Scroll down to the WWR — Sourthern Walls tile and select the “circle arrow” at the top right
corner to open it. The values that show “BIM” are the Dynamo values that came from the Revit
Model. So, the Window-Wall-Ratio (WWR) is exactly what was used in the Dynamo graph when
we converted it to Revit building elements. You can see by the graph if there is a better value to
use or if you add a percentage increase what it will do to the energy performance, see Figure

1.12.
@ WWR - Southern Walls a

10

WWR - Southern Walls

D)

BIM (4%

-
Window-Wall-Ratio (glazing area / gross wall E °
area) interacts with window properties to impact

daylighting, heating & cooling. .L".‘-—‘.___._

C»

Current Setting:
95% - 0%

-20
WWR - Southern Walls

Figure 1.12: Seeing the (WWR) and its effect on energy performance
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Material Properties for LA, CZ3

Below are the values that we will changing in Insight to reflect the ideal data that we would like
to use for this design. These material values will be used in Insight to help show the progression
of the energy range though the scenarios that we will develop. We will use the “Default”
scenario as the baseline and as we add these values you will see the energy performance
increase. Table 2.1 Shows the specification of material properties of the components of the
Sprout Space located in Los Angeles Climate Zone 3 according to the recommendation of
ASHRAE 90.1. The values in “RED” are the ones we need to use, the value of “BIM” is coming
from the Dynamo graph.

Table 2.1: Material properties - (*Min 28%, Preferred 40-60%)

Properties Imperial Units option S| Units option Used by
Building Real Number (0- 270 Real Number 270 Energy
Orientation 315) (0-315) Model
WWR - Southern Real Number (0- 3 Real Number BIM Energy
Walls 95) (0-95) Model
Window Shades - Real Number (1/6- 1/4 Real Number BIM Energy
South 2/3) (1/6-2/3) Model
Window Glass - U-Value U-value Energy
South (kBtu/hr_ft2) PG (KWh/m2) Ui Lels Model
WWR - Northern Real Number (0- 3 Real Number BIM Energy
Walls 95) (0-95) Model
Window Shades - Real Number (1/6- 1/4 Real Number BIM Energy
North 2/3) (1/6-213) Model
Window Glass - U-Value U-value Energy
North (kBtu/hr_ft2) TPLoE  whim2) Trp Lok Model
WWR - Western Real Number (0- 32 Real Number BIM Energy
Walls 95) (0-95) Model
Window Shades - Real Number (1/6- 1/4 Real Number BIM Energy
West 2/3) (1/6-2/3) Model
Window Glass - U-Value U-value Energy
West (kBtu/hr_ft2) TPLoE  whim2) Trp Lok Model

Page 49


https://bernalm.gitbooks.io/design-space-construction/content/GLOSSARY.html#option
https://bernalm.gitbooks.io/design-space-construction/content/GLOSSARY.html#option

Properties

WWR - Eastern
Walls

Window Shades -
East

Window Glass -
East

Wall Construction
- Walls steel
framed
(Cavity+continuou
s insulation)

Roof Construction
- Metal
(Continuous+cavit
y insulation)

Infiltration

Lighting Efficiency

Daylighting &
Occupancy
Controls

Electric Plug
Loads

HVAC System

Imperial Units

Real Number (0-
95)

Real Number (1/6-
2/3)

U-Value
(kBtu/hr_ft2)

U-Value
(kBtu/hr_ft2)

U-Value
(kBtu/hr_ft2)

(ACH) Real
Number (0.17-2.0)

w/sf

kBtu

w/sf

kBtu

option

14

1/4

Trp LoE

R13
Metal

R38

0.7

Daylightin
g&
Occupan
cy
Controls

1.0

High Eff.
Heat
Pump

/\ AUTODESK.

S| Units

Real Number
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(kWh/m2)
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U-value
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LINIVERSITY
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BIM

Trp LoE
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gé&
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High Eff.
Heat
Pump
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Properties Imperial Units option Sl Units option

Seasonal,
Seasonal, Annual,

Operating School Year, 12/6 Annual, S.ChOOI 12/6
Schedule Dailv. Weekend Year, Dalily,

Y, Weekend
PV — Panel
Efficiency range (16-20.4) 18.6 range (16-20.4) 18.6
e FENOEES range (10-30) 20 range (10-30) 20
PV — Surface
Coverage range (0-90) 60 range (0-90) 60

Assumptions

The table below is for reference. Some input variables of the generative and evaluation
processes become constants based on assumptions (Table 1.4) usually derived from the
regulations and best practices.

Table 1.4: General assumptions

Variable m;i)tirial Option S| Units option
Air Changers Per Hour aclhr 0.6 ac/hr 0.60
(Infiltration)

Ventilation Rate per Area cfm/ft2 0.117884972 m3/m2S  0.0006
Ventilation Rate per Person cfm/ft2 0.982374768 m3/m2S  0.005
HVAC heating set point °F 64 °C 18.00
HVAC cooling set point °F 79 °C 26.00
HVAC heating setback set op 73 oC 12.00

point

Used by

Energy
Model

Energy
Model

Energy
Model

Energy
Model

Used by

Energy
Model

Energy
Model

Energy
Model

Energy
Model

Energy
Model

Energy
Model
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Imperial

Variable Units Option Sl Units option Used by
H\(AC cooling setback set op 90 oC 3200 Energy
point Model
*Wall Reflectance 0-100% 70% 0-100%  0.70 Daylight &
Energy
*Ceiling Reflectance 0-100% 70-90% 0-100% (% Daylight &
90% Energy
*Floor Reflectance 0-100% 20% 0-100% 020  Daylight&
Energy

(*ASHRAE/IES Advanced Energy Design Guides)

Table 2 Inputs
Using the values from Table 2 to update the tiles from the default settings, notice how the
energy performance model updates and shows real-time results, see Figure 1.13.

SSG_Design-1
¢ Back to Insight —esian o B £ ©

Building Form
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2 . g
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.
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B UE PE
‘ | ‘ k-l:
2 s
Pl—_ 1 Building Drismtation (Dagrees)

Figure 1.13: Updating tiles to the new values and seeing real-time updates
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Create another “Scenario” and called it “Table 2 Inputs”, see Figure 1.14.

Scenarios SSG_Design-1
£ O
R Table 2 nputs /

A Default-PV iR

Default

Figure 1.14: New scenario with Table 2 inputs added

Comparing Results

Select scenario “Default” and notice the energy performance = 13.8, see Figure 1.15. Change
the scenario to “Default — PV” and notice the energy performance = 23.7. Finally change the
scenario to “Table 2 Inputs” and notice the energy performance = -9.99, see Figure 1.16. With
these settings we have a “Negative Net Zero” energy building.

SS5G_Design-1
« Back to Insight & R £ ©

Building Form
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Location
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Rotates a building clockwise from 0 degrees,
2.9. 90 degrees rotates the North side of the
building to face East

Current Setting
315 -90

415 415 =15

] DU EEEE—— 1

Figure 1.15: Default settings from Revit model (BIM), better than ASHRAE 90.1
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Figure 1.16: Values from Table 2, better than ARCHITECTURE 2030

You can also see and compare the results side-by-side using the “Scenario Compare” tool, see
Figure 1.17.
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Figure 1.17: Compare results side-by-side
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Export Options
By selecting the “Back to Insight” at the top left you can get to these settings, see Figure 1.18.

€ Back to Insight

Building Form

SO /R

Figure 1.18: Getting to export options

Export Files

From Insight you can “export” multiple different formats of the energy model data, see Figure
1.19. This includes CSV, EnergyPlus, GBXML, DOE-2, and images. Note you can take this data
directly into AIA DDx to fill out the reporting forms for the project, see Figure 1.20.

Insights / Autodesk / Perkins+Will / MG-aec Project

22 53
¥z | P
SSG_Design-5 SSG:Deslgr=
EL I

¥ : o : :
SSG_Design-3 SSG_Design-2 SSG_Deswgl

W Oelet

Figure 1.19: Export options from Insight

Using the “Export” brings up an additional dialog box to select multiple different formats, see
Figure 1.20.

Export @ X

e ¢ a2 O i

ENERGY GEXML ENERGY BENCHMARK
BLIS cosT COMPARISON

Figure 1.20: Download the other formats
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Export AIA DDx

Measuring progress on carbon neutrality is a complex task that can take time away from firm
capacity. AlA helped develop the 2030 Design Data Exchange (DDx) to make it easier and
faster to record data, get results and advance your firm’s performance with actionable
information.

The confidential, easy-to-use DDx lets you pinpoint best practices and anonymously compare
project performance in your firm and beyond. The research tool allows you to compare projects
of similar type, size, climate and a host of other attributes across the 2030 portfolio.

