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Introduction:
-3

e Who are we?

o CEE Interns interested in clean
energy, emissions reduction and
efficiency

Transport

e Project start: Jan 2019

Industrial




Project Background:

e UMass Amherst purchased Mt. Ida
College on May 17, 2018

e “Leading By Example” requires UMass to
report and reduce its greenhouse gas

emissions
e The UMass Commitment to Sustainability

e Going carbon neutral

e Significant increase to UMass emissions
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By His Excellency

DEVAL L. PATRICK
GOVERNOR

EXECUTIVE ORDER NO. 484

LEADING BY EXAMPLE—CLEAN ENERGY
AND EFFICIENT BUILDINGS

WHEREAS, buildings are significant users of energy, water and
natural resources, consuming 39% of U.S. energy, S electricity
12% of U.S. potable water, and 40% of raw materials globally;

WHEREAS, the Commonwealth of Massachusetts manages over 64
million square feet of buildings at hundreds of facilities, which annually
const er 1 billion kilowatt hours of electricity, 22 million galions of
heating oil, and 46 million therms of natural gas

WHEREAS, such energy consumption results in greenhouse gas
emissions totaling more than 1.1 million tons per year, equivalent to the
emissions generated by more than 200,000 cars driven for one year

WHEREAS, environmental and health issues related to energy
consumption, such as global climate change, regional mercury
on, and urban asthma rates are critical issues that need to be
addressed immediately and comprehensively;

WHER obligation to lead by example
tate colleges and universities,
nt progress in reducing

ironmental impacts, thereby providing a model for businesses and
ons;




AASHE STARS Rating:

—

Academics: Curriculum, Research e Focusing on Aspects of the STARS
Engagement: Campus & Public Rating:
Operations: Air & Climate, Buildings, ©  Building Operations
- Emissions
nergy Efficiency

o
o
o
o

Food & Dining, Grounds, Purchasing,
Transportation, Waste, Water
Planning & Administration:
Coordination & Planning,

e Diversity & Affordability, Investment &
Finance, Wellbeing & Work

e Innovation & Leadership

Green Transportation
Sustainability

aashe

a program of

N

The Association for the Advancement
of Sustainability in Higher Education



Our Goals:

1. Establish foundational energy and GHG
emissions reporting data

2. ldentify focus areas and provide
recommendations for low-cost energy efficiency

3. Model possible deep-energy retrofit
applications for high EUl/oil burning buildings

4. Review transportation options and current
fleet vehicles and then provide options for
increased efficiency

5. Provide an updateable building by building
index and interactive GIS map to bring together
all the sources of data

6. ldentify overall sustainability opportunities
through behavioral and operational changes




Energy and Emissions

Findings




2018-2019 Energy Use
—

Total 2018/19 Building Energy Use by
Fuel Type

Oil (kBtu)
m Natural Gas (kBtu)

M Electricity (kBtu)

May 2018 - April 2019 Total Energy Use (kBtu)

m Appleton
m Barone/Guest
m Miller
President's House
m Longfellow
m Academic Tech Center
m Athletic Center
m Vet Tech + VetGen
m Chapman
m Hallden

m Shared Meter Buildings




Yearly Building Energy Use
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Yearly Building EUIs
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FY 2018 Mt Ida GHG Inventory:
.~

Total 2018/19 Building Emissions by
Fuel Type

0il (CO2¢)
[ Natural Gas (CO2e)

HE Electricity (CO2e)

Campus Wide GHG Inventory May 2018-April 2019

H Appleton
W Barone/Guest
m Miller
President's House
m Longfellow
= Academic Tech Center
W AthleticCenter
W Vet Tech + VetGen
B Chapman
m Hallden

m Shared Meter Buildings




FY 2018 Mt Ida GHG Inventory:

—
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Sum CO2e by Month

Campus Monthly GHG Emissions 2018-2019

May-18 Jun-18  Jul-18

M Electricity (CO2e)

