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WHAT ARE:

*MASS MODELING
*ENERGY SIMULATION
*GREEN BUILDING
REVIT
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MODELING: the Language of Design

“Design is not just what it
looks like and feels like.
Design is how it works.”

S. Jobs (1955-2011)
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MODELING: the Languag

Simulation in order to understand how it

Morfological Model

Filippo Brunelleschi, Modello
ligneo Cupola del Duomo,
1420-1440 circa, Firenze,
Museo dell’Opera di Santa

Maria del Fiore — Firenze, Museo
dell’Opera di Santa Maria del Fiore.
Fotografia di Antonio Quattrone
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MODELING: the Language of Design

Simulation in order to understand how it works

Leonardo da Vinci. Anatomical drawings (around-1510) R. Mark. Force visualization on Gothic Cathedral Riccardo Morandi. Bridge studies (1987/89)
usign polarized light and plexliglass (‘70s)



s O

FIRENZE X —

D | sosgna "'/ MAILAB ENVIRONMENTAL DESIGN
ettt . — 4 MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

VISUALIZING MATTER

Functionality and
Performance Design

2= Frey Otto’s studies & researches
1 Secop i model of an arch-supportes
4 :...-J.“ J o0E! © AR | 4 =
Jith rope loop o its high po
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DIAGRAM:
THE ABSTRACT MACHINE ..a map of relations between forces”

Deleuze, A Thousand Plateaus (1988)

.

AK'T, South Bank Pavilion (Zaha Eadid). Load patas. © Adams Kara Taylor (AKT).
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“.. digital tools give us an
holistic and visual
perception of fenomena
in order to have a faster
comprehension of a large
quantity of aspects”
G.Ridolfi

Warshouss 2/ False Colour Rendering
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What if ?

Designing as a scientific process

Reading Text: Learning Design Through Designerly Thinking. Holistic digital modeling in a graduate program in architecture.
https://www.mailab.biz/designerly/



defining the final solution through
the evaluation of alternatives

OPTIONEERING
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Empire State Building
Designed by: Shreve, Lamb and Harmon

Facts:
102 storeys

381 m. tall
(443.2 m including the antenna)

20 months to open it

- Demolition of Waldorf Astoria Hotel
-Design

-Authorizations

-Financing

-Construction (1 year and 45 days)
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From Sep. the 16th to October the 3d, 1929
16 alternatives (2 by day) were delivered and

compared.

The night of the last day the 17th solution
(the Solution K) was approved



Modeling
using Computational Design
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louis kahn sketches

Decision-Making through:
-rules of thumb

-individual intuition
-experience & tacit knowledge
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COMPUTATIONAL MODELING
FOR SIMULATION

“This process is similar to the
scientific process, which involves
asking questions, framing a
solvable experiment to answer
the question, testing, and
intepreting the results” k. andersonn
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DIGITAL APPROACH

Decision-Making through:
eformal procedures
eevidence-based observation
ebenchmarking

Computational Design
as a scientific research
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MODELING FOR SIMULATION NUMERICALLY PERFORMANCE BASED

features. precision

objectivity
replicability
communicability
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Parametric computation A procedure where the
model is structured through constraints, parameters, instances
and variables representing and affecting phenomenological
attributes such as geometry, physical property, users
behaviours,...

All these aspects can be
modified dinamically and
in an interrelated manner
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BI IVI FOR INTEGRATED DELIVERY PROJECT

BIM Stage ] BiM Stage 2 EIM Stage J

.“._:l:;,"',FIT_,'«I:_\:: the object-based model i.;:"ui network-based ateqrated Project Delivery
mplementation of EIM MCODELLING COLLABORATION NTEGRATION th2 long-term goal of BIM
implementation

mancal 2 o0r 3D DAl

PRE-BIM |/—» — = — > — » |PD
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the BIModel o tars = : i
non-structured cata and their relations Saccar. 2008)

THE WHOLE MODEL AS A SYSTEM
WHERE THE INTERACTION TAKES PLACE
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Testing the trade-off in order to
be aware of how configurations
and elements can affect
behaviours and produce
differente results
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Digital Modeling give us

ethical responsabilities

of our choices based on
evidence of proof
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Ethical responsibility about us
and the environment we live

Because the built environment and constructions
are one of the largest factor that affect our living

Inside the US Construction, Buildings sector
represents:

49% Energy consumption

77% Electricity consumption

47% Carbon Dioxide emission
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For architects reducing impacts is a big ethical responsability

According Architecture 2030 Program in 2035
75% of building will be renovated or rebuilt



GREEN BUILDINGS
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GREEN BUILDINGS

Building with nearly zero emission and consumption
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HOW TO EVALUATE ENERGY PERFORMANCE

GREEN METRICS & CERTIFICATIONS
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is a voluntary standard based on EUI
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HOW TO EVALUATE ENERGY PERFORMANCE GREEN METRICS & CERTIFICATION

Baseline solution or standardized metrics

Voluntary certifications

international sustainable building certification program

USA

« LEED - Leadership in Energy and Environmental Design (very expensive)- U.S. Green Building Council (USGBC)

e ENERGY STAR, U.S. Environmental Protection Agency in conjunction with the U.S. Department of Energy
o NATIONAL GREEN BUILDING STANDARD, National Association of Home Builders (NAHB)

e GREEN GLOBES operates in the US by the Green Building Initiative

e GREENGUARD, Greenguard Environmental Institute, (focused on quality of indoor air)

US-CANADA
« LBC - Living Building Challenge, 2006, International Living Future Institute.

