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Introduction/Overview

* Master Planning
« Sasaki engaged to develop campus master plan

* van Zelm engaged to develop carbon neutrality
master plan

* Master plarmsp roadmap for new buildings,
renovations and new carbon neutral campus
energy infrastructure

* Implementation

« van Zelm / Haley & Aldrich engaged to develop
concept design and Design/Build RFP — Phase
1

» Design/Build contractor will be engaged for final
design and construction

« van Zelm / Haley & Aldrich will act as “Owner’s
Engineer” for DCAMM/MMA to oversee design
and construction
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Commonwealth Climate Goals -

Ehwﬁﬁﬁaﬁﬁ

MA Climate Reduce
legislation Fossil

95%

January 6, 2023
Governor Healey announces the first Massachusetts Climate Chief

“The climate crisis is Massachusetts’ greatest challenge,
but there is enormous opportunity in our response,...”
Governor Healey
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DCAMM'’s Mission

We are stewards of the Commonwealth’s assets. We care for the

people of our state and the future of our planet.

Facilities Planning
Project Delivery
Property Management
Real Estate Services
Access & Opportunity

Contractor Services

We work with state agencies to create and manage forward-thinking, sustainable buildings
to meet the needs of the Commonwealth’s citizens and help achieve a zero-carbon future.

We are partners with fellow agencies to help them meet their strategic needs with fiscally
responsible building and real estate solutions.

We support the growth of the Commonwealth's economy and actively engage with private
sector partners to make it easier to do business with the Commonwealth.

We work to expand access, opportunity and equity to create more inclusive services,
planning and outcomes for all the citizens of the Commonwealth.




ZERO
CARBON

DCAMM Portfolio Size

DCAMM oversees the capital planning for over 1,700 major buildings comprising 61 million GSF )

Higher Education | IEEE— e 28,659,000
Public Safety (Includes Sheriffs) | GGG 11,681,000
Health and Human Services || N 6,624,000
Judiciary [ 4,868,000
Energy and Environmental Affairs | NN 4,093,000
Administration and Finance [ 2,918,000
Department of Transportation 1,658,000

Other (Includes SEC, EOLWD, EQTSS, etc.) 807,000

0 10,000,000 20,000,000 30,000,000
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DCAMM Portfolio Age

Active Major State Building Portfolio by Year of Construction (gross square feet) i

Gross Square Feet
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Operational Carbon from DCAMM Portfolio

2019 Fossil Fuel Emmissions

® Higher Ed

u Corrections

= Health and Human Services
m Courts

m Environmental

m Public Safety

m Executive

2019 reflects pre-Covid energy use patterns




Zero Carbon Initiative: Agencywide effort to meet carbon reduction goals

Infrastructure Existing Buildings New Buildings Roadmaps
Invest in low carbon Reduce operational Plan, design, and build Site specific plan for
central plants and carbon fossil fuel free decarbonization,
building infrastructgre Ready buildings for buildings cIimate-change
for heating and cooling decarbonized adaptation, and
resilience

solutions

Efficiency, Demand Reduction, Renewables, Resilience

ZERO CARBON INITIATIVE



Decarbonization Strategies

A

1

Optimize Electrify On site Green Grid Supply &
Efficient HVAC Renewables Delivery
Flexible Ground source

Solar
Wind

Biomass

OTHERS

ZERO CARBON INITIATIVE



We can’t do this alone

AIA 2030 commits to reducing fossil fuel
energy consumption.

* Design teams
* Construction industry

* Client agencies , 2030
. EEA, DPU, DOER % |
IMass save AIA 2030 commitment
- ACEC
it IDER
ENVIRONMENT
PLUS -
MASSACHUSETTS Massachusetts Department
BUILDING CONGRESS of Energy Resources

ZERO CARBON INITIATIVE



How to participate

PRF74: Energy, Climate Action, and Facility Advisory Services
contract on COMMBUYS

* January 1, 2022 — December 31, 2028

* Re-opens for new participants prior to December 2024

Designer Selection Board

https://www.mass.gov/orgs/designer-selection-board

Chapter 25A §11C
Design-Build (BoD approach)

Energy + (hybrid approach) w
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M.G.L. Chapter 25A, §11C

9 BidExpress

Sokuimimns  Massachusetts Divisinn of Caplal Ssset Managemen and Mariesance TICANSE| c 255 Energy, Waker & FAesilence

