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Credit(s) earned on completion of this
course will be reported to AIA CES for AIA
members. Certificates of Completion for
both AIA members and non-AlA members
are available upon request.

This course is registered with AIA CES for
continuing professional education. As
such, it does not include content that may
be deemed or construed to be an approval
or endorsement by the AIA of any material
of construction or any method or manner of
handling, using, distributing, or dealing in
any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.
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COURSE DESCRIPTION

Designers face increasing demands to deliver energy efficient buildings. Energy code stringency has
increased significantly with adoption of the 2015 IECC. The AlA's 2030 Challenge sets ambitious
energy design targets. The State seeks to be carbon neutral by 2045. And some clients are asking for
zero energy buildings. Energy modeling plays an increasingly vital role in meeting these challenging
energy performance goals.

This seminar and panel discussion provides guidance for designers and project managers on
effectively integrating energy modeling into the design process and addresses the following questions.

« What are appropriate applications for energy modeling?

* When should | use energy modeling for energy code compliance?
« Should architects do energy modeling?

« How do | work effectively with an energy modeler?

«  How do | plan for effective use of energy modeling in design? WOz,
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LEARNING OBJECTIVES

At the end of this course,
participants will be able to:

Choose effective energy modeling
tasks to support design and meet
energy efficiency targets

|dentify useful energy analysis tasks
for design architects

Develop a plan to use energy modeling
during design

Craft a scope of work for an energy
modeling specialist
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Motivations

New energy code

Hawaii Clean Energy Goals - 100% by 2045

2030 Challenge

Net zero energy and carbon emissions design goals
LEED, HI-CHPS

Costs and benefits

AlA commentary on climate change mitigation, 2017

AlA resolution in 2019 for Urgent and Sustained Climate Action.
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Hawaii Energy incentives



Motivations

New energy code

2015

INTERNATIONAL
Energy Conservation
Code
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Motivations

Hawaii clean energy initiative 2018 Electric Generation Mix
- 100% renewable by 2045 _
Other Fossil, 0.6%

- Efficiency plays key role \
Hydro, 1.0%
ydro — N\

Geo- thermal, 1.1% _—4 S
© Solar, 1.9% \
AE Hawaii Foweed %\
- Hawal’l Clean Energy Initiative Other’ 1'9%
Biomass, 5.1V' Oil, 68.9%

Wind, 6.1%

http://www.hawaiicleanenergyinitiative.org/ https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid 11



http://www.hawaiicleanenergyinitiative.org/
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
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Motivations

AlA 2030 Commitment
- Site EUI target
- kBtu/ft2-yr

100%
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Motivations

AlA 2030 Commitment ( ABOUT YOUR BUILDING "
- Site EUI target - @ BUILDING USE DETAILS i
- kBtU/ ftz'yr " NFEIPE '« Use Default Values? delete @ .l

- https://zerotool.org/zerotool/ ENERGY REDUCTION TARGET

Enter your target expressed as either a percent reduction
from baseline EUI, or as a Zero Score. A baseline
represents a typical modern building. o

‘® Percent Reduction ® = Zero Score @

80 "

Are you using the Zero Tool to meet 2030 Challenge

" a | Targets?

14


https://zerotool.org/zerotool/

Motivations

AlA 2030 Commitment
- Site EUI target
- kBtu/ft2-yr
- https://zerotool.org/zerotool/

Target EUl is 1 8 based on a 80% reduction

BASELINE
90 EUI
100 Zero Score

BUILDING SUMMARY

TARGET
18 EUI
20 Zero Score

‘2‘-2@

LOCATION Honolulu, HI 96813

USES Office 50,000 sq.ft
(100.0%)
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https://zerotool.org/zerotool/

Motivations

AlA 2030 Commitment

Engage in iterative energy modeling
throughout the entire design process to
understand the interactive effects of
various design decisions and to assess
progress towards meeting the EUI target.

https://architecture2030.0rg/2030 challenges/2030-challenge/
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Motivations

AlIA commentary on climate change mitigation 2017

To meet 2030 goals This involves learning how to get
1. Engage in education more assistance from energy
2. Engage in energy modeling mmp modeling and energy consultants to
3. Engage in policy-making help make the right early decisions

towards meeting our 2030 Challenge
goals and our clients’ quality and
budgetary goals.

http://content.aia.org/sites/default/files/2017-04/AlA-Commentary climate-change-mitigation.pdf
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http://content.aia.org/sites/default/files/2017-04/AIA-Commentary_climate-change-mitigation.pdf

Motivations

Net zero energy/carbon
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Motivations

H |—CH PS . EE.C1.1 Utilize the Energy Prerequisite EE.P1 for quantifying reductions in
Mechanically | Naturally total sit d to th t t adopted -
Conditioned | Conditioned otal site energy use compared to the most current adopted version
Proi . of ASHRAE 90.1 by the State of Hawaii. Points are awarded
rojects Projects . ] -
according to the percentage saved over a baseline building.
o i .
2 points 3 points 17% minimum reduction
4 points 5 points 20% minimum reduction
COLLABORATIVE FOR
HIGH PERFORMANCE 6 points 7 points 22% minimum reduction
SCH OO LS 8 points 9 points 25% minimum reduction
9 points 10 points 27% minimum reduction
11 points 12 points 30% minimum reduction
12 points 13 points 34% minimum reduction
13 points 14 points 37% minimum reduction
15 points 16 points 40% minimum reduction
16 points 17 points 44% minimum reduction
17 points 18 points 47% minimum reduction
19 points 20 points 50% minimum reduction
21 points 22 points 55% minimum reduction
23 points 24 points 60% minimum reduction




