Calvin University
Calvin Digital Commons

ENGR 333 Engineering

12-1-2021

2021 Fall ENGR333 Seminar Presentation

Anika Huizinga
John Stehouwer
William Terpstra

Duncan Waanders

Follow this and additional works at: https://digitalcommons.calvin.edu/engr_333

b Part of the Environmental Engineering Commons, Environmental Health and Protection Commons,
and the Sustainability Commons

Recommended Citation

Huizinga, Anika; Stehouwer, John; Terpstra, William; and Waanders, Duncan, "2021 Fall ENGR333 Seminar
Presentation” (2021). ENGR 333. 33.

https://digitalcommons.calvin.edu/engr_333/33

This Report is brought to you for free and open access by the Engineering at Calvin Digital Commons. It has been
accepted for inclusion in ENGR 333 by an authorized administrator of Calvin Digital Commons. For more
information, please contact digitalcommons@calvin.edu.


https://digitalcommons.calvin.edu/
https://digitalcommons.calvin.edu/engr_333
https://digitalcommons.calvin.edu/engineering
https://digitalcommons.calvin.edu/engr_333?utm_source=digitalcommons.calvin.edu%2Fengr_333%2F33&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/254?utm_source=digitalcommons.calvin.edu%2Fengr_333%2F33&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/172?utm_source=digitalcommons.calvin.edu%2Fengr_333%2F33&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1031?utm_source=digitalcommons.calvin.edu%2Fengr_333%2F33&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.calvin.edu/engr_333/33?utm_source=digitalcommons.calvin.edu%2Fengr_333%2F33&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@calvin.edu

Low-Carbon Housing Project

Speakers: Anika Huizinga, John Stehouwer, William Terpstra, Duncan Waanders
Engineering Seminar SB010 | December 1st, 2021
Presented by Engineering 333

Calvin @

UNIVERSITY



utline

= Qverview

= Teams
Embodied
Onsite
Utilities

= Design
»= Questions




OVERVIEW EMBODIED ONSITE UTILTIES |  DESIGN |  QUESTIONS
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U.S. energy-related carbon dioxide emissions (1980-2020) =

billion metric tons cia
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Habitat

for Humanity®

Kent County: ~400 Homes Built since 1983
National: ~350,000 Homes Built since 1976




QGTURN  evsobiep | onsie | utwmes | DESIGN | QUESTIONS _
Project Introduction — 08.31.2021

* What is the expected carbon emission savings of the
carbon footprint house?

= |f the carbon footprint build house is not carbon-neutral,
how can carbon emissions be reduced by a further 20%?
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GV ewsopiep | ONSTE | UTWTES | DESIGN | _ QUESTIONs |
Connections to Thermal Systems Design

feedwater steam
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preheater
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. gas turbine
air

* Heat Transfer » Specification Research
« Energy Usage « Unit Continuity
« Material Properties
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A Section B
Case Study: 536 Stolpe St SW Case Study: 930 Woolsey Dr SW

Both Sections:
Low-Carbon Build: 726 London St SW ,m, Habitat Calvin @

for Humanity®  universiTy
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Section Organization

IS I

Analysis Design
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OVERVIEW EMBODIED ONSITE UTILTIES |  DESIGN |  QUESTIONS

Progress Updates Mark Ogland-Hand
(Client)

N

= Status to Schedule
= Work Accomplished

= |[ssues / Concerns
= \Work Planned

Professor Heun
(Consultant)

= Fach team member
presented
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Team Differences

Section A Section B
536 Stolpe Ave 930 Woolsey SW
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OV EMBODIED | ONSITE |  UTILTIES |  DESIGN |  QUESTIONS |
Note on Charts and Units

Vertical Bar Charts: Horizontal Bar Charts:
Carbon Emissions Usage Rates
__16
N2 14 LOW-CARBON BUILD
c % 12 (London) -
SE 8
E g S (Woolsey)
e
I BASE CASE LOW-CARBON 0 100 200 300 400
(Woolsey) (E’) L:\L;‘(E:]) Electricity Usage (kWhr)

Carbon Emission listed as Metric Tonnes
(1 Tonne = 1000 kg # 2000 Ibs)
'fﬁ' Habitat Calvin ]

for Humanity
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London:
Low-Carbon Build House

= Insulated Concrete Forms
Foundation

= All Electric
* Heat pump

Move Heat

(Rather than
= Water Heater J Generate Heat)

= Other Appliances
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JVECLUNN  ONSTE | UTILTIES | DESIGN |  QUESTIONS |
What is “Embodied”?