EU

* NZE - Nearly Zero Energy > Net Zero Energy (considering energy produced)
« PASSIVEHAUS, 1988 Adamson Lund University (Sweden) + Wolfgang Feist dell'Institut fur Umwelt und Wohnen (D)
« BREEAM (Building Research Establishment Environmental Assessment Method), BRE

2030 Framework for climate and energy

https://www.biggerpockets.com/renewsblog/2011/03/11/green-building-certification/



i
" MAILAB ENVIRONMENTAL DESIGN

‘.\ —q ','. . . .
. 7 4 MULTIMEDIA | ARCHITECTURE | INTERACTION pr‘of. arch. Gluseppe Ridolfi

DEGLI STUDI
FIRENZE
la di

HOW THESE CONSUMPTION ARE MEASURED?
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EUI ANNUAL ENERGY USE INTENSITY

EDI - EPI

Energy Demand Intensity  (EDI)
Energy Production Intensity (EPI)
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EUI ANNUAL ENERGY USE INTENSITY = EDI-EPI

EUI (Energy Use Intensity)

Definition: Energy Use Intensity is a building’s annual energy use per unit area. It is
typically measured in thousands of BTU per square foot per year (kBTU/ft2/yr) or kWh/
m2/yr. EUl can measure “site” energy use (what the building consumes) or “source”
energy use (the amount of fuel the power plant burns to produce that much energy).
Unless otherwise specified, EUI typically refers to “site” energy use.

Energy Demand Intensity  (EDI)
Energy Production Intensity (EPI)

https://sefaira.com/resources/six-metrics-every-architect-should-know-and-how-to-use-them/
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EUI - ANNUAL ENERGY USE INTENSITY  kBtu/sf/year kW/m2/year

allows us to run energy comparison between different buildings on a per unit area basis

Evaluation also considers in which way energy is produced inside the whole
production and distribution process including looses.
For example for coal is considered a reduction of 50%

But he evaluation of CO2 emissions is more meaningful
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EVALUATION IN RELATIONSHIP WITH BASELINE SOLUTION based on current average benchmark

2003 COMMERCIAL DUILDING FLOORSPACE,
ENERGY CONSUMPTION, AND
ENERGY INTENSITY, BY BUILDING ACTIVITY
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Conversions of Common Energy
Modeling Units

From Inch-Pound (IP) to the
International System (SI)

1 letleardls:
1 Stush/t

1 8wt

1 Blu
kRruH=Spear

1 Wi

U valus
(RtusfE2R 5

1 ftZ;minute

T Foos/socond

1076 Lug (iluminance. most praclivanas assame T lanlcandle = 10 L ux)
416 vwatts/m? (Instantaneous power inddent ¢n a surfacs)

.16 Watts' hours/m’ (untts of energy on a surface cve time;)

293 Wh {unil of cnvrgy)

11 363 Megaloulss/m? fyear (Frergy Use Intensity, annual measurs of
CNETAY USE per uni. area)

(A2 Wim? (Plug Load or Lighting Power Density, usually per rmom arca)

5.6/8 U valus P mEC) lroncuclivily uf 2 malenzl o assembly, where
LU =1/R)

0004/2 méfsecond (alr chanze rate cue 1o 1nfiltration or fresh air supaly)

&8 milesfhour = 3048 misacand = 1.097 kdhaur
(speed, often In relation to alsoeed)

(5/90C | 32 (Jemperature)

Check this website for converter: http://www.endmemo.com/sconvert/w_m2btu_sft2.php
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USING MICROSOFT EXCEL TO CONVERTE EVERYTHING.

Syntax in English version

=CONVERT (B6, "BTU”,"Wh")/CONVERT(CONVERT(1,"ft”,"m"),

Syntax in ltalian version
=CONVERTI(B6;"BTU";"Wh")/CONVERTI(CONVERTI(1;"ft

, m

Ilft II'

);"ft

||m||)

, m

)

Energy

Joule

Erg

'Thermodynamic calorie
IT calorie

Electran volt
Horsepower-hour
Watt-hour

Faot-pound

BTU

Power
Horsepower

Watt

ENVIRONMENTAL DESIGN
prof. arch. Giuseppe Ridolfi

"cal’

"BV’ (or "ev")
"HPh" (or "hh")
"Wh" (or "wh")
Il

"BTU" (or "btu")

Unit
"HP' (or "h")
"W (or "w’)
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https://sefaira.com/resources/six-metrics-every-architect-should-know-and-how-to-use-them/

LOGIN

Definition: Energy Use Intensity is a building’s annual energy use per unit area. It is typically
measured in thousands of BTU per square foot per year (kBTU/ft2/yr) or kWh/m2/yr. EUIl can
measure “site” energy use (what the building consumes) or “source” energy use (the amount of
fuel the power plant burns to produce that much energy). Unless otherwise specified, EUI
typically refers to “site” energy use.

g SEfair a Search...

Why it’'s important: EUI is useful for comparing performance of buildings across sizes, types,
and locations. It can help you design buildings with low energy use, and, as a likely result, lower
operating costs. It is used by programs like ENERGY STAR and the 2030 Challenge, which have
specific EUI goals for different building types. It is also being used to benchmark buildings for
public reporting in many cities.

