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1. Where did it start?
2.What it is?

3.How can | get it?

September 1, 2023

National Institute of Building Sciences
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The Solar Decathlon prepares innovators to design and
construct high-performance, low-carbon buildings

through collegiate competitions, professional
continuing education, and high school programs.
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Solar Decathlon Design Challenge Structure

Design Challenge

RESIDENTIAL COMMERCIAL

Multifamily Building

Single-Family Housing
Education Building

Attached Housing

10 CONTESTS

Architecture Market Life-Cycle Health Efficiency
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Typical Design Challenge Student Experience

Project Design Sem-final Event Competition Event
(In classroom) (Virtual) (NREL)
October-January February April

Building Science Education Series
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U.S. DOE
Building Science Education Series

What is it?




Approach

PowerPoint slides with voiceover
- Compatible with visual and auditory learners

« Short episodes, dense information
- Digestible, to-the-point, easy to go back and rewatch
- Most episodes ~10 minutes long

« Layered Content
- Start with the basics, then build on them

« Scripted but conversational tone

* Peer review process

@Solar Decathlon
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Why is Building Energy Use Important?

+  38% of total US energy consurmption’
»  T4% of US electricity’
»  26% of US natural gas’

On-Sia
Renavatiss

2021 US Total

Renswailes

Dr. Paul Torcellini | Principal Engineer, NREL

Example: Stud Frame Wall










Learning Objectives

Connecting the pieces between
what they learn in school, and
how it is applied in real world
building design and
construction

Where/how
energy is
used in
buildings,
and the
science
behind it

Applying this
knowledge

to design
comfortable,
energy efficient
buildings

Applying the
fundamentals of

thermodynamics to
envelope design
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Topics of Building Science Education

. Buildings | [+ ZeroEnergy| [+ Buiding | [+ HVAC 1 [+ Lighting |
and Energy Buildings Envelopes Systems * 4 episodes
* 6 episodes » 7/ episodes » 16 episodes * 10 episodes
4 ) a ) 4 ) 4 . ) 4 )
* Plug Loads  Embodied « Renewable * Additional * Student-Led
. 2 episodes Environment Energy 8ptl§>né}[| CO(;]StFUCtIOﬂ
al Impact o onten ana -
e 3 Weglnars 3 GDISOdeS » 9 episodes Fundraising
» 4 episodes

Module 6 8 W Module 8 (Bl Module 9 ¢ '}"O"d“'e @
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Module 1: Buildings and Energy

Measuring
Powe r a n d Estimated U.S. Energy“('.:!“c::;:r:‘l:tion in 2021: 97.3 Quads
Energy . e

The Impact
of Buildings

Energy Buildings and
Flows In the the Electrical
United States Grid

Reading an BUE?\'Q? clgle
Electricity Bill Codgg

QiarBecathion %\ &J) ) ) ))X




Module 2: Zero Energy Buildings

Defining Zero Site Energy vs.
Energy Source Energy

The Cost of
Zero Energy Setting Goals
Buildings

Historically Passive Design
Informed Strategies (Part
Architecture 1&2)
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Module 3: Building Envelopes

First Law of Fourier’'s Law R-Values and Area
Thermodynamics (Part 1&2) Insulation Calculations

Temperature Calculating R-
Difference and Value for a Wall
Weather Files

Insulation Insulation

(Part 1,2,83) Materials Applications

. Advanced
Intro to Windows Window

and Fenestration Infiltration

Technologies

Building
Envelope Control Commissioning
Layers

U.S. DEPARTMENT OF ENERGY B Nl T
@ Solar Decathlon /%\\ NSJ /_\\




Module 4: HVAC Systems

SEETEERENS | | sem eEEm Heating

Thermal
Efficiency and EERs Systems

Sample Load Ventilation Air
Calculations for Buildings

Heat Pumps

The Science :
of Water Water Heating

Technologies Controls

Heating

Thermal
Energy
Storage
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Module 5: Lighting

History of Lighting
Lighting Technologies

Terms and Practical
Definitions Applications

@ Eoinr Bacathion % &) ) ) ) )%




Module 6: Plug Loads

What are
Plug Loads?