Motivations

LEED
- Credit: Integrative Process
- Prerequisite: Minimum Energy Performance
- Credit: Optimize Energy Performance

20



Motivations

Payback

Payback (months)

36

30

24

18

12

50,000 100,000 150,000 200,000 250,000
Project Area (square feet)

Credit: HOK & TLC Engineering for Architecture
Source: Architect’s Guide to Building Performance (AIA 2019)

300,000

350,000

400,000
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Motivations

Hawaii Energy incentives

@ Hawai‘i Energy

22



Commercial New Construction Incentives

Existing rebates — (systems-based):
HVAC and Lighting, standard and custom rebates with
energy code as baseline

NEW Whole Building Approach, Energy modeling incentive:
S1k bonus incentive each for owner and design team
S5k for energy model
S0.12/kWh on savings above 2015 IECC baseline*
Now seeking pilot projects for 2020-2021

*Design must be 10% more efficient than baseline to qualify
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Edmundo Ramos

Energy Advisor:
Retail, New Construction

Karen Shishido

Transformational Program Manager
Karen.Shishido@leidos.com

(808) 848-8535

Edmundo Ramos

Energy Advisor
edmundo.l.ramos@leidos.com
(808) 848-8521

Karen Shishido

Transformation Program Manager




Hawai'i Energy

INNOVATION

SYMPOSIUM

Aprit 22,2020 | Sheraton Waikiki




Motivations

Critical New
carbon emission mmm)  gpproachesto
targets energy modeling
Early and

integrated
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Audience poll

Your role

Architect — project manager
Architect — designer

HVAC engineer

Electrical engineer

Energy efficiency specialist
Building official

Government — project manager
Government — policy
Contractor

Other

28



Types of performance analysis



Types of performance analysis
Lighting, daylight and glare

Solar and shading

Natural ventilation

Envelope/facade

Whole-building energy simulation

30



Types of performance analysis

Lighting, daylight and glare

Example tools

e Diva (Radiance)
 ElumTools, AGi32

e Autodesk lighting analysis
» Sefaira

e LightStanza

31



Types of performance analysis

Solar and shading

Example tools

e Sketchup

* Revit

e Climate Studio - U

d ses o2 : A . 5 I‘I""" B

LB il ]
it '"mﬁ

https://www.solemma.com/ClimateStudio.html

32


https://www.solemma.com/ClimateStudio.html

Types of performance analysis

Natural ventilation
- Climate analysis ————
- Airflow network Hallway Vent Open
- Computational fluid dynamics

Green Signal

(Ist—3rd Floors)

Window
Awnings

(Ist—3rd
Floors)

(Actuated) Open

Atria Windows
(Ist—3rd Floors) Open

=1 (Ist—3rd Floors)

Open

Figure © Arup
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Honolulu Intl Arpt, HI, USA

Latitude/Longitude: 21.32° North, 157.93° West, Time Zone from Greenwich -10
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Types of performance analysis

Natural ventilation

- Airflow network

@ ExternalNode-1

Window-1 l ‘ i}”indﬂw?
Example tools :
* EnergyPlus RO L
e |ES Virtual Environment Zone-1 U2 i Zone2
Dunrvzﬂ‘l::
..... ,-_
Zone-3

. ExternalNode-2

indow-3

35



Types of performance analysis

Natural ventilation
- Computational fluid dynamics

Temperature °F

95.0000

90.0000
85.0000
80.0000
75.0000
70.0000
65.0000

60.0000

Example tools

* Fluent

* OpenFoam

e |ES Virtual Environment
* DesignBuilder

e Autodesk CFD

55.0000

Velocity f/m

200.476

171.836

114.558




Types of performance analysis

Envelope/facade

Example tools
 Therm (2D)
 Heat3 (3D)

Interior
(72°F)

Exterior
(17°F)

Cocree IabPojelon |

Surface

30.0° 35.2° 40.5° 457° 51.0° 56.2° 61.5° 66.7° 72.0°

Sarah Rentfro and Anthony Nicastro Simpson Gumpertz & Heger Inc., Washington, DC, STATE OF THE
INDUSTRY — COMPUTER-AIDED SIMULATION OF HIGH-PERFORMANCE BUILDING ENCLOSURES



Types of performance analysis

Whole building energy simulation

Example tools
* eQUEST

e |ES Virtual Environment
* Trane Trace

B Interior Equipment
Interior Lighting
Water Systems
Exterior Lighting

e Carrier HAP - e ing
mm Fans
* DesignBuilder = Pompe.

* OpenStudio

38



Architect’s Guide to
Building Performance

Integrating performance simulation

in the design process




® Simulations commonly led or
performed by architects

@ Simulations commonly led or
performed by BPS professionals

BUILDING PERFORMANCE
SIMULATION

SINGLE ASPECT
SIMULATION

e Massing and orientation
® Solar and shading

® Daylight and glare

e Envelope/fagade

® Thermal comfort

e Natural ventilation

WHOLE BUILDING
ENERCY SIMULATION

® Simple box modeling

e Conceptual design

® [ oad reduction

e HVAC system selection

® Design refinement integration and
optimization

e Simulation aided value
engineering

e As-designed energy performance
® Change orders

® As-built energy performance

® Post-occupancy

40



Energy modeling in design



Energy modeling in design

Roles

Explore ideas

Identify priorities

Provide insights
Challenge rules of thumb
Optimize

Track design performance

42



Energy modeling in design

Design questions 30% 40%
- Building form alternatives 120 | Base savings savings |
- Fenestration area & orientation
- Window type i 1
- Opaque envelope constructions )

- Thermal mass impact

- Impact on HVAC system size

- HVAC system type

- Natural ventilation feasibility
- Thermal comfort strategy

- Meeting performance target?
- Required PV capacity

43



Energy modeling in design

Question:
Impact of building form on energy cost?