Typical values: Below are some average EUIs for three building types in the US. (These
are meant to give a rough idea of EUIl ranges; actual values can vary widely based upon location
& specific space uses.)

Source EUI (power plant’s energy Site EUI (building energy 2030 Challenge target (60%

Office

K-12 Education

Single-family
residence

consumption)

148 kBTU/ft2/yr
467 KWh/m2/yr

141 kBTU/ft2/yr
445 kWh/m2/yr

68 kBTU/ft2/yr
215 kWh/m2/yr

consumption)

67 kBTU/ft2/yr
211 kWh/m2/yr

58 kBTU/ft2/yr
183 kWh/m2/yr

46 kBTU/ft2/yr
145 kWh/m2/yr

reduction, site EUI)

27 kBTU/ft2/yr
85 kWh/m2/yr

23 kBTU/ft2/yr
73 kWh/m2/yr

18 kBTU/ft2/yr
57 kWh/m2/yr
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EVALUATION IN RELATIONSHIP WITH BASELINE SOLUTION based on current average benchmark

Ledging

Health
are

Mearcantile

Office

) 0 50 100 150 200 250 300
Thousand Btu per Square Foot

W Enorgy Intensity
ion | Average (91)
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ELEMENTS THAT AFFECT ENERGY CONSUMPTION

W HEATING
B COOLING
APPLIANCES

' HOT WATER
B LIGHTING
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EVALUATION IN RELATIONSHIP WITH BASELINE SOLUTION
based on current average benchmark

RESIDENTIAL SITE ENERGY
CONSUMPTION BY END USE

ADJUST TO SEDS
4%

OTHER 3%

COMPUTERS 2%
WET CLEANING

8

REFRIGERATION

4%

ELECTRONICS _-
5%

COOKING 4% -

LIGHTING
6%

SPACE
COOLING 9%
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EVALUATION IN RELATIONSHIP WITH BASELINE SOLUTION based on current average benchmark

2003 COMMERCIAL BUILDING FLOORSPACE,

ENERGY CONSUMPTION, AND
ENERGY INTENSITY, BY BUILDING ACTIVITY
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Primary Space / Ave. % Site EUI
Building Type Electric

med  70% @ 90%

emnly
(campus-level)

Convenience Store 90

(wi or wio ga8) 228 68.4 22.8

Fast Food
Health Care and Outpatient
Lodging
Public Assembly

Library 39 92 27.6 c2

Social/Meeting

Fire Station/Police Station

Storage/Shipping/ ol
Non-refrigerated warehouse 56 ¢ 50 1.0

Other (varies greatly) 56 70 21.0 7.0

Targets based on

U.S. Commercial Building National Average

Evergy Uoe lateasing (EUI) Targets, V.9, Commercial
Bulldinas, Natlona Averages, kriu/f-wr

Use for occapancy types not It EPA Target Finder” or in “Ererag
Lse. Intensity (EUI) Targets. by Building Tipe and cAimate Zone.”

Perived from Arcattecrare 2:%0 (22012), based on EPA (2on) and
Encrgy lformatior Aawiistratior's Commercial tuiding Eneran
Uoe avey (oBECS), 200%; eing the EPA's Table 1: 2007
CPEC G National Averase. Govrce Evergy Use and Performance

Compariaane oy Puilding Type.
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EVALUATION IN RELATIONSHIP WITH
BASELINE SOLUTION based on Code* compliant element as a basic benchmark

*) for example: LEED certification uses ASHRAE 90.1
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TODAY 201'S 2020 2025 2030

| Fossil Fuel Energy Reduction .lhmvubb .FosleudEmcgy(onm\pnon

The 20%0 Challenge Targets

The Architecture 20%0 Challenge alows up to 20% of the overall
energy) reduction to come from off-site renewable enersy. The
carbon-veutral target uses no foosll fuel/GHG-enitting enersy)

to oremrh:.
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WHY, AS ARCHITECTS, WE NEED TO DEAL WITH ENERGY SIMULATION?
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MODELING FOR PASSIVE DESIGN
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The term ‘Passive Design’ here refers to design strategies, technologies and

solutions that effectively take advantage of the environmental conditions
outside the building to maximise the energy and cost savings while ensuring

the core building facilities and provisions (such as indoor comfort, safety,
health, etc.) are not compromised. The environmental conditions can provide

several advantages or disadvantages to the building such as the following

+ Day lighting: can reduce the energy used for artificial lighting but excessive

and improper exposure may result in glare and other forms of visual

discomfort
+ Natural ventilation: can reduce mechanical ventilation energy to move air
around but can result in hygiene issues and over-cooling in cold climates

+ Natural cooling: to reduce the need for excessive air-conditioning or
mechanical cooling in hot climates
+ Natural heating: to use the energy from the sun to provide heat indoors in
cold climates instead of providing excessive artificial heating. But this needs

to be managed in hot climates to reduce air-conditioning energy use
* Shading: (from trees or neighbouring buildings) can reduce heat from direct

sun exposure in hot climates but can obstruct views and natural light and

heat in cold climates.
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MODELING FOR PASSIVE DESIGN

”archetypes is the level of basic architectural
design where issues of siting, orientation,
location, shape, proportions and surface to
volume ratio are considered, along with
neighborhood or urban fabric context of
building groups that set the pattern for access
to sun, wind and lights”-sw&L pg.6
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DESIGN ENERGY
SIMULATION FOR
ARCHITECTS

GUIDE TO 3D GRAPHICS

Class Text-books
For other resources check Mailab class portal out
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Green and
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USING MASS COMPUTATIONAL MODELING
FOR PRELIMINARY ENERGY ASSESSMENT

WHY? :

Initial mass modeling address fundamental design parameters,
including the building envelope, orientation and form, typically
without including mechanical or electrical systems in a manner it
can speed up analysis and allow the evaluation of many different
alternatives.