Plug Load
Strategies

@Solar Decathlon




Module 7: Embodied Environmental Impacts

Emissions

. Building
and the Built Lifecycle

Environment

Lifecycle Buildings and
Assessments the Grid

@Solar Decathlon



Module 8: Renewable Energy

NREL's PV

Solar 101 Watts Calculator

Other Current State of
Renewable Buildings and
Energy Sources the Grid

The Future of Buildings
Buildings and Leading the
the Grid Change

@Solar Decathlon



Module 9: Optional Content

Discovery What is Good
Elementary Design?

Designing for Zero
Energy: Using REM/Rate

Modeling to Make
Decisions

Creating the LED Technology
Winning Team Development




Resources

 All stats, graphics, and
Images are cited

Each episodes includes a
References slide

e« Sources used for each
episode
 Additional resources on

each topic for further
reading

@Solar Decathlon

References

I

Commercial and Residential Hourly Load Profiles for all TMY3 Locations in the United States: https://fopenei.org/doe-
opendata/dataset/commercial-and-residential-hourly-load-profiles-for-all-tmy3-locations-in-the-united-states

ElA Energy Explained; graphic adapted from National Energy Education Development Project:
https:/iwww.eia.qov/energyexplainedfelectricity/delivery-to-consumers.php

EIA US Energy Mapping System: hitps://www.eia.gov/state/maps.php
ElA Hourly Electric Grid Monitor: https:/fwww.eia.govibeta/electricity/gridmonitor/dashboard/electric_overview/US48/)548

PJM Hourly Electricity Generation Data: hitp://dataminer2.pjm.com/feed/gen by fuel

References

1. ElAAnnual Energy Review (2020): hitps:/'www.ela.govitotalenergyidata/annual/
2. Lawrence Livermore National Laboratory Energy Flow Charts (2020: United States): hitps:/fflowcharts.linl.gov/icommoditiesienergy
3.  ElAElectricity Data Browser: https:/iwww.eia.gov/beta/electricity/data/browser/

U.5. DEPARTMENT OF ENERGY

SOLAR DECATHLON

References

1. ElA August 2021 Monthly Energy Review: hitps:/'www.eia.gov/totalenergy/data/monthly/
2. Definition of a British Thermal Unit: hitps://doi.org/10.1016/B978-0-12-812111-5.00002-0

3.  Adoption of Energy Codes by States: hittps:/iwww.energycodes gov/adoption/states

U.5. DEFARTMENT OF ENERGY
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Solar Decathlon Student Version E: 2 CANVAS

« Hosted on Canvas
- Students receive unique Canvas link when they register for Solar Decathlon

« Students must pass the quiz at the end of each episode to earn their certificate of
completion

e o Assignments e i :
August 2023: visited the @ completed of completion

As of Students Certificates
course awarded

25

@ssiarecatiion 2\~ )| ) ==



Differentiating Collegiate Programs

ZERD
ENERGY

DE S l G N Recognizes post-secondary academic programs that prepare students for

DESIGNATION 21% century building careers.

Available for collegiate programs of study:
- Stand-alone degrees
- Specialty tracks
- Certificates

ZERO

BUILDING ENERGY

SCIENCE
EDUCATION

DESIGN
PRACTICUM

o
Q‘s‘; - ﬁ @’

Three-year designation, renewable

Learn more:

- https://www.energy.gov/eere/buildings/zero-enerqy-
design-designation

- Email ZEDD@ee.doe.gov

U.S. DEPARTMENT OF ENERGY


https://www.energy.gov/eere/buildings/zero-energy-design-designation
mailto:ZEDD@ee.doe.gov

Ball State University (Muncie, Indiana)

Recognized Programs of Study

il
i
Z E Ro » Master of Architecture
E N E RGY The Catholic University of America (\WWashington, D.C.)
» Master of Science in Net Zero Design/Master of
Architecture Joint Degree
D E S I G N lllinois Institute of Technology (Chicago lllinois)

DESIGNATION > Masic of Engincaing n Arcicira

» Master High Performance Buildings

l'
‘ ,

‘als&

University of Cincinnati (Cincinnati, Ohio)

» Net Zero Energy Design Track in the
Architectural Engineering Program

Hawkeye Community College (Waterloo, lowa)
» Sustainable Construction and Design Program

Vermont Technical College (Randolph Center, Vermont)

» Bachelor of Science in Architectural Engineering
Technology

University of Missouri (Columbia, Missouri)
» Bachelor of Science in Architectural Studies

U.S. DEPARTMENT OF ENERGY

University of Colorado, Boulder (Boulder, Colorado)
» Bachelor of Science in Architectural Engineering
Howard University (Washington, D.C.)