Three 75,000 ft2 alternatives

Lighting Electricity (kWh/sf-yr)
00 05 1.0 15 20 25 30

Fat - no control _
Fat _ | |
Average _ |
Skinny — ..

Skinny with overhang _

Energy Cost ($/sf-yr) With
$1.00 $1.25 $1.50 $1.75 $2.00 daylighting
control

Fat- no control S
Average —
Skinny —
Skinny with overhang —

Energy S|mulat|on results for Sacramento, CA

44



Energy modeling in design

Airport Terminal — Proposal Stage

Baseline Design - Improved Design - Optimized Design

* Boarding area (60 ft slice) * Efficient lighting * Daylighting controls

* East/west glass * High performance glazing * Displacement ventilation

* Code compliant * Exterior shading * Demand control ventilation

$3.16

*
N
a
o

ﬂllm $3.00

$2.08

$1.51

nergy Cost ($/yr)

W $1.00

Baseline Improved Optimized




Energy modeling in design

Airport Terminal — Proposal Stage

Peak Electric Demand Peak Cooling Load
2
(watts/ft?) (Btu/hr-ft2)

7.0 6.6 50.0 148
s £ 40.0 - =5
o 5.0 1 2 35.0 1
% 4.0 2 30.0 1
% a 25.0 ~
g 3.0 £ 20.0 -
é 20 - S 15.0 -
5 $ 10.0 A
o 1.0 4 o 50 -

0.0 0.0

Baseline Improved Optimized Baseline Improved Optimized




Energy modeling in design

Hospital HVAC options

1. Baseline Design

2. Patient Room VAV

3. Reduce Nighttime
Min Airflow to 2 ACH

4. Add VAV to
Support Spaces

5. Add Heat Recovery

$0.00 $1.00

$2.00 $3.00 $4.00 $5.00

Annual Energy Cost ($/ft?)

O Electricity O Gas |

$6.00

$7.00

Annual
Savings

4

$457,000/yr

I

$515,500/r

1

$689,000/r

J

$878,000/yr

47



Energy modeling in design

End-use energy
Impact of efficiency measures

$40,000

$35,000

$10,000 — — —0 —
$5,000
50 -
2 ) % LY 2 ) <
o & F S
& & & o RO NN OEERCEEF MR
04 Q’S\ ,_"bQ 0’(‘0 é\?’
N
\5&‘ \(.}'6’ c}(\%
' &
- b
&

" Hot Water ($)

 Space Heat (§)

B Space Cool ($)

B Vent. Fans ($)

= Area Lights ($)

m Exterior Lighting ($)
Cooking Gas ($)

® Misc. Equip. ($)

m Refrigeration ($)

48



Energy modeling in design

Design questions

Architect’s Guide to
Building Performance

Integrating performance simulation
in the design process

Thermal loads, p. 52-53

Solar studies and shading, p. 57
Daylight and glare, p. 64-65
Thermal comfort, p. 70
Envelope simulation, p. 76
Natural ventilation, p. 81-83

Simple box modeling, p. 87

49



Energy modeling in design

PROJ ECT STAS I C (STAndard Simulation Inputs and Outputs)

Home R

Signin Competitions ¥ Info ¥ Questions Menu

PROJECT STASIC is1ano simuioion topuss and @uiputs)

Case Studies Community Contribute

QUESTIONS MENU

IBPSA-USA Questions Menu

In most cases, simulation investigations should initially be driven by targeted questions that are meaningful to the
specifics of the project, client, and climate. Without the right trajectory, there's a risk that one might spend a lot of time
on an analysis that doesn't produce meaningful or actionable results. This menu of questions is meant to serve as a

.
G ra p h I Cs comprehensive list that addresses this problem two ways:

1. The menu gives project managers and architects a general understanding of the types of problems simulation can
help solve and when it should be Iimplemented.

C a s e St u d I e S 2. This framework gives energy modelers a starting point from which to craft thelr analysis process and consider
questions that weren’t originally on their radar.

As we receive more crowd-sourced content, we'll link more and more case studies and graphic outputs to each
guestion. We'll also add any new questions that weren't included in this original framework.

CLIMATE °

Design questions

T

https://projectstasio.com/

50


https://projectstasio.com/

Home Register Signin Competitions~ Info~ Questions Menu

PROJECT STASIC (st siniaon s and 0

Graphics Case Studies Community Contribute

SOLAR LOADS, SHADING,
AND GLAZING

Solar

= Which Massing/Orientation options are
preferable for Solar Gain?

* How much solar gain is beneficial?

* What is the optimum SHGC for energy use?

* How much can | downsize cooling system
with a lower SHGC?

* How much do different window shading
designs reduce solar insolation during the
peak hour, day, season, or month?




Home Register Signin Competitions~ Info~ Questions Menu

P ROJ ECT STASI C ({$TAndard Simulation Inputs and Qulpuls)

Graphics Case Studies Community Contribute

st e SRR WHOLE BUILDING
ANALYSIS

Energy

* What are my energy end uses ranked from
highest to lowest?

PROS: Simple, casy to ropli
CONS: Large ductwork, high fan energy

¢ Whatis the approximate EUl of my
building? How close am I to hitting my %
better than code or reference building
energy target?