AlA developed the DDx with support from the US Department of Energy and in partnership with
Architecture 2030 and the US Environmental Protection Agency—and with guidance from a
diverse group of experienced 2030 firm users. Using the “Report to AIA DDx” tool will bring you
to the DDX website for reporting, see figure 1.19/ 1.21.

m 2030 Design Data Exchange

INPUTS REPORTS RESEARCH
Submit Portfalio @
SUMMARY
N PROJECT CONTROLS @ Project ID Reporting Year E Project Phase E Project Category
Submitted/In-Progress  159/815 B & FEUT Reduction Predicted (EUI/ LPD) P Country B Building Use Type
Total Area (GSF) 78685 ] office Lacation [] Area (G8F) [ Baseline (EUI/LPD) [ ] Goal (EUL/ LPC)
D Reporting Status D Reporting Cetails I:‘ ‘Year of Occupancy I:‘ Inputs Responsibility
D State/Province D City
Reporting Year m

Figure 1.21: Energy data reporting to AlA

Model Comparison

Since you created some Scenarios in the first Design analysis you can use those same settings
on the other models for a quick comparison. On the “Model Comparison” palette select the
“Scenarios “custom” drop-down, see Figure 1.22.

Model Comparison K’ Lally
C‘I—‘.S:On? . E
_ n
E ‘ South/West 40% GLZ #
3 i
w
= Default Range - PV *
Default Range *
= IR b
Table 2 Inputs W
B Default - PV W
Default w
3
A0 PnfanbbaDV Ar B ™
| I o

Figure 1.22: Scenario model comparison
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Select the “Star” next to the “Table 2 Inputs” to add it as a Favorite, see Figure 1.23.

Model Comparison

A
[ 4

Figure 1.23: Add favorite to scenario model comparison

Scenarios: | Custom -
.
=
E South/West 40% GLZ *
% 63. n
= Default Range - PV *
Default Range *
I.E oy c}l —
g Table 2 Inputs » = =
& ! &
._nl L'.ll f_'.lI
o ] (7]
w w wl
= Default - PV T
Default T
¥
10 Dinfanl+a DA -l
| | -lr .

# 3 143

b

Now select it to add those settings to all of the design models. Notice all of the design models
have been updated with the new settings and show the new energy performance data, see

Figure 1.24.

Insights / Autodesk / Perkins+Will / MG-aec Project

SSG_Design-5 SSG_Design-4

>

$SG_Design-3 SSG_Design-2 $SG_Design-1

i

Model Comparison

b(’icenanos: Table 2 Inputs x: )

|

USD fm?iyr

Figure 1.24: Table 2 Inputs applied to all design models for comparison
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Optimization for Detailed Architectural Model
For your own projects that are using mass elements, or building elements, or a combination of
the two, there are some items to be aware of.

Perform the following steps in the order listed.
1. Isolate elements that will be used in the creation of the energy model.
2. Focus the model to minimize processing time.
3. Identify and resolve issues, such as obvious missing elements and large gaps.
4. Create the energy model and assess the results.
5. Reduce resolution incrementally as needed.
For more detail in this process look here - LINK

Green Building Studio

Autodesk® Green Building Studio (GBS) is a flexible cloud-based service that allows you to run
building performance simulations to optimize energy efficiency and to work toward carbon
neutrality earlier in the design process. Green Building Studio® will help extend your ability to
design high performance buildings at a fraction of the time and cost of conventional methods.

GBS is available as an extension of the Insight analysis and will give additional data and
imagery if needed. You can login here using the same Autodesk Account that you used for your
Insight analysis: LINK

Daylight Analysis

Lighting Analysis Results-Level 1 (LUX)

Lighting Analysis Results-Level 1 (LUX)

SR N E

Ix: 9/15 clear sky 3pm

Figure 2.0: Heat map representing the daylight indicator of a design alternative

The daylight simulation calculates the daylighting quantity and quality within the spaces of the
building (Figure 2.0). This analysis calculates the Daylight Factor - the ratio between the interior
and exterior illuminance levels of natural lighting. This plug-in provides “LEED IEQc8.1

2009” and “LEED v4 EQc7 opt2” results for most models in less than 15 minutes once the
analysis is started. The LA/R is specifically designed for architects to be able to use without
learning the difference between the Perez or CIE's sky models, direct normal incident, or direct
horizontal radiation. Just specify if you want to analyze the whole building, a single, or multiple
floors, and kick-off the analysis. If you want more control of those parameters, you can use
Revit's existing 360 Rendering Advanced llluminance feature .
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Analysis Type Description

lluminance Analysis Fu_II custom control over date, time, threshold, and analysis plane
height

Daylight Autonomy (sDA Sample calculation for LEED v4 EQc7 optl (sDA & ASE)

preview) Reduced cost & calculation time

LEED 2009 IEQc8 optl Automated settings for LEED 2009 IEQc8 optl settings

LEED v4 EQc7 optl Automated settings for LEED v4 EQc7 optl (sDA & ASE) settings

LEED v4 EQc7 opt2 Automated settings for LEED v4 EQc7 opt2 settings

Solar Access Customizable hours of sun study

Daylight Simulation and Analysis

Open “SSG_Design-1_Daylight.rvt” or one your Sprout Space building element models in Revit.
Note that for lighting analysis studies, you must use one of the converted Revit models since
these tools do not work with a conceptual mass model. Also, be sure to login to your Autodesk
account within Revit. Lighting analysis consumes Cloud Credits, so Revit will need to be able to
access your Autodesk account to complete the analysis.

If you are using the “SSG_Design-1_Daylight.rvt” or one of your earlier models, the location
should be set and along with a weather station being selected but make sure they are correct.
From the Analyze tab, select Lighting from within the Insight panel, see Figure 2.1.

&% Location |-, Optimize c F
= e

# Delete Energy Model
8 = Energy Heating| Lighting} Solar

2" Generate Settings Cooling

Energy Optimization

Figure 2.1: Getting started with lighting analysis

The first dialog that appears provides resources and best practices for conducting a lighting
analysis study. These best practices are not required, but will help you achieve more accurate
results, select Continue, see Figure 2.2.
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Lighting Analysis in the Cloud *

Welcome to Insight Lighting Analysis cloud service for Revit
To run a daylighting analysis with Rewvit

STEP 1: Prepare the model
- Setproject location in Manage > Location
- Define surface and glazing materials
- Define Rooms and Room Parameters
- SetAdvanced Options
STEP 2: Running a new Analysis:
- Manage Analysis cost

STEP 3: Generating Resulis:
- Generate and View results

[ Dan't show this message next time Continue

Figure 2.2: Overview of lighting analysis tool

Next, you will have the option to run a new analysis type or recall previously saved results.
Select “Run New Analysis” and then pick Go, see Figure 2.3.

Lighting Analysis in the Cloud X

. 4
Select Analysis =@
Select a new or past analysis

<Run Mew Analysis>

v2.0.01

Figure 2.3: Run new analysis
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The “Lighting Analysis in the Cloud” dialog box will allow you to control your study settings, see
Figure 2.4.

Lighting &Analysis in the Cloud >
. 4
Select Analysis Type £ el 7
For best results, follow the best practices checklist in Help
Analysis: | lluminance Analysis w |
Levels:
Enviranment
Location: 16315 Grevillea Ave, Lawndale, CA 30260
Date/Time: | -  Define Environments in Analysis Settings

The following environments are defined
%21 Bam - GHI: 435, DNI: 650, DHI: 89
%21 3pm - GHI: 415, DNI: 594, DHI: 86

lluminance Settings
Threshald: Lower: |3[:'[:' |L|pper: |3DDD ||LLIJ( V|

Analysis Flane Height: inches above floor o

Thresholds are used for results in Room and Floor Schedules

Resolution: 12 inch gnu:l e

Reguired: Check Price

e Lwailable: Credits

Email: jarod schultz@mg-asc.com when complete

V3001 o Check Price Cancel

Figure 2.4: Analysis settings
1. “Analysis” allows you to select between different study types including:

Cloud Credits

Analysis Type Description

llluminance Analysis Full custom control over date, time, threshold, and analysis plane height

Daylight Autonomy (sDA  Sample calculation for LEED v4 EQc7 optl (sDA & ASE), Reduced cost &
preview) calculation time

LEED 2009 IEQc8 optl  Automated settings for LEED 2009 IEQc8 optl settings

LEED v4 EQc7 optl Automated settings for LEED v4 EQc7 optl (sDA & ASE) settings
LEED v4 EQc7 opt2 Automated settings for LEED v4 EQc7 opt2 settings
Solar Access Customizable hours of sun study

2. Select which “Levels” you would like to visualize results for using the drop-down menu,
and double click on your selection. To select multiple levels, hold down SHIFT to select
the levels, then click outside of the drop-down menu.
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3. The “Environment” settings include location and analysis time or range. The location
specified for the Revit project is what will be used for the analysis. The date and time
settings are automatically populated for LEED analysis types, however if you select
llluminance Analysis or Solar Access, you have the ability control to the settings.

