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1. backstory
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3keynote Byggmeister



4interlude: Hindle’s systemic critique



5part 2 White and Hindle

Deep Energy Retrofit 
Controversy Revisited

Not actually a controversy 
at all – (but we thought it might bring 
in the audience)



kyle’s reflection 6
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kyle’s masters thesis 7



2. thesis
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indoor environmental 
quality (IEQ) costs

maintenance costs

upfront costsenergy costs ++

+

more variables



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.

9retrofit options



10retrofit options



11retrofit options



12beyond retrofit



13beyond retrofit



14beyond retrofit



3. case study
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Location: 
South Kingstown, RI 02879

Info: 
4 bed 3 Bath 
2,800 sqft 
9.05 acre lot 
Built 1964
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Finishes and systems near the end of their useful life 
Assume minor problems with water damage that will need to be repaired

1960s Home 
Climate Zone 5, RI
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20retrofit applied

upper le
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24retrofit envelope details



25beyond retrofit envelope details



4. retrofit risks
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upper le
vel

lower le
vel

27combustion safety

RADON EMITTED 
INTO THE HOME



upper le
vel

lower le
vel

28moisture risk



29sick building syndrome



30sick building syndrome from case study
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Icons: https://www.wellcertified.
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33IEQ

thermal  
comfort

POOR COMFORT GOOD COMFORT

2 moderate 
energy retrofit

4 and 5  
new build

water and  
moisture

HIGH RISK LOW RISK

1 remodel

indoor air 
quality

POOR IAQ GOOD IAQ

3 deep 
energy retrofit



34thermal comfort

baseboard radiant to forced air leads to colder surfaces 

POOR COMFORT GOOD COMFORT

1 remodel 2 moderate 
energy retrofit



35water moisture

1 remodel 2 moderate 
energy retrofit

colder surface area increases moisture on those surfaces

HIGH RISK LOW RISK



36IAQ

less air leakage means less ventilation

1 remodel 2 moderate 
energy retrofit

POOR IAQ GOOD IAQ



37ERV moisture

2 moderate 
energy retrofit

3 deep energy 
retrofit

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

HIGH RISK LOW RISK



38condensation moisture

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

HIGH RISK LOW RISK



39condensation moisture

HIGH RISK LOW RISK



40condensation moisture
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1 remodel

focused cold surface area increases moisture on those cold surfaces

condensation + corrosion moisture



42condensation + corrosion moisture

focused cold surface area increases moisture on those cold surfaces



43condensation + corrosion moisture



44condensation + 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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UPFRONT



1 REM
2 MER
3 DER
4 NEW
5 NEW

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

50upfront costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

owner costs

assumptions: 
30 year analysis 
Mortgage: 10% Down, 6.25% interest 
Inflation: Market, Construction 
Net Present Value: Convert all costs to today’s dollars 

UPFRONT



1 REM
2 MER
3 DER
4 NEW
5 NEW

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

51maintenance costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

owner costs

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 

UPFRONT



1 REM
2 MER
3 DER
4 NEW
5 NEW

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

52energy costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

owner costs

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 

UPFRONT

REM  - 7.0 ACH50 
MER  - 3.5 ACH50 
DER  -  1.5 ACH50 
NEW - 0.6 ACH50 



1 REM
2 MER
3 DER
4 NEW
5 NEW

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

53

owner costs

true owner costs

1 REM
2 MER
3 DER
4 NEW
5 NEW

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

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

 true owner costs

UPFRONT



54embodied carbon UPFRONT



55embodied carbon

assumptions: $185 metric ton CO2e, Rennert et al. (2022) 

upfront carbon

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

 maintenance carbon 

UPFRONT



56energy carbon costs

$185 metric ton CO2e, Rennert et al. (2022) Electricity decarbonization rate: 3.33% 

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

 energy carbon costs refrigerant leakage $400 to $500

UPFRONT

social costs

Energy 
RI: 381 tonnes of CO2e per kWh 
Oil: 1,028 tonnes of CO2e per gallon 
(US EPA 2025b)

Refrigerant 
10% annual leakage rate 
R454b: 466 kg CO2e

assumptions:



57ieq costs

ieq costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

UPFRONT

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



58ieq asthma costs

ieq costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

one person with asthma

UPFRONT

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



1 REM
2 MER
3 DER
4 NEW
5 NEW

$0 $300,000 $600,000 $900,000 $1,200,000

59social costs

societal costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

assumptions:
embodied and energy carbon emissions 
$185 metric ton CO2e, Rennert et al. (2022) 
indoor environmental quality - air, thermal, water, absenteeism