* How much more energy will my building
use if the occupant density or use
schedules vary from initial assumptions?

* How sensitive is my building to different
window to wall area ratios?

52



Energy modeling in design

Analysis plan
Simple box model

Simplified models
Fundamental decisions

More detailed models

‘ | Specific design decisions
| Value engineering

Verify design performance

Energy code compliance modeling

. PRE-DESIGN . SCHEMATIC DESIGN . DESIGN DEVELOPMENT . CONSTRUCTION DOCS



Energy modeling in design

- 0 00O
cost
A A A A

Conceptual . Schematic ., Design . Construction
Design Design Development Documents

v v v v
@°

Potential
design benefit

54



DESIGN CONSTRUCTION

RFO/RFP SCHEMATIC DESIGN DEVELOPMENT DOCUMENTS

PRELIMINARY EVALUATION & DESIGN

EARLY
INVESTIGATIONS SINGLE ASPECT SIMULATION

> Climate and site Massing and orientation
analysis

> Programming

> Benchmarking Solar and shading

> Goal setting

> Rating system Daylight and glare
selection

Natural ventilation

Envelope/facade

Thermal comfort

WHOLE BUILDING ENERGY SIMULATION (ASHRAE Standard

(1)
Simple Box
Modeling (2]

Conceptual Design
Modeling (3}

Load Reduction
Modeling o

HVAC System Selec-

tion Modeling
(5] (6]
Design Design Integration
Refinement and Optimization (7]
Simulation Aided 8]
Value Engineering As-Designed

AlA Guide, Figure 5.1

Energy Performance

CONSTRUCTION OCCUPANCY

ANSI/ASHRAE Standard 209-2018

Energy Simulation Aided
Design for Buildings
Except Low-Rise
Residential Buildings

Approved by ASHRAE on March 30, 2018, and by the American National Standards Insciute on April 2, 2018,

ASHRAE® Seandards are scheduled to be updated on a five—year cycle; the date following the Standard number is the year
of ASHRAE approval. The latest edition of an ASHRAE Sandard may be purchased on the ASHRAE websice
(www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Atinta, GA 30329-2305. E-mail

orders@hraeorg. Fax: 678.539.2129. Teephone: 4D4-E36-BA0D (wordvide) o to free 1-800.5274723 (or rdersn
US and Canada). For reprint permission, go to www-ashrac.org/permissi

©2018 ASHRAE

ISSN 1041-2336.

(9] ©
As-built Ener
Change Orders Performancgy

o

Pc»:st—occupancy55



Energy modeling in design

Example insights
- Cooling system can be 20% smaller with improved window shading
- Improved roof insulation increases hours of natural ventilation comfort
- Adding heat recovery is more cost effective than thermal-break window frames
- High efficiency AC means 5 fewer PV panels needed for net zero

56



Should architects do energy modeling?



Should architects do energy modeling?

Poll

Source: Elisa Jue, SmithGroup
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Should architects do energy modeling?

Do architects do energy modeling?
- 2019 IBPSA-USA study
- Interviews with 40 architects
- https://www.ibpsa.us/news/bem-collaborative-architect-outreach

USA Regional Affiliate -
International Building Performance Simulation Association

IBPSA-USA

59
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Should architects do energy modeling?

Interviewee Firm Type

B Large
Architecture B Medium
Architecture & B n/a

Engineering
N B Small (1-2 offices)
Sustainability

Consulting B small<10

Software
Developer

Firm Type

University
Non-profit

AlA

https://www.ibpsa.us/news/bem-collaborative-architect-outreach

60
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Should architects do energy modeling

Does Your Firm Have a Dedicated Modeling Team?

B No - Modelers have

Large multiple roles
B Yes
: B Yes, but also multiple-

Medium role staff
()
N
N
LEL Small (1-2

offices)

Small <10

https://www.ibpsa.us/news/bem-collaborative-architect-outreach

61
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Should architects do energy modeling?

Modeling Use Cases

Bl InHouse
Early Stage B Outsource
B InHouse & Outsource

Climate/Solar

Massing/Load Reduction
Charrette Advisor

Daylight

Visual Comfort

Thermal Comfort

EUI Prediction/Target Setting
HVAC Selection/Design

Detailed Model (e.g. LEED)



Should architects do energy modeling?

Early-design energy modeling tools (examples)

It | Enersy Cales

Autodesk Insight Formlt Pro, DOE2.2,
Revit EnergyPlus
Cove.Tool Revit, Rhino, EnergyPlus Daylight, water
SketchUp
Diva for Rhino Rhino Single-zone loads  Daylight, Radiation
Sefaira Sketchup EnergyPlus Daylight, comfort
Studio
Solemma Climate Studio  Rhino EnergyPlus Daylight & lighting, comfort, PV,

natural ventilation



Should architects do energy modeling?
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Should architects do energy modeling?

Yes,
but not alone

Collaboration
1. Confidence in results
2. Integrated design

65



Case studies



DOE STEM/Science Facilities — Designed to Inspire

* fermata

a Okahara and Associates, Inc.