» Master of Architecture with an Equitable High-
Performance Energy Design Concentration

Western Washln%ton Unlver5|ty
(Bellingham, Washington)

» Bachelor of Science in Energy, Science, and Technology
Net Zero Energy Design Track

Myongji University (Seoul, Korea)

» Zero Energy Design Certificate for Bachelor of
Architecture, College of Architecture

» Zero Energy Design Certificate for Bachelor of Traditional
Architecture

» Zero Energy Design Certificate for Bachelor of Space
Design
Appalachian State University (Boone, North Carolina)

» Master of Science in Technology with a Sustainable
Building Design and Construction Concentration

» Bachelor of Science in Building Sciences with a
Sustainable Buildings Concentration
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Why SD Professionals
training needed?

Biden Administration goals:

* Reducing U.S. greenhouse gas emissions
50-52% below 2005 levels in 2030.

= Reaching 100% carbon pollution-free
electricity by 2035.

= Achieving a net-zero emissions economy
by 2050.

Petinelli Headquarters | Brazil | LEED Platinum ED Zero En
Photo: © Petinelli




Tax Credits: 25C, 25D, 45L

Equipment Type Credit Amount (25C, 25D)

Heating, Cooling, and Water Heating

Heat pumps

Heat pump water heaters 30% of cost, up to $2,000

ZERO

ENERGY STA IlE-NERGY READY HOME

5. DEPARTMEMNT OF ENERGY

I%]

Biomass stoves

Geothermal heat pumps 0% of cost Building Tvoe ENERGY Zero Energy
Solar (water heating) g 'ypP STAR Tier Ready Tier
Efficient air conditioners* Single Family $2.500 $5.000
Efficient heating equipment* 30% of cost, up to $600 Manufactured

Multifamil
Efficient water heating equipment* (p:r Id?/vrglll)i/ng) $500 $1,000
Other Energy Efficiency Upgrades Multifamily

(per dwelling, $2,500 $5,000

Electric panel or circuit upgrades for new
electric equipment* 30% of cost, up to $600
Windows, including skylights*

prevailing wages)

Insulation materials* 30% of cost
Exterior doors* 30% of cost, up to $500 ($250 each)
Home energy audits* 30% of cost, up to $150

*Subject to a cap of $1,200/year
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N Educate students and working =

professionals on building science
principles that are paramount to the
successful design of high-performance,
energy efficient buildings.
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Expanding beyond Solar Decathlon

Compete :
AD by designﬁg new and existing SD

zero energy buildings®

BE] Learn
from bite-sized building science SD Building Science

episodes designed for all learners

-\ Inspire
highsgoolstudentstojointhe SD

sustainable buildings industry

Train
in zero energy design as a SD
practicing architect or engineer

U.5. DEPARTMENT OF ENERGY

* Competition open for college students. @ SOIa r Decat h Ion
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Building Science Education Series — Available to all!

{ff:ng U.S. DEPARTMENT OF ENERGY

W Solar Decathlon anv-mDoe Also available

through PNNL
SOLAR DECATHLON Building Science

NEWS- | EDUCATION - CHNJ_EES- PASTEVENTS - INTERNATIONAL ~ EdUCatIOn Solutlon
: 4 ' Center (DOE)

ENERGY.GOV
Office of

BUILDING SCIENCE EDUCATION SERIES

ENERGY EFFICIENCY &
RENEWABLE ENERGY

CAREER PROFILES

~7

Pacific Northwest
NATIONAL LABORATORY

The U.S. Department of Energy Solar Decathlon® is a collegiate competition that has inspired thousands of ATEST NEWSB®
n.gov/building-sciencehtml dents worldwide to enter the clean energy workforce since its inception in 2002, Today, the 10 contests

33
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Building Science Education Series — Available for CEUs

* QOrganizations hosting Building Science
Education for their members:

. USGBC b

 ASHRAE yalNEEBA

e FEBA Energy & Environmental Building Alliance

. AIA ]

ASHRAE )
R S
M Solar Decathlon —~———_
P W N




Expanding beyond Solar Decathlon

Compete :
AD by designﬁg new and existing SD

zero energy buildings®

Learn
from bite-sized building science SD Building Science

episodes designed for all learners

[AARRALALL |
128
-\ Inspire
highsgoolstudentstojointhe SD

sustainable buildings industry

Train
in zero energy design as a SD

practicing architect or engineer

U.5. DEPARTMENT OF ENERGY

* Competition open for college students. @ SOIa r Decat h Ion
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SD Professionals
Training Program

Entegrity Headquarters | Arkansas | LEED Platinum | LEED Zero Energy
Photo: © Entegrity



e ko
Basic . 1CE

Solar Decathlon Building Science Education
Module 1: Buildings and Energy

How and where buildings use energy.