4. The “llluminance Settings” are also automatically populated based on LEED criteria, but
can be manually controlled for “llluminance Analysis” and “Solar Access” studies.

5. The “Resolution” includes two analysis grid sizes; a 72 inch grid and 12 inch grid. For
some analysis types, these grid sizes are preset and cannot be edited.

6. Get an email or not when the analysis is done.
7. Select “Check Price” and then “Start Analysis” to begin the simulation.

After selecting “Start Analysis”, the model geometry will be uploaded to the cloud rendering
engine. Do not close the project or Revit during this process.

NOTE: You will get a dialog box once the model is successfully uploaded to the cloud and to
notify you to Save the project. Once that happens it is okay to close the project or continue
working in Revit.

NOTE: That any changes you make to the model geometry or material settings will not be
reflected in your analysis results, as the model has already been uploaded for analysis.

You can check the progress of the analysis by initiating the plugin again and using the drop-
down menu to find in progress analyses, see Figure 2.5.

Lighting Analysis in the Cloud &
‘ +
Select Analysis ‘ﬂ (224 0
Select a new or past analysis
| Solar Access Processing 1/1 floor grids v

> %%; 4

s

Go | Cancel ‘
L | |

v3.0.0.0

Figure 2.5: Lighting analysis in progress

Revit will notify you once the results are ready. “Accept” or “Decline” the cloud credit charges at
this point, see Figure 2.6. It is recommended you also save the project after accepting the
charges, so you will be able to recall the lighting analysis results after exiting Revit.
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p
Lighting Anatysis in the Cloud

The LEED v4 EQc7 opt 2 run submitted 09/13/17 1455
is complete for project

Default Value - Analysis Model_Final.nt
1/1 floor grids succeeded

Cloud Credits Required: 1
Cloud Credits Available: Unlimited I

< Accept, Update and Save Project
Account will be dedited the required credits and 5"(',(‘(3 ¥vec
Results will De avaslable 10 generase from the Analysis List

% Accept and Update
Account will be debited the required credits.
Resuits will be avaslable 1o generate from the Analysis List.

< Decline
Results will not be available until account i charged
This dialog can be accessed from the Analysis List

S

Figure 2.6: Accept lighting analysis results

Visualization

Open the “_Lighting Analysis Model” view under 3D Views, see Figure 2.7. Note that any

“ Lighting...” views are automatically created to easily access results in plan, 3D, and as a
schedule. Analysis results will populate in whatever 3D view is currently active.

= 3D Views
~.3D-Al

3D - Mass Only
3D Building Elements Cnly
3D Energy Model

Figure 2.7: Lighting Analysis Model View

From the Insight panel select “Lighting” to access your analysis results. This time, select the
results for the analysis that has been completed and select “Go”, see Figure 2.8.

Lighting Analysis in the Cloud X

. 4
Select Analysis @
Select a new or past analysis

<Run New Analysis>
<Run New Analysis>

Daylight Autonomy (sDA preview) Generate Results - 03/05/18 15:34
lluminance Analysis {high) Generate Results - 03/05/18 15:28
LEED 2005 |IEQcS opt1 fhigh) Generate Results - 03/05/18 15:35

ALEED v4 EQc7 opt 2 (high) Generate Results - 03/05/18 15:37

HLEED v4 EQc7 opt1 (sDA+ASE) Generate Results - 03/05/18 15:36

| "Solar Access Generate Results - L
= = = o

T
W

(2 ==
v3.0.0.1

Figure 2.8: Applying Lighting Analysis to the current view
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You'll be prompted with a dialog box with a summary of your results. If you are doing a LEED
type analysis, then the amount of achievable points will also be included, see Figure 2.9.

Lighting Analysis - Results Summary X

LEED 2009 IEQcSE.1
Faor all Rooms Included in Daylighting

9:00 am - 10% Passing
Clezr sky September 15
GHI: 512, DNI: 658, DHI: 83
0% below threshold
90% abowve thresheold wio shades

3:00 pm - 7% Passing
Clear sky September 15
GHI: 444, DNI: 613, DHI: 87
0% below threshold
93% above threshold wio shades

Figure 2.9: The Lighting Analysis results

Within a 3D view, on the Properties palette, you can use the use the “Section Box” tool to view
the results or you open the corresponding “_Lighting Analysis” floor plan, see 2.10.

Lighting Analysis Results-Level 1 (LUX)

5382 —|

Lighting Analysis Results-Level 1 (LUX)

Ix: 9/15 clear sky 3pm Ix: 9115 clear sky 3pm

Figure 2.10: Plan view on the left and section box view on the right

The “_Lighting Analysis” floor plans are only produced if rooms are placed for the levels, see
Figure 2.11.

Project Browser - Default Value - Analysis Model_Final.... X
=10, Wiews (all)
= Floor Plans
_Lighting Analysis — Level 1 Plan
Level 1
Level 2
Site

Figure 2.11: Lighting Analysis plan view

For analysis types that represent a single point in time, you can toggle between the two dates
and times that were simulated by selecting the analysis plane and changing the “Analysis
Configuration” in the “Properties” panel, see Figure 2.12.
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Properties ®
|
Analysis Results (1) ~
Data A
‘,I_, Analysis Configuration filic 9715 clear sky 3p [vf
“ Data Range b 9/15 clear sky Sam
P Description b /15 clear sky 3pm
Visibility
Results Visibility Edit...
Overall Legend ]
Show Cenfiguration Name
Show Description
Overall Legend Text 1/4" Arial

Figure 2.12: Selecting lighting analysis “plane” and changing date

Data
Open “_Lighting Analysis Room Schedule”. If you define rooms, those rooms and corresponding
analysis values will be populated here, see Figure 2.13.

<_Lighting Analysis Room Schedule>

LEED v4 EQc7 opt2 Whole Building Results: 16315 Crevillea Ave, Lawndale, CA 90260

Qam: 1% within & 3pm- 0% within thresholds

Solar Values (W/m2): 9/21 9am GHI: 486, DNI: 641, DHI: 89 & 9/21 3pm GHI: 454, DNI: 619, DHI: 88

A B c ) E F G [ H [ v [ 3 Kk [ M | N | o P | o | =r
9am threshold results 3pm threshold results
Include In Automated within threshold  {  above threshold :  below threshold within threshold |  above threshold |  below threshold
Level Name Humber Area Daylighting Shades % i Area % Area i % i Area % i Area % Area % i Area
Level 1 :Room : 1 : 434 5F : [l : 2 7SF: 59 427 3F: 0: 0SF H 25F: 100 432 3F: 0: USF‘
Level 1 {Room i 2 453 5F IH 1% 55F; 99 448 5F 0 0SF 0; 25F; 100 451 5F; 0 USF‘

Figure 2.13: LEED v4 schedule in Revit

LEED Studies (Single point in time)

You can use Insight Lighting Analysis to determine your design’s progress towards achieving
LEED daylighting criteria, specifically LEED 2009 IEQc8 optland LEED v4 EQc7 opt2. Both of
these credits require specific illuminance levels at the equinoxes.

To conduct either of these studies, follow the steps outlined in the Overview and take note of the
following.

When selecting either LEED analysis type, note that the majority of the analysis settings are
preset according to the LEED specifications, see Figure 2.14.
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Lighting Analysis in the Cloud x

. 4
Select Analysis Type - Jocl 7 |
For best results, follow the best practices checklist in Help

Analysis:|LEED v4 EQc7 opt 2 v

Levels:

Environment
Location: 16315 Grevillea Ave, Lawndale, CA 30260

Date/Time: Equinox averages, Sam and 3pm, clear sky

The following weather values will be used:
Lorerage westher file datz of 2 clear sky days
within 15 days of %21 3/21 at %am and 3pm

lluminance Settings

Threshaold: 300 to 3000 lux
LEED w4 EQcT opt 2 threshold will be used 9

Thresholds are used for results in Room and Floor Schedules

Cloud Credits

Resolution: 12 inch grid w

Required: Check Price
Awailable: 1859952 Credits

[] Email: jarod@initizlase.com when complete

vi0.01 Check Price Cancel

Figure 2.14: LEED v4 settings
Analysis Type Description
LEED 2009 IEQc8 As defined by USGBC, this simulation requires a clear sky condition within 15
optl days of September 21 at 9am and 3pm.
LEED v4 EQc7 opt2 As defined by USGBC, this simulation requires a clear sky condition and uses
average weather data within 15 days of September 21 and March 21.
1. The Location is set based on the Revit project location.
NOTE: LEED single point in time analysis automatically use the Perez Sky model.

2. LEED 2009 and v4 specify different thresholds, so you will see these values change
depending on which version of LEED you choose for the analysis type. Additionally,
LEED requires the analysis occur at 30 inches above the finished floor. The analysis
plane automatically is generated at this height for LEED studies.