ENGINEERING CONSULTANTS




KOHALA HIGH scHooL: location and history

North
Kohala

i3 - o B Project Site
N, Kohala High School
Kap®au, Kohala, HI

e
Hawaii Island




KOHALA HIGH scHooL: site plan




KOHALA HIGH scHooL: project site




KOHALA HIGH scHooL: project site




KOHALA HIGH scHooL: site plan

T~
i













A
Tl
g —'[‘;: B

1 n \}I
i | B

iy g




‘ fhﬂ/@w@

d% \

\\ o> ‘




bl
I

|
|
T

Il

=

!l







KOHALA HIGH scHooL: mixed mode — thermal comfort with natural ventilation

BOE Policy 6700: Air conditioning may be installed if the “Effective Temperature”, as
determined by the ASHRAE Standard 55, exceeds 80°F for 18 school days in classrooms
and 25 weekdays in administration/staff facilities during any 12 month period.

Naturally ventilated classrooms and administrative/staff spaces therefore
meet ASHRAE comfort standards when the Effective Temperature
is 80°F or less.

84°F -
o < - L] B i
82°F R T
e
LR L] . . © -’-. [rsp—
SooF e B o m L] .--
5% cofipenam g o @ o ogpme s sec®, . o oanan
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KOHALA HIGH scHooL: mixed mode — thermal comfort with natural ventilation

“Effective Temperature” as defined by ASHRAE can be simply described as the

“Feels Like Temperature” sensation that occupants perceive.

Factors impacting the Effective Temperature on a naturally ventilated indoor
environment include:

1.
2.

Outdoor air temperature
Relative humidity

NounRW

Indoor air temperature

Air movement

External heat gain (radiant solar)

Internal heat gain (lighting, equipment, people)
Air changes

Nature
Controlled

Designer
Controlled



KOHALA HIGH scHooL: mixed mode — thermal comfort with natural ventilation

For naturally ventilated spaces, achieving an indoor Effective
Temperature of 80°F or less is achievable when outdoor air
temperature and relative humidity do not exceed
approximately 83°F and 75%, respectively.

At the project site, annual temperature data indicate
that the months of November through April meet
the criteria above. Therefore the natural ventilation mode
is a viable strategy for comfort and energy conservation.



KOHALA HIGH scHooL: weather data - microclimate

Climate Map

Volcano Village



KOHALA HIGH scHooL: weather data - microclimate
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KOHALA HIGH scHooL: weather data - microclimate
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KOHALA HIGH scHooL: weather data — microclimate

PA KA MAKANI FARM (KHIKAPAATZ): DAILY WEATHER DATA - OCT 2012 TO JULY 2015
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KOHALA HIGH scHooL: weather data - microclimate
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KOHALA HIGH scHooL: computer modeling — cross ventilation effectiveness

TO0P

Status:  Transient

Analysis: 3D
Wind Speed:  11.000 (ft/s)
Length:  4040.278 (inches)
Width:  2815.569 (inches)

Height:
Voxel size:



KOHALA HIGH scHooL: computer modeling — cross ventilation effectiveness

= Velocity (ft/s) Status:
| 17.263 Analysis:
o Wind Speed:

Length:

12.207 Width:

8.631 - Height:

s - Voxel size:

Transient

3D

11.000 (ft/s)
9.153 (inches)
5.152 (inches)
1.637 (inches)
0.030 (inches)



KOHALA HIGH scHooL: shading studies

Fall/Spring Equinox 8:00am



KOHALA HicH scHooL: simplified controls

Percentage of School
Hour in Cooling

7am to 8 am

9am to 10 am

10am to 11am

School Hours

Total




KOHALA HIGH SCHoOL: energy results

. KOHALA HIGH SCHOOL STEM/SCIENCE BUILDINGS
ENERGY PERFORMANCE

» Receptacle Internal Lighting  m Space Cooling  ® Fans Interior

90,000
&0,000 -

70,000 -

N I i

ASHRAE Baseline Proposed Design Proposed Design
without Natural Ventilation with Matural Ventilation




DOE STEM/Science Facilities

21°' Century.Facility
HI-CHPS Verified Project

Designed to Inspire Learning
and Conserve Environmental
Resources

‘“fermata

uuuuuuuuu UILIINGS HAPPEX

al Okahara and Associates, Inc.
ENGINEERING CONSULTANTS




Energy modeling for code compliance



— C401.2 Application. Commercial buildings shall comply with
one of the following:

1. The requirements of ANSI/ASHRAE/IESNA 90.1.

2. The requirements of Sections C402 through C405. In
addition, commercial buildings shall comply with Section
C406 and tenant spaces shall comply with Section
C406.1.1.

2 O.I 5 TERNAT.ONAL 3. The requirements of Sections C402.5, C403.2, C404,
Energy Conservation C405.2, C405.3, C405.5, C405.6 and C407. The building
energy cost shall be equal to or less than 85 percent of the
standard reference design building.
Mandatory requirements

and
C407. Total Building Performance

S | NTERNATIONAL

i=2% CODE COUNCIL
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INTERNATIONAL
Energy Conservation
Code”

g | NTERNATIONAL
/ E22%| CODE COUNCIL

Mandatory requirements

* (C402.5 Air leakage — thermal envelope

e (C403.2 Provisions applicable to all mech. systems
e (C404 Service water heating

e (405.2 Lighting controls

* (C405.3 Exit signs

e (C405.5 Exterior lighting

e (C405.6 Sub-metering
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ANUARL

ANSI/ASHRAE/IES Standard 90.1-2013

(Supersedes ANSUASHRAE/IES Standard 90.1-2010)
Includes ANSUASHRAE/IES Addenda isted in Appendo F

Energy Standard

for Buildings

Except Low-Rise
Residential Buildings

(I-P Edition)

See Appendix F lorwwsomb,mews«maconwmu the ASHRAE Bowrd of Directors, the IES Boxd of
Directoes, and the Amenscan Nasonal Sandands laso.