M.G.L. c. 25A: DCAMM Energy Projects
Pursuant to M.G.Lc. 25A, DCAMM awards contracts to the offeror
that demonstrably possesses the skill, ability and integrity

necessary to perform faithfully energy management services. R aeert i

RFPs on Bid Express at
c.25A E-Bid Room

Massachusetts Division of Capital Asset Management and
Maintenance (DCAMM) c.25A Energy, Waler, & Resilience

1 Ashbarion Place 15% Fipor, Boston, W& 02108

To participate:

1. Register with Bid Express
2. Complete the DCAMM C25A verification process
3. Instructions at: https://www.mass.gov/how-to/bid-on-dcamm-c25a-energy-projects

:


https://www.mass.gov/how-to/bid-on-dcamm-c25a-energy-projects

The Master Plan is an invaluable opportunity to address climate change, and
foster the resilience of Mass Maritime, the community, and the planet.




CAMPUS PLANNING

SCUP 2018 Honor Award
Arizona State Mesa Campus Master Plan

SCUP 2022 Merit Award SCUP 2020 Honor Award
UC Berkeley Campus Master Plan Emory University Framework Plan

SCUP 2022 Jury’s Choice Award
University of Kentucky Diversity, Equity,
and Inclusion Facilities and Spaces Plan
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SCUP 2016 Merit Award SCUP 2015 Merit Award SCUP 2013 Honor Award SCUP 2019 Merit Award

University of Washington Seattle University of Texas at Austin Medical University of Pennsylvania Master Virginia Tech Campus Master Plan

District Master Plan Plan

Campus Master Plan
We've received more than 900 design awards
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How can the campus grow whiL’é
eliminating GHGs? -'

Resilience planning to protect
critical infrastructure



MASS MARITIME
MASTER PLAN VISION

20% Enrollment Growth Investments in
academic, housing and student life spaces

How can the campus grow while reducing
—and eliminating — carbon emissions?

New Development
Addition
Renovation
Existing Building
Existing Trees
New Trees

Main Street

FERJINS §

Outdoor Plazas

BUTLER COVE

Fantail Expansion Student Housing
7,011 SF 38,500 SF
150 beds (doubles)

Bresnahan (Part I)

CAPE COD CANALExisting 30,000 SF, New 6,000 SF

STEM Building Power Plant

32,380 SF

Bresnahan (Part Il)
New Program 24,000
SF

Renovation
5,055 SF

\cademy Dr

Harrington Hall
Renovation 6,540
SF

Gym Addition +
Renovation
40,000 SF

Beachmoor
26,057
72 beds

@ 0’ 100" 200
Nl ol -~ |



ACADEMIC PROJECTS

New STEM building with model
sustainability and resilience priorities with
30,000 GSF of laboratory and classroom
space.

Renovation of Harrington Hall to repurpose
existing labs on the third floor.

Phased Bresnahan redevelopment to
protect vulnerable infrastructure and add
60,000 GSF of academic space.

Power plant renovation of 5,055 GSF, reuse
for aquaculture lab

.*!:I'.

~ Part1: 30,000 GSF renovation

6,000 GSF new
Use: Academic

- Next Step: Programming Study

Size: 32,000 GSF
Use: Labs

- Next Step: Full Design Services

" Size: 5,055 GSF
Use: Aquaculture lab
"' Next Step: Feasibility Study

..-"'" f

. Size: 6,500 GSF
».Use: Classrooms and Offices
Next Step: Feasibility Study

GTON v
iy,

Part2: 24,000 GSF
" Use:Academic
~ ' Next Step: Programming Study




ALIGNING GOALS

Capital improvement projects offer
opportunities to address programming,
resilience, and sustainability goals
simultaneously.

Renovation projects are be paired with
investments in energy and resilience
infrastructure.

B Programming goal
[ Decarbonization goal
| Resilience goal

Raised plinth above
base flood elevation

Raised plinth above
base flood elevation




LANDSCAPE

Learning, eating, and connecting can take
place in multiple outdoor spaces along the
new pedestrian main street.
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g Classrooms PLAZA : DECK EVENT SPACE SEATING WA e

- Labs
[ Social
B Senice




MASS MARITIME
MASTER PLAN VISION
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ACADEMIC PROJECTS

New STEM building with model
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space.
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ALIGNING GOALS

Capital improvement projects offer
opportunities to address programming,
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simultaneously.