When you generate the results in your Revit model, you will also get a summary of percentage
of rooms passing and estimated LEED credit points the project is eligible for, see Figure 2.15.
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Lighting Analysis - Results Summary *

LEED v4 EQc7 option 2
Fer all Rooms Included in Daylighting

9:00 am - 1% Passing
Equinox
GHI: 486, DNI: 641, DHI: 83
0% below threshold
997% above thresheld wio shades

3:00 pm - 0% Passing
Equinox
GHI: 454, DNI: 619, DHI: 88
0% below threshold
100% above threshold wioc shades

Figure 2.15: LEED v4 results

It is often the case that you will want to exclude rooms that are not regularly occupied from the
analysis so not to skew your results. You can control this through the schedule, see Figure 2.16.

“Automated Shades” are also available to include and will extend the acceptance threshold, see

Figure 2.16.
A B C ] E F
frlnc:lude In Autumated\
Level Name Number Area Daylighting Shades
Level 1 Room 1 434 5F ]
Level 1 Room 2 453 SF iy ] y
™ -

Figure 2.16: LEED v4 schedule to include rooms or automated shades

Any changes made in the schedule do not require you re-run the analysis. To “regenerate
results” go to the ribbon, select the Analyze tab, and select “Lighting” again. This will regenerate
results and will consider the new information updated in the schedule, see Figure 2.17.

The Daylighting Room Schedule is out of date
due to changes made to one or more rooms in
the model. Click Generate Results to refresh the
Daylighting Room Schedule.

— Continue

— Continue and do not warn me again

Figure 2.17: LEED schedule updated, and warning shown to regenerate results

LEED sDA & ASE Studies (Annual simulation)
You can use Insight Lighting Analysis to produce sDA and ASE results according to LEED v4

EQc7 optl. This credit requires annual simulation at an hourly time step.
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To conduct these studies, follow the steps outlined in the “Overview” and take note of the
following.

Similar to the LEED studies for a single point in time, many of the settings for this analysis type
are automatically predefined, see Figure 2.18.

Lighting Analysis in the Cloud *

. +
Select Analysis Type Bh @
Faor best results, follow the best practices checklist in Help

Analysis:|LEED v4 EQc7 opt1 (sDA-ASE) |

Levels:

Environment
Lecation: 16315 Grevillea Ave, Lawndale, CA 90260

From: January 1 To:  December 31 o
Time Range:  From: 8:00 AM To:  6:00 PM

3650 hours

lluminance Settings
Thresholds sDA: $55%/75% of Room area must exceed sD,ﬂ.[snwsme
+

Threshelds ASE: <10% of Room area may exceed ASE(1000/250)

Thresholds are used for aggregate results from all Date/Times ®
Cloud Credits
Resolution: 24 inch gnid
Required: Check Price e
Available: Credits

Email: jared.schultz@mg-aec.com when complete

v3.0.0.1 Check Price Cancel

Figure 2.18: LEED v4 settings

1. The time range will be automatically set to a full annual simulation, from 8am to 6pm.
LEED sDA and ASE studies automatically use the Perez Sky model.

2. Per the LEED requirements, sDA300/50 for at least 55% or 75% regularly occupied floor
area is achieved. Additionally, ASE1000/250 of no more than 10% for the occupied floor
area that is daylit per sDA300/50. LEED requires the analysis occur at 30 inches above
the finished floor. The analysis plane automatically is generated at this height for LEED
studies.

3. sDA and ASE calculations require at 24 inch analysis grid, which is automatically set.

Since the sDA and ASE simulation is more intensive than a single point in time, the analysis will
take more time than a single point in time analysis.

Results summaries will provide guidance on how to improve design to achieve LEED
requirements as well as more information about the metrics, see Figure 2.19.
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Thresholds Information >
sDA: sDAz00/50 (=300 lux, = 50% of year)
The percentage of floor area that receives over
~ l 300 lux for at least 50% of 3650 annual hours.
LEED points are eamed for 55% & 75% of Building area
Lighting Analysis - Results Summary Q) it
ASE: ASEiponf2s0 {1000 lux, < 250/3650 of year)
LEED v4 EQc7 opt1 sDA/ASE The percentage of floor area that receives over
For 3l Rooms Included in Daylighting 1000 lux for more than 2503650 annual hours.

Only areas in Rooms with ASE < 10% Room area can qualify
Jan 1to Dec 31, 8:00 am to 6:00 pm

(Both 504 and ASE must be met for Room area fo qualify) A Revit model must have Rooms defined, and both metrics
must be met for & Room area to contribute to building totals.
SDA3o0/s0 + ASEvoooizso * Rooms may be defined after an analysis is run.

0% of Building area meets sDA % hours
in Rooms with <10% area above ASE

Daylight Autonomy Tips >
Detailed Summary:
100% of Building area meats sDA % hours Included rooms are illuminated by natural dayvlight most hours
100% of sDA Building area fails for Rooms »ASE of the vear, but too many hours of direct sun may inhibit overall

occupant comfort. Consider the following design changes, then

100% of Building area =ASE hours threshold run another analysis to review the effects.

100% of Rooms meet sDA >55% Room area
100% of Rooms meet sDA =75% Room area
100% of Rooms =ASE hours »10% Room area

Glazing transparency is good for overall daylight levels, but may be

decreased to reduce the negative impact of direct sun on occupant
comfort.

Building geometry

Design changes should maintain or increase ceiling and window head
heights, and/or decrease room depth from glazed walls.

Shading

Exterior shading devices and/or deeper window insets are the easiest
way to reduce direct sun penetration while maintsining good daylighting
levels. Light shelves can shade while enhancing daylight penetration.

Daylighting Pattern Guide

Figure 2.19: LEED v4 sDA/ASE guidance

Visual results and schedule results will present sDA300/50 and ASE1000/250 results, sDA and
ASE Annual Hours, as well as combined metric results. Like before if you select the analytic

surface you in the Properties palette you change from sDA Annual Hours to ASE Annual Hours,
see Figure 2.20.
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y Properties X
SDA/ASE Results-Level 1 (Percent) 7 : SDAJASE Results-Level 1 (Percent) ey
| ye It :
ye
A [

vy . | Analysis Results (1) w~
4 4 ) Data . .2 )

R ' Analysis Configuration

\ __/z' L Data Range DA Annual Hours
% 5/ [R— Description ASE Annual Hours
ASE Annual Hou :

sDA Annual Hours 7

«_Lightng Analysis Room Schaduins

LEED Daysght Autonomy Resulis Summary. 16315 Grewilea Ave, Lanendale, CA 0260

% of Buiking Area meets SO & ASE for &:00am - 6 00pm, January 1 - December 31

LEED poants for % Busiding Area >sDAMNS0 in Rooms with ASE 1000250 < 10% of Room area - 55% (2 pts) or T5% (3 pes)
A I ] [ [ © T = I T 1 T ] 1 T

¥ & 0 [ ® 1
- = « s . |

Figure 2.20: LEED v4 sDA/ASE results

Since the sDA and ASE simulations are more computationally intensive than a single point in
time analysis, the time will likely be greater than for other analysis types. The “Daylight
Autonomy (sDA Preview)” study type will analyze a sampling of the 3650 hours used in the full
LEED v4 EQc7 optl (sDA+ASE) analysis. The “sDA Preview” study type will run faster. Results
will be in line with those from the full LEED v4 EQc7 optl (SDA+ASE) analysis.

Export Data

Any of the lighting analysis can be exported out to XML for additional usage. Open the lighting
dialog box and select one of the analysis. Now use the “export” option at the bottom left to
create the XML file, see Figure 7.20.

Lighting Analysis in the Cloud *

#he

Select Analysis
Select a new or past analysis
"LEED v4 EQc7 opt1 (sDA+ASE)

Generate Results - 09/13417 15:08 ~

Export
v3.0.0.1

Figure 7.20: Export lighting analysis to XML

The lighting schedule in Revit can be exported as a tab delimited TXT file so the data can be
used elsewhere. From the File drop-down use “export” to get to the “report” tool, see Figure
2.22.
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R Autodesk Revit 2018.1 - Not For Resale Version - Default Value - Analysis Model_Final.nvt - Schedule: _Lighting Analysis Room Schedule

Architecture  Structure  Systems  Insert  Annotate  Analyze  Massing &Site  Collaborate  View Manage  Add-Ins  Quantification  Site Designer  Content Admin Kit  |.A. Pro-Revit Tools  pyRevit  pyRs

B ! [ 4 ! = =
. Creates exchange files and sets options. = ] | ﬁ &I Q Q@
= Consistency Space Hestingand  Panel Schedule/ Duct Pressure Pipe Pressure
= » | B saves a 3D view as an FExfile, Naming Cooling Loads Schedules Quantities Loss Report  Loss Report
Tools M Spaces & Zones Reports & Schedules M Check Systems

[J] Famiy Types -
Exports family types from the current -

o) v ¥ty
B EE family to  text () file.