It provides crucial design guidance and useful feedback to the
design team on how the form, orientation, programmatic
strategies, and other variables will likely affect the project’s
performance in terms of energy, daylighting, comfort, and other
design characteristics.
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BIM FOR INTEGRATED DELIVERY PROJECT (IPD)

We need to go with an engineering-integrated process since the early stage

Bim is not a new and more efficient way of production. BIM is a chance.

It is a way to integrated specialisms, to have a comprehensive view of the whole building
and more than that a view to anticipate the construction and all the problems and
conflicts that can arise on the site.

It is a way to visualize materiality and for that reason to have an understanding on how
the building works.

BIM and object oriented computing in general are providing us a way to get an holistic
approach to design

BIM allows us to integrate time, costs, manufacturing, facility management and
maintanance information; to check conflicts.

More than that BIM let us to anticipate decisions, evaluate alternatives and
their effects, to extend and speed up optioneering

It’s a way to be aware about our decisions
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AVAILABLE COMPUTATIONAL TOOLS FOR ENERGY MODELING

ENERGY ANALYSIS SOFTWARE
EnergyPlus by the U.S. Department of energy (free tool), available at: https:// energyplus.net/.

. IES Virtual Environment (VE): http://www.iesve.com/.
. eQUEST, quick energy simulation tool: http://www.doe2.com/equest/.

AutodeskGreenBuildingStudio:https://gbs.autodesk.com/GBS/(cloudbased).

ENERGY MODELING AND SIMULATION SOFTWARE

23 TRNSYS: http://www.trnsys.com/.

DesignBuilder: http://www.designbuilder.co.uk/.

Radiance: Lighting simulation tool: http://www.radiance-online.org/.
OpenStudio by NREL: https://www.openstudio.net/ (open source, free interface

TOOLS USING ENERGY PLUS AND RADIANCE
Dymola: http://www.3ds.com/products-services/catia/products/dymola.

. Autodesk Revit Energy plug in (previously known as Ecotect).


http://www.iesve.com/

Tools that Support gbXML

= Autodesk = Bentley Hevé'comp

« AutoCAD Architecture & MEP » blueCAPE CFD
« Revit Architecture & MEP « Cadsoft Envisioneer
« Green Building Studio (GBS) = Carrier
« Ecotect « Hourly Analysis Frogram (HAPF)
« Vasari « DesignBuilder
. Benﬂey = DIALUX .
« Architecture » DOE-2.2 & eQuest (via GBS)
« Building Mechanical Systems » Elite Software
= Trimble - EnergySoft |
- SketchUp = Environmental Design Solutions Ltd.
, « Tas
Gfri::gifé » GreenSpace Live (gModeller)
« Mac and Windows = 155, g,

« |[ES <Virtual Environment>

= hinefGrasshopper « TRACE 700 HD
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Massing contribution to a passive design

1. Building location and orientation on the site

2. Building layout and form
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It is important to note that Building Energy Modeling is
a computer program and the accuracy of results would
largely depend on the inputs provided to the model.

In this context, one should be mindful of the expression
‘garbage-in-garbage-out’.

| iICAD
Proll @ vezppe Sedully Pl
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is focused
on a representative part of the
building to be more accurate, deep e~
and able to include more parameters. Lot

is focused on
the whole building It needs to reduce
the level of details and to consider

While a whole building energy
simulation estimates the
performance for an entire
building, representative floors are
typically modeled, including the
lowest (1), middle (2), and top
floors (3) of a high-rise, with
multipliers being used to account
for the other floors. Each atypical
floor is modeled separately.
Shoebox modeling analyzes a
single floor or space within a floor
for energy performance. For
instance, a corner of a building
(4) that may be exposed to solar
energy from multiple directions
can be tested for comfort and
energy performance. A shoebox
model can also be used to
estimate and improve the energy
use of smaller or unique spaces
(5). Any scale can be studied
more quickly with a single-aspect
analysis, including an entire
building, a single floor, or unique
condition.

Source: Photo of LEED Gold
certified MixC Chengdu © 2072
Callison LLC.
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SHOEBOX ANALYSIS

1-Set boundary conditions able to
represent meaningful or critical
parts, systems, aspects of the
building

2-Set adiabatic perimeters
3-lterative input of different
conditions in order to test different
behaviours

4. Run analysis

5. Analize and evaluate
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OTHER TYPES OF MODELING FOR SIMULATION

STATIC

DINAMIC

TIME-STEP analysis = over a period of time hour season, year

POINT-IN-TIME (PIT) analysis= in a precise single moment segment like
hottest hours
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MODELING & SIMULATION IN THE EARLY STAGE

Conceptual & Schematic Design
involves the evaluation of different ideas.
It is not an analytical activity but more conceptual, not detailed

Level of details

Impact of decisions

>
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|Early Stage Design

BPA " BPA BPA
ACTION ACTION ACTION

I IOD100 1 loD200 - 1OD300 10D 400 T LOD 500 +
BPA BPA BPA
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WHICH LEVEL OF DETAIL IS REQUIRED IN THE EARLY STAGE THE BIM PROCESS

MANAGEMENT OF PROJECT

LOD 000

LOD 100

LOD 200

LOD 300

LOD 400

LOD 500

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

MANAGEMENT OF DIGITAL MODEL

-

LEVEL OF DEVELOPMENT |

LOD phases can be summarized as follows.