Take the quiz

Created by: U.S. Green Building Council
Published: Dec 15, 2021
GBCI: 0920025212

Sqlar Qge atluml :
el e Professmnal Training
Series: This course is part of the Solar Decathlon Building Science Education Summer 2023

Package: This course is part of the Solar Decathlon Professional Training

i

Building Science Education Series Live weekly cohort sessions

@"s"éi‘é?“ﬁé‘i:“
Profession

Location: Atlanta, Zone
34 Warm Humid

Net zero projec deéi'n activity




Building Science Education Series

’ T T 5 - = - = —
Solar Decathlon Professional Solar Decathlon Professional Solar Decathlon Professional Solar Decathlon Professional
Training Training Training Training
Module 1: Buildings and Energy Module 2: Zero Energy Buildings Module 3: Building Envelopes, Part... Module 3: Building Envelopes, Part...
75 minutes . Basic Basic Intermediate Intermediate
1 CE hours .5 CE hours 1.5 CE hours 1 CE hours

jl r
; |
: - ? = d
—— oy ~
,ill

Solar Decathlon Professional Solar Decathlon Professional Solar Decathlon Professional Solar Decathlon Professional
Training Training Training Training

Module 4: HVAC Systems, Part 1 Module 4: HVAC Systems, Part 2 Module 5: Lighting Module 6: Plug Loads
Intermediate Intermediate Intermediate Intermediate

1 CE hours 1 CE hours 1 CE hours S CE hours



LR N PowerPoint Slide Show - [Slides_Week 6.pptx]

Module 6: Plug Loads

Live Cohort

NREL Research Support
Facility Case Study

Strategies

1730x844

» Change Location YipaTuchia

Calculate System Losses Breakdown B

Modify the paramelers below o change the overall System Losses percentage for your system

Shading (%):

3

Mod  Snow (%): 0 14 %
2
2

Estimated System Losses:

Mismatch (%):
pg Wiring (%):
Connections (%): 0.5

Mc
Light-induced Degradation (%): 1.5

Wa | d e n Po n d *6000 GSF Build A Nameplate Rating (%): 1 I

s «100kW + Sol ;
Visitors Center NSRS .
Tik ’

Cveie J reser | cavcer | save




Design Activity
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Above: Site Avg - Hourly Temp, Precipitation, Solar Elevation and Azimuth, and Daily Solar Energy [
KWHh/ Sg M.

Below: Site Sun and Wind throughout the year - Westward vantage point
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Images courtesy of Jonathan Boehmer, Backcountry Construction LLC



SD Professionals Case
Study

Meet Chris Reinhart

September 1, 2023 National Institute of Building Sciences 41



Chris' Personal SD Pro Learning Objectives

Big Picture

Another "touch" with the
DOE Solar Decathlon
content.

Teacher "peer observation”

how do others teach this
content?

Targeted

Develop a method to move
GoogleEarth 3d data into Rhino
for analysis.

Expand my ability to use
performance simulation
software (add ClimateStudio to my
"toolbox").




The Process — My Experience

Online Videos and
Quizzes

Great refresher.
Brief distillations of most
important concepts.

Example Calculation

Weekly Live Sessions over
10 Weeks

Opportunity to ask
qguestions, dig deeper,

hear others' perspectives.

Personal Project
Exploration

Putting the knowledge to
use. Moving from theory
to application.



My Project Site

%3 "The Mill"

S { Co- workmg space
r "' ‘* e ' o

Currently under

development

g e o

GOOQ|E L':) 100% Imagery dat 2 Landsat / Copernicus | 100m ; Camera:432m 39°10°25°N 86°32'43'W




3d Data: GoogleEarth Studio to Rhino

o AR

Blender



3d Data: GoogleEarth Studio to Rhino

o i w
File Edit View
Choose coordinate system { CPlane World ). _World
Choose world view { Top Bottom Left Right Front Back Perspective TwoPointPerspective ) _Perspective

Surface and Trees 1.3

Curve Surface SubD  Solid Mesh Dimension Transform Tools Analyze Render Panels Help