This standard s under aSundng ) for wivich the Standards Com-
mictoe has establihed 3 documenced program for rear puiCauon of 30ends of revions, ihuing procedres for tanely,

o0 oy e part of The charge submiteal form, instructions, and
Gexdines may be obcaned in electronc hmmwmm(wmoq)ummbﬂnhommw
of s, The et adton of ASHRAE from
ASHRAE Customer Service. 1791 Tulie Circle, NE. Atianea. GA 30329-2305. E-mak: oders@ashvas.org. Fax: 404-321-5478.
Teiaphone: 404.636-8400 (woekdwase), or 10l free 1-600-527-4723 (for orders in US 3 Canada). For repeing permission, £ to

&) % @

© 2013 ASHRAE ISSN 1041-2336

Free online viewer

ASHRAE Standard 90.1-2013

Mandatory requirements

) ; |
Energy Cost Performance
Prescriptive Budget Rating
requirements Method, Method
(Section 11) (Appendix G)
Compliance LEED

https://ashrae.iwrapper.com/ViewOnline/Standard 90.1-2013 I-P
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Energy modeling for code compliance

Section C407 Total Building Performance
- How it works
- Why use it
- What earns credit
- How it compares to Standard 90.1
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Energy modeling for code compliance

-

/

Proposed design Standard reference design

S/year = S/year x@
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Energy modeling for code compliance

Proposed design model

Standard reference design model

As designed
* Envelope
e HVAC

* Domestic hot water
* Interior lighting

* Exterior lighting

* Plugloads

Same for both models

* Floor area

e Building form

* Plug loads

* Occupancy schedule
* HVAC schedule

e Utility rates

*  Weather data

Per section C407

* Standard constructions and glazing
* Standard HVAC type & efficiency

e Standard DHW and lighting

* No exterior shading

* Window-wall ratio capped at 40%
e Skylight-roof ratio capped at 3%
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Energy modeling for code compliance

Why use it?

Roof insulation < R-20/R-38
\ Roof reflectance < 55% aged

/ Window area > 40%

-« Window SHGC > 0.25

“~—— Window U-factor > 0.50

h / Wall insulation < prescriptive requirement
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Energy modeling for code compliance

Typical measures that get credit
- Low lighting power
- Exterior window shading
- Envelope constructions that exceed prescriptive requirements
- Efficient HVAC equipment
- Efficient HVAC system type
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Energy modeling for code compliance

for Buildings
Except Low-Rise
Residential Buildings

(I-P Edition)

Total Building Performance Method Energy Cost Budget Method
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Energy modeling for code compliance

Total Building Performance Method

15% savings required

.1-2013
(Supersedes ANSUASHRAE/ES Standard 90.1-2010)
Icludes ANSUASHRAENES Addends fsted n Appendix F

Energy Standard

for Buildings

Except Low-Rise
Residential Buildings

(I-P Edition)

Energy Cost Budget Method
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Energy modeling for code compliance

for Buildings
Except Low-Rise

Residential Buildings

(I-P Edition)

L

Total Building Performance Method Energy Cost Budget Method
Mandatory Mandatory

* Energy recovery ventilation * End-use monitoring, 225,000 ft?

e Kitchen exhaust systems e Automatic receptacle control
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Energy modeling for code compliance

Analysis plan
Simple box model

Simplified models
Fundamental decisions

More detailed models

Specific design decisions
. | Value engineering

Verify design performance

Energy code compliance modeling

PRE-DESIGN SCHEMATIC DESIGN DESIGN DEVELOPMENT CONSTRUCTION DOCS




Making it work



Making it work

Barriers for Modeling

Budget

Schedule

Internal/Client
Resistance

Technical Expertise

Workflow Challenges

https://www.ibpsa.us/news/bem-collaborative-architect-outreach 109



https://www.ibpsa.us/news/bem-collaborative-architect-outreach

Making it work

Planning for and managing energy modeling
Early planning

Scope of work examples

. 1 B -
Phese |||z|a|4|se 7|8 | 0[10] 11| 12] s3] 1¢] 15| 16] 17|18 19| 2 21}22{2324| 1 |2 | 3|4 [s]|6 |7 |8
- Budget Peine ‘T
Sehemalic dasign BRI ¢ e
- Working with a modeler e .EFM
- Talking to a client . e
: Iﬁ! 24 plorhs

Goals P | E

P - A & E Task Duration Ml - Client Roview/Approve

- Timely information
- Maximum value
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Making it work — Early planning

RFP
e Construction budget
* Performance goals

Performance modeling plan

—
1. What we want

- Desired outcomes

Proposal
* Team
* Budget

- Anticipated design questions

4+ ) How we get it

- Analysis type(s)
- ldeal timing

Modeling
scope of work

- Roles
- Budget

_
Your best guess at planning time
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Making it work — Scope of work (credit EHDD)

DESIGN SCHEMATIC

DEVELOPMENT

CONSTRUCTION

DESIGN

DOCUMENTS

il Visioning & goal setting workshop

Targets. Initial design strategies

-2 Design performance model Simplified model
50% N Test design strategies
EUI vs. target. Recommendations

50% SD energy model
100%

([ Glif [ntegrated design meeting

Select EEMs

50% 3

50% DD energy model

100%

EUI vs. target. Recommendations

Glill |ntegrated design meeting

Select EEMs

CD energy model

EUI vs. target, PV sizing
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Making it work — Scope of work (credit EHDD)

Intent

- Design with real energy use targets, rather than a Target EUL is 18 based on a 80% reduction
“percentage-better-than-code” approach