LOD 100: Modeled elements are at a conceptual
point of development. Information can be conveyed
with massing forms, written narratives, and 2D
symbols.

LOD 200: Modeled elements have approximate
relationships to quantities, size, location, and
orientation. Some information may still be conveyed
with written narratives.

LOD 300: Modeled elements are explained in
terms of specific systems, quantities, size, shape,
location, and orientation.

LOD 400: Continuation of LOD 300 with enough
information added to facilitate fabrication, assembly,
and installation.

LOD 500: Modeled elements are representative of
as installed conditions and can be utilized for
ongoing facilities management.
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Fig. 4.4 Massing options and implication on building performance (Sefaira 2013)
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Level 3 Overview - Scales from Concept to Detail

1 Integrated

2 Retrospective

3 ' Detailed
r—
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DO THE RIGHT CHOICE FROM THE BEGINNING
Level 3 Overview — Scales from Concept to Detail

1 Integrated

—®

b S - e —— S W ER WER TER SRR O WER TR R TR TR W W e e

2 Retrospective

J | Detailed
.——o

CONCEPTUAL MASS MODELING IN THE EARLY STAGE DESIGN
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CONCEPTUAL MASS MODELING IN THE EARLY STAGE DESIGN
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mhlves representing ‘conceptual mass forme’ Formit primitives representing ‘design detail’

An illustration of Formit conceptual mass models suited (and not) far Energy Analysis

CONCEPTUAL MASS MODELING IN THE EARLY STAGE DESIGN
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WHAT IS REVIT?

A i Y Results &
AU”ODESK u(c‘, : AUTODESK' Co
GREEN BUILDING STUDIO

REVIT »

Bu lding
Elements

 AUTODESK| ™™ Lé
b VASARI ¢ ‘
onceptual
NVass
XML |Noven ]|
el @
Third Perty L 3 IDF o
gbXML Authoring i
Tool Export @
gbXML INP

0QUEST|
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MASS ENERGY EVALUATION WORKFLOW IN AUTODESK

Architectural
Modeling

Develops from Concept to Detail with a
variety of madeling practices.

Typlically includes many small modeling
inaccuracies & omissions.

Energy Analytical Model Creation

>

Fully automated using Architectural Model
elements with little to no ‘cleaning or
special modifications'.

Whole Building
Energy Simulation

Clear indicators of performance range
with real time cause and effect feedback.

Custom detalled dashboards and
parametric run configuration.
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1st STEP: MODEL ARCHITECTURAL MASSES




UNIVERSITA ' )
DEGLI STUDI —
7

et =/ MAILAB ENVIRONMENTAL DESIGN

freftetiora MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

1st STEP: MODEL ARCHITECTURAL MASSES
e create grid levels
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1st STEP: MODEL ARCHITECTURAL MASSES

e start mass modeling

Massing & Site
T
LI

)| n Place Place | Wall  Floor @ Toposurface Site Parking
Mass Mass A 4 Component Comporent
Model by Face } Model Site

2 OA G-2E BB

X Project Browser - chandigaw
O 0 Views (tutto)
EB Structural Plans (Pianta strut

E! Floor Plans (Pianta del pavir

: <<<<<< 0 - Piano Terra
Fdit Tvne 4 Dimee Dt
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1st STEP: MODEL ARCHITECTURAL MASSES

e create floors from the generic mass
using grid level
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2st STEP: SET FUNCTIONAL DESTINATION
B | Advanced Energy Settings X

Parameter Value A

Target Percentage Glazing




I Building envelope * Window-o-wall ratio
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TYPICAL INPUT PARAMETERS FOR BUILDING ENERGY MODELING

Model inpat set Input parameters
Location specific * Local climate data (typically imported via a weather file in the
software)

* Interior conditions end set points

Architectural massing and (Typically imported through 3D geometrical modeling tools
form such as Geogle Sketchup)

* Building shape and orientation

* Total floor area

* Number of floors ard thermal zoning

[ Floor-to-ceiling height

Commercial software have
built-in industry standard
default related to physical and
technological properties, and
benchmarks.

* Arca, orientation, solar absorptance, and thermal
ransmittance of all opaque bullding surface

* Area, orientation, sclar heat gain coeflicient, visible ight and
thermal transmittance, and shading of all glazing components

* Mass of building ccmponents

+ Infiltration rates

Thermal axd electric loads * Lighting intensity

* Plug loacs intensity

= Sensible and latent \moisturc) loads from pcople and other
equipment

* Pumps. motors. fans, elevators

Schedule of operations * Lighting schedules

* Plug-loac schedules

* Occupancy schedules
Mechaniczl and Elecirical * Cooling/Heating system type. including the source,
(M&L) systems distribution, and terninal units