E i ! ;‘a‘\’/\'ﬁ the scene as a Navisworks NWC <_Lighting Analysis Room Schedule>
= file.
LEED Daylight Autonomy Results Summary: 16315 Grevillea Ave, Lawndale, CA 90260
E As b SELy gbXML

Saves the model as a gbXML file,
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Figure 2.22: Export Revit schedule to tab delimited TXT file

Quality View Analysis

The purpose of View Quality analysis is to assure the connection with the outdoor environment,
see Figure 3.0. This analysis entails two indicators: The Direct Line of Sight (DLS) that
calculates the percentage of the floor area of the building with exterior view, and the Quality
View (QV) that calculates the percentage of the area that allow the view of some relevant
elements of the landscape. These two indicators are based on the Chapter Indoor
Environmental Quality from the Guide for Building Design and Construction LEED V4 (Updated
July 1, 2014).

—

Room

63 of 451 = 86.03% With View

| |

DirectiLine of(Site

Room
64 of 468 = 86.03% With View,

<

Figure 3.0: View quality (QV) and direct line of sight (DLS) analyses for design 1

There are two Dynamo graphs that will be used for this process. Revit does not have such a
feature built-in so hence the reason for the Dynamo graphs. Based on the knowledge learned in
section 1 you can go in and see how the graph was built and modify it for your project.
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Quality View Analysis Process

This analysis takes the building envelope components as inputs and discriminate between
opaqgue and glazing surfaces to calculate the two-different indicator: DLS and QV, see Figure
3.1

AtgEeEEas \

Collecting Curtain Panels in Active View Colllzaing) et i Agne Yy

Collecting Walls in Active View

Categories All Elements of Category Categories All Elements of Category [ ot All Elements of Category
Walls v | Category Category Elements Curtain Panels v | Category p4 Category Elements Rooms v Category Category Elemente

1 N N\

Figure 3.1: Quality view Dynamo graph and main nodes

Glazing and Opaque Areas

The “Curtain Panels” component distills the glazing regions of the envelope that constitute the
main input to calculate the DLS and the QV indicators. It takes in the geometry of the envelope,
including wall, curtain panel, and interior partition geometry to identify the interior spaces, the
plan perimeter, the glazing cells or surfaces, and the opaque walls with and without windows,
see Figure 3.2.

Figure 3.2: Glazing calculation

Direct Line of Sight (DLS) Indicator
The Dark Areas

The extent of glazing, as viewed in plan, is used to determine the 'areas with no views'. This
concept is taken from LEED 4.0:

"Achieve a direct line of sight to the outdoors via vision glazing for 75% of all regularly occupied
floor area. View glazing in the contributing area must provide a clear image of the exterior, not
obstructed by frits, fibers, patterned glazing, or added tints that distort color balance."

The method that calculates the floor area, is taken from LEED 2009 IEQ Credit 8.2 Daylight and
views. In this method, the plan view angle through the glazed area considers the actual wall
thickness for punched windows. In plan, two diagonal lines are drawn, one connecting the
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exterior left wall opening corner to the interior right wall opening corner, and the other
connecting the exterior right wall opening corner to the interior left wall opening corner. This is
done for each glazed opening. These two diagonal lines are extended towards the interior.
Wherever diagonal lines of adjacent windows intersect, the area contained within these diagonal
lines and the associated wall or walls is regarded as an 'area with no view' or dark area, see
Figure 8.3. The DLS indicator of this case study is 0.830265, or 85%, which is above the
recommended reference of 75%, see Figure 3.3.

Room H

82 of 433 = 82% With View |

Room
82 of 452 = 82% With View

1l
/

Figure 3.3: Process of computing the dark areas of the building

Duplicate Floor View
To try this workflow, open “SSG_Design-1_Quality View” or one of the earlier Project design
files and “duplicate with detail” Level 1 Floor Plan. We want to capture the room and room tag
data for this new view. Rename it “Level 1 — Line of Sight”, see Figure 3.4.

Project Browser - Default Value - Analysis Model_Final.... X

=0, Views (all)
= Floar Plans

_Lighting Analysis — Level 1 Plan

- Level 1 Line of Sight

Level 2 Foom
Site

—|.-- Ceiling Plans

I evel 1

Figure 3.4: “Duplicate with detail” the Level 1 Floor Plan view, rename it

Check View Range

Can you see all of the windows in the floor plan for the DLS? If not, from the “Properties” palette
using the “view range” dialog box, you will need to change the “cut plane offset” value, see
Figure 3.5.
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View Range b
Sample View Range Primary Range
u, =l iy seer = -
Key TR AR TP Top: Asodiated Level (Level 1) | Offset:
T‘m A ~
L:PrmaryRangeTop e DIt ( Cutplane: | Associated Level (Level 1) Offset: )
2: Primary Range Cut plane = 3 i r |
3: Primary Range Battom ® r Bl ] Bottom: Assocated Level (Level 1) | Offset: |0 0°
epthievd | | LR @
‘It T 1 . | View Depth
| |
@ i, Level AssociatedLevel (Level 1) | Offset
=i o @
() oK Apply Cancel

Room

Figure 3.5: Changing the cut plane to see all of the windows

Starting DLS Dynamo Graph

Staying in the “Level 1 — Line of Sight”, on the ribbon go to the Manage tab and start Dynamo
for Revit and open the “Direct Line of Sight” Dynamo graph and run it. Dynamo and the Revit
view will update with the direct line of sight information, see Figure 3.6.

Room

82 of 433 = 82% With View

Room |

- |82 of 452 = 82% With View_—|

|l
f

Figure 3.6: Dynamo and Revit showing direct line of sight information

NOTE: If you make changes to the model you will need to re-run the Dynamo graph. Before
doing that make sure to delete the “Filled Regions” and “Text”.

Quality View (QV) Indicator
2D Visual Fields

DLS assures people can see out of the building, but this says nothing about the quality of that
view. The QV indicator is inspired by the Quality View definition in LEED V4. It is based on a
two-dimensional interpretation of the building. It represents a 2D viewing angle from each
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sampled view point inside the building, as it would be represented in a section, and computes
the intersection of these 2D fields with relevant elements of the landscape, see Figure 3.0/ 3.7.

Figure 3.7: Process of computing the 2D viewing angles

Refer to the Guide for Building Design and Construction LEED V4 (Updated July 1, 2014)
Chapter: Indoor Environmental Quality EQ Credit Quality Views, and see examples on pages
750-751 for more information.

Landscape Evaluation

For the purpose of this case study, the triangular meshes representing the 2D viewing angles
are used to intersect elements in the context model of two buildings masses of visual interest,
see Figure 3.8. When an intersection is found, it is counted towards a quality view area,
represented as a blue area on the center of the space. This method requires a mesh
representation of the relevant elements of the landscape. The QV indicator of this case study is
0.237862 that corresponds to almost 24% of the floor plan area of the building.
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soefn
39 of 451 = 8% With Quality View.
1} |

40 or 468.= 2% WAl Gualty vsTw
L |

Figure 3.8: Computing and mapping in plan the intersection of the viewing angles with relevant
elements of the landscape

Duplicate Floor View

For the Dynamo graph to work properly a view and “mass elements” need to be developed.
Open “SSG_Design-1_Quality View “ or one of the Project Design files and “duplicate with
detail” Level 1 Floor Plan. We want to capture the room and room tag data for this new view.
Rename it “Level 1 — Quality”, see Figure 3.9.

Project Browser - Default Value - Analysis Model_Final.... X

-0, Views (all)
B l_:luur Plans —

_Lighting Analysis - Level 1 Plan 1

WREE

Figure 3.9: “Duplicate with detail” the Level 1 Floor Plan view, rename it
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Create Site Elements
On the “Architecture” tab choose the drop-down for “Component -> Model in Place”. Choose
“Site” for the category and call it “Mass Site”, see Figure 3.10.

Architecture  Structure  Systems  Insert  Ann| Family Category and Parameters || Mame >

G a3 ) | U | ovcomen
— Mame: ‘MassS\bE |
Wall Door Wigdow| Cemponent Column Filter list:

@ &2 iR @PIaceaCompoﬂent

‘ Model In-Place - Sprinklers

oo Gtairs

-~
conce

rowser - Default Value - Ana

Figure 3.10: Start the process of creating the site mass

Use the “Extrusion” tool to create two masses that are located away from the Sprout Space.
Change the “extrusion end” height to be 20ft, see Figure 3.11.