UPFRONT



1 REM
2 MER
3 DER
4 NEW
5 NEW

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

60total costs

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

total costs

UPFRONT



1 REM
2 MER
3 DER
4 NEW
5 NEW

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

1 REM
2 MER
3 DER
4 NEW
5 NEW

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

61budget options

high budget

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

moderate budget

assumptions: same performance but lower cost finishes and builder

UPFRONT



62variations

NPV 5%NPV 0%

CO2e cumulative CO2e not cumulative

NPV 5%NPV 0%

Mortgage 
6.25% 

HELOC 
 8.25%

Net Present Value
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economic considerations
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Siegel & Strain Architects

THERE IS PLENTY OF MONEY, SO IT ISN’T THE CASE THAT THERE IS ANY 
SIGNIFICANT “SCARCITY” PROBLEM



MONEY IS OLIGARCHIC

WE DELEGATE MONEY CREATION AND CONTROL TO OLIGARCHY 

NO DEMOCRATIC CONTROL – NOT BASED ON ANYTHING OTHER THAN PROJECTED PRODUCTIVITY 
AND PROFIT 



OBSCENE, SPECULATIVE, ECONOMICS FOR BILLIONAIRES IS COST EFFECTIVE

OPULENCE ONLY FOR A FEW



IRAQ WAR COST $ 1.3 TRILLION TO THE US ALONE

REVELATION OF MARKET FAILURE

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%!!



DECOUPLING IS A MYTH

DERIVED FROM “A SOCIAL COST OF CARBON CONSISTENT WITH A NET-ZERO CLIMATE GOAL”  BY  NOCHOLAS STERN, JOSEPH STIGLITZ, KRISTINA KARLSSON + CHARLOTTE TAYLOR ; 01/2022

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

DURING THE SAME TIME-FRAME WE HAVE INCREASED OUR CONSUMPTION BY 200%



DECOUPLING IS A MYTH
SINCE 1980 WE HAVE CUT OUR CARBON INTENSITY BY 50%!!

DON’T LET THE PROMETHIAN SOCIALISTS AND THE TECHNO OPTIMISTS FOOL YOU,  
JEVON'S PARADOX IS NOT JUST REAL . . . IT’S THE HEART OF THE SYSTEM

DURING THE SAME TIME-FRAME WE HAVE INCREASED OUR CONSUMPTION BY 200%



DERIVED FROM “A SOCIAL COST OF CARBON CONSISTENT WITH A NET-ZERO CLIMATE GOAL”  BY  NOCHOLAS STERN, JOSEPH STIGLITZ, KRISTINA KARLSSON + CHARLOTTE TAYLOR ; 01/2022

GREEN GROWTH MARKET - BASED SOLUTIONS   



DECOUPLING IS A MYTH

DERIVED FROM “A SOCIAL COST OF CARBON CONSISTENT WITH A NET-ZERO CLIMATE GOAL”  BY  NOCHOLAS STERN, JOSEPH STIGLITZ, KRISTINA KARLSSON + CHARLOTTE TAYLOR ; 01/2022

CAPITALISM HAS ONE ALGORITHM – THE EMBEDDED GROWTH OBLIGATION



	 	 	 	 	 	 	 	 	
	 	 	 	 	 	

	 	 	

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



	 	 	 	 	 	 	 	 	

`

RESPONSE OF THE MARKET

TECHNOLOGY OR CONSERVATION?

$200 million on: 
• 25,000 tons CO2  removal  by Direct Air Capture over 9 years + 
• 28,500 tons from Bio-Oil over 5 years  
• = 53,500  and  $3,738/ton 

GREEN GROWTH



RESPONSE OF THE MARKET

TECHNOLOGY OR CONSERVATION?

$200 million on: 
• 25,000 tons CO2  removal  by Direct Air Capture over 9 years + 
• 28,500 tons from Bio-Oil over 5 years  
• = 53,500  and  $3,738/ton 

WIZARDS OF FINANCE, TECH BRO’S + BIG OIL	 MARKET - BASED SOLUTIONS!! 

EXTERNATILITES	  
• TECHNOLOGICAL SHIFT 
• SPATIAL SHIFT 
• TEMPORAL SHIFT



THE END OF PEAK (CHEAP) OIL



THE END OF PEAK (CHEAP) OIL



conclusions
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1 REM
2 MER
3 DER
4 NEW
5 NEW

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

2 moderate energy retrofit
3 deep energy retrofit

4 new build old found.

1 remodel

5 new build new found.

2 moderate 
energy retrofit

4 new build 
old found.

1 remodel 3 deep energy 
retrofit

5 new build 
new found.
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building design stays similar to existing 
the structure is in good shape

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

DER NEW

most cost effective to do things correctly the first time!

design implications



5. calculator

86

upfront costs + carbon emissions 
maintenance costs + carbon emissions 
energy costs + carbon emissions 
indoor environmental quality costs 
= 
total cost of home
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