* Ventilation system type

* Fan and pump inpus

* Economirers and/or heat recovery systems

* Domestic hot-water system

* Specialty systems (e.g. fume hoods, exhausts)
* Renewable-energy systems




UNIVERSITA fan) .
DEGLI STUDI LS
FIRENZE p P
N\ 7
i ~ 4
Sowladt, S MAILAB
. — 4 MULTIMEDIA | ARCHITECTURE | INTERACTION

ENVIRONMENTAL DESIGN
prof. arch. Giuseppe Ridolfi

2st STEP: SET FUNCTIONAL DESTINATION

* eventually: specify Scheduling and Hourly Operational Profile

P20 40 4T R 01N AN AITIRRAIIN M
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3st STEP: CHECK & SET DEFAULT CONSTRUCTION TYPES

wndll Ce
A Gerwrd Detals . 30
~]# [ Do pemter | Value | & O
- Buidng Type Office
Locstion Boston MA
()8 Cround Plare Level 1
e Project Prase New Comgtruction
Shever Space Tolerance 1’ e L) ::
Buidng Em elope Ure Fumcuon Pararmaeter -8
Buidng Sernce VAV - Smgle Duct priny
Schematic Types [Buideg ] ED She
Buiding infdtraton (lass  None | o 8 Fon
Peport Type Sonple @ [y Gre
Use Load Credis o = | & Rev
? x
A Pyt
BT G/ oo, i Cogeatis are geoersbed om rfommabon i Concechus Tiper
| Progertes of Serwmane T)pet we uied wher evesde o sdncted
Cotegory | Ovemde | Anadyt Corstructicn |
Rools 4 in hghtwmght concrete (Un 0.2245 BTUA MR *F))
Etervor Walls Eﬂjsmwcm.wnw-mmnwmnw»
| |mtener Wt (] Frame partition with 144 in gypsum board (Us 02595 BTUARA.
Cedng: (] Bin hghtweight concrete cefing (V=0.2397 BTU/ thit*"F))
Vloers (] Passive oo, no insulation, tie er vimd (Us0.3210 BTU/NR'F)
- Sabe [0 Uncnsulated sold (U=0.1243 BTUW (W' F)
Dooe [0 Metal (U= 06520 BTN F))
& brterwer Windows 0 Large double ghaied wndows (reflectve coatng! - industry (V
ntener Windows [0 Large smgle-glazed wandows (Us 06008 BTUNN ' F), SHGLa0.
. Sebghts (] Large double-ghazed mindows (reflective costng) - industry (U
|
0 A h._ Shadng 1achon for esdence wandomes [0—'
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3st STEP: CHECK & SET DEFAULT CONSTRUCTION TYPES

Schematic Types ? X
Construction Types Analsis Properties
By defaull. analysis pioperties are genesated fiom nfarmation in Concentual Types.
Froperties of Schematic Types are used when overice i selected
Category Override Analytic Construction
Roofs % 4in lightweight concrete (U=1.2750 W/(m’ J())
Exterior Wells M 8in lightweight (onclete block(U—OM(B W/(rn K)v
Interior Walls _ ; o [7] A fFrame partmon wrth 3/4in qypsum board (U-l 4733 W/(m K))
Cellmgs - | 8in Ilghtﬁt»ght concrete ceiling (U=1. 3616'W/(m K)) '
Floors o E  Passive floor, no insuletion, tile orvmyi (U -2, 9582\\ (m K)) “.
a Slabs . A Un-insulated solid (U=0.7059 W/(m"K))
Doors M Metal (U=3.7021 W/(m*K) b
Extenor Windows M Large double-glazed windows (reflective coating] - industry (U
In'tét'lc'u- Mhdons b ' o ilarge smge-glazed windows (U-3 £893 W?(rﬁ' ) 'S'HG'C. ‘0'84»6‘)
Skyhghts E arge double-glazed wmdows (rdlectrve coatmg - mdustry N
b ™ _7Al ' Nona Shading factor for sxtenar windows: |C

oK Carcel
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4st STEP: DEFINE DIFFERENT ALTERNATIVES  CONCEPTUAL MASS OPTIONEERING

"ETPIIFOSAL JACIAL DIEPOSITIN
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-building orientation =
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4st STEP: GENERATE THERMAL BLOCK

Generate Insight Heatlng Lighting Solar

: \_ Insight N Cooling
Color Fill | Energy Analysis B ~ Insight
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4st STEP: GENERATE THERMAL BLOCK
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4st STEP: GENERATE THERMAL BLOCK
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5st STEP: RUN ENERGY COMPUTATION

Generate Insight Heatlng Lighting Solar

: \_ Insight N Cooling
Color Fill | Energy Analysis B ~ Insight
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6st STEP: PRODUCE & PRINT AND READ ENERGY REPORT

| i | Type a keyword o

s ' > | = .
L I BSA

Generate Insight Heating Lighting Solar
Insight Cooling ’

Color Fill

Energy Analysis Insight
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6st STEP: PRODUCE & PRINT AND D ENERGY REPORT
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Anrual Wiad Rese (Soeed Cisritution)

Wing Speed (ua /0)

'I-l By
! I L 1
"= T
e W3-8
YEIR P Ve MY My oA dA R Sy Oa o D mo.3
W Moty Amngs Paily U tier [l 595 Hatng tory B Podaisomm o % o9
B > eong y 2o oA LTy e
4
Arv il Temparnure B ns
ors
-
r=r
- : + ;
pre . r ' ) -
= La , | v z
- R . 58
- l >
9 . s [ . » ] E 5 Y

| R e
B oy Me Dmpardorn W)