Renovation projects are be paired with
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LANDSCAPE

Learning, eating, and connecting can take
place in multiple outdoor spaces along the
new pedestrian main street.
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SUSTAINABILITY ANALYSIS: EMBODIED CARBON

L

SWATCHES

Sparts

Turf
T&3Cac

Rioads

informal Landscaps
| 258

Wative Edge Landscape

A5

Formal Quad Landscape

Plazas
Paths

STEM

03938

Dining Addition
0278
Bresnahan

Hausing Additian

& Gym Addition

af R0

) Harmington Reno

QShac

Power Plant Reno

0252ac

@ New Paths

Stored + Sequestered CarhobBmitted Carbon

Turf
-96 tCO,
+11 tCO, stored carbon
Informal Landscape .
-549 tCO,
Native Edge Landscape .—+
-352 tCO,

Formal Quad ‘

Landscape
-54 tCO,

1700 tCO, stored carbon
with timber frame .

+15 tCO, stored carbon I

Turf
1,061 tCO, - 1,733 tCO,

Informal Landscape
109 tCO, - 217 tCO,

Native Edge Landscape
17 tCO, - 43 tCO,

Formal Quad
Landscape
211 1CO, - 343 tCO,

STEM

1,408 tCO, - 2,622
tCO,

Dining Addition
196 tCO, - 493
tCO,

Bresnahan
. 2,590 tCO, - 6,527 tCO,

Housing Addition
7,355tCO, - 17,825
tCO,

Gym Addition
1,074 tCO, - 4,340
tCO,

Harrington Reno

1,915tCO, - 4,825
tCO,
Power Plant Reno
363 tCO, - 1,469
tCO,
New Paths
1,022 tCO, - 1,602 tCO,
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ELECTRIFICATION
& ENERGY GENERATION

Existing Renewables

Wind turbine

Geothermal Wells

Rooftop PV

I:I Existing geothermal well field

m Existing rooftop PV/solar thermal
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EMBODIED CARBON

GOALS:

20% Reduction for Building
Materials

Mass Timber Feasibility for New
Construction

Maximize Storage and

Sequestration in Landscape
Materials

% New Native Plantings

(CO
@ BUILDING MATERIALS

1. Reusing existing structures over
new buildings

2. Repurpose demolished and existing
materials

3. When using new materials in
structural systems: Wood > Steel >
Concrete (with minimized cement)
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LANDSCAPE

STRATEGIES

Reduce embodied carbon in campus
landscape by prioritizing softscape
and plants over hardscape.

Plant native grasses, meadows,
shrubs, and trees rather than grass

-
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EUI (ENERGY USE = MY / .
INTENSITY) s !
P oh J 4
4 >
Reduce campus energy use by 50%: F ol 3 y
ABS Commons: v I f.’;
Existing Buildings: 41 ; Sl
; kBtuh/sf/ : &
Deep energy retrofits Cu”e;‘t EUSI: 33" ’ 4 y
“ "f 4
New buildings: Y,
EUI targets per energy modeling - ~

Company 1-6:

24 kBtuh/sflyr
Current EUI: 107

Pande Dining Hall:

76 kBtuh/sflyr
Current EUI: 184

Kurz Hall:

29 kBtuh/sflyr
Current EUI: 99

Flanagan Hall:
40
kBtuhlsflyr M 1 Bresnahan: Harrington: Athletic Center:
Current EUI: 118 46 46 25

kBtuh/sflyr kBtuh/sflyr kBtuh/sflyr

Current EUI: 73 Current EUI: 70 Current EUI: 97

Existing Building
Proposed Buildings



REDUCE ENERGY LOADS

SUSTAINABILITY GUIDELINES:
EXISTING BUILDINGS

Performance Targets
*  CBECS 25" percentile

Short-Term Strategies

Retro-commissioning

Demand control ventilation (DCV)
Occupancy and CO2 sensors
Lighting upgrades and controls
Energy recovery

Deep Energy Retrofits

High-efficiency heat pumps

Hydronic heating and cooling
Displacement ventilation

Hight efficiency energy recovery
Non-condensing cooling/radiant heating
Natural and mixed-mode ventilation