Recvcuuﬁ

DEMOLITION{ I_ife C Cle MANUFACTURE
Building |
REFURBISHMENT TRANSPORT

Yoo

MAINTENANCE CONSTRUCTION
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GVLLLT BN OnsTE | UTWTES | DESIGN | QUESTIONS |
Strategy

Inventory of Carbon

and Energy
> = H= v EtE >
=1

Environmental
Product Declaration

Embodied Carbon in
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Outdoor kgcCo,

X 22.5 X 320 ~ 7000 kgCO
Concrete gtz

yd3

Carbon Total Embodied
Coefficient Carbon

Material Quantity
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OVERVIEW EMBODIED ONSITE UTILITIES | DESIGN |  QUESTIONS

Material/House Portiol Quantity: (Units) Embodied carbon per un (Units) \Total Embodied Carbon (kgC02) Emitted Carbon:
Outdoor Concrete 25 yd3 320 kgCO2/yd3 | 8000 41,599.49 kgCO2
Foundation: Components Below: -
-exterior walls 16 m3 420 kgCO2/m3 . 6720
-footing 45 m3 420 kgC02/m3 | 1890
-flooring 10 m3 420 kgC02/m3 | 4200
-rebar 0.04 m3 5369.4 kgCO2/m3 . 214776
-insulation 14 m3 66 kgCO2/m3 : 924
Rough Carpentry 19.25 yd3 48 kgC02/yd3 | 824
Insulation: Components Below: -
-dowfoam 1855 ft2 2.13 kgCO2/ft2 | 3951
-cellulose 463.75 ft2 0.106 kgCO2/ft2 .' 438
-cellulose 9275 ft2 0.106 kgCO2/ft2 | 98
Siding Components In Siding Work Sheet | 1512
Roofing 140 m2 4.8 kgC02/m2 | 672
HVAC 133 ft2 17.7 kgCO2/ft2 | 23541
Finish Carpentry 750 kg 1.29 kgCO2/kg ' 967.5
| 0
i 0
Misc Work: Components below -
Dow Foam 1120 ft2 0.515 kgCO2/ft2 ) 576.8
Egress window 205 1b 67 kgCO2/Ib H 13735
cabinets 112 kg 0.7 kgCO2/kg ' 784
Gutters 16 kg 3 kgC02/kg ' 48
House Wrap 20 kg 0335 kgCO2/kg | 6.7
Pipe insulation 6 kg 1.5 kgC02/kg ' 9
Caulk 5.91 kg 1.2 kgCO2/kg ) 7.092
Windows 13 units 85 kgCOZ/windowC 1105
Exterior doors 3 units 112 kgCO2/door ' 336
Hardware 1 350 i 350
Paint 155 ft2 1.6 kgCO2/ft2 ' 248
Appliances 370 kg 10.4 kgCO2/kg ) 3848
Flooring 350 kg 1.5 kgCO2/kg : 525
Electrical 1500 m 0.25 kgC02/m i 375
Plumbing 200 Ib 1.18 kgCO2/Ib i 236
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for Humanity®  universiTy




GVLLLUNN  onsTE | UTWTES | DESIGN | QUESTIONs |
Embodied Carbon Comparison

45
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%
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2
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©
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0
BASE CASE LOW-CARBON BUILD
(Woosley) (London)
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Termite shield

Dimple mat

\ P Wall Framing

ProtectoWrap
waterproofing

/ -~ interior plasterboard lining
2V-in. Amvic

Silverboard subslab

insulation

- skirting Amvic insulated
V concrete forms

ICFs)

~ concrete floor slab

bottom plate .
Flushing s S
12 mm solid ™ hardfill
concrete foundation wall

Insulated Concrete

Forms (ICF)
Poured Concrete
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G  UTILTIES | DESIGN | QUESTIONS |
What is “Onsite”?

Prefabricated house
with 3 modules

'-r;@;nymn‘*ﬁ

g > 4 .;_ - ‘.'
| / K4 —
A/ \ —
|
Materials . Transportto mo;ﬂar . Transportto . Onsite :
/4 plant // tabrication ¥ site _~ Assemblage
cradle-to-site
Raw materials Transport of Offsite Transport of prefab Onsite
extraction and building manufacturing modules, workers assemblage of
buildings materials materials and of prefab and finishing the modules and
manufacturing workers to plant modules materials to site house finishings
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ICLN Ui | DESIGN [ QUESTIONS |
Strategy

15 20n

Transportation

/

EEEN \
- 7

Construction Equipment
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3 galfue,/h 8.5 kgCo,
r

X galsye 204 kgcCo,

8.0 hT'S(Air Compressor) X

Q

Carbon Total CO,
Coefficient Emissions

Activity Duration Fuel Rate
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OVERVIEW EMBODIED ONSITE UTILITIES | DESIGN |  QUESTIONS

