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1. backstory



keynote Byggmeister



interlude: Hindle’s systemic critique



Deep Energy Retrofit
Controversy Revisited

Not actually a controversy

at all - (but we thought it might bring
in the audience)

part 2 White and Hindle



kyle’s reflection



kyle’s masters thesis
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maintenance costs

energy costs + +  upfront costs

more variables

+
indoor environmental

quality (IEQ) costs .
2. thesis



retrofit options

For all scenarios it will be assumed
that the homes interior and exterior
will be replaced and will be the
same between each version. The
main differences will be the
buildings envelope and systems.



retrofit options
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retrofit options

N



beyond retrofit
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beyond retrofit
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beyond retrofit
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3. case study
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site plan

Info:

4 bed 3 Bath
2,800 sgft
9.05 acre lot
Built 1964

WETLAND

Location:
South Kingstown, Rl 02879



t

ign projec

1960s Home
Climate Zone 5, RI

des

Finishes and systems near the end of their useful life
Assume minor problems with water damage that will need to be repaired
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lower level plans

existing

proposed
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upper level plans

existing

proposed
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retrofit applied
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retrofit envelope details
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beyond retrofit envelope details
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4. retrofit risks
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RADON EMITTED
INTO THE HOME

combustion safety
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moisture risk
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sick building syndrome
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sick building syndrome from case study



WELL certification

INDOOR AIR QUALITY

THERMAL COMFORT

WATER AND MOISTURE

Icons: https://www.wellcertified.
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WELL certification

INDOOR AIR QUALITY

THERMAL COMFORT

WATER AND MOISTURE

Icons: https://www.wellcertified.
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thermal
comfort

water and
moisture

indoor air
quality

1IEQ

1 remodel

2 moderate 3 deep 4 and 5

energy retrofit energy retrofit new build

POORCOMFORT G > GOOD COMFORT

HIGH RISK G LOW RISK

POOR IAQ GOOD IAQ
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1 remodel 2 moderate
energy retrofit

POORCOMFORT G 5 GOOD COMFORT

baseboard radiant to forced air leads to colder surfaces

thermal comfort

34



1 remodel 2 moderate
energy retrofit

HIGH RISK G LOW RISK

colder surface area increases moisture on those surfaces

water moisture
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1AQ

1 remodel 2 moderate
energy retrofit

POOR IAQ GOOD IAQ

less air leakage means less ventilation
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2 moderate 3 deep energy
energy retrofit retrofit

HIGH RISK G LOW RISK

ERV’s increase RH, and therefore increase risk of mold in non-optimized envelopes

ERV moisture -



1 remodel
Heating distribution

used to be right at the
cold corner - removed
the radiators - cold
corners more exposed
to elevated RH

condensation moisture

HIGH RISK E—

LOW RISK
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condensation moisture

HIGH RISK

LOW RISK
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condensation moisture
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1 remodel

focused cold surface area increases moisture on those cold s

condensation + corrosion moisture .



focused cold surface area increases moisture on those cold surfaces

condensation + corrosion moisture
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condensation + corrosion moisture
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condensation + corrosion moisture
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upfront costs + carbon emissions
maintenance costs + carbon emissions
energy costs + carbon emissions
indoor environmental quality costs

total cost of home

5. calculator
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contractor estimate

» General Conditions

$150,76550  $0.00

¥ Interior Finishes

¥ Framing

$153,666.89 $124,135.36

Siding

Deck and Railing
Exterior Painting
Roofing

Framing Materials $24,036.89 Framing
Framing Labor $129,630.00 Framing
[ $35,916.72 Framing
uL $20,550.03 Framing
Floor Framing $5,000.00 Framing
Deck $24,251.88 Framing
Entry Portico $38,416.72 Framing
¥ Concrete $35,708.00 $0.00
Basement Slab $7,650.00 Concrete
Pump Truck $1,300.00 Concrete
Patio $5458.00 Concrete
Polish Slab $10,500.00 Concrete
Landings $10,800.00 Concrete
v Envelope $110,843.45  $61,34112
WRB $8,885.19 Envelope
Insulation in walls $10,000.00 Envelope
Rim and Band Joists $2,280.00 Envelope
Windows and Door $107,56345 Envelope
Window Install $20,646.34 Envelope
Water Control Layer Envelope
Exterior Insulation and Furring $31,809.59 Envelope
¥ Exterlor Finishes $171,643.94 $143,334.35
Exterior Carpentry Material $75,527.94 Exterior Finishes
Exterior Carpentry Labor $66,816.00 Exterior Finishes