Dtumal Weaihier Sve ey

P LOPITIZE JULS Asodesk, NC Al righta reserved. Mortens of s o twire are
opvnhted by Jeumes 1 Mepch § Agroostes, ha Bajerte of the Sniany of TeMomis
ndothers

v — — — —— — —
© A -
" f
A » ] r' \ o
81 » 44 |\ "
" fl. » |
th { LA ‘ [ 1w
ol-1A 1Y . \ A
’ A\ l\_"[ v 4] - " 'I '., -
o AY ' | I
A i aad
NEAES AR l ; ) 1y
o P Me Mg My des  Ad AMay ey O Mer Om
W Ppwtiin. der R N5 T Teegatan A Rab (Y
WOt 3w ¥ 2er) B vnrm Sevw v i)
Husricity
Ll
wi
LA
Wi
w
we -
e — e
o . Cor B, e o
\ 7
0l ——A ———
s T — ~ - /,/' \\ — -1
iy ~, on—
N
wi
TR Fe W & W an M Mo e 04 Por D
et Tl T ey '

SR LM MO B P d DEVEL TN

Ao asd Vv P Prmgn np Drabile, b ¢

Lol 'ATnl e

1
“==omeryege

] 1 | .'X'.'l

i 3 L ll‘l,l

'ﬂlK'l’.!,

T s e



gnaversiA e ®©
FIRENZE

e )5/ MAILAB ENVIRONMENTAL DESIGN

MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

Wonthly Fuel Conaumpton

L1
31
|
-

- L]
-
- -
£ - o
» .
i - - -
des res e e owae om0 -0 "aer ' Ad ha-  Las

B Ua NS e WD

Manthly Elactricity Consumption
e
-
e
I

J. | ] A A Ve . s wd tu- Uv.
| ERTE L M R A |

Wonthly Peak Demand

- T T T T

A A L= wun ) Rapy o Lo o hue Uy
W g it g oLt




A Ba
s e e
FIRENZE

Scuola di \
Architettura 5

3=/ MAILAB

\;f MULTIMEDIA | ARCHITECTURE | INTERACTION

ENVIRONMENTAL DESIGN

prof. arch. Giuseppe Ridolfi

semamseres 6st STEP: PRODUCE & PRINT AND READ ENERGY REPORT

Building Parformance Factors

Lozation:

Wealier Saien

0O taar Temnerahurs

| lcor Aee:

Exterlorwal Arsa

Ave age Lighling Powe .
Mecple:

Exicrlor wir dow 2atlo:
Elediical Zosl

Fuzl Cast

Energy Use Imtensity
Electricly EJL

* subtract renewable energy contribution
in order to have comparable alternatives

Chandigarh India
429012 . 9
Mac 46°0Miv 3°C
635 m*

g1 m*

1DEBW/in®

144 pzoplz

04C

S2.C8/KNh

83074/ Therm

176 KWATSm Iy

Fuzl EUI:
Tozal CJI:

Lite Cycle Energy Usei/Cost
Life Tyvee Elach cly Lse.
life Dyr.eFre Lse
Lite Uyc e Encrgy Cost:

Renewable Energy Potential

Roo" Mountzd Py Svsten (_ow cif ciency):
R20"Mountad PV Svstan (Madlum efMiercy):

Rao® Mauntad Py Systens (High =Firien-y)
Singlz 15"Winc Turdine Pctential:
*PV/ ariclandiec are assJanedto be 5% 10% 3nd 15% forlow, mediLm and high ariciancy systems

132 1smuy
T34 lsmuy

3501333 kW
26285370
5135,0649

15644 KWha
27287KWNhI
40,931 KWh -
14 KA Iyt

Annual Carbon Emissicns

maAric tons 1yt
601

SUA

znzryy Use

B elecinety Cons.hption

© Fud Zcnsunplizn

B roosFi/Petendisl (lligh Cic ency)
B Sirgle 15 Wind Tutkir ¢ Pctensicl

U e e

M=t CO«

Eqergy
Gen=eton
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semamseres 6st STEP: PRODUCE & PRINT AND READ ENERGY REPORT

Building Parformance Factors
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in order to have comparable alternatives

Chandigarh India
429012 . 9
Mac 46°0Miv 3°C
635 m*

g1 m*

1DEBW/in®

144 pzoplz

04C

S2.C8/KNh

83074/ Therm

176 KWATSm Iy

Fuzl EUI:
Tozal CJI:

Lite Cycle Energy Usei/Cost
Life Tyvee Elach cly Lse.
life Dyr.eFre Lse
Lite Uyc e Encrgy Cost:

Renewable Energy Potential

Roo" Mountzd Py Svsten (_ow cif ciency):
R20"Mountad PV Svstan (Madlum efMiercy):

Rao® Mauntad Py Systens (High =Firien-y)
Singlz 15"Winc Turdine Pctential:
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6st STEP: PRODUCE & PRINT AND READ ENERGY REPORT

* compare Fuel vs Electricity (HVAC/Lighting) in order to
understand if the building is mainly that or to cool

Annuz! Energy Use'Cost Energy Use: Fuel Erergy Use: Elactricity
38% 48% 3%
G4% 51% 35%
‘3?5
[ L1 A
Edetricily 4% §223.701 210,276 WA - &L S51% $11,8572 863670 . "W 3% $77.083 280.838
Bre- 38% 823382 3 A73880 WU Domastic "ot Vistar 49% 410,723 204088 B Lighting LA 871828 258 208
m 322295 1.673.879 Wise Eauip=sm b1 sTian 208.2%0