Tranportation Analysis

Option 0: Woolsey
Total Costs: $1,001.40
Total CO2 Emissions: 3114 kg

Enter Transportation Information Here
Vehicle Material/Equipment Transported |Amt Transported (yd Transport Origin Distance from Site (mi Amt per Trip (yd) [Number of Trips |[Number of One-way Trips Total Miles (full-load) (mi) Total Miles (empty-load) (mi)
0 0|

Onsite Activity Analysis

Option 0: Woolsey

Total Costs: $ 997.33
Total CO2 Emissions: 3102 kgCO2
Enter Onsite Activity Information Here
Activity Machine
Activit: |Machine Hours/Day |Days/Week |Weeks |Total Fuel Rate (gal/hr) ‘Fuel Type [Fuel Amt (gal) '_Fuel Cost ($/gal) |Total Cost ($) Total CO2 Emissions (kg) _|Notes
Excavation Kobelko SK170 .5 1 5.0 Diesel 43 .24 137.7¢ 0. 433
Excavation (backfi Kobelko SK170 .5 1 5.0 Diesel 28 .24 89.1 0. 280
Generating Electricity Generator d 4 9.5 0.5 Diesel 152 .24 4924 0. 1549
Concrete Pump Schwing WP 750-1BX .0 0.9 Diesel 8 .24 25.95 0. 2
Stone Slinger 1 2 N/A N/A N/A 10.0 Diesel 1 .24 .24 0. 0
Stone Slinger 2 - N/A N/A N/A 10.0 Diesel 1 .24 .24 0. 0
Air Compressor o 8.0 1 3.0 Gasoline 24 .16 75.84 8.50 204
Crane - 3.0 1 0.8 Diesel 2 .24 A 10.19 24 Small craneto lift trusses (mounted on small truck) [3 Hours]
*driveway poured* 10 1 1 5 Diesel 50 .24 162.00 10.19 510
0.56 $327] $1.83
3. 7.64705882: $3.27 $25.01 7t
1.84 $3.27| _ $6.02. 1
§3.27 _ $9.81 3
3. 5.88235294 $3.27| $19.24 60
15 10. $3.27| $34.89 109;
15 .27 $3.27| $0.87.
15, .47 $3.27| $11.34 3
15| .27, $3.27. $0.87 19|
15| @‘ $3.27| $15.70; 4
15 .07, $3.27, $0.22
15 .27 $3.27, %% 7.
15 .67, $3.27, 15.26 48
15| .27, 3.27, $0.87 9 ?1
15 .35 327|  $1.13 E‘ 4]
15| .27 3.27]  $0.87] 19 3]
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Onsite Carbon Emissions Comparison

7
6
o5
5
Eq
C
S . CONSTRUCTION
S B TRANSPORTATION
22
©
1
0
BASE CASE LOW-CARBON BUILD
(Woosley) (London)
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UMNBNN  DESIGN | QUESTIONS |
What are “Utilities”?

= Utilities include:

» Heating
= Natural Gas -
= Electricity

= Main Appliances
= Lighting
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OVERVIEW EMBODIED ONSITE UTILITIES | DESIGN |  QUESTIONS

Utilities — Fundamentally Different

* Embodied & Onsite: One-time
= Utilities

= Reoccurring annually

= 25-year period

‘m‘ Habitat CalvinlJ..

for Humanity®  universiTy



WD DESIGN | QUESTIONS |
Heating Analysis Procedure

Base Case

Heat
(13 Leak!!

Low-Carbon
Build

Quantity of 5
Natural Gas 2 P o8 .
or kWh ‘.m Habltat CalViIl @ 1876
for Humanity®  universiTy
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Thermal Resistance Model — “Leak”

Roof
AMAN

. Walls
Outside Inside W
Air 1 Temperature _
Temperature 68 F Windows

MW
# Basement Soil
MW WW—
I
_.>| I
QAT

for Humanity®




VTSN DESIGN | QUESTIONS |
Thermal Resistance Model

Roof
Ohm’s Law
. Walls
| = AV/R
AV ~ AT (Heating Degree Day) ol IWindaws T
R~1/(U-A) ' 'F |f«/. .
s 1501
Thermal Equation:
Qloss P = Al saaton © Winside = Uouiide) ?
AT
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DUTLR  Desion | quesTions |
Heat Loss during Non-Summer Months -19%

LOW-CARBON BUILD

(London) Windows & Walls

BASE CASE
(Woolsey)

Windows & Walls

0 500 1000 1500 2000 2500 3000 3500
HEAT LOSS [BTU/month]

mROOF =mWINDOWS = WALLS BASEMENT
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WD DESIGN | QUESTIONS |
Appliances Procedure

cmm w-s nnnnnnnn
Models: wrvn uuuuuuuuu

=" .- ENERG[GUIDE

15
v T
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WD DESIGN | QUESTIONS |
Appliances Procedure