MASS MARITIME P= N SASAKI



REDUCE ENERGY LOADS

SUSTAINABILITY GUIDELINES:
NEW CONSTRUCTION

Example: New Sciences Building

Performance Targets

*  EUI =45 kBtuh/sf/yr
»  Utilize Campus Energy Loop
*  All-electric systems

Prescriptive Targets

Insulation 30% > code

WWR = 35-40%

HVAC = Energy Recovery, BMS
DHW = Heat Pump or Solar Thermal
Rooftop PV =>50% of roof area

MASS MARITIME

SASAKI



PROPOSED MICRODISTRICT
ALL ELECTRIC SYSTEMS
CARBON NEUTRAL

New Construction: PV
on > 50% of roof area

Existing Buildings: PV incorporatedinto
all renovations

Geothermal Wells

Rooftop PV

I:I Existing geothermal well field

I:I Potential geothermal well field

Existing rooftop PV/solar thermal =
- Potential rooftop PV MASS MAR|T|ME ?/f’_ S ﬂ S ﬂ K I




WOODS HOLE GROUP
FLOOD ANALYSIS
(FOR 2070)

Depth of flooding (above grade) during a 1% storm event

NTHRENRREE

0.5ft
1ft
1.5ft
2ft
2.5t
3ft
3.5ft
41t
4.5ft
5ft
10 ft
>10ft

BUTLER COVE

MASS MARITIME

@ 0’ 100°_ 200’
1" |y s N



PROPOSED FLOOD BUTLER COVE
RESILIENCE STRATEGIES

Including:

Wet and dry flood proofing for all new
projects

Reinforced edge protection

Proposed Wet Flood Proofing
Proposed Dry Flood Proofing
Existing Dry Flood Proofing
Existing Deployable Flood Barriers
Salt Marsh

Coastal Dune

Wooded Area

Native Edge Reinforcement

o
=
=
=

... Beach
Rip Rap

Seawall

Enterprise Rd

—

- MW’-‘?II.IIII{I&

CAPE COD CANAL

’ 100" 200°
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BUILDING SYSTEMS VULNERABILITY

—_ . N

ldentifying equipment location

Waste
relative to flood modeling New _ Water New
Flanagan Switch Gear Bresnahan/ Bresnahan Alumni  Company 1-6 Treatment Kurz Alumni Residence New
Hall Building  Public Safety  Addition Gym Addition & Cafetaria  plant Hall Harrington Gym Addition STEM
[12.4'] [20.75] [11.38" [11.43'] [12.827] [13.17] [12.66' [13.06] [13.06'] [12.82'] 13.1] [17.06']
[ ]
(24') e L A
e
2 T Y S B B B s B ...
. (207)
- Academic FEMA VE
|EL 18°-20°]
I Residential (18)
FEMA AE
- Student Life [EL177] EEEEEERERN
(18")
B Facilities
=== First floor level (14)
@ Boiler Plant Location (12
@ Switchgear Location
(107)
@® Generator Location
| Max. flood depth below bidg. footprint* (&)
I Min. flood depth below bldg footprint* (6)
Grade below building footprint
()
(27)
*Estimated flood depths based on
Woods Hole Group modeling for 1% storm event (0)

e

&

Kelly American
Power Bureau Info
Plant Commons
[13.547] [16.16°]
eoee
e

A
p----®

500-year [17.06°]
100-year + 30" Searise/

Storm Surge [16.36°]

100-year [13.867]

50-year [12.36']

10-year +30" Searise/
Storm Surge [11.26°]

10-year [8.76']

Mean Higher High
Water[3.99°]

Mean Sea Level [1.80']

Mean Lower Low
Water|0.00']



PHASE 1 - Short Term

PHASE 2 - Medium Term

510 years

PHASE 3 - Long Term

15-25 years

PHASING

Decarbonization and resilience
strategies will be incorporated into
all renovations and new
construction projects.

Projects connect to the campus
energy loop following energy
upgrades.