Aug-18 Sep-18 Oct-18 Now-18 Dec-18

M Natural Gas (CO2e)

Jan-19

Number 2 Qil (CO2e)

Feb-19 Mar-19 Apr-19

May-18 Jun-18 Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19
Electricity (CO2e) 54.1 55.0 62.4 65.9 57.3 56.6 68.2 58.4 62.0 64.5 60.9 52.6
Natural Gas (CO2e) 21.2 6.8 6.7 14.9 59.9 122.0 151.9 172.6 140.7 110.0 54.6 6.4
Number 2 0il (CO2e) 3.3 0.0 0.0 2.2 4.9 8.1 13.7 10.2 13.3 12.2 5.6 2.3
Sum CO2e (metric tons) 78.6 61.8 69.1 83.1 122.1 186.7 233.7 241.2 216.0 186.6 121.1 61.3




Analysis Tools: Building Atlas

Full Building List (buildings count as one if they touch)

e All-in-one building by building data =
organization :

e Meter numbers, year built, building =
aliases, generators, mechanical systems, 2
emissions, issues, etc

Health and Counseling Center, Appleton

e Previous upgrades Generl ntormation:

Building Number: Building and Energy Planning: Notes:

Year Built: - Building: 2 story, w/ cedar shingle exterior, wood frame and asphait roof - Moving to where dental clinic was

Building Type: - Heating: an oll-fired steam boller - Possible rennovation planned

. . . Occupied (y/n): |- cooling: AC units (buildi - kristen showed us around
e Buildi ng recom mendations el 1 s e e v N el —— | i

Meter Number(s): respectively il tank in good condition
- controls are local thermostats New water heater

Fuel Type(s): oil |- there is no centralized computer control for heat and AC stone Field Foundation
- Heating Setpoints: 70 deg F if occupied, S5 deg F if unoccupied Mice issues

e Future organization and tracking fﬁf?f?ﬁém e | [t Bl
Graphics and Pictures:

+5 years to all ages!

Applaton Hall
Cauipment  Location  Mska Mosel  Sedss  Wem Cool Condiion Am
ooier Brsement MEN Wed Mctsin 3605 hoown 04 WA Good  <Syean
hermestat Seauence of Operations

2. Applied Science + Design | 6. Brown, Shaw, Wingate 7. Carlson Hall, Campus Center 8. Chapman Hall 9.Guard House | 10, Hallden Hall | 11. Health Center, Appleton |  12. Health Sciences AcademicTec L




Analysis Tools: GIS

—
e Visualize the key findings of our research

UMass Clean Energy Extension July 2019
e Establish a malleable tool to be utilized in Mount Ida Campus: Heat Pump Locations 2019
future campus planning efforts o
UMass Clean Energy Extension July 2019 j g5 '\,\
Mount Ida Campus: h ; N\
Identify o x Buildings Sharing a Single Natural Gas Meter (2019
........ = .
Identify from: [ <Top-most layer> LI (e \ 4} | N -‘
=1 boller_upgrades . / g \ [ / ! Hlgecurity Bulldlng» 4 '
ESE iy : N 4 / X oo e g
N\ y
) A
_______ - &
&Em rity Bullding ! oA
Location: [ 739,609.129 2,932,434.765 Feet - ‘l- g
— ] s
Field value -~ [
GloballD {FE4CBID-B516-4255-8D4F -SD4TF SCEF. o |
SHAPE_Length 482 447834 oy SR
SHAPE_Area 9821.497636 =
Bidg_Mame Carlson Hall '/‘
Matches_GIS_Data Yes L . - Feet
Bidg_Alias Campus Center r —r /,/-/ 0 90180 360 540 720
Year_of Construction 1992 ! | i S L’Q‘]“d
Renavation 2013 / 5 G i lcampus Boundary  Heat Pump Locations
NG_Meter_Groupings 1 l 2T B [ Parking Lots B Yes
Electrical_Meter_Groupings 1 | N r I Roads B No
Oil_Heated <null > i ! Ft Landcover
_f v L T el
Heat_Pumps > 2 0 90180 360 540 720 [ Surtace Water
Boier_Upgrade Yes et
i Legend
Generator Yes 5 et :
Bidg_Type Dining fOther /,/‘/ i1 ] campus Boundary || Shared NG Meter
> Ve . ol = it [ Single Building NG Meter
& > Landcover {227 No Natural Gas
Identified 1 feature [ surfacs Watec