- Set energy use intensity (EUI) targets early on BASELINE

90 EUI
100 Zero Score

- Use comparative design performance modeling in . cer
1

initial stages to refine the design .!l 20 2er0 Score
00 m;(:‘m

BUILDING SUMMARY

- Track performance through energy modeling at
each design phase

LOCATION Honolulu, HI 96813

USES Office 50,000 sq.ft
(100.0%)

113



Making it work — ASHRAE Standard 209

Process standard

Minimum requirements

ANSI/ASHRAE Standard 209-2018

Energy Simulation Aided
Design for Buildings

Optional modeling cycles Except Low-Rise
Residential Buildings

- Four early activities
- Two design-phase modeling cycles

- Construction phase
- Occupancy phase

Approved by ASHRAE on March 30, 2018, and by the American National Standards Institute on April 2, 2018

ASHRAE® Standards are scheduled to be updated on a five-year cycle; the date following the Standard number is the year
of ASHRAE approval. The latest edition of an ASHRAE Standard may be purchased on the ASHRAE website
(www ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Adanta, GA 30329-2305. E-mail
orders@ashrae.org, Fax: 678-539-2129. Telephone: 404-636-8400 (worldwide) or toll free 1-800-527-4723 (for orders in
US and Canada). For reprint permission, go to wwiw.ashrac. org/permissions.

ISSN 1041-2336

@ 2018 ASHRAE
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Making it work — ASHRAE Standard 209

General Requirements

Climate and
Site Analysis

Energy
Charrette

e,

A

= fw

I

nnnnnn

Benchmarking

Establish
Energy
Performance
Goals

Z 10

(=T s =]
~

%70 44— median
= 54
S 50

[=a]

%5 40

@ 30

-Q |

2012 CBECS Energy Data
Offices, Pacific Census Division

Office

mmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmm

Energy Use Intensity (kBtu/sfyr)

70% 80% | | 90% | |camson,
—
TODAY 2020 2025 2030

D Fossil Fuel Energy Reduction D Renewable E‘ Fossil Fuel Energy Consumption

The 2030 Challenge

ource: ©2015 2030, Inc. / Architecture 2030. All Rights Reser
*Using no fossil fuel GHG-emitting energy to operate. 115



Making it work — ASHRAE Standard 209

DESIGN SCHEMATIC

DEVELOPMENT

CONSTRUCTION

DESIGN

DOCUMENTS

Kickoff

50%

100%
Kickoff

50%

100%
Kickoff

Modeling Cycles

#1 Simple Box Modeling

#2 Conceptual Design Modeling

#3 Load Reduction Modeling (required)

#4 HVAC System Selection Modeling

#5 Design Refinement

#6 Design Integration & Optimization

#7 Energy Simulation-Aided Value Engineering

#8 As-Designed Energy Performance
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Architect’s Guide to
Building Performance

Integrating performance simulation

in the design process




DESIGN CONSTRUCTION

RFO/RFP SCHEMATIC DESIGN DEVELOPMENT DOCUMENTS

PRELIMINARY EVALUATION & DESIGN

EARLY
INVESTIGATIONS SINGLE ASPECT SIMULATION

> Climate and site Massing and orientation
analysis

> Programming

> Benchmarking Solar and shading

> Goal setting

> Rating system Daylight and glare
selection

Natural ventilation

Envelope/facade

Thermal comfort

WHOLE BUILDING ENERGY SIMULATION (ASHRAE Standard

(1)
Simple Box
Modeling (2]

Conceptual Design
Modeling (3}

Load Reduction
Modeling o

HVAC System Selec-

tion Modeling
(5] (6]
Design Design Integration
Refinement and Optimization (7]
Simulation Aided 8]
Value Engineering As-Designed

AlA Guide, Figure 5.1

Energy Performance

CONSTRUCTION OCCUPANCY

ANSI/ASHRAE Standard 209-2018

Energy Simulation Aided
Design for Buildings
Except Low-Rise
Residential Buildings

Approved by ASHRAE on March 30, 2018, and by the American National Standards Insciute on April 2, 2018,

ASHRAE® Seandards are scheduled to be updated on a five—year cycle; the date following the Standard number is the year
of ASHRAE approval. The latest edition of an ASHRAE Sandard may be purchased on the ASHRAE websice
(www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Atinta, GA 30329-2305. E-mail

orders@hraeorg. Fax: 678.539.2129. Teephone: 4D4-E36-BA0D (wordvide) o to free 1-800.5274723 (or rdersn
US and Canada). For reprint permission, go to www-ashrac.org/permissi

©2018 ASHRAE

ISSN 1041-2336.

(9] ©
As-built Ener
Change Orders Performancgy

o

Pc»st—occupanc%18



Making it work — Scope of work (credit Kaiser Permanente)

DESIGN SCHEMATIC

DEVELOPMENT

CONSTRUCTION

DESIGN

DOCUMENTS

Kickoff

50%

100%
Kickoff

50%

100%
Kickoff

Blocking and stacking energy study In pre-design phase
Building envelope studies

Whole building energy modeling
Minimum 3 alternatives

Preliminary LCC study

Final LCC study

“Continuously update energy reports throughout the
integrated design process”

Updated energy model report In Basis of Design

LEED documentation
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Rocky Mountain
Institute

G
e y
MoUme
INSTITUTE®

Includes a sample

request for proposals
BUILDING ENERGY MODELING

FOR OWNERS AND MANAGERS

A GUIDE TO SPECIFYING AND SECURING SERVICES

COMPARISON
ISSUED AUGUST 30, 2013

PREDICTION
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Making it work — Budget