$67.831.17 Exterior Finishes.
$42,703.18 Exterior Finishes
$12,80000 $12,800.00 Exterior Finishes
$16,500.00 $20.000.00 Exterior Finishes

$251,823.93 $0.00
Kitchen cabinetry (installed) $35,000.00 Interior Finishes
Kitchen Backsplash $6,890.00 Interior Finishes
Kitchen Countertops $15,540.00 Interior Finishes
Interior. Carpentry Material $21,854.01 Interior Finishes
Interior Carpentry Labor $46,806.00 Interior Finishes
Laundry built-ins (installed) $8,000.00 Interior Finishes
Laundry Appliances $2,199.99 Interior Finishes
Bath 1 vanity (installed) $1129.99 Interior Finishes
Bath 2 vanity (installed) $3,000.00 Interior Finishes
Living Room Window Bench and Bookshelves $6,000.00 Interior Finishes
Drywall $22,680.00 Interior Finishes
Patch Flooring $6,869.00 Interior Finishes
Painting $24,500.00 Interior Finishes
Shower Glass $3190.00 Interior Finishes
Tile $28,691.00 Interior Finishes
Kitchen Appliances $19,473.94 Interior Finishes
¥ Electrical $67,361.33 $0.00
Permit and Inspection $800.00 Electrical
Demolition and temp power $4,500.00 Electrical
Rough In $51,570.78 Electrical
Lighting $10.490.55 Electrical
¥ Mechanical $110,000.00 $0.00
ASHP and Ducting $67.500.00 Mechanical
ERV
$10,000.00 Mechanical
Water Heater $8,500.00 Mechanical
Kitchen Ventilation and Makeup Air $4,000.00 Mechanical
¥ Plumbing $54,780.00 $0.00
Rough In $33,280.00 Plumbing
HPWH $8,300.00 Plumbing
Valves $1.300.00 Plumbing
Well Tank $1,900.00 Plumbing
Fixtures $10,000.00 Plumbing
$1115,593.04 Project Subtotal
$73190.69 Sales Tax
$1561,720.65 Contractor Fee
$1.340,504.38 Project Total
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assumptions:
30 year analysis
Mortgage: 10% Down, 6.25% interest
Inflation: Market, Construction

Net Present Value: Convert all costs to today’s dollars

owhner costs

1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.
$0

upfront costs

$750,000

$1,500,000

UPFRONT

$2,250,000

$3,000,000
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owhner costs

1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

assumptions:

30 year analysis, years 15-30

HELOC: 10% Down, 8.25% interest

Inflation: Market, Construction

Net Present Value: Convert all costs to today’s dollars

$0 $750,000 $1,500,000 $2,250,000

maintenance costs

$3,000,000
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owner costs

1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.
$0

energy Ccosts

assumptions:
30 year analysis

Electricity Cost: $0.2162 per kWh Escalation Rate: 3.2%
Oil Cost: $3.431 per gal Escalation Rate: 2.98%
Net Present Value: Convert all costs to today’s dollars

$750,000

$1,500,000

UPFRONT

$2,250,000

REM
MER -
DER -
NEW -

$3,000,000

- 7.0 ACH50

3.5 ACH50
1.5 ACH50
0.6 ACH50
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1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

$0 $750,000 $1,500,000 $2,250,000 $3,000,000
owhner costs

true owner costs

1 remodel
2 moderate energy retrofit
3 deep energy retrofit D
4 new build old found.
5 new build new found. =p
$0 $750,000 $1,500,000 $2,250,000 $3,000,000

true owner costs oot 53



embodied carbon

UPFRONT
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1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

upfront carbon

maintenance carbon
1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

assumptions: $185 metric ton COze, Rennert et al. (2022)

embodied carbon -



assumptions: Energy Refrigerant
RI: 381 tonnes of CO2e per kWh 10% annual leakage rate

Qil: 1,028 tonnes of CO2e per gallon R454b: 466 kg CO2e
(US EPA 2025b)

$185 metric ton COze, Rennert et al. (2022) Electricity decarbonization rate: 3.33%

social costs
energy carbon costs ~refrigerant leakage $400 to $500
1remodel |
2 moderate energy retrofit
3 deep energy retrofit
4 new build old found.
5 new build new found.

energy carbon costs e 56



1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

ieq costs

$2,500 per year due to poor
air quality (NRDC 2021)

IAQ House = $2,500 (poor air quality) x 0.75 (time spent at home)
x 2.54 (people per household)
IAQ House = $4,762.50

IAQ House per point = IAQ House / IAQ Points
IAQ House per point = $4762.50 / 21 points = $226.79 per point

ieq COStS UPFRONT
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1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

ieq costs

one person with asthma

1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

5 new build new found.