Command: =
Standard  CPlanes  SetView Display | Select  Viewport Layout Visibility  Transform  Curve Tools  Surface Tools Solid Tools  SubD Tools  Mesh Tools  RenderTools  Drafting  Newin V7 Analyze  ClimateStudio &
S @ amiEGE ]

q

00RO I=NBBBBLIO 2

Top* v Named Views

O dsrsT edh € o

B Xhienece@eocavid

IMPORT FBX FILE g;%

o3
&, .
0.9 :
SY4
3: from S _ SE - no conte
. 8,5
Rhino: -+
is|
Ready for analysis! %
2§,
@, v, Top
@ 5,

] Auto-update thumbnails
. "] Restore aspect ratio

| Show named view widget
T Lock named view

Perspective | Top Front Right - | Auto-select named view widgets

B End [ Near (] Point EMid (CJCen (int (JPerp (O Tan [ Quad () Knot [ Vertex  Project Disable
CPlane x 168,678 y 142.449 z Millimeters I Default Grid Snap | Ortho  Planar | Osmap SmartTrack | Gumball Record History | Filter Available physical memory: 14861 MB



Analysis: Shoebox Design, Energy

A
File Edit View Curve Surface SubD Sglid Mesh Dimension Transform Tools Analyze Render Panels Help
1 open surface added to selection.
T open surface added to selection.
Command:

b ° e e °
Standard CPlanes Set View Display Select Viewport Layout Visibility Transform Curve Tools Surface Tools Solid Tools SubD Tools Mesh Tools  Render Tools Drafting New in V7 Analyze ClimateStudio & R h I n O W I t h ‘ I I m ate St u d I 0 L
[ ]

000009 =RBBYIWEo s RLDLE

SW View 2* | CS Results

L mossemoedc . Let the fun begin!

=@
(E; :\: (:‘; Shoebox 2 zones 40% Glazing - Starphire Solarban 60 (3) Double
=,
aF: 37 1255 1 58% 20
%;% ‘ Site EUI Op. Carbon  Energy Cost Saved Baseline EUI B ega n eX p I O rat i O n u S i n g :
44‘:% v ] Building
£ a Energy Flows v o SBO.l%ZO]fa()paC“Je
So Y
:Ez 232,200 .
% - — envelope baselines
j o * 40% WWR
v, @, © 33700 | NN s NN Eams BEEN EEmn SEmm BEEE maan BEEE B EEm (0]
I 3 i a & & & § B B B B B B 1}
&, ? -33‘702 | Bl
% -77.400 L i — = I e

-116,100 |- B S =

-154,800 | B ; - - - m e

193500 [ L]

a0 ? Feb  Mar  Apr  May  Jun Jul Aug  Sep Oct  Nov  Dec

M Equip ™ Fan M People Light Win Env Inf W MechVent System

v () Zones

SWView2 Top Front Right <= Energy flows

End (JNear (] Point @ Mid (JCen (Jint (JPerp (JTan [JQuad (JKnot (] Vertex ' Project Disable
CPlane x-93.368 y 564.016 z Feet M Default Grid Snap  Ortho | Planar Osnap SmartTrack Gumball Record History | Filter Absolute tolerance: 0.001




Analysis: Shoebox Design, Energy + Daylight

Site EUI

99.6% 34.9% 1084 19

avg lux kBtu/sf/yr

Double
Pane
Tvis: 0.74

U:0.292
SHGC: 0.494

R ‘e ar 12 1
g
2 y ¥ | b -
| . 37

73.5% 33.9% 705 36

avg lux kBtu/sf/yr

iyl



PV Watts: How Many kWh Can | Generate?

PVWatts” Calculator TINREL PVWatts® Calculator LINREL
fgsh
bt o HELP FEEDBMH Hj‘ Location If.rf:'.n':_u.l_lmh'm i .E " HELP FEEDBACK
Change Location i
—
WSOURCEDATA  SYSTEMINFD  RESUITS
. : Modify the inputs below to run the simulation ::
boto DC System Size (KW): 153.9 [i] Rooftop Size bo fo i _
el Estimator i . . M
¥ f &
QQQQQ L] s o Click below o estmate & : & L
Lhe system size from - L i ! = A (S
Array Type: Fixed (open rack) (i ] your roof area on a
map. {optional) Ll = = %
sssssssssss (%) 4. [ 1=h T
(deg) i ] a4 - e iy | 8
ggbd !
Azimuth {deg) | [ | 5
rrrrr [i] . L ’ ﬁ
(] S
1 X - = 3
Ad aaaaa d Parammm e ‘;. £ ol =, Iy : .Ilﬁ!M:I‘IM Ditia Mz W:mmb&?’;mm ul’l;" T

System Info: Harvest Area:
Easy to use — reasonable defaults are  Graphical sketch method using map.

pre-populated.
Checked with numeric total: 1,026 m?

