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We're headed towards a
climate crisis
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In 2040, 2/3 of the global building stock will be buildings that exist today.
Without upgrades, they will still be emitting GHGs.

We can’t build our way to
carbon neutrality

© Architecture 2030. All Rights Reserved.
Data Source: IEA Energy Technology Perspectives 2020, February 2021 Revised Edition



MMTCO,e

2020 MA Greenhouse Gas
Emissions by Sector Electricity: 13

Transportation: 24

Industrial Energy: 3

Natural Gas Systems: 1 5%
1% Agriculture & Waste: 1 Industrial Processes: 3

2% 5%

MA Clean Energy and Climate Plan for 2025 and 2030



MA GHG Residential Emissions

Residential Heating & Cooling 1990 | 2010 | 2015 | 2020 | 2025 | 2030

Gross Emissions (IMMTCO,e) 153 137 136 122 10.8
% Reduction (Increase) from 1990 10% N% 20% 29% 49%
Note: GHG emissions in 2020 are based on preliminary estimates from MassDEP as of June 2022, while MA Clean Energy and Climate Plan for 2025 and 2030

historical GHG emissions for years before 2020 are based on MassDEP’s preliminary estimates in February 2022.



MA EXxisting Building Stock
as of 2016

S Footage by Building Type
quare rootage by butding 1yp Residential Square Footage by Typology and

Vintage
Large Multifamily 20+ Steel |
Large Multifamily 5-19 il
Large Multifamily 20+ Wood i
Small Multifamily  m—
Single Family  m— ]

Large
Multifamily

14% 0 500 1000 1500 2000 2500 3000

Million Square Feet
B Pre-1950 1950-1979

MA Decarbonization Roadmap, Buildings Sector Report



We need fo rapidly decarbonize
single family homes to meet our
climate goals. But how?



A Deep Energy Retrofit (DER)
achieves performance on par with
best-m-class new construction

MASS SAVE DEEP ENERGY RETROFIT BUILDER GUIDE



Prescriptive Standards

Enclosure HVAC Bsg Mt

e R60 Attic/roof  High efficiency MASS SAVE
mechanicals DEEP ENERGY

e R40 Above grade walls RETROFIT BUILDER

GUIDE

 Balanced ventilation
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Typical (for us)
DER Roof

Roof shingles (WCS) ——

Roof underlayment; ——
shingle-lapped (WCS)

Plywood or OSB roof
sheathing attached
through the insulation
to roof structure with
corrosion-resistant
exterior wood screws

At least 2 layers of rigid insulating sheathing;

all joints staggered; outermost layer to be foil-
faced polyisocyanurate, XPS or EPS Type Il and
at least 1" thick; inner layers may be polyiso-
cyanurate, XPS or EPS Type Il (TCS, VCS)

— Fully-adhered air control membrane directly over
existing roof sheathing (ACS)
OR
If existing roof sheathing is wood sheathing
panels (plywood or OSB), tape all joints with
flashing tape to form the air control layer (ACS)

— Existing roof
sheathing

= = Netted fibrous insulation;
/ alternatively, batt or open-
y cell spray foam insulation

’z/ may be used (TC5)

Gray tone indicates
existing components

Unvented attic with exterior mmsulation

Existing roof shingles (WCS)

Existing roof underlayment (WCS)
Existing roof sheathing

Existing roof framing

Conlinuo_us air gap extending ——
from soffit vent to ridge vent |

or other means of providing
ventilation (VCS)

Loose-fill fibrous "
insulation (TC5) LR L

Top of existing
ceiling framing Minimum
total
installed
R-value

Existing ceiling of R-60

At least 1" of closed-cell spray foam —/
insulation applied directly onto top
of ceiling (ACS, TC5, VCS)

Gray tone indicates
existing components

Vented attic with insulation at the
floor



Typical

DER Walls

It

Minimum total
installed R-value
of R-40

si—T

Al least
40% of
total
R-value

Housewrap with all seams taped
and edges sealed, applied over
existing wall sheathing to form
continuous air control layer (ACS),
OR

Fully-adhered or liquid applied air
control membrane applied over
existing wall sheathing to form
continuous air control layer (ACS)

At least 2 layers of rigid insulating
sheathing; joints of each layer to be
offset horizontally and vertically from
previous layer; outermost layer ta be
foil-faced polyisocyanurate or XPS
and at least 17 thick; inner layers may
be polyisocyanurate, XPS or EPS
Type Il (105, VCS)

Siding attached to vertical furring
strips (WCS)

1x vertical wood furring strip fastened
through insulation back to wall
structure with long corrosion-resistant
exterior wood screws (WCS)

Tape all seams of outermost layer

of insulating sheathing with compatible
sheathing tape to form water control
layer (WCS)

Gray tone indicates
existing companents

Existing exterior wall
sheathing

= —11— Existing or new cavity
insulation (7L 5)

Cawvity insulation and exterior insulation
with seams taped

Lap and seal a fully-adhered transition membrane from —
the existing roof sheathing to wall air control layer; if the
roof air control layer is a fully-adhered membrane, it must
overlap and seal onto the transition membrane,

(ACS)
oR

if the roof air control layer is a fully-adhered membrane,
it can replace the separate transition membrane by lapping
over and sealing onto the wall air control layer (ACS)

Extend roof insulating sheathing to cover the ——

top edge of the wall insulating sheathing
(TCS, VCS)

Extend new roof sheathing to cover new ———

eave (WCS)

Install ice and water control membrane ——
under roof underlayment as required
by code (WCS)

Extend roof underlayment to edge —
of roof sheathing overlapping
metal drip edge (WCS)

_____ 4

Install new framing as needed ——
for new eave overhang (WCS)

Remove existing eave overhang
at plane of wall to allow for air and
thermal control layer continuity at
roof to wall connection

Extend wall insulating sheathing
up to underside of roof insulating
sheathing (7C5, VCS)

as shown;

,’;._' ‘ _’7’7?,
- ros '7 /

Roof 1 air control

layer
Roof 1 water
control layer

i

Wall 1Aor1
Assembly

Wall to roof chainsaw eave

Faig

\ Install filler piece to provide
substrate for control layers
and backing for roof cavity
insulation

[T— Wall 1 air control layer
~ Wall 1B water control layer

-]— Wall 1A water control layer

B Gray tone indicates
existing compenents



Typical DER
Basement

DER wall —ft
upgrade, if
applicable

Existing wall ————
sheathing

Min. 5% grade
slope away from
foundation wall (WCS)

Existing foundation
wall

_~— Existing sill beam
/ (replace or repair as

/ needed)

1L

|

_ ‘\—l H} - 3" closed-cell spray foam

._\I I” insulation applied along

interior side of existing
sheathing at floor joist and
|| I across top of sill beam
I (ACS, VCS)

~—i1—1— Closed-cell spray foam

| ,| insulation (ACS, 0%, VCS,
. WCS)

g |

|

Spray-on thermalfignition

'-|| | barrier as required by code
V|, OR

- | Optional perimeter stud
M| wall, uninsulated, with
' | III non-paper-faced gypsum
o board as thermalfignition

}: |“ barrier on interior side

E Gray tone indicates
lv—,L existing components
Minimum total

installed R-value
of R-20

Closed cell spray foam to interior

Existing rim joist

Existing sill plate (replace or
/ repair as needed)

DER wall
upgrade, if ||
applicable

sheathing

_—-———T
Min. 5% grade ——"
slope away from
foundation wall (WCS)

Existing flat

foundation wall

‘;ﬁ 3" closed-cell spray foam
1 insulation applied over interior

side of rim joist, top of
I

foundation wall and down
onto top of rigid insulation
[ACS, VCS)

<+—t+—— XPS or foil-taced polyisocyanurate
rigid insulation; stagger and tape
all seams (ACS, 1CE, VCS)

L]

I1 Back face of rigid insulation is water
control layer, if insulation is attached
| l to foundation wall using adhesive,
apply adhesive in vertical pattern to
I L allow drainage (WCS)

Non-paper-faced gypsum
board if thermalfignition
I | barrier required by code
I

—

Minimum total
installed R-value
of R-20

Gray tone indicates
existing components

Rigid foam to interior
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National Grid DER
Program

* 2009-2016

* Incentive based on square
footage of treated area

o $35k-$42k for whole home
retrofit

U.S. DEPARTMENT OF

Energy Efficiency &

ENERGY Renewable Energy

BUILDING TECHNOLOGIES OFFICE

Building America Case Study
Whole-House Solutions for Existing Homes

National Grid Deep Energy
Retrofit Pilot

Massachusetts and Rhode Island




2014 Net Energy Positive DER

After

Before



Net Positive DER Project

Scope

Remodeling
* Ist floor kitchen and studio
addition

e Kitchen and bath
renovations

 Fmish upgrades throughout
the house

Envelope

R60 newroof; R49
existing roof

R40 new and existing walls
R30 below grade walls

R 10 newslab; no msulation
existing basement slab

RS windows everywhere
except study and windows
facing street (R3)

Mechanical & Solar

* 2 ducted and 1 ductless
minispht heat pumps

Heat pump water heater

Heat recovery ventilation.

Woodstove

11 kw pv array






Net Positive DER Performance

_

Air Leakage 12 ACHS50 1.1 ACH50
Heating Load 46 kbtu/hr 21 kbtu/hr
Annual Site Energy 118 MMBtu 29 MMBtu

Energy Use Intensity 38 kBtu/sf 6 kBtu/sf



Net Positive DER
Annual Carbon

8000

7000

6000

5000

4000

Kg CO2e

3000

2000

1000

Before

After
B Gas M Electric

60% less carbon
emitted annually



DER Net Positive Energy

1800
1600
1400
39% more energy
generated than 1200
consumed 1000
s
$ ~ 800
Credit of ~$5k
with utility 600
400
200
0

41115 41116 4117 41118 4119 41720 412 4/1/22

B Generation Usage



DER
Wind Down

2016 National Grid DER

Program ends

2017 Qur last DER (full
or partial)

2017 Our first all-electric

moderate retrofit




High Cost and Waste

* Roof outsulation ~ 1.5-2x the cost of msulation (not mcluding new roof)
* Wall outsulation ~ 3-4x the cost of msulation (not including new siding)

* Discarding material with years, sometimes decades, of usable life



Electrification priority

To dale, state and market actions that
reduce GHG emissions have focused on
the electric supply sector and on
Increasing enerqy efficiency....

Northeastern Regional Assessment of

Nne | ment
G p Strategic Electrification

July 2017

Reducing emissions to 80% will require
adaing a third strategy.: Move end uses
to electricity.




Total Carbon Emissions of Global New Construction
with no building sector interventions

2020-2040:

Upfront Carbon ¢ 57% EMBODIED CARBON }

2020 2025 2030 2035 2040 2045

GIGATONS OF CO,
w IS

N

—

© Architecture 2030. All Rights Reserved.
Data Sources: UN Environment Global Status Report 2017; EIA International Energy Outlook 2017



To hold true fo our commitment
lo address climafe change, we
would need fo reconsider our
approach.
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Moderate Energy Retrofit

2019



Moderate Retrofit Project
Scope

Remodeling Envelope Mechanical & Solar

* Kitchen, dining room and * R49 roof * 2:1ducted mmisplit heat
BT OO O * RI13 or 20 above grade walls P

. * Heat ter heat
R.eplacement of powder room . RB foundation walls eat pump water heater
with fullbathroom : : * Contmuous exhaust

o * No slab insulation L
* Deck addition ventilation

° 0 1
40 % of windows replaced . No solar PV



Before




Before

After






Moderate Retrofit Performance

_

Air Leakage 13.5 ACH50 4.9 ACH50
Heating Load 67 kbtu/hr 32 kbtu/hr
Annual Site Energy 195 Mbtu 42 Mbtu

Energy Use Intensity 85 kBtu/sf 18 kBtu/sf



Moderate Retrofit ...,
Annual Carbon

10000

8000

74% less carbon

6000 emitted annually

Kg CO2e

4000

2000

Before After

0

B Gas M Electric



Moderate Retrofit

Upfront Carbon

KgCO2e

B Mechanicals
W Windows

Basement
W Attic

H Walls

6000

5000

4000

3000

2000

1000

-1000

-2000

Net upfront carbon

Breakdown by assembly



12000

Moderate Retrofit
Carbon Payback  ™°*°

8000
o 7862 Carbon payback
S 6000 =<1 year
Q0
- 4405

4000 |

2000

0

UpFront carbon Annual carbon before Annual carbon after



Moderate Retrofit Total .,
Carbon Emissions to 2050

250,000
200,000
© 50% less total carbo
S 150,000 emitted to 2050
Vi
100,000
50,000

No Work Moderate Retrofit

W Upfront B Ongoing M 5% Refrigerant Leakage M HVAC Replacement



Moderate Retrofit
Direct Cost
Breakdown

$40,000
$35,000
$30,000

$25,000

Total direct cost
~ $69,0000

$20,000
$15,000
$10,000

$5,000

$-

Envelope Mechanicals

Basement W Walls B Windows B Roof

B Heat pumps Hot water Ventilation



Home MVP Pilot Program £\ Snugg pro

Based on the current list of recommendations, this project may qualify
for an estimated incentive of

$ 24,535.00

NOW GOAL SAVED SAVED %

Whole House MMBTU (excluding new PV) 226 60 166 73
MMBTU SAVED BY TIER $/MMBTU TOTAL

1st Tier - % Savings of Base (5% - 20%) 45 125 $ 5,625.00
2nd Tier - % Savings of Base (20% - 40%) 45 150 $ 6,750.00
3rd Tier - % Savings of Base (>40%) 76 160 $12,160.00
New Solar PV Install 0 15 $0

Grand Total Incentive $ 24,535.00



DER Scenarios Compared to
Moderate Retrofit



DER Scenarios

High Upfront Carbon

* 37 spray foam on basement walls (R20)

e Cellulose in wall cavities + 4 polyisocyanurate
(R40)

* Tiple paned windows

e Cellulose m 10 ” roof cavities (built-down) +
4> polyiso (R60)

2:1ducted heat pump & ERV

Low Upfront Carbon

* 37 spray foam on basement walls (R20)

e C(ellulose in wall cavities + 7 wood fiberboard
(R40)

* Tiple paned windows

e Cellulose n 10’ roof cavities (built-down) + 77
wood fiber board (R60)

2:1ducted heat pump & ERV



Performance of Retrofit

Scenarios
No Work Moderate Retrofit }(If}ll}i)gogiertaa\}v%lg){
Air Leakage 13.5 ACH50 4.9 ACHS50 1.0 ACH50
Heating Load 67 kbtu/hr 32 kbtu/hr 13 kbtu/hr
Annual Site Energy 195 Mbtu 42 Mbtu 36 Mbtu
Energy Use

: 85 kBtu/sf 18 kBtu/sf 16 kBtu/sf
Intensity



16000

Upfront Carbon 0

12000
10000
)
N
S 8000 B With Storage
2 Without Storage
6000
4000

2000 I
0

Moderate Retrofit  High UC DER Low UC DER



Total Carbon 408

Emissions to 120,000
2050 100,000 —
Sv 80,000
Eo B HVAC Replacement

5% Refrigerant Leakage

Bl Ongoing
W Upfront

60,000
40,000
20,000

0

Moderate High UCDER Low UC DER
Retrofit




Hard Costs

$250,000

$200,000

$150,000

$100,000

$50,000

Envelope

Mechanicals

B Moderate Retrofit
w High UC DER
B Low UC DER



Hard Costs #2500
Breakdown ;o0 000

$75,000
$50,000

$25,000

. HIE
N\

o &

B Moderate Retrofit
m High UC DER
B Low UC DER



Cost of annual °°°° $35.00

carbon saved . .$29.83  $30.00
(year one) $25.00
N °000 $20.00

O

Q,
~ 4000 $15.00
$10.00

$8.77
2000
$5.00
0 $-

Moderate retrofit High UC DER Low UC DER

Bl Annual carbon saved o—Cost per kgCO2e saved



Total Costs Compared to Total Carbon Saved to
2050

200,000 $300,000

195,000

Cost per kgCO2e saved

$250,000
$239,244

190,000 $210,722
$200,000
Moderate Retrofit $.46 139,000
180,000 $150,000
' 17
High UC DER $1.13 5,000 ——
170,000
Low UC DER $1.24 165,000 $50,000
160,000 $-

Moderate retrofit ~ High UC DER Low UC DER

B Total Carbon saved ——Total Costs



Deep enerqgy reftrofits are not
(currently) a cos€ffective carbon
emissions readuction strateqgy for
single family homes.



Key Takeaways

* Fixing existing single-family homes is not a sideshow. What we do, how we do it and
how quickly has a big impact on whether we meet our chimate goals.

* We are skeptical of any program that would prioritize exterior mmsulation of existing
homes over electrification or would make exterior insulation a precondition of
electrification.

* For now, we think all-electric moderate retrofits are where Byggmeister can have the
most impact, but if experience or data indicate otherwise, we stand ready to pivot

(again).



Things that keep us up at night

* Refrigerant leaks have the potential to turn building electrification from a

winning climate strategy mto a losing climate strategy (ask us how we
know. .)

* Will the grid decarbonize and modernize quickly enough to meet the
increased demand?

* Isit even feasible to scale “moderate” retrofits given how expensive they still
are?

* More broadly, 1s there anypractical and scalable solution for existmg homes
that can be deployed quickly enough to meet our emissions reduction goals?



Interested m contmuing the
conversation?

Please join us an open discussion
in Marma 3-4 at 4:00

RACHEL @BYGGMEISTER.COM

BRENDAN @BYGGMEISTER.COM



Sources and credits

Upfront Carbon
« BEAM Estimator, Builders for Climate Action

* Operational & Embodied Carbon Emissions Estimator (BETA), Skylar Swinford, Energy Systems

Consultants
Operational Carbon
* Long Run Marginal Emissions Rates for Electricity — Workbooks for 2022 Cambium Data, NREL
* Emissions & Generation Resource Integrated Database (eGRID), EPA
Energy savings

* Measured savings: Normalized annual consumption spreadsheet (in-house tool), developed by Bruce

Harley, Bruce Harley Energy Consulting
* Modeled savings: Snuggpro
Construction costs

* Cost estimation spreadsheet (in-house tool), developed by Byggmeister Founder Paul Eldrenkamp and
Byggmeister Estimator Cador Pricejones
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