O OO
(e | \
==

Range (Stovetop & Oven) Water Heater
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WU DESIGN | QUESTIONS
Lighting Procedure

Number of Wattage of
Lights Light(s)

Y A O

\—Y—’

Carbon Emissions from Lighting

Duty Cycle
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DUTLR  Desion | quesTions |
Yearly Electricity Use (Lighting & Appliances)

LOW-CARBON BUILD
(London) 1295
BASE CASE
(Woolsey) 2561

0 1000 2000 3000 4000 5000 6000
kWhr / year

® RANGE = REFRIGERATION =DRYER = WASHER " DISHWASHER LIGHTS} WATER
HEATER
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UMNBNN  DESIGN | QUESTIONS |
Carbon Emissions from Utilities

Total Carbon Emissions

(Tonnes)

90
80
70
60
50
40
30
20
10

0

BASE CASE
(Woolsey)

HEATING
= MAIN APPLIANCES
mLIGHTING

LOW-CARBON BUILD
(London)
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N

Analysis

O

Embodied  Onsite Elec;'icity Heating

\_'_I

Utilities
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DESIGN
Strategy

S — |E — (i —

Research Design Options Calculation Optimization
Selection
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DESIGN
Design Options

R
I3
Q

Prefabricated Concrete Basement

10 x 425-Watt Solar Panels
Solar Water Heater

Triple Pane Windows
Insulation — type and thickness (6x)
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OVERVIEW EMBODIED ONSITE UTILITIES DESIGN QUESTIONS
Section A

Low Carbon Design Options
m Utilities
= Embodied
m On-site

Low-Carbon Option 1 Option 2 Option 3 Option 4
Build

200

150

Total Carbon Emissions
n

m Habitat Calvin @ -

for Humanity®  universiTy



DESIGN
Low Carbon Design Options

Section B
160

120 ”
40
0

Low-Carbon Option 1 Option2  Option3  Option4  Option5  Option 6

Build
m Habitat Calvin @ s
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DESIGN
Solar Power Tradeoffs

* Negatives
= Carbon Intensive Steps
= Need pure Silicon

—— Aluminium Frame

Tempered Glass
—— Encapsulant - EVA

» —— Solar cells

Encapsulant - EVA

» Positives
* Renewable Energy
» Lifetime benefits

Back sheet

Junction Box

m' Habitat Calvin @
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OVERVIEW EMBODIED ONSITE UTILITIES DESIGN QUESTIONS

Studied Home Comparisons

» 160
S ~10% Jj ST

2 120 S

E

" 9q9 = Utlities
85 = Embodied
8 40 m Onsite

[

= 0

Base Case Low-Carbon Build Low-Carbon Build
(Woosley) (London) w/ Solar Panels
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OVERVIEW EMBODIED ONSITE UTILITIES DESIGN QUESTIONS

Studied Home Comparisons

2 —
o 120
w L —45%
R
=
I-ICJ O 80 m Utlities
S5 j 4% = Embodied
- )
© ~— 40 , m Onsite
9 6%
S
|9 O —_— ~0%

LLow-Carbon Build LLow-Carbon Build

(London) w/ Solar Panels
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DESIGN
Consumers’ Clean Energy Grid

Electric Capacity by Fuel Source

Capacity 1 q
vy a .

. Renewable Energy®
B Customer Efficiency Programs

[ Energy Storage

Coa
Nuclear 53
Kam cn.fgas m L3 CLEAN ENERGY

2020 2030 2035 2040 TRANSFORMATION
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DESIGN
Clean Energy Grid Impacts

% 160
S 140 =St
a2 120 ~17%
5 9 100
s & 80 +—9% _
22 60 m Old Grid
S 40 = New Grid
© 20
2 0

Base Case Low-Carbon Low-Carbon

(Woosley) Build Build

w/ Solar Panels
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OVERVIEW EMBODIED ONSITE UTILITIES DESIGN QUESTIONS

Future = Financial Analysis
Directions = Additional design options

H onora b I e = Prefab Basement > —49%

= Solar Water Heater 2> —6%

Mentlons = Triple Pane Windows = —3%

= |ncreased Insulation - —3%

mv Habitat Calvin @
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OVERVIEW EMBODIED ONSITE UTILITIES DESIGN QUESTIONS

= Large Teams are Unwieldy and
Need Management
Lessons
* Intergroup Communication is
Learn ed Necessary for Cohesive Results

= Boundaries are Important

mv Habitat CJavawsITl @

for Humanity®



OVERVIEW EMBODIED ONSITE UTILITIES DESIGN QUESTIONS
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Questions
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