1,026 m? = 11,043 ft? (approx. 68% of total roof
area)



PV Watts: PV Generation Estimate

PVWatts® Calculator :: NREL

MyLocation  "°™"oro" IV B HELP  FEEDBACK

hange Location ¥i
S A HpalHCbka
b

RESOURCEDATA ~ SYSTEMINFO  RESUITS

RESULTS 204,455 kwh/Year

g Print Results System output may range from 195,684 to 208,709 kWh per year near this location
Click HERE for more information

4

Goto

system info Month Solar Radiatio

{KWh / m? ] day )

— 204,453 kwh/Year*

April 5.35
May prom System output may range fi 5,684 to E'ﬂa' 709 kWh per year near this location.
e e Click HERE for more information.
July 8.37

August 6.29

September 5.56 19,416

October 417 15,415

November 3.33 12,668 PV Watts Output:

December 2.45 9,888

Annual 471 204,456 ROUgh estimate of PV Potential.

User Comments

Type here to add optional comments to printout.

A

LY Download Results:  Monthiy | Hourly Find A Local Installer




PVWatts® Calculator EINREL

Mind the Gap T
204,455 hWh/Year” |

System output may ra from 195,664 to 209,709 kWh per yea location

Gl CrcHERE for more information

PV Watts results: .-

User Comments

PV production reported in kWh/yr. . = __.

1 kWh = 3.412 kBtu
204,455 * 3.412 = 697,600 kBtu

TS Climatestudio results: -
Hot Water [kBiu] 2307.33 c ImateStUdlo resu ts . Inltlal ReSUItS:

Total energy reported in kBtu/yr.

mmmmmmmm , 1,430,215 kBtu needed
Total Energy Use [kBtu] 1430215.98 697,600 kBtu generated
: 732,615 kBtu/yr deficit




Close the Gap Double-Pane

R-33 to R-38 Roof

ClimateStudio results:
Able to compare iterations against each other
and see all inputs/outputs side-by-side.

LPD, 0.64 to 0.44 W/sf

Include ground plane effects
(oops!)

6 Compare Results

Select Results:

" EE FHERE

J—
Mame

& Energy BB L -

& Energy 67 R

#4 Frarnw AR -

[7] Auta Add Mew Results
| Graph Settings:
| Encrgyllss = P
| u

Bar Width 05 =

Show Numbers [ H

Show Percent [ o

20181
"

Show Gridd (]
Imperial Unit A

zm
| Targer o
| Bascline: a0 |
i Fxpart Bar Chart
: Fxport Inputs Table B
i Energy 10 Energy 64 Energy 65 Energy 66 Energy 67 Energy 65 2 5 B u T 5 E B 4
Tetal Fnargy Lisa [kfths] 1430215 80 TIGEET 12 1084174 11 934044 &0 S01716 24 B13350 75 L0759 B4 -

Cucling [kEtu] 206802.78 8T781.99 8032594 BI66T .43 TE914.53 TE914.53 4432363

Add light dimming

i

GSHP, Heat COP 0.81 to 4.0

i

:

Tutal Energy Use (kB

g

erar
3

g

g

Heating [kBhi] 6452573 46572523 se111274 32441 81 61586 83 [EEa ] mn

Hot Water [kBh] 230733 230733 2307.33 2307 33 230733 230733 230733

Lisghting [kBau] 209181.42 20918142 14376116 143781.16 S4240.41 Faz240.41 24041

Equipment Fan [kBtu| L] 0 ] ] 0 ] o

Fquipmant [kflau] IGEGET 15 JGHEET 16 JGEEET 15 IGEGET 15 6HGET 16 JGEERT 15 IEEHET 15

Total Energy Use [kBW/’] 4449 3633 404 252 2808 19.08 18.07

Cacing [kEn] 643 27 26 26 S 23 136 Moment Of truth:

Heating [kBiu'f’] 2007 1461 1559 10.65 125 22 238

Hat Water [kBhwh| aor 0or wor oor uar oor o.er .
o Can we offset our energy use with our
Erquipmart Fan [kkf] 0 [ ] o o ] [

Equigenent [kEtuine] 1.41 .41 1141 1.41 11.41 1.41 1.4 b I d t H ?

