Decarbonization
in Design and
Post -Occupancy:

The Next Generation of Healing
and Learning Environments
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A Describe the difference between operational _
and embodied carbon and how design teams?d
decisions impact each. Al

Allie Periman
IMEG

. Building Performance
Analyst

A Identify the tools needed to develop a _
campusos carbon reduction

A Identify the energy efficiency benefits of retro
and monitoring based commissioning for post
occupancy carbon reduction.

A Identify the simplest things that can be done
right now to lessen the carbon footprint of
healthcare and education campuses.

Taylor Gawthorp -Cruse,
WELL AP

IMEG

Senior Sustainability and

A Demonstrate examples of past projects success Energy Consultant
and challenges through the decarbonization

Process.

Learning Objectives




Why Carbon?
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Injuries, fatalities, mental Asthma, cardiovascular disease
health impacts

Heat-related ililness and

death, cardiovascular Malaria, dengue, exephalitis,

failure hantavirus, Rift Valley Fever, lyme
Carbon is the leading & disease, chikungunya,
cause of climate change West Nile virus
and there are health and
environmental co Eg:lcggn?l’igfation»
benefits if the - impacts Respiratory allergies, asthma

healthcare industry

drastically reduces its

carbon footprint and .
Malnutrition,

targets zero carbon diarrheal disease

Cholera, cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms

Figure 1. Impact of climate change on human health (Source: U.S. Centers for Disease Conti ind Preventi

Why Carbon?
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Understanding
Carbon
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Carbon Reduction
Roadmap
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AsSESS CARBON OPTIMIZE BUILDING INTEGRATE RENEWABLE
FOOTPRINT PERFORMANCE ENERGY
- Operational Carbon - Energy modeling + Consider on - site and off -
- Embodied Carbon - Monitoring & Analytics Sk BFHrE

- ldentify path to net zero
energy and carbon neutral

Decarbonization approach



ELECTRIFICATION
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ASSESS CARBON OPTIMIZE BUILDING INTEGRATE RENEWABLE
FOOTPRINT PERFORMANCE ENERGY
- Operational Carbon - Energy modeling - Consider on - site and off -
- Embodied Carbon - Monitoring siteoptians

- ldentify path to net zero

- Analytics energy and carbon neutral

Decarbonization approach



Carbon Footprint Assessment Components

A Building data: SF, energy usage,
owned/leased, utility source, BAS,
ENERGY STAR number

A Energy use intensity (EUI) and
operational carbon footprint

A Facility master plan

A Capital program

A Asset management

A Infrastructure renewal

A Operation and maintenance




Optimizing Energy Performance and Carbon Reduction

For Scope 1 & 2 Carbon Emissions

22 %&U:
@ ENVIRONMENTAL Jé:

A VIABLE NATURAL ENVIRONMENT

SUSTAINABLE SUSTAINABLE
NATURAL & BUILD ECONOMIC
HH ENVIRONMENT [DEVELOPMENT
SOCIAL ECONOMIC

NURTURING EQUITABLE SOCIAL SUFFICIENT
COMMUNITY ENVIRONMENT ECONOMY

2 OPTIMIZE BUILDING
PERFORMANCE

[E/ﬁ] Plan Execution: Commissioning, Retro -
commissioning, BAS Optimization

[I Measuring Results: Carbon/Energy
[ Monitoring & Analytics

T Process Integration: master/capital
,g,o,_i:, planning, asset management, O & M




Optimizing Energy Performance and Carbon Reduction

Plan Execution: Retro -commissioning impact on energy performance and carbon reduction

1. Retro-commissioning: 10-20% energy usage reduction
A 0-2 year payback energy efficiency measures

2. Capital energy efficiency measures: 10-20% energy
usage reduction

A 2-10year payback energy efficiency measures

3. Capirtal program/infrastructure renewal: 10-20% energy

usage reduction
A Design standards 30%- 5090 total
A Performance targets (OPR) energy usage

reduction




Sustaining Energy Performance and Carbon Reduction

Plan Execution: Retro -commissioning impact on energy performance and carbon reduction
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Optimizing and Sustaining Performance

Measuring Results & Process Integration

A Carbon and energy tracking =
A Continuous verification and improvement 2%
A Portfolio -wide & existing and new

A Integrated with overall FM and PDC
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ELECTRIFICATION