@ Floodproofing during renovation

o Short term energy upgrade during renovation
w Long term energy upgrade during renovation
[0 Connection to energy loop

Project costs are high level estimates from Sasaki. TPC assumption of 1.4

Companies 1-6

IIH‘

Harrington Hall

Power Plant

Company 8

Bresnahan Hall

ABS
Commons

Flanagan Hall

Fantail Expansion
Dining, include RCx
$9.1 million

Companies 2 -6

Selective renovations, 1 per year.
521 million total over & years

Bresnahan Hall
Short term energy
| conservation

| measures

Flanagan Hall
Shaort term energy
conservation

measures

Additi
r

Kurz Hall

Alumni Gym

Power Plant
Building renovation
$3.3 million

Company 8
150 beds
$40 miflion

- 77

. Company 1
Long-term
Energy

" Upgrades

Bresnahan Hall

Phased redevelopment with 30,000 SF of
new academic space.

Phase 1: $24.6 mil. | Phase 2: $18.5 mil.

Flanagan Hall
Long-term Energ)
Efficiency Upgrades

40

STEM
RCx

Harrington Hall
RCx
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Existing Campus Energy Systems
 Electrical Systems
« Campus served from a Single Underground Feeder at 25kv from Eversource
» 2,500KVA Service Transformer steps down to 4160V
New Campus 4160V Switchgear in Elevated Building
5 Radial 4160 Feeders Distribute across the Campus
Mostly Indoor Unit Substations for Individual Building Services
Wind Turbine Interconnection :
* 3 Microturbines & PV Generation

 Electrical Generation Systems
* 660 kKW Wind Turbine

» Solar PV
* 81 kW on First/Second Company
* 103 on ABS Commons

« Cogeneration
» 3-65 kW Capstone Microturbines serving dorms




Existing Campus Energy Systems

* Heating Systems
* Original Campus Steam Heating System
Removed / Abandoned
* |Individual Hot Water Plants Installed in
Various Buildings — Gas Fired
e Cooling Systems
« Most Campus Buildings not Fully Air
Conditioned at Present
 All Campus Cooling — Direct Expansion
 No Campus Chilled Water Systems
« All Existing Cooling Electrically Generated

i)




Existing Campus Energy Use / Carbon Emissions

MTCO,e (Electrical vs Natural Gas) MTCO,e by End Use
_Cooling
p= Electrical 3%

15%

_— Cogen Electrical
14%

— Non Cooling Grid
" Electrical Use
9%

in
Natural Gas NS —
5% - (Thermal)
Td4%

40




Building Energy Use / EUI

Building EUI

120
| I I I
A2

&
"I'\'\.-S:X {_}_} {{\Qﬁ A\

EUI (kBtu/sq.ft-yr)
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? al o @m‘?‘@
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Energy Transformation Elements

WIND
SOLAR
BIOMASS Sources
EARTH
AIR
o COMBUSTION
. HEAT PUMP /
CO nversion REFRIGERATION
DIRECT
INDIRECT
THERMAL

ELECTRIC Distribution

CONSERVATION . .
OPERATION Utilization
SUSTAINABLE

DEVELOPMENT
42



Renewable Energy Options

« Solar
« Solar Thermal
 Solar Electric (Photovoltaic)
Wind
Hydro
Biomass
* Wood Chips / Pellets
- Liquid Biofuels (Biodiesel, RFO, Ethanol jil
 Biogas (landfill, agricultural)
* Hydrogen
Conservation (Negawatts)

Photovoltaics Ocean/Tidal Energy 43




Heating / Cooling Technologies for Carbon Neutrality

> Electrical » Solar Thermal
« Air Source Heat Pumps « Solar Thermal Heating/DHW
 Ground Source Heat Pumps e Solar Driven Absorption
« Seawater Source Heat Pumps Cooling
* VRF or Hydronic « Solar/Heat Pump Hybrid
» Biomass > Hydrogen
 Wood Chip or Wood Pellet « Boilers
* BiOdiesel, Yellow Grease or . Cogeneration
RFO
 Bio-Gas » Deep well thermal

« Bio-fueled Cogeneration




Further

Technology / Fuel Source | Consideratio Comments
n

Ground Source Heat Pumps Yes Highest Efficiency, but High Cost, Site Disruption

Air Source Heat Pumps Yes Ongoing Advances in Technology/Efficiency

Wastewater Source Heat Pumps Possible Has Potential, but Application Challenges, Need More Information
Seawater Source Heat Pumps Possible Water Temp may be too cold in Winter, Application Challenges
Solar PV Yes Consider On & Off Campus Deployment, Power Purchase

Solar Thermal — DHW/Pool Heating Yes Consider for Facilities with Significant DHW Loads or Pool Heating