SO $2,500 $5,000 $7,500 $10,000 $12,500

Concept phase modeling -

~$2,000
Design optimization _
~$6,500
Code compliance modeling _
~$4,000

1

Medium size, modest complexity
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Making it work

RFP

New bank branch

6,000 ft2

$3,000,000 construction budget
Interested in net zero energy

Proposal
* Energy modeler on team
* Budget $4,000 + S5,000 option

Modeling scope of work

* Kickoff
* Concept phase
* EarlySD

* Net zero tracking

_

Performance modeling plan

Desired outcomes
- Net zero energy

Anticipated design questions
- Magnitude of expected energy end-uses
- Fenestration/shading impact
- Impact of HVAC selection
- Photovoltaic sizing for net zero

Analysis types
- Shading study
- Energy model for fenestration and HVAC
- Option: energy model to verify net zero performance

Ideal timing
- Concept phase: end-uses, fenestration and HVAC impact
- Early SD: fenestration alternatives and HVAC alternatives

Roles
- In-house: shading study, define fenestration alternatives
- HVAC designer: define HVAC alternatives, review models
- Energy modeler: concept and SD models

Budget, energy modeling
- $1,000 concept phase
- $3,000 SD phase
- Option: $5,000 net zero tracking
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Working effectively with an energy modeler

Who do | engage?

How do | know they are qualified?

How much do | pay them?

How do | pay for it?

How do | sell this to my client?

What are some of the benefits | should expect?
What do | ask them to do? When?

How much time is reasonable?

What do they need from me?

What’s my role in managing them?

What'’s the role of the owner? Other team members?

How do we all work together?

What design questions are appropriate?

Can they use my design 3D model?

What tools should they use?

How do | interpret their results?

How accurate are the model results?

How do | know that the results are reasonable?
Can they also do Title 24 compliance? LEED?
Can they calculate utility incentives?

How do | maximize the benefit from energy
modeling?
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Working effectively with an energy modeler

Finding one

Exchanging information
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Working effectively with an energy modeler

Finding one I

Apply for Membership Donations & Payments

Only Logged in IBPSA-USA members may see contact and other relavant member details.

State or Province: s "California"
Edit search  Clear search
Search: Found: 66  Show: |1-50 ~
Image Name & Organization Membership
View details Theo Armour

Rahul Athalye, NORESCO

International Building Performance
Simulation Association

IBPSA-USA

Member Directory

Panagiotis Bakos, ARUP

David Blum, Lawrence Berkeley National
Laboratory

Holly Brink, Arup

http://ibpsausa.wildapricot.org/

125


http://ibpsausa.wildapricot.org/

Working effectively with an energy modeler

Finding one

ASHRAE
Building Energy Modeling Professional
(BEMP) certification

http://certificants.ashrae.org/Search

ASHRAE )

Showing 1 to 5 of 5 entries

Certified
Search
First Name I B
Last Hame | |
Organization | |
Certification Type | Building Energy Modeling Professional v |
City |San Francisco |
State/Province | California hd |
Postal Cods | |
Country | M |
-
¥Name ¥ Organization *Type ¥ Exp. 'P‘c:t;vhl ¥ Country
Charles 3 UNITED
Eloy Eley Consulting BEMP 1212019 CA e
Brian UNITED
Johnson HOK BEMP 1212020 CA STATES
Shrufi B UNITED
Kazarekar Atelier Ten BEMP 1212020 CA STATES
Erik " UNITED
Kolderup Kolderup Consulfing BEMP 1272019 CA STATES
Te i Atelier Ten BEMP 122020 ca li=

Previous MNext
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Working effectively with an energy modeler

Exchanging information Communication challenges
- Understanding needs
- Uncertainty and unknowns
- Unclear responsibilities

N

Designer  Analyst

A
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Working effectively with an energy modeler

Exchanging information

Typically not -
available in
early design

Modeler wants...

Floorplans

Elevations

Construction details

Lighting schedule

Lighting design

Mechanical equipment schedule
Owner provided equipment
Operating schedule

Occupant density

Etc.
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Working effectively with an energy modeler

Exchanging information Collaborate on design assumptions
- ldentify known information
- Consensus on unknown information
- Update as detail develops
- Minimize use of default inputs

N

Designer  Analyst

N
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Working effectively with an energy modeler

Exchanging information Collaborate on design questions
- Challenge them to be creative!

N

Designer  Analyst

N
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Making it work — Talking to a client

Cost-effective improvements =
Optimized construction cost .

Value-engineering

Energy modeling payback

Payback (months)
=

50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000

Project Area (square feet)

Credit: HOK & TLC Engineering for Architecture
Source: Architect’s Guide to Building Performance (AIA 2019)
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Panel discussion



Panel

Mark Ayers, AIA, LEED AP
Associate/Senior Project Architect, Ferraro Choi

Charles Chaloeicheep, PE, LEED AP
Senior Associate, WSP

Kim Claucherty, AlA, BSME, LEED AP
Senior Project Manager, Ferraro Choi

Samantha Nakamura, PE, LEED AP
Mechanical Engineer, WSP

Lester Ng, LEED AP
Principal and Director of Design & Sustainability, AHL

Type your questions and
comments using the Zoom
Q&A feature
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Thank you

Erik Kolderup, erik@kolderupconsulting.com

Howard Wiig, howard.c.wiig@hawaii.gov

¥d HAWAII STATE
Energy Office

0 Hawai‘i Energy
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