Create Insert Annotate View Manage Add-lns Quantification  SiteDesigner  ContentAdminKit LA Pro-RevitTools pyRevit pyRevitDev Extensions Modify | Bdrusion  Precast (-

EJo0GoROD Il @ AD @ N B i\ D EBS

5 & oo &l 0 m & A m N L @mE v X

Modify| [l Bdrusion Blend Revolve Sweep Swept Void _ Model Component Opening  Model _ Electrical ~ Duct Pipe  CableTray Conduit Reference Reference  Set  Show Viewer Finish Cancel
) |=c2] Blend Forms  Line Group Connector Connector Connector Connector Connector  Line  Plane Model Model

Select ~  Properties Q Forms Model Control Connectors Datum ankPIanOn'Plaza[dilm

EAG-G @ TE- S OA -0 W=

Modity | Extrusion | Deptn 20 0

Project Browser - Default Value - Analysis Model_Final.... X A Properties
00 Views (all)

Floor Plans
_Lighting Analysis = Level 1 Plan
2

Level 1
- Level 1 Line of Sight
Level 1 Quality View
<Level2
Site
Ceiling Plans
Level 1

Site (1)

Constraints
Extrusion End e [20° 0"
ru: a 0o
Work Plane
ra

Level 2
3D Views
30-Al
+3D - Mass Only
3D Building Elements Only
3D Energy Model
_Lighting Analysis Model View
830}
Elevations (Building Elevation)
East
- Nerth
South
West
Legends
[ Schedules/Quantities (all)
_Lighting Analysis Room Schedule
Analytical Spaces
Analytical Surfaces
Sheets (all)
97 Families
[ Groups
& Revit Links

Visibilty, Graphics Overrides Edit.
Materials and Finishes

Material <By Category>
Identity Data

Subcategory <None>
Solid/Void Solid

Figure 8.11: Creating site mass with extrusion

Starting QV Dynamo Graph

On the ribbon go to the Manage tab and start Dynamo. Open the “View Quality” Dynamo graph
and run it. Dynamo and the Revit view will update with the quality view information, see Figure
3.12.
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|33 of 433 = 7%|W|ith Quality VieV\1

35 of 452 = 7% With Quality View.
I 1] |

Figure 3.12: Dynamo and Revit showing view quality information

3D View

The 2D viewing angles are converted and shown in Revit. Change from the floor plan view to a
3D view to see them in your Revit model. Change the “visual style” from “hidden” to “shaded” for
a better visual (Figure 3.13). You can delete or hide them at any time when not needed.

& Graphic Display Options...

(=) Wireframe
£ Hidden Line

(5 Shaded *
5 Censistent Colors

&) Realistic

ﬁﬂRayTrace
| 187 =ro [ TR Ge Co ik 45 13 = o L o &0 I <

Figure 3.13: 2D viewing angles shown in Revit

Change Dynamo Settings

Back in the “View Quality” Dynamo graph you can change the “Eye Elevation” and “View Depth”
if the 2D viewing angles need to be higher, shorter, or longer so it intersects the mass site
elements (Figure 3.14).
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View Depth
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U ‘:‘ﬁ 7
— , &‘
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Eye Elevation; Feet and Inches

5'6" number (Feet)

™) 120

Figure 3.14: Change eye elevation or view depth of 2D viewing angles

Data Export
Both Dynamo graphs create excel spread sheets and place them in the same folder from where
you opened the graph, see Figure 3.15.

DirectiLine of(Sight{Data

| A B | ¢ | E

Room  Dark Area Room Area Percentage with View
Room1 B81.24487918 433.7777778 82
Room 2 81.63543519 452.83888389 82

Vs wa | =

QualityoftView/Data

B C | o | E

Room Area with View Room Area Percentage with Quality View
Room 1 32 4339777778 7
Room 2 34 452.8888889 7

[ T R

Figure 3.15: Data from Direct Line of Sight and Quality of View

Solar Analysis
Overview

Insight Solar Analysis provides in context solar radiation analysis results to help you track solar
energy throughout your design. The plugin provides automated settings for specific study types,
as well as customizable options. The following analysis types are currently available:

Analysis Type Description
Solar Energy — Annual PV Annual simulation for determining PV energy production estimates

Custom Customizable simulation for general solar insolation studies
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Insight Solar Analysis with Revit uses the Perez Solar Model, a calculation method that occurs
locally within Revit.

NOTE: For solar analysis studies you can use a conceptual mass, detailed building element
model, or even a hybrid of the two.

Solar Analysis 7 X
Study Type: |Custom v &
Surfaces L3
Results
Cumlative Insolaion Custom Solar (kWh/m?)
6,762 w .
70 k\«/h;m:k\m 2 AN Update 916
sggsamgs n Ei
n t:‘\;’él‘\e.cstlendr\saln&unset m
-~ v1.0.021
Resuks Settings 459 -
Type:  [Cumulative Insalation ] [fwhims v
Style:  [Solar Analysis Defaut ~|
Export: [ Insalation csv “lE’
-1
Project location: 16315 Grevillea Ave, Lawndale, CA 90260
Sun study start date time: 1/1/2010 12:00:00 AM
Sun study end date time: 12/31/2010 11:59:00 PM
Cumulative Insolation
Validation

Insight Solar Analysis with Revit uses the Perez solar model to calculate results. This model is
used by the National Renewable Energy Lab (NREL) and their PVYWatts® tool. Results from
Insight Solar Analysis have been validated directly by NREL and findings conclude that
differences between the results were less than 1% for surfaces oriented horizontal, east facing
vertical, and south facing with latitude tilt angle.

You can test solar analysis results yourself by analyzing a surface with specified tilt and
orientation in PVWatts® for a TMY station and comparing results with Insight Solar Analysis
with Revit for a location with the same TMY station.

I's important to note that Revit uses a variety of weather data for analysis, not just TMY data.
Read more about the Revit Internet Mapping Service. When comparing Insight Solar Analysis
results to those from other tools, consider weather data sources and varying calculation
methods when comparing results.

Getting Stated

Open the “SSG_Design-1_Solar Analysis.rvt” file or open one of the Project Design files. Make
that the “Location” is set before starting the Solar analysis. On the ribbon go to the Manage tab
and select Location, see Figure 4.1.
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Figure 4.1: Set location for solar analysis
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On the ribbon go to the Analyze tab, select Solar from within the Insight panel, see Figure 4.1.

The Solar command is a separate plugin you can download from here.

@ Location

.ﬁ. Delete Energy Model

|, Optimize Fa. ._5]

Energy Heating Lighting Solar

i Generate Settings Cooling [ ]

Energy Optimization Insight

Figure 4.2: Start the solar analysis

The Solar Analysis dialog box will appear. This is where you can control your study settings, see

Figure 4.3.
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Solar Analysis ? X

Study Type: |Custom o vl I & |
Surfaces: l<user selection> v’ |
Results

Insolation
Update fo see Results

o a.. o L] Update
Study Settings B !i
06 m:selected ’
1/1to 12/31 sunrise to sunset

o v1.0.0.21
Re! ettings
Type: |Cumulative Insolation v| Ik‘Nh/mz vl
Style: [Solar Analysis Hourly 200Wh [
Export: IInsolation csv v | E

Figure 4.3: Solar analysis interface

Options
1. “Analysis” allows you to select between different study types including:

Analysis Type Description

Solar Energy — Annual PV Annual simulation for determining PV energy production estimates

Custom Customizable simulation for general solar insolation studies

2. Select which “Surfaces” you would like to visualize results for. There are two preselection
options, and one customizable option.

Surface Selection Description

All Roof Exterior Surfaces When selected for a model with building elements, this option
automatically selects all Roof elements

All Mass Surfaces When selected for a model with conceptual masses, this option
automatically selects all mass faces

User selection This option allows you to select your own mass and building element
surfaces for analysis
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3. The “Results” dialog provides a summary of PV Energy Production or Insolation results;
whichever study type is selected. These results become available once the analysis is
complete.

4. Study Settings summarize the area and time range selected for your analysis. To change the
date and time range, edit the Sun Settings for the 3D view you have active, see Figure 4.4.

* Sun Settings...

4 Sun Path Off
4F Sun Path On
yg"=10" B lx G0 mE s w2 ¢ B G

Figure 4.3: Solar analysis interface

5. You can expand Results Settings to define additional settings for analysis.

F'Y v1.0.0.21
Results Settings

Type: |Cumu|a’[ive Insolation o w |

kWh/m? |
Style: |Snlar Analysis Hourdy 200Wh wl|[
Export: |Insolation cav - E

1. The “Type” allows you to select between different analysis types:
e Cumulative Insolation
e Average Insolation
e Peak Insolation
You can also specify which units you would like to use for results:

e  Wh/m2
e Wh/m2
o BTUIt2

2. The “Style” controls the color scale and legend settings. Use the drop-down menu to
select a different style or select the [...] to create your own style.

3. “Export” allows you to export results as a CSV. This option will be enabled once the
analysis is complete.

6. Once all settings are defined, you can select “Update” and the analysis will begin. The analysis
happens locally (within Revit), and you will see a status bar indicating analysis progress.