Solar Thermal — Space No Energy Storage Requirements, Complexity, Poor Economics

Heating/Cooling

Wind Energy Yes Consider on & Off Campus Deployment, Power Purchase
Biomass — Wood Chips/Pellets No Material Handling, Space Requirements, Resiliency Issues
Biomass — Liquid BioFuels No Equipment Compatibility, Availability, Cost

Biomass — Gaseous BioFuels Possible May Investigate Remote Gas Purchase, but High Cost at present
Hydropower - Remote Yes Potential Remote Source of Green Power

Hydropower - Tidal Possible Investigate Potential for Future Local Development

Hydrogen No High Cost, Limited Availability

Fuel Cell Based Cogeneration No High Equipment Cost, Limited and Costly Renewable Fuels .
J

Microturbine Based Cogeneration ﬁ%iiihli ﬁiﬁiiﬂ‘ﬁiﬂliii iiiiiiﬂﬂ ﬁ¥il|liiﬁ ﬁiﬂ'ﬂii ﬁﬂﬂilihiliiﬁi



Air Source Heat Pumps

* Pros
» Lower Cost than GSHP Systems .
* All Electric — No Fossil Fuel Required ~ - |
« Recent Improvements in Efficiency CurpomATOR I

Low Ambient Temperature Operation Availability
Simpler Installation, No Site Disruption 1 - RECEIVER
No Issues with Heating/Cooling Load Imbalance "Device \ '''''''''

e Cons

» Lower Efficiency than GSHP Systems, Particularly in Colder Climates

* Requires Outdoor Heat Rejection Equipment, Issues of Space, Weight, Noise,
Aesthetics

« Higher Peak Electrical Loads than GSHP Systems
« Heating/Cooling Electronically Dependent — Resiliency Issues
 Limited Availability of Air to Water Heat Pumps



Ground Source Heat Pumps

* Pros
» Highest Operating Efficiency, Lowest Operating Cost
 All Electric — No Fossil Fuel Required (assuming green power utilized)
» Peak Electrical Loads and Source Capacity Minimized
* No Issues with Operating at Low Ambient Temperatures
» External Heat Rejection Device may not be Required
* Perceived as very “Green”
» Cons
* First Cost is High — Well Fields Expensive
» Underground Piping & Wells — Significant Site Disruption, Space Required
« Heating / Cooling Electrically Dependent — Resiliency Concerns
» Heating / Cooling Imbalance may Require Larger Well Field or Supplementary
Equipment
« Heating Dominated Applications may Require Glycol fill




Considerations for Campus Heating/Cooling Systems
» Energy Efficiency

« Use minimum of fuel resource to address heating/cooling loag

« Carbon Neutrality

 Ability to use renewable/carbon neutral fuel sources
 Flexibility

 Ability to utilize new technologies and equipment when
available

* Phased Implementation

« Can be implemented in a phased manner as buildings are
constructed or renovated

-
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* Resiliency
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* Minimum Aesthetic or Acoustical Impacts to Campus

;

|

-

=

* Minimum Physical Space Requirements in Buildings o --w -
on Campus




Campus Energy Systems

Concept Approaches & Technologies
Central vs. Distributed

Fully Centralized Semi-Distributed

» Low Temperature Hot Water and Chilled * No Central Plant/Heating/Cooling
Water Distribution Equipment

 Distributed Well Fields connected by a

» Central Chillers / Heat Pumps ; iy
neutral temperature loop

» Central GSHP Well Field(s) / ASHP’s . e
_ . * Local Heat Pumps in each Building or
« Supplementary Heating/Cooling as Group of Buildings

required
. .  Energy can be shared/transferred amon
Fully Distributed Buildings °

* No Central Thermal Distribution

 Air and/or Ground Source Heat Pumps
and Well Fields for Each Building

* No Ability to Share Loads between
Buildings



Campus Energy Systems

Wellfield #1 Wellfield #2
A v v *
<N b 45 - 85°F~——
v U U v U U
Supplementary
Central Plant Hggf;lgei?gn
. jecti
Pumps
Campus Chilled Water Campus Low Temperature Hot
Distribution System Water Distribution System
(40 - 55°F) (140 - 120°F)
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Central Energy System Disadvantages

« Central Plant Development can be Capital
Intensive in Early Stages of Campus
Development