ELECTRIFICATION
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piping and coils for - Conduction SOURCE:
conversion to low - Infiltration . Geothermal
temperature HW - Qutside air treatment . Air source heat pump

Hot water storage tanks
Heat recovery (data center, ice
rink)
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Electrification




Generating HWS ﬁ

ELECTRIFICATION

Electric resistance Air Source Heat Pump Heat recovery chiller Geothermal WTW HP
Minimum OA NA 0-15F NA NA
operating temp.
Heating COP 1.0 2.0-35 35-7.0 40055
. . Energy cost on par with gas . .
Key Benefit Lowest first cost when OA >30E High COP at any OA temp Ground heat exchange, not air
T . Minimum OA temp Only handles simultaneous load : .
Key Limitation High energy cost 3x+ Low HWS temp Maintenance and min. load Well field size and cost
Capacity falls off as OA drops '
|:> Max HWStemp Same as gas 125-130F 1300140 F 1300140 F

Electrification options 0 Hydronic
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Offsetting with
Renewables




Carbon Neutral d

REDUCING OPERATIONAL CARBON IN BUILDINGS

E=
Consumption

3 INTEGRATE RENEWABLE
ENERGY

energy and carbon neutral

On-site PV
Off-site Renewables

( Carbon

0

metric tons

Path to Carbon Neutral



< C O & imegcorp.com/power-bi/ G & Y

CT BID INFO

<¢IMEG
ABOUT SERVICES MARKETS PROJECTS INSIGHTS INNOVATION CAREERS

Tre FUTURE. Euilt Smarter.

INTEGRATE RENEWABLE
LB Ledl Home « IMEG Rapid Analysis - Met Zero ENERGY
ANALYSIS — NET # e P Ay e cere
ZERO

IMEG Rapid Analysis — Net Zero

Reset to Default Data On-Site Solar Only L) On-site and Off-site options

BUILDING SIZE (sf)

ON-SITE SOLAR

Roof/Site Area (sf)

COMMUNITY SOLAR

Array Size (kW)

Meet Balance with VPPA
VIRTUAL PPA

Contract Term (Yrs)

50,000 0 20
$/W $/W $/kWh
. $2.00 $2.00 $0.020
kWh Offset 1 1,465,416 : O
GAS EUI $1,538,462 $0
= i 769 kW 0 KWh Balance for NZE
: 1,038,462 kWh
_‘— kWh
kWh Offset i 507,081 $103,846 14.8 $0 NaN
No Payback
kWh Value Payback (Yrs) kWh Value Payback (Yrs)
ELECTRICITY COST
S A N Iu I E Om i 53% 0%
Net Zero Net Zero Net Zero
SOLAR GENERATION (kWh/kW)
i 53% $1,538,462

https://www.imeqgcor
p.com/imegrapid-
analysisnet-zero-2/

—.—

TOTAL % NET ZERO

Offset with renewable energy

FIRST COST

ANNUAL COST PREMIUM

CREATED BY ‘} I MEG



https://www.imegcorp.com/imeg-rapid-analysis-net-zero-2/
https://www.imegcorp.com/imeg-rapid-analysis-net-zero-2/
https://www.imegcorp.com/imeg-rapid-analysis-net-zero-2/

SOLAR PV FOR PORTFOLIOS

2\

PLANET:

SITE PV FEASIBILITY STUDY SIMEG

Select building(s) to view solar PV
estimated results:

Hold ctrl and click for multiple site selections.
B cmep

M 6th St Garage

M cmic

M sic

M FsP/GOB

M sears

M semi

B Hanger

M cer

M sep

M com

M cos

H 08

M child Development Center
M Livewell

M cTc

H owy

M ssc

B Test Track

B Brown/Lindsey Parking Area
M 301 Washington - TBD

M Lab Building -TBD

Sl O (B 0 [l (O €10 |81 6 &6 @) @6 &6 el

Kilowatt hour

Roof Area allotted electricity generated
per kW PV ® per kW of PV system

Carbon Impact based
First cost ® on local grid @

67 Sq.ft/kwW 1500 kWh/kw $2.00 S/W 1151 Ibs CO2/MWh $0.100 $$/kWh

O O O O O

$101,986,627 76,489,970 39,927.42

kWh/yr mTON/yr

Estimated First Cost Total PV Production Total Carbon Offset

3,416,552 50,993 311 135:33

sq.ft kw years

Total Area of Solar Total Size of PV System Estimated Payback

Utility Cost ®

INTEGRATE RENEWABLE
ENERGY



Bediyo : oq;au

Decarbonization
Project Examples




Optimization Strategies & Goals

Healthcare Example

Strategies Goals
A Design standards A Return-on-investment
A Project planning A EUI
A Commissioning ( Cx), retro -Cx, A ENERGY STAR
monitoring -based Cx A Carbon emissions
A Utility analytics

A Building automation system (BAS)
A Fundingfinancial
A Regulatory compliance




EUI Portfolio Assessment

Healthcare Example

EUI KBtw/SF)

Industry Medians* _ current
Hospital Size (SF) |ndustry B(gg(;lllr;e (thru % Change
Survey CBECS 3/2023) ASSESS CARBON
1,878,964 234.3 229.1 209.9 208.2 -0.8%

ANt 264,678  234.3 2291 1638  229.3 [+4o.0%] « Opportunity

cRiecinlolic 248,117 2343  229.1 150.0 149.4 -0.4%

MNenelie 189,726 2343  229.1  215.7 286.7 [+32.9%] «Qpportunity

Off Campusg
@Il 173,235 N/A 51.2 75.6 76.0 +0.5%
Building

*ENERGY STAR Portfolio Manager Technical Reference U.S. Energy Use Intensity by Property Type



EUI Change for RCx Buildings

Healthcare Example

Percent Change in EUI

0.00%

-5.00%

-10.00%

-15.00%

Changes in EUI 2022 vs 2020

RCx Buildings
-4.50%
-7.74%
-9.64%
-10.86%
-13.37%
-14.83%
Hospital #1  MOB #1  Hospital #2 Main Hospital #3  MOB #2 Composite
Campus EUI

Buildings

o=

2 OPTIMIZE BUILDING
PERFORMANCE




EUI Change for Non -RCx Buildings

Healthcare Example

Changes in EUI 2022 vs 2020
Non-RCx Buildings

15.00%

11.50%
10.00%

5.00%
4.31%

1.99%

__ B

Hospital #1 Hospital #2 Hospital #2 Hospital #4 MOB #3 Composite EUI

0.00%

Percent Change in EUI

-0.34%

-4.77%
-5.00%

Buildings



Energy and Carbon Tracking

Healthcare Example

D=

2 OPTIMIZE BUILDING
PERFORMANCE

Energy Use Intensity Trend for an MOB on the Main Camus
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Lessons Learned & Keys to Success
Healthcare Example

ﬁ) Establish goals and measurements for success

e Executive level buy in and stakeholder engagement

wal

F 4 ,. fQ) Energy and carbon tracking is key for continuous performance

2 ; i :_:§®> Overcoming staffing obstacles & delegate work to experts

Overcoming financial obstacles & start with the high ROI strategies
\ %) Comprehensive, continuous, customized process

/




> University Example
B AMidwest

- | T AOld buildings with

E | steam coils and high
temp hot water

¥ | | v
| b
1 el oLy o {*
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& 1 e ¥ 3 1%

A No NG over the next 15 -
17 years o how to
transition?

A Path to convert to
geothermal

SCOPE 1-EMISSIONS ELIMINATED BY 2040

Scope 1 GHG emissions result from direct, on-campus sources. To eliminate them, our first actions include
installing geothermal heating and cooling for some new construction projects (a first step in phased
transition of heating and cooling systems), electrifying our bus fleet, and launching a reveolving fund for

University Example: Decarbonization - Electrification



SIMEG Hourly Steam Usage

B 1 8id

B ndoor Track
M Keen

=2 B Revelli

B Weidenbach

Hourly Steam Energy Usage per Building Eon;t;;rBen}hSt]eam
ed tu/hr

® Canham @M Bld ®Indoor Track ® Keen ® Revelli ® Weidenbach 6 861

2017 2018 2019 2020 2021

7K &

&

Steam Peak
(kBtu/hr)

1,848

Canham

3,112

IM Bld

3,215

Indoor Track

764

Keen

63

Revelli

274

Weidenbach

kBtu/hr

0K
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O

Data Analytics

Attribute Y

AsSSESS CARBON
FOOTPRINT
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Optimization - Load Reduction Opportunities




Steam to Hot Water HX
Some perimeter heat
Reheat coil system
Two central AHUs

Air Cooled Chiller