Oparational | Enargy Co2 [IbCO20yr] 35156335 3202816 AT26317 280104 259614 45 F25977 63 212817 72 . re n eWa e p ro u C I O n .




Success!

Total Energy Use

Final ClimateStudio Iteration 580,759 kBtu/year

PV Watts production estimate 697,600 kBtu/year

Renewable Production % 120%



Onward!

Deepen understanding of

§0 | design impacts on solar
| access for north half of
%ide.
W

Explore impact of e
trees on west side of* 3 Y |
site. |

g ,_ Focus on contextual and
e | ‘experiential dimensions
A *61‘ design:

5 - i,?‘t! Expand plaza

@ * Riff on existing

ti| < seometry
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Chris' Personal SD Pro Learning Objectives

Big Picture

Another "touch" with the
DOE SD content.

Teacher "peer observation”
-- how do others teach this
content?

Targeted

Develop a method to move
GoogleEarth 3d data into Rhino
for analysis.

Expand my ability to use
performance simulation
software (add ClimateStudio to my
"toolbox").




Chris' Personal SD Pro Learning Objectives

Increased confidence with net zero
understanding and ability.



Building Science Education Testimonials

“| loved the online course! |
There is so much cool
information on there!”

—Solar Decathlon Student |

| “The Building Science
& | course is indispensable.”

—Solar Decathlon Faculty

“Thank you for this series! | know |
it took a lot of effort. It has been
very helpful to me as | spin up
to a new position supporting
energy efficiency.”

—Industry Professional
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@Solar Decathlon ...

« Existing building retrofits module

» Certificate of completion available

« SD Pro: Commercial and residential design project
options

Future
. - « SD Pro: Offerings through firms, collegiate
Considerations institutions and other large groups

(more instructors needed!)

« Address additional clean energy careers i ., HVAC
technicians, plumbers, energy auditors, etc ?
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Advanced . 15CE
Solar Decathlon Professionals Training

Driving a future of net zero energy buildings

www.usgbc.org/education/sessions/solar-
decathlon-professionals-training-12854571
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Special Offer

1L 8. 8.8 8

Intermediate « 85CE

Solar Decathlon Building Science Education

Building science principles that are paramount to the successful design of high-performance, energy-efficient buildings.

Mote: All of the video content is available for free. Access to the quiz and related GBCI CE hours is included in the course catalog

subscription or for sale individually.

(AccessorPurchauthisseries> ema i I : kka ne @ U Sg bC 0 rg
for promo code for free CEs

GBCI: 0920025211
Continuing education: 8.5CE




Thank You!

Questions?
Holly.carr@ee.doe.gov

@ Eoinr Bacathlon % (\g_) ) ) ) >$
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	Transforming to Zero Carbon: �Building Science Workforce Development Designed for Today’s Viewers
	Agenda
	Who’s in the room?? 
	U.S. DOE �Building Science Education Series ��Where did is start? 
	Slide Number 5
	Slide Number 6
	Solar Decathlon Design Challenge Structure
	Typical Design Challenge Student Experience
	U.S. DOE �Building Science Education Series ��What is it? 
	Approach
	Slide Number 12
	Learning Objectives
	Topics of Building Science Education
	Module 1: Buildings and Energy
	Module 2: Zero Energy Buildings
	Module 3: Building Envelopes
	Module 4: HVAC Systems
	Module 5: Lighting
	Module 6: Plug Loads
	Module 7: Embodied Environmental Impacts
	Module 8: Renewable Energy
	Module 9: Optional Content
	Resources
	Solar Decathlon Student Version
	Differentiating Collegiate Programs�
	Recognized Programs of Study
	U.S. DOE �Building Science Education Series ��How can I get it? 
	Slide Number 29
	Tax Credits: 25C, 25D, 45L
	Slide Number 31
	Expanding beyond Solar Decathlon 
	Building Science Education Series – Available to all!
	Building Science Education Series – Available for CEUs
	Expanding beyond Solar Decathlon  
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	SD Professionals Case Study
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Building Science Education Testimonials
	Future Considerations
	Slide Number 59
	Slide Number 60
	Thank You!