» A Central Plant Facility with Issues of
Aesthetics, Acoustics, Service, and
Environmental Discharge Required on
Campus

 Buried Distribution System Required — Site
Disruption Issues, High Cost

 Not Conducive to Remote of Distributed
Borefields
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Semi-Distributed — Neutral Temperature Loop

Wellfield

Supplementary
Heating
Equipment

NN Neutral ]
PUIT PUMP Temperature PUMP | |PUMP
Energy Transfer e L
Typical Typical
Building G 3‘) - 859F Building
HEAT_
PUMP
W
S HEAT Wellfield
Wastewater or —} 7 3, PUMP [
Seawater HX [} A .
= Typical
) Building
O
\AMNAAAAN A
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WSHP / Energy Transfer Loop Benefits

« High Energy Efficiency
* Energy Transfer between Buildings
« Heat Pumps Optimized to respond to Specific Building Loads
« Carbon Neutral
* All Electric Heating/Cooling System except for Back-up Boilers
» Highly Flexible
 New Energy Sources can be “Plugged into” Loop at anytime (such as
wastewater or seawater heat exchangers)
* Loop Energy Sources can be located anywhere on Campus
 Easily Phased
« Can be Implemented on a Building-by-Building Basis with Limited
Associated Central Infrastructure
» Resilient
 Building Plants elevated to address Flooding Concerns
* Local HW Boilers in the event of Power Outage or Equipment Failure
» Lower Cost than Central Plant and Distribution System
* No Additional Campus Space Required
* Low-Cost Distribution System



Mass Maritime Recommendations:

« Maximize Building Energy Conservation
 Utilize Existing Electrical Distribution System

« Continue Implementation of Solar and Wind Based
Electrical Generation

» Develop all-Electric Campus Heating/Cooling
System(s) using Air Source and Ground Source
Heat Pump Systems.

« Maintain Existing Boiler Plants for Back-up Purposes.
 Utilize Semi-Distributed Heating/Cooling Approach
« Utilize Off-Campus Renewably Generated Electricity

* |[nvestigate Bio-gas “wheeling” Options (landfill or agricultural)
for short term Carbon Emission Reductions




ENERGY STRATEGY FOR
CARBON NEUTRALITY

{% Potentlal Geothermal Wil Fields
4 Wind turbine
E Existing building energy Upgrades
B Fotential rooftop PV (new buildings)
Potensialrooftop PV (existing buildings)
{_ﬁ,ﬂhmpus energy lzop
G Connection to energy locp

_ I
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Impact of Conservation - Number of Wells Required

Number of Wells
Number of Wells at 25th
Building Name BAU/Existing Percentile
Pande Dining Hall 51 21
Clean Harbors 110 54
Kurz Hall 29 11
Power Plant 4 2
Flanagan Hall 9 4
Bresnahan Building 45 36
Harrington Building 62 36
Companyl-6 373 84
Company 7 54 10
New Science Building 40 25
Total 775 283
Required Borefield Area 310,000

~ 115,000
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RENEWABLE ENERGY
PROPOSED GEOTHERMAL

BUTLER COVE

1205 GeoWells x
Area / Well: 400 SF

_—Pande G b
~  Djning.—®

Total Area: 482,000 SF
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PROPOSED CAMPUS ENERGY LOOP DIAGRAM

Rooftop Solar Py

Solar shading

WWR of 35-40% |
_
Radiant Heating/Cooling .—'.— - -

Active Chilled beams

Low Energy Use Building Efvelope i_

1st floor elevated Radiant Floor Heating Heat Pump

above flood level

Ventilation

DOAS with
energy recovery

Campus Energy Loop




CAMPUS ENERGY LOOP




Low Temperature Hot Water & Its Significance

« Commercially available heat pumps will not operate over 150°F supply water temperature

« Large scale, two stage heat pumps can provide higher water temperatures, but efficiency is
compromised, availability limited

Low Temperature Hot Water Benefits

* Higher heat pump efficiency COP - Heat Pump
- u

» Lower cost distribution system

Theoretical Values

» Reduced maintenance costs 3 Hot
30 Temperature
» Higher distribution efficiency 2 o
(reduced losses) , — 30
8 15 40
o Safer for maintenance staff 10 —