Building Prioritization:

UMass Clean Energy Extension July 2019 B u | I d | n g P” or | ty
Mount Ida Campus:

P

=

TARGET BUILDINGS
e President’s House/Boulder Farm

e Chapman Hall

.ﬂ e 5 e Veterinary Technology Center
O
i 1. Increase Efficiency of Remaining Buildings
Boulder/Farn L .
Y - 2. Buildings with No Future Use
e 7T e e—— w—Fcet
=" e 0 90180 360 540 720

.~ Legend

1 | campus Boundary TzlargeYt:sd G

[ Parking Lots

I Roads [_INo
~ Landcover

[ | surface Water




Target Buildings: President’s House/Boulder Farm

Heavy oil use, high emissions
Poor thermal insulation

Roof needs replacement
Stormwater management
Very low baseline of electricity

Propane used for cooking

2018/19 PRESIDENT'S HOUSE TOTAL
ENERGY USE

M Electricity mQil

8%

Metric Tons CO2e

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Presidents Boulder GHG Inventory 2018-2019
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Number 2 Oil - CO2e  m Electricity - CO2e




President’s House: Recommendations
—

New well insulated roof

Insulate and air seal attic, replace Sin

pane windows

Install LEDs and smart plugs

Replace the boiler with a GSHP

Estimated Heating Improvements for a Ground Source Heat Pump (COP 4)
Building | Oil Heating Estimated CO2e from Estimated Estimated Estimated Estimated
Energy Use Operational 0il (metric CO2e from CO2e Saved Percent Percent
(kBtu) Savings (kBtu) | tons) GSHP (metric tons) | CO2e Saved | CO2e saved
(2018-2019) (2018-2019) Electricity for Heating | for Total
(metric tons) Energy
Boulder 267,692 200,769 19.94 5.02 14.92 74.8% 68.8 %
Farm

o

Coefficient of Performance (Heating)
N w

-

0

o

£

Heat Pump Efficiencies

65°F 55°F 45°F 35°

F 25°F 19.5°F
18.3°C 12.8°C 7.2°C 1.7°C

-3.9°C
Qutdoor Air Temperature

w——pir to Water Heat Pump
=——=Geothermal Heat Pump (Closed Loop)

w===Geothermal Heat Pump (Open Loop)

-6.9°C 15"

GSHPs have a higher avg COP vs ASHPs
Unaffected by weather

Greater temperature control
Integrative, non-intrusive design
Chimney stove insert

Table 4.1: Estimated emissions savings by installing a GSHP to provide all of Boulder Farm’s heating load.




Target Buildings: Chapman Hall

—

e Small residents hall with no AC
e Only baseboard heating
e Model for conventional building

2018/19 CHAPMAN TOTAL
ENERGY USE

M Electricity M Natural Gas

Chapman GHG Inventory 2018-2019

4.00
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3.00

Metric Tons CO2e
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Chapman Hall: Recommendations

e Install ASHPs e Air seal and insulate e LEDs and controls
Chapman Annual ASHP Energy Saving Potential Chapman Annual ASHP CO2e Saving Potential
450 25
400
5 350 _ 20
et )
2 300 S From
S 550 L 15 Natural
2 200 T-E'J Gas
= 3 10
8 150 ASHP 8
G 100 T s
50
0 0

2018/19 Energy Use Estimated ASHP Energy Use 2018/19 Emissions Estimated ASHP Emissