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For Questions about today’s training, contact:
Bailey Brown, RDH Building Science Inc

bbrown@rdh.com

BERDO Review Board

BerdoReviewBoard@boston.gov

© RDH Building Science, Inc. 2024

All rights reserved. No part of this presentation may be reproduced or transmitted in any form by any means, electronic, mechanical, photocopy,
recording, or other without prior written permission.

For permission to use this content, email bbrown@rdh.com.

This material is intended to be used for reference, continuing education, and training purposes only. Neither RDH Building Science, Inc., nor the persons
presenting the material, make any representation or warranty of any kind, express or implied, with regard to whether the material is appropriate for, or
applies to, any specific project, circumstance or condition. Applicable and current laws, codes, regulations, standards and policies, as well as project and
site-specific conditions, procedures and circumstances must always be considered when applying the information, details, techniques, practices and
procedures described in this material.
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BERDO Review Board Training

What To
Expect From
Today

RDOH

Recorded public session

Many joining, Review Board is primary
audience

Zoom tools: hand raise, chat, mic
muted, camera on recommended

Informal and collaborative,
engagement needed

Opportunity for Board members to
ask questions; more opportunity later
as well

Department will circulate a recording
and PDF of slide deck materials

Pre-work shared in advance of this
session
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Project Manager/Lead
Bailey Brown, MS, PE (WA)
Principal, Building Science
Specialist, Training and
Publications Service Lead

14

Sr. Technical Specialist Technical Specialist
Steve Kemp, M.A.Sc., P.Eng, Anushka Singh, MS, LEED
LEED® Fellow GA, CPHC
Principal, Senior Energy and i’;‘]z’l'ggt& Sustainability
Sustainability Specialist Y
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BERDO Review Board Training

2024 Training Plan

Phase 1 ‘e iosessionti—Grounduonk

uly 8, Session 2 - Audits + Beyond the Buildin
June - July July Y 8

Week of July 15 + 22, Session 3 - S1 and S2 Recap

S0rrin Public Meetl

90 min Public Meeting

45 min Small Cohort Training

Phase 2 Session 3

Session 4

Aug - Sept

Session 5

90 min Public Meeting
90 min Public Meeting

45 min Peer-to-Peer Cohort

Phase 3 Session 6

Session 7

Oct - Nov

Session 8

75 min Public Meeting
60 min Public Meeting

45 min Peer-to-Peer Cohort

Training Overview

Phase 1

RDOH

Phase 1 Learning Objectives

. Introduce building science and

policy fundamentals to establish
a baseline knowledge for building
decarbonization.

. Explain energy audits (and

alternatives).

. Explain BERDO compliance

methods and decision making.

. Identify compliance support

options that go “beyond the
building” such as district energy
systems, RECs, and PPAs.
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BERDO Review Board Training 7/8/2024

Learning Objectives

1. Describe how a building functions
as a system and the interaction
between sub-systems.

Define the different types of

SeSSion 1 — A . building-related carbon

emissions.

LOOk BaCk . Explain why different buildings

have different carbon emissions
targets.

+ Q u eSti O n S? . List building-specific factors that

influence how a building may
comply with BERDO.
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3. Do you have any additional comments regarding the content or learning experience that
B E RDO Lea rn e l' S u rvey we should take into account as we prepare future training sessions?
Thank dback -
y f y f D7 Name Responses
\ anonymoys | Pease be sure to detal the abbreviations on sides. Some may not know what
" they mean.
. . . - . . 2 anonymous  Thank you!
1. Did the level of technical content covered in this training session meet my expectations based on my role on
the Review Board. B anonymous | hink the engagement piece was great. More engagement could be benfical f
time allows.
More Details a anonymous  Examples from real buildings is most helpful
@ Yes, it was the correct level and ... 7
@ Yes, but it was overwhelming be... 0
@ ves but  aiready knew tis cont.. 1 2. How was the learning experience as you prepare to fulfill your role on the Review Board? (Select all that
fes, but | alreac new this cont...
! apply)
@ No, it was too basic o —
@ No, it was too advanced o
@ The length of the training was p.. 8 &
@ The length of the training was t. 0 T
@ Thelength of the training was t.. 0 &
@ | appreciated the question and ... 4 s
4
@ There needed to be more oppor... 0
3
@ | enjoyed the engagements and ... 4
2
@ There was not enough engage.. 0
1
@ There was too much engageme... 0 N
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BERDO Review Board Training

Learning Objectives

. Define the purpose and steps of
an energy audit.

. Describe why every building
needs a decarbonization plan

SeSSion 2 Training and the attributes of a “good”

plan.
3. Define district energy systems.

. Describe RECs and when they are
an appropriate solution for
compliance.

. Describe PPAs are and the steps
required to sign up for a PPA.
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Every Building Needs a

Decarbonization Plan
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BERDO Review Board Training

Option 1 .
Option 2

Local Renewable Generation and
Renewable Energy Purchases

Reduce Direct Building Emissions

(Reducing energy use and/or fuel
switching)

Compliance
Options

Option 3

Alternative Compliance Payment
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Every building needs a plan.

L. w'y
Sarah Gray | RDH
[

RDH

RJI" Source: https://www.rdh.com/resource/risk-to-readiness-constructing-a-retrofit-plan/

12
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BERDO Review Board Training 7/8/2024

RDH Retrofit Roadmap

~ Sarah Gray | RDH
[

RJl'l Source: https://www.rdh.com/resource/risk-to-readiness-constructing-a-retrofit-plan/

13

Conduct Building Assessment

Review building documentation, previous reports, previous repairs

Visual examination including exploratory work - primarily building enclosure
and mechanical, but also electrical and structural/seismic

Bl . Possibly conduct air tightness testing

amb_ill /
e 1;

* Sarah Gray | RDH
L

RJl'l Source: https://www.rdh.com/resource/risk-to-readiness-constructing-a-retrofit-plan/

14
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BERDO Review Board Training

.
ad"i
b il
L2 T

Sarah Gray | RDH
P~

Every building needs a plan.

RJI" Source: https://www.rdh.com/resource/risk-to-readiness-constructing-a-retrofit-plan/

15
Option 1 Option 2
Reduce Direct Building Local Renewable Generation
Emissions and Renewable Energy
(Energy Use in the Building) Purchases
Compliance
Options
Option 3
Alternative Compliance
Payment
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BERDO Review Board Training 7/8/2024

Questions?
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Case Study: Municipality Administrative Building
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BERDO Review Board Training

Every Building Needs a Plan

LOAD REDUCTION

ENERGY EFFICIENCY AND LOW CARBON
RENEWABLE ENERGY

Reduce amout of
heating and

cooling required to
condition the space

Improve the
efficiency of
heating and
cooling equipment

Use renewable
energy to offset
energy consumed
from the grid

Purchase offsets
for any carbon
consumed

19

Project Goal:
Develop a cost-effective retrofit path to achieve operational carbon emissions by 2050

Building Plans
Building Condition Assessments
+ Facility manager

Existing Building

Document
Review

S - Hourly Whole Building Simulation

Model

Emission * What is necessary?

Reduction . .
Packages * What is feasible?

Financial « NPV comparison

Analysis
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BERDO Review Board Training 7/8/2024

ASHRAE Level 3 Energy Audit

. Electricity Consumption (kWh)
Natural Gas Consumption (kWh)

500000 -
1000000 + 450000 -
FHEed 400000 1
700000 - 350000 -
600000 - 300000 -
500000 - 250000 -
400000 4 200000 +
300000 + 150000 A
200000 - 100000 4
100000 4 50000 -
0 4 0 4

FEF S VPR FE @ @B PO S

m Utility Bills = Energy Model m Utility Bills = Energy Model

ASHRAE 14 Calibrated Whole Building Energy Model

21
Existing Building Performance - TEUI
Total Energy Use Intensity (TEUI)
Avg Buildi
(NRCan 20149 NI
Elec Heating Elec DHW NG Process
R;:Scze\/l?:‘zd Lights | Plug Loadsl Server - Cooling I Pumps | Fans _
Ht Rejection Exterior Lighting
Estimated ]
Building TEUIL, 150-175 |
Potential
Divide by 3.1
CaGRC zcB ] to get kBtu/ft2
Tiweshold TEULI30 j| g
EnerPHi
Threshold eSS
0 50 100 150 200 250 300
kWh/m?/yr
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BERDO Review Board Training

Existing Building Performance - TEDI

Thermal Energy Demand Intensity (TEDI)

- YAnnual Heating Losses - YAnnual Heating Gains

Renovated

Floor Slab/UG Walls
Walls [ Roof ‘ Infiltration [ Window

| Ventilation/HVAC |

Baseline Heating Losses

Renovated

Baseline Heating Gains WWWW/WW%

Floor Slab/UG Walls

Estimated Building Potential '/ Fo—
Heating Losses aIIIRoo Infiltration

Estimated Building Potential
Heating Gains

Jvindow] Ventilation/Hvac|

CaGBC ZCB Threshold

ALY,
AT,

EnerPHit Threshold

Divide by 3.1
to get kBtu/ft?

0 20 40 60 80
kWh/m2/yr

RDOH

100 120 140 160
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Contemplated Enclosure Upgrades

=——R-5 wall with low-e argon
double glazed windows

=R-10 wall with low-e argon
double glazed windows

R-15 wall with low-e argon

double glazed windows

R-20 wall with alum low-e
argon double glazed windows

R-30 wall with alum low-e
argon double glazed windows

w=R-15 wall with alum triple
glazed windows

——R-20 wall with alum triple
glazed windows

—R-30 wall with alum low-e
argon triple glazed windows

15
W
2
T
z Recommend that high-
e performance projects target
£ overall wall + window >R-10
H
>
a
2 10
<
E
=
2
c
B
K]
=
)
s 5
$
<
E Existing Building
5
2 I
H
|
0 i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fenestration to Wall Ratio

ROH
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BERDO Review Board Training

Insulated Glazing Units in curtain wall currently
needs replacing, can we use Triple Glazed?
Notice new curtain wall frames are needed.

Contemplated Enclosure Upgrades
- Windows

Windows among highest heat losses in current building

Challenge, curtain wall framing extends behind existing opaque fagade,
necessitating cladding removal to change to triple glazed windows.
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RDOH

7/8/2024

25
Contemplated Enclosure Upgrades
- Opaque Stone Veneer Walls
Cladding due to be replaced in 2040-2050,
add exterior insulation Stone Veneer Cladding with | Stone Veneer Cladding with
1 % 3” (75mm) XPS Insulation 8” (200mm) XPS Insulation
g
.. . —
° ’ T T, T - i |
N | T
: AT
: ‘é E = T T I = 1
. . NOMINAL INSULATION R-VALUE R-15 (RSI-2.64) R-40 (RSI-7.04)
[ [ |
|/ | i CLEAR WALL (“EFFECTIVE") R-VALUE R-12 (RSI-2.11) R-32 (RSI-5.64)
. | ;1,'.36‘ ! }
< ~ WHOLE WALL R-VALUE R6 (RSI-1.06) R-16 (RS1-2.82)
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26
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BERDO Review Board Training

Contemplated Enclosure Upgrades
- Roof and Skylight

Roof due to be replaced in 2040-2050, opportunity
to address parapet thermal bridge...

L

MUl

N

I

W I."IIM.

...and replace current acrylic dome skylights with high
performance triples. And insulate curb framing to remove
thermal bridge.
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Ventilation

Energy Conservation Measure

Demand Control Ventilation (DCV)

 Install/recommission in Council Chambers, Committee
Room A&B, Seminar Room

Ventilation Energy Recovery

« Sanitary Exhaust - Glycol Runaround
* Make-up air supplied by atrium air handlers
+ Balanced flows between AH1A1, AH1C1 and
bathroom exhaust fans
« General Exhaust Energy Recovery - ERV

« AH1D1 and AH1E1 replaced with 2 ERVs per floor,
per Block

+ Replaces existing basement make-up air units

RDOH

Image Source: Cold Climate Research Center

Fresh supply air
Exhaust air

Return air

Outside air

EXAMPLE OF AN ERV
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BERDO Review Board Training

Ventilation

Connest OA and EA

— - to exterior wall
135061350 OUTSIDE i /i N i
AR INTAKE RISER

Q

\

' New Ventacity 1200
1000cim

Energy recovery ventilators can be
ceiling installed in existing service T |
rooms (2 per floor), with wall access | _ [ TN !
to exterior for supply/exhaust. ¢ r f -~ ’

his ductwark, which

Ceiling hung

. risertothe
== distibution alraady
exisits (the drawings
/@@ not doar where
§the ductwork s)

Remove existing
duetwork and cap
supply riser

|

MNew Ventacity 1200

srios.

1000¢im |
Ceiling hung
Gonnect OA and EA

10 extarior wall

Add ductiork to

. . Existing duct snould
NEW SUPPPLY be used

? ) I* — (1T (TS

I — |EXISTING DUCTWORK

NEW EXHAUST
DUCTWORK

29

Plant Electrification with Air Source Heat Pumps

Heating/cooling currently provide
through local fan coils connected to

hydronic system for hot and cold
water.

Fan coils sized for cooling load, and
thus oversized for heating load.
Already compatible with low
temperature, 120°F heat pump supply
water temperature.

o

e T |

RDOH

&

sunmr o owich

29585.000 | BERDO Review Board Training Phase 1, Session 2 | 30

30

Session 2 Slide Deck

7/8/2024

15



BERDO Review Board Training

On-site Renewable Energy

RDOH

PROPOSED LOCATIONS FOR PV SYSTEMS
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Summary of Contemplated Carbon Reduction Measures

ROH

-
g
=)
G
w
1=
-
=]
=
<

MECHANICAL

Exterior Wall Reclad with Improved
Performance

Insulate Parkade Suspended Slab

Full Glazing System Replacement with
Improved Performance

skylight Replacement with Improved
Performance

Main Roof Replacement with Improved
Performance

Terrace Roof Replacement with Improved
Performance

Improved Parapet Detailing
Targeted Air Sealing Improvements
Improve Whole Building Airtightness
Recommissioning
Boiler Replacement with AWHP Plant
Boiler Replacement with 100% GSHP
Plant
Demand Control Ventilation (Occ or CO2)
Ventilation Heat Recovery - General
Ventilation Heat Recovery - Washrooms

Solar PV Parking Canopy

Ballasted Solar PV Array at Roof

ZERO CARBON RETROFIT PATH

EMISSION REDUCTION MEASURES. VALUE REPLACEMENETS AT END OF LIFE “

R-20 Whole Wall
Increase exterior insulation from 3" to 8"
R-15 Ceiling, R-10 Walls Clear Field
Add 5” spray applied glass fiber insulation
U-0.15 (IP)
Fibreglass frame, triple glazed
U-0.2 (IP)
Triple-glazed, over-insulate the skylight
curbs
R-40 Clear Field
Roof membrane replacement with 2”
additional insulation (8 total)
R-40 Clear Field
Roof membrane replacement with 2"
additional insulation (8" total)
Accounted for in Exterior Wall Reclad and
Terrace Roof Replacement

2U/s/m2 @75 Pa
1.51/s/m2@ 75Pa

N/A
Rated Heating COP = 2.4
Rated Cooling COP = 3.0
Rated Heating COP =4.1
Rated Cooling COP = 4.0
N/A
Sensible Ef=75%
Latent Eff=55%
Sensible Eff=50%
650 kWp array
180 W/m? panel efficiency
475 kWp array
180W/m” panel efficiency

BUSINESS AS USUAL PATH

Exterior Wall Reclad
Like-for-like replacement

No Cost/Do Nothing

IGU Replacement

Skylight Replacement

Main Roof Replacement

Terrace Roof Replacement

No Cost/Da Nothing
No Cost/Do Nothing
No Cost/Do Nothing

Recommissioning

Natural gas condensing boiler and
centrifugal chiller replacement

No Cost/Da Nothing
No Cost/Do Nothing
No Cost/Da Nothing
No Cost/Do Nothing

No Cost/Do Nothing

R-6
Whale Wall

Uninsulated

U-0.33(IP)
Double glazed, low e coating, argon filled

U-0.67(IP)

R-30
Clear Field

R-30
Clear Field

N/A

31/s/m2 @ 75Pa
Assumed

N/A
Boiler COP=85%
Chiller COP=5.2
Assumed
Not used
No heat recovery
No heat recovery
N/A ssion2 | 32

N/A

32
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BERDO Review Board Training

Carbon Reduction Measures - Retrofit Roadmap

DEDQEED
I
B[l Jiit)l

33

2054
2055

2056

IGU Replacement

2057
2058
2059
2060
2061
2062

$124,000/y¢

IGU Replacement

/ Terrace Roof Replacement
73,0001y $132,000/y7

Cumulative Delta Cash Flow (Compared to BAU)
—D1 —A1 1
2SN RRNRARBR N AAARR L RAS TR ILLE2223000
5506088 0606068000880008800S30000000088088
SRIRSRRARRRARARRARARRRNIRIRRIRARNNIRIRIRIIRIKRR|R
'y { ‘ ‘
‘ o ‘ ‘ ‘
r
$40,000/y!1 } AWHP $122,000/7 | |
Solar PV
§65.000000 |\ IGU Replacement ‘
| Parkade Insulation |
Ventilation Heat Rec
I |
$(10,000,000) } ; Full Enclosure
Upgrade
| FullEnclosure Upgrade | Solar PV |
(excl. main roof) | ‘
| Parkade Insulation |
& $(15,000,000) ‘ Ventilation Heat Rec I ‘ }
g \ \ \ \
= ‘ ‘ | |
K | | Main Roof Upgrade ‘
O $(20,000,000) ‘ ‘ Solar PV |
\ \ \ T
| v AWHP ¥ x
| $63,000/y7 \ $144,000/y7 | I
$(25,000,000) ‘ ‘ } }
$(30,000,000) } } | I
I I
1 | ' '
BAU: | IGU Boiler & Chiller Enclosure IGU
Replacement Replacement Replacement Replacement

2063
2064
2065

2066

2067
2068
2069

D1: AWHP, BAU ENC

AlL

C1: AWHP, ENY

AwWHP, Enclosure L2

\osure

ter

closure Now

34
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BERDO Review Board Training

Path Selection though Cost/Benefit Life Cycle Cost Analysis
300 20
HTEUI 18
250 HTEDI
16
W GHGI
. Recommended g
3 Path
b v [
£ g
g 150 0 =
= <
2 Z
" *3
3 1w
F 6
4
50
2
0 ]
BAU Al A2 a 2 D
AWHP GSHP AWHP GSHP ASHP
Enclosure Later Enclosure Later Enclosure Now Enclosure Now BAU Enclosure
-$7,904,000 -513,120,000 -$19,120,000 -$24,710,000 -$3,419,000

35

‘ Questions?
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Learner Survey

Duration: 2 minutes
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On-Call Technical

Support
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Small Cohort Training
Confirmed week of June 17th
Scheduled for 31 and 4th week of July
Topics to be informed by survey
feedback

On-call technical support available

Next Steps... now

Phase 2 Training (Aug - Sept)
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