« Reduced plant staffing requirements

-20 -15 -10 -5 0 5 10 15 20

* Lower life cycle cost

Cold Temperature (deg C)

engineeringtoolbox.com




Bmlalng Accommodations Tor Low Iemperafure Hot
Water

* New buildings can easily be designed for low temperature
hot water (LTHW)

« Adapting existing buildings can be challenging/costly
* All direct/indirect steam use eliminated

« Air handler heating coils
* Humidification

« Most hot water heating systems designed for 180°F+
temperatures, but often oversized

» Energy conservation measures can both save energy and
allow for reduced operating temperatures

* Every existing building has a unique solution — must be
evaluated individually

 Building load reduction measures to accommodate LTHW
operation can also produce substantial savings in
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Balancmg HGGEIHQ’COO'IHQ anas 1 GeoExcliange

Systems
« Balancing loads in GeoExchange systems

important to minimize size/cost of GeoExchange +
systems and allow high operating efficiency. A } - S ™

» Methodologies to balance loads
« Modify building loads

« Cooling imbalance

* Heat rejection equipment

« Heating imbalance

 Glycol/Water solution

Air source heat pump(s)

Solar Thermal

Biomass

Fossil fuel/carbon offsets




Borefield vs. Building Heating/Cooling Imbalance

HEATING MODE —— 100°F
| =F o5F
Maximum allowable heat pump_l: 1
Building st P Wellfield operating temperatures - = 85°F
Q=1.0 COP = 4.0 Q=.75 cooling ==
Electricity —;—
Q=.25 _;;_
—4—— 55°F
Neutral Ground Temperatures-l:— ===
COOLING MODE ~ = %F
Minimum allowable heat pump_] —=
operating temps — heating _ =4 o
. (water) == e
Building Heat Pump Wellfield = =
=1.0 COP = 4.0 _ o — —— 30°F
a R Minimum allowable heat pump J =
operating temps — heating _ —EE—ZO"F
(glycol) ==
L85 e Electricity —+
.75 Q=.25 _gg_
For equal building heating/cooling loads, == 0°F

Wellfield loads 66% higher in cooling 63
GGG



Sample Modular Heat Pump Systems
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Domestic Hot Water Options
 Domestic Hot Water a significant load on Campuses
« Residence Halls, Dining, Athletic Centers

* Domestic Hot Water must be maintained above 135°F to prevent Legionella

» Options to Produce Domestic Hot Water:
* Hot Water Source Domestic Hot \Water Heaters
» Keep Hot Water temp > 140°F or
* Provide Supplemental Electric Heat
» Dedicated Water Source Heat Pump Domestic Hot Water Heaters

» Dedicated Air Source Heat Pump Domestic Hot Water Heaters

 Electric Domestic Hot Water Heaters (small loads)




STANDARD FEATURES INCLUDE:

= 10,15, 20, 25, & 30 HP
compressor aptions

+ Stackable for reduced footprint

* Expandable in arrays of up to
aight, with zero clearance book
end spacing

= Electrical available in 480/80,3 (all
models) and 208-230/60/3 (<25HP)

* |ndustrial PLC color touchscrean with internal confrols including
lead-lag, staging, lemperatsng output

= BACnet and Modbus via MSTP or Ethernet bullt in

= 140°F ta 180°F (BO°C ta 71°C) output temperatures

& Machine sultable for cutdoor applications

= J0dL stainless stesd frame and enclosure

*  Integrated stainless steal circulatar pump

*  Double wall 316L stainless steel condenser

= Massachusatts Board of State Examinars of Plumbers
and Gas Fitters approved

= MSF/ANSI 81 potable crcuit rated, UL 1985 machine
rating

LR

AVAILABLE OPTIONS INCLUDE:
=  Comprassor VFD for improved efficiency and control
*  Femote Monitoring via ethernet, WI-Fi, or cellular
o =  Header assamblies for multiple modulas
= Single point edacirical distribution far multiple modules
*  High source cincuil for soure water temperatures over
110°F (43.3°C)
s Double wall 1161 stainiess steal evaporator 1o protect
source water (ground water sources or domestic water
cooling)

LEAD FREE
NEFIANS| 1

BE= \adeintheUsa ] C us

e LISTED
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Sample Air Source DHW Heat Pump
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Ecodan Air Source Heat Pump

. CAHV air source Key Features & Benefits:
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Thank you!

March 28, 2023
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