Results
Once the analysis is complete, the “Solar Analysis” dialog will update with a results summary
and results will appear in your active 3D view, see Figure 4.4.
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Project location: 16315 Grevillea Ave, Lawndale, CA 90260
Sun study start date time: 1/1/2010 12:00:00 AM
Sun study end date time: 12/31/2010 11:59:00 PM

PV Energy

Figure 4.4: Solar analysis results

To make any changes to the analysis settings, or select new surfaces for analysis, simply edit
the settings or selections, and press “Update again”. New results will override previous results.

NOTE: Solar analysis results cannot be saved with the Revit model. If you like certain settings
take note of what those settings were for future analysis.

Louver Analysis

You can use Solar Analysis to create your own custom analysis types, specifying your own date
and time range, surface selection, and result types, and visualization style. In this example we
are going to look at how to use Solar analysis for louver design.

Currently some firms use curtain mullions to represent shade devices but if you are wanting to
see how the solar analysis is affecting the interior surfaces this process won’t work. Hopefully a
future release will fix this but for today we will need to use a “Model In-Place” component to
represent the shade device.

When using the “user selection” option to select only the surface you want to use for the solar
analysis a warning will display about the limitation of certain building elements in Revit, see
Figure 4.5.
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|
>

Click to Select faces. then click Finish in the left side of
the Revit Options Bar

Currently SAR supports analysis for all mass surfaces and mass
models, surfaces of standard Revit architectural elements like
walls, floors, roofs, ceilings. All glass is assumed to be 100%

| transparent.

| Though you may select other surfaces, many Revit detailed

i geometry element types are not supported, including window

| glass, many families, grouped objects, components, linked

{ objects, imported surface geometry, and energy analysis model

| surfaces, which yield results close to 0.

[[] Don't show this message next time

Figure 4.5: User selection for Solar analysis results

Below is an example of using the “user selection” option to select the inside floor surface to see
how the “Model In-Place” shade device is affecting that surface, see Figure 4.6. This is
comparing two shade devices vs a single shade device.

Solar Analysis - ? X //
g © < Custom Solar (kWh/m2)

Surfsces:  [user selection e
Resuls

Cumulative Insolztion -916
8,192 wm Py
85 Kuh/m® a L3 Update
Stuty Sefings D E i
96 meselected .
1110 12/31 sunrise to sunset
A V10021 4590
Resuls Seftings
Type: [Cumudative Insolation ] flwhimz ]

Syl [Solar Analysis Defauit -]

Export: [ Insolation csv ] B

-1

Project location: 16315 Grevillea Ave, Lawndale, CA 90260
Sun study start date time: 1/1/2010 12:00:00 AM
Sun study end date time: 12/31/2010 11:59:00 PM

Cumulative Insolation

Solar Analysis ? X /
e 2 [ Custom Solar (kWh/m?)
on <k
-916
Wb 2 1 . Update
Study Setiings u i i
96 meselected i
1/110 12/31 suniise to sunset E
- v1.00.21 459
Results Settings.
Type  [Cumuiative insolation | [kwnme ]
Style: ‘Solar Analysis Defautt -,|
Export  [Insolation csv ~1&
1

Project location: 16315 Grevillea Ave, Lawndale, CA 90260
Sun study start date time: 1/1/2010 12:00:00 AM
Sun study end date time: 12/31/2010 11:59:00 PM

Cumulative Insolation

Figure 4.6: Solar analysis results showing how the shade device is affecting the interior floor
surface
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We will go through the process of developing the shade device for a solar analysis. Open “Floor
Plans — Level 1” on the project browser. Generate a section going through one of the rooms,
name it “Shade Device”, see Figure 4.7.

Project Browser - 55G_Design-1_Solar Analysis.rt x
510, Views (al) ~
£} Floor Plans

ginalysis - Level 1 Plan

Level 1 - Quality Vi
Level 2
Site
- Ceiling Plans
Level 1
levelz ¥
- 3D Views
20- Al
2D Mass Only
2D Building Elements Only
3D Energy Model
2D Quality View
3D Shading Device
3D Solar Analysis
_Lighting Analysis Model View
{30}
- Elevations (Building Elevation)
East
Nerth
South

o Sections (Building Section)
Shading Device

Room

Figure 4.7: Create section in Level 1 view and name it

Model In-Place

On the ribbon go to the Architecture tab and select the “Component” drop-down, select “Model
In-Place”. Scroll down and select the “Windows” category and select Ok, name it “Shade
Device”, and select Ok, see Figure 4.8.

Architecture  Structure  Systems  Insert  Anng
Meodify| Wall Door Window| Component | Column
Select «

EHG-&-7- 2

@ Place a Component d

n @ Model In-Place
Project Brow: G_Design-1_Sola

Figure 4.8: Create model in-place

Reference Plane

B " Family Category and Parameters

Family Category

Specialty Equipment
Sprinklers

Stairs

Structural Columns
Structural Connections
Structural Foundations
Structural Framing
Structural Stiffeners
Telephone Devices
Topography

Walls

v

MName

Name: |ShadeDevice| e |

Cancel

Staying in the “Level 1” view, on the “Create” tab select “Reference Plane” draw it along the
edge of the window, name it “Shade Device 1”7, see Figure 4.9.
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Figure 4.9: Create reference plane

Create Shape
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Open the section that you created earlier called “Shade Device”. On the “Create” tab select
“Extrusion”, select “Set” so the “Reference Plane: Shading Device 17 is current, now draw a 8” x
1” rectangle for the shade device. Once done, on the ribbon select the “Finish Edit Mode” check

mark, see Figure 4.10.
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Worl Plane
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Project Browser - 55G_Design-1_Solar Analysis.nt x

10, Views (all)
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Level 1 - Line of Sight
t e Level 1 - Quality View

Figure 4.11: Create shade device shape using extrusion

Modify Extrusion

(O Pick a plane
() Pick a line and use the work plane it was sketched in

Cancel

Help

Open the “Default 3D” view and notice the extrusion is not fitting the window. You can either use
the “Align” tool to align the edges or you can select the extrusion and use the Properties palette

to change the length, see Figure 4.12.
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Figure 4.12: Modify extrusion to better fit the window width

Array Extrusion
This last step is using the “Array” to create multiple copies of the extrusion. The benefit of doing
this is you can go back to one of the extrusions, change the shape, and all of them will update.

Go back to the “Shading Device” section view. Select the extrusion and on the ribbon select the
“Array” tool. On the “Option Bar” change the number to “12” and switch the “Move To:” to the
option of “Last”, see Figure 4.13.
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i Q) [ - '%| ® T [ % Extrusion Settings Work Plane = Mew Model Model -
Modify Measure Create Mede Work Plane Placement In-Place Editor
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Figure 4.13: Starting the array tool and defining the settings

Select a point near the first extrusion edge, now select a point near the top of the window.
Notice you now have “12” extrusions to represent the shading devices. You can change the
number any time to update the array. On the ribbon select “Finish Model” and go to the “Default
3D” view, see figure 4.14.
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Figure 4.14: Defining the two points and finishing the array tool

Modify the Shade Device

If you ever need to redefine the shape or how many extrusions just select the array and, on the
ribbon, select “Edit in-Place”. Now you can select one of the extrusions to change how many or
on the ribbon select “Edit Group” to modify the extrusion, see Figure 4.15.
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1 ¢ X
ngroup  Finish Cancel
Model Model

In-Place Editor

Open the “Default 3D” view, if you want to run a before and after analysis with the shade

devices, select the shade devices and on the “View Bar” select the “Temporary Hide/lsolate

and select “Hide Element”, see Figure 4.16.

ﬂ

Apply Hide/lsolate to View

??/

lsolate Category

/

Hide Category

Isolate Element

Reset Temporary Hide/lsolate

yam =10 Tk GO R TS e ¢ L e G e <
Figure 4.16: Hide shade device for solar analysis

Select Surface

”

On the ribbon select the “Analyze” tab, select the “Solar” tool. Change “Study Type” to
“Custom”, change “Surfaces” to “User Selection”, and select the “Arrow” icon. A dialog box will
appear telling you what can used for surfaces, select the “X” in the top right corner. Select the
interior floor surface and select “Finish” on the “Options Bar”, see Figure 4.17.
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Figure 4.17: Changing the settings and selecting the inter floor surface
No Shade Device Results

For the “Result Settings’ change the “Type” to “Cumulative Insolation” along with the “Style” to
“Solar Analysis Default’. Now select the “Update” button to see the results, see Figure 4.18.
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Export: [imldion cev v| r_.
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Sun study start date time: 1/1/2010 12:00:00 AM
Sun study end date time: 12/31/2010 11:59:00 PM
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Figure 4.18: Results with no shade device
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Shade Device Results
On the “View Bar” select “Temporary Hide/lsolate” and select “Reset Temporary Hide/lsolate”

so the shade devices are shown again. If the previous analysis is still shown select the edge of
the interior floor and use “Delete” to start over, see Figure 4.19.
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Figure 4.19: Reset isolate to see shade device and delete the old analysis

Repeat the same process as before using the same settings and use the “Update” button to see
the new results with the shade device as part of the analysis, see Figure 4.20. This shows the
difference between the two designs with and without the shade devices.
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Figure 4.20: Comparison between with and without shade devices
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Managing Results

Insight Solar Analysis results are visible in 3D views only and are not saved with the Revit file.
To access results after closing a model, it is suggested to set up 3D views with the preferred
dates and times preset, so you can quickly generate results for studies.