. ) There are 61,000 asthma patients in the state of Rhode Island, each costing $5,603 in
assum pthﬂS. healthcare costs (US CDC 2025)

leq asthma costs 5



1 remodel \ \ [
2 moderate energy retrofit [ |
3 deep energy retrofit [
4 new build old found. |
5 new build new found. B

N $0 $300,000 $600,000 $900,000
societal costs

embodied and energy carbon emissions
assumptions: $185 metric ton COze, Rennert et al. (2022)
indoor environmental quality - air, thermal, water, absenteeism

social costs

$1,200,000
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total costs

1 remodel H
2 moderate energy retrofit B B
3 deep energy retrofit e b
4 new build old found. e r
5 new build new found. -l i
$0 $750,000 $1,500,000 $2,250,000 $3,000,000

total costs .



1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

B new build new found.

high budget *

moderate budget
1 remodel
2 moderate energy retrofit

3 deep energy retrofit
4 new build old found.

5 new build new found.
$0

$750,000

$750,000

$1,500,000

$1,500,000

$2,250,000

$2,250,000

$3,000,000

$3,000,000

assumptions: same performance but lower cost finishes and builder

budget options

UPFRONT
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Net Present Value NPV 0% NPV 5% NPV 0% NPV 5%

Mortgage
6.25%
HELOC
8.25% . ‘ .

Mortgage s
0%
HELOC
8.25%

Mortgage
0%
HELOC
0%

COze cumulative CO2e not cumulative

variations .



economic considerations
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MONEY IS OLIGARCHIC

WE DELEGATE MONEY CREATION AND CONTROL TO OLIGARCHY

NO DEMOCRATIC CONTROL — NOT BASED ON ANYTHING OTHER THAN PROJECTED PRODUCTIVITY
AND PROFIT
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SO, IF THE MARKET SAYS REASONABLE THINGS ARE NOT COST EFFECTIVE, BUT INSANE THINGS ARE COST EFFECTIVE THAT MUST
MEAN WE ARE DEFINING COST AND BENEFIT INCORRECTLY.




GREEN GROWTH MARKET - BASED SOLUTIONS + DECOUPLING WILL SAVE US !



DECOUPLING

SINCE 1980 WE HAVE CUT OUR CARBON INTENSITY BY 50%!!




DERIVED FROM “A SOCIAL COST OF CARBON CONSlgTE‘NT WITEH A NETREERED CEIMATE GOAL™" BY H(’)(" HOLTL\} STERN, JOSEPH STIGLITZ, KRISTINA KARLSSON + CHARLOTTE TAYLOR ; 01/2022



TS AND TH . TECHNO OPTIMIS TSfOOL You,
,sTjs | OF THE SYSTEM
e e




#

GREEN GROWTH MARKET - BASED ¢ - UTIONS |
T iy ‘ | ' g
v —

fe . %
S £ 4

a3

BRI AS Ca T
7% \_ g:}







SUPPLY GOES DOWN, PRICE GOES UP, WHICH MAKES INVESTMENT IN
MORE TECHNOLOGY AND ENERGY PROFITABLE — SO THE MARKET
SURGES FORWARD TOWARDS COLLAPSE




WHICH IS EXACTLY WHAT IS HAPPENING TO OIL



THE END OF PEAK (CHEAP) OIL



THE END OF PEAK (CHEAP) OIL



THE END OF PEAK (CHEAP) OIL



GREEN GROWTH

TECHNOLOGY OR
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conclusions
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1 remodel

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

B new build new found.

$0 $750,000 $1,500,000 $2,250,000 $3,000,000
1remodel 2 moderate 3 deep energy 4 new build 5 new build
energy retrofit : retrofit old found. : new found.
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most cost effective to do things correctly the first time!

DER

building design stays similar to existing
the structure is in good shape

design implications

NEW

building design changes significantly
the structure is in bad shape

if the foundation is in bad shape, i.e. structural damage or
poor water management consider replacement
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upfront costs + carbon emissions
maintenance costs + carbon emissions
energy costs + carbon emissions
indoor environmental quality costs

total cost of home

5. calculator
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