LA P | BaS H4h
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* pay attention to Energy Loads in order
to understand the biggest concern for gains/losses
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Internal vs. External Loads in Energy Analysis Output

7~ Includes plug loads like
Misc Equipment ".,| computers and office

Internal Loads
Heat generated from I Lighting .equipment.
within the bulding. Occupants
I Window Solar
I Window Conduction
External Loads =
Heat gam or loss due to
conduction, convection, ... Underground Surfaces
and radiation through the . interior Surfaces

envelope. - Roofs

\ I Wals
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Monthly Heating Loads
Mty
- w‘ N
Heat gains that offset the . o
heating loads. :ojl o ==
0 | "} Misc Equipment
204 | l l .W
. Ocouparts
Heat enerqy being lost. ”» B rsow Solr
£0 4 I Wndow Conduction
Heqt m.ust be added to < | R it
maintain thermal comfort. | Underground Surtaces
100 4 - terior Surt
tv:o« Il Roots
140 I ets

Jony Feb Mar Agr May An A Aup Sep Oct Nov Dec

WHY DO WE HAVE DIFFERENT LOADS IN THE SAME PERIOD?

Monthly Cooling Loads

Heat energy being gained.
Heat must be removed to
maintain thermal comfort.

(

Heat losses that offset
cooling loads.

MERu
160 4

1401
120
100 4
80 4
60 +
40 +
0+

204
vw1
£0

e —

Jon Feb Mar Agr May An M Aug Sep Oct Nov Dec
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Monthly Heating Loads  Hottest hours >> Day Hours
B
60 + p—
Heat gains that offset the w4 a
heating loads. o -~ _—1 q
4 - - | Misc Equpment
204 ' l I W Ugreng
Heat energy being lost. - B Wedow Soler
60 4 ] VWrdow Conduction
Heqt must be added to < ey
maintain thermal comfort. " Underground Surfaces
: [ rtercr Surteces
t 2 W Roots
140 Vel

Monthly Cooling Loads

120

Heat energy being gained.

Heat must be removed to %0
maintain thermal comfort. 1
40 4

20
0

Heat losses that offset

cooling loads. 40
£0

MERu
160

fie

Jony Feb Mar Agr May An A Aup Sep Oct Nov Dec

Coldest hours >> Night Hours

100
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20 4
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Peak Heating Load Peak Cooling Load
The peak heating load represents the amount of heat lost to the outdoor environment at design Peak cooling loads represent the amount of heat gained by the house from the outdoor
outdoor and indoor conditions, which must be made up by the HVAC system to maintain environment at design conditions, which must be removed by the HVAC system to maintain
oclculiaqt comfortd(Flgure ds )- lzleregsl\c/}ne rﬁ}ﬁtlvely stralghtfot{v;/larc}ll and unlc01(1ilphlcatled‘heat loss occupant comfort. Cooling loads are made up of the sensible and latent heat gains. The
calculation procedure used in ACCA MJ8. The components of the heating load calculation are mechanisms of heat gain are conduction, infiltration, ventilation, and radiation (Figure 6). The
covered in depth in Section 4 of the ACCA MIJS. The total estimated heat loss is a combination components of the cooling load calculation are covered in depth in ACCA MJS
of the sensible heat loss through conduction, infiltration, and ventilation loads. No credit is taken p g P ’
for solar gains or internal loads in calculating the heating load because the peak heat loss occurs
at night during periods of occupant inactivity. ) Gain Through Exposed Walls
o Conduction Through
Doors and Windows
@ Loss Through Exposed Walls
° Solar Gain at Glass
@ Roof-Ceiling Loss
° Sensible and Latent Infiltration
e Loss Through Basement Floors Gain at all Windows, Doors and Cracks
o Infiltration Loss at all ° Sensible and Latent Gains for
Windows, Doors and Cracks in Envelope Lights, Equipment and People

e Heating may be Required
for Ventilation

° Ceiling Gain

© Loss Through Below Grade Walls @ Gain Through Attic Knee Wall
° Loss Through Windows and Doors o Sens!ble and Latent
Appliance Loads

e Loss Through Attic Knee Wall o Cooling may be Required
\ for Ventilation

Figure 6. Heat Gain Locations
Figure 5. Heat Loss Locations

<no sun / no occupants contribution>
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/st STEP: BENCHMARKING OPTIONS AND TUNING
SOLUTIONS WITH AUTODESK INSIGHT

. o :::
Y e N > o
-
% Generate] Insight Heatlng Lighting Solar
Insight

Cooling_ l

Color Fill | Energy Rnalysis Insight

AN _ _ -y
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Early Targeting
& Feasibility

Energy Cost Range, Benchmarks,
Factors & History
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Energy Cost -—l
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Window Glass - West Window Shades - West Window Shades - East
Glass properties corirol the amount of dayligh:, Snades can “educe HVAC enargy use. The Shades can reduce HVAC energy usa. The
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along wilh other bxctors window size 2ol salar eat pain properties window size and solan heat gain properties
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Building Orientation Daylighting & Occupancy Controls Window Shades - South
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9st STEP: FIND HOTTEST AND COLDEST BLOCKS/SURFACES
IN ORDER TO VERIFY THE CONSISTENT ALLOCATION OF
SPACES AND ENVELOPE SOLUTIONS
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