Customizing Analysis Visual Styles

For all analysis types, default analysis display styles are used to visualize results. The steps
below will allow you to modify these or create your own. In a view that has visible analysis
results, on the “Properties” palette, select the [...] for “Default Analysis Display Style”.

The styles on the left are all default styles. Select any one of these to see change the
visualization style in the current view. To create your own style, select “New” and give it a name,
for solar analysis results, “Colored surface” and “Markers with text” are the styles that should be
used, see Figure 4.21.

Properties =
@ 3D View -
. i= Di 7

3D View: 30 Shading Device v | B Edit Type New Analysis Display Style ‘ X
Graphics A
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Parts Visibility Show Original ®1234
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Graphic Display Options Edit... L‘ () Diagram with text
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Show Hidden Lines By Discipline —

Default Analysis Display Style ] EIRGENEIAEE ( / () vectors with text

Analysis Display Settings Edit...

i A s Ly Lun
ar Analysis Default E O peformed shape
ar Analysis Default pts N
i) B =38 88 a
U — @”"E: | Enter new name here )
Properties< < Mo Style 9 oK [ Cancel

Figure 4.21: Create new display style

Control the “Settings”, “Color”, and “Legend” in the respective tabs. Adding values associated
with specific colors will allow you to highlight specific thresholds, see Figure 4.22.
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Figure 4.22: New display style applied to analysis

Exporting Results

Once results have been generated in your 3D view, you can export analysis point location and
associated data as a CSV. Selecting “Export” will prompt you to name the CSV and specify a
file destination. The resulting CSV will produce a summary of the simulation and list values of
individual analysis points and their location in the model, see Figure 4.23.
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3
4 | Analysis Surface Parent object type Category Parent object ID Average Surface Insolation Value Surface Area Total Surface Insolation Value
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Figure 4.22: Exported results to an Excel spread sheet
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How to Get Started
Best Practices to get started with Insight. Check Energy Analysis is enabled.
R Autodesk Revit 2019 - Not For Resale Version - Proje

Architecture ~ Structure  Steel Systems Insert Annotate Analyze Massing & Site  Collaborate  View  Manage  Add-Ins  Quantification _ Site Designer

&) @ &) Recent Documents Options 2
[By Ordered List | Configure
D Tools and analyses:
[ P
Steel tab and tools A
21922600_JCI_ARHQ_SD Structural analysis and tools
(=% open Model 200.07E B ardware Systems tab: mechanical tools
21922600_JCI_ARHQ_SD Mechanical analysis tools
Model_2018.rvt File Locations [V Systems tab: electrical tools
B e 21922600_JCI_ARHQ_DD ) Electrical analysis tools
Model_C_2018.rvt Rendering W Systems tab: piping tools
" Piping analysis tools
SSG_Design-1_Solar Analysis.rvt Check Spelling . ' s
g SHEAS I SSG_Design-1_Quality View.rvt SteeringWheels (@ Energy analysis and tocls b4
_Design-1_Daylight.rvt = ViewCube Keyboard Shortcuts: Customize...
=p Export » ~
= Macros Double-dick Options: Customize...
= Tooltip assistance: | Normal v
@ Print »
’ [F]Enable Recent Files page at startup
=

le_projeit.rvt = Archtecture  Structure  Systems  Inset  Annotate  Anshze

b D € @ [.. kg =

IModdy| Location Create  Generate Optimize  Energy  Boundary Loaf

1 1
Exit Revit] Energy Model Settings  Condtions
Select ~ Energy Optimazation A

Check you have the plugin OR download and install.

€9 Location |'... Optimize Fe. ‘:L:i

. Create Energy Model
" i Energy | Heating Lighting Solar
2! Generate Settings] Cooling

Energy Optimization Insight

If not installed go to: https://insight.autodesk.com

INSIGHTS  LEARNING “f* SUPPORT

DOWNLOAD

Fae RELEASE NOTES

SUPPORT FORUM

Better Building Performance
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Pre-requisites:
Revit 2016 R2
Revit 2017 Download Revit 2016 Plug-in
e Revit 2016 R2 Installation Instructions
e Revit 2016 R2 Download Download Revit 2017 Plug-in
Recommended Browsers:
e Chrome Download Revit 2018 Plug-in
* Firefox
o Safari
Download Revit 2019 Plug-in
Check if you have entitlements (and cloud credits for Lighting Analysis). Go to:
https://manage.autodesk.com
¢\ AUTODESK. ACCOUNT ~ PROFILE ~ MANAGEMENT
PRODUCTS & SERVICES I ‘ Insight - Energy Analysis
| Included
All Products & Services =
Product Updates : . - -
I | Insight - Green Building Studio
Trials _*& | Included
I | Insight - Lighting Analysis for Revit
% | Included
For Lighting Analysis Only:
AAUTODESK. ACCOUNT PROFILE MANAGEMENT
Quick links v
REPORTING Cloud Services Usage
Download & Install
Cloud Services Usage
Network License Manager Individual Cloud Credits @
Individual Usage S

S > As a jet 27 Used 73 Remaining
What's new in Account 100 individual cloud credits
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1. ALWAYS set model to ‘Use /
Conceptual Masses and
Building Elements’

2. Start with the default Analytical .
Space and Surface Resolution

Set Perimeter Zone Depth Y/N? /
‘Advanced’ Options:
a) Set Building Type /|
b) Room/Space Data .

c) Disable Detailed Element .
Material Thermal Properties

B Energy Settings X | ®7 Advanced Energy Settings X

Parameter

[ Parameter l Value ]

Target Percentage Glazing : % I

Target Sill Height 2 6"

Glazing is Shaded :

o i [
farge( FPercentage Skylights 0%

kylight Width 8 Depth 3" 0"

Mode
Ground Plane

Project Phase

Analytical SpSce Resolution
Analytical Surface Resolution| 1° 0 |
Perimeter Zone Deptﬁ"
Perimeter Zone Division |

Building T

Building Operating Schedule ~ Default
| HVAC System . Central VAV, HW Heat, Chiller 5.96 COP, Bo
Quidace Alr information’ }

Conceptual Typ

S"cvﬂe'rhatiif"'l')"'pérs S
Detailed Elements

How do these settings affect energy analysis?

Create a new 3D view and isolate key architectural elements used.
Set to Non-Room Bounding

The purpose of the view is to enable a visual check.
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Disable unnecessary elements (optional but faster processing). LINK

Ceilings
Columns
Curtain Panels
Curtain Wall
Mullions

Doors

Floors

Mass

Roofs
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Site: Pads
Structural Columns
Walls

Windows

Visibility/Graphic Overrides for 3D View: Energ

Model Categories  Annotation Categories  Anal
[~] show model categories in this view
Fiterbst: | Architecture  ~

Visibility

Lines
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*‘Uncategorized’ vs ‘New Insight’ (
*Model Menu — Rename, Move etc. (

e

« C O © min wwgrtamodenk com o

I Aurooesk msigHT
wm.Ne.

.
)

INRGHTS  LEARNING = SUPPORT -
Y
ARRY

| S

" -— -

c New Models go to ‘Uncategorized’ by Default

0 Use ‘New Insight’ to Store as Required e.g. by
Project or Design Stage

AUTODESK.
A UNIVERSITY
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*Use Energy Cost or Energy Use (
(EUN?
* Benchmark Comparison (
Benchmark Comparison
Building Form kBtu / #t* / yr

29.3

KB / 12/ yr

----.......
u ASHRAE901 ®

. w920

Cost is More Tangible and Re) a ARCHTECTUREZ0 & o1

Actual Value to the Building 20.8 Sesssszsnuadt
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*The ‘BIM’ Setting and Energy Range

Paradigm

* Explore Opportunity & Embrace

Uncertainty!
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‘High Performance Range

‘Low Performance Range'

Other Single Point

If in Doubt...
Use a Range
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*Use Scenarios and Scenario /
Compare
* Use Model Compare — Settings, /

Members, Comments & Scenarios

A ‘Scenario’ is a Saved Combination of Factor Settings
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| 03 Detallod Design 8
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o Units, Currency, Utility Rates, Sorting

= a Share Insights (by email) and Commenting

e Apply Scenarios to Models
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* Export options incl. AIA 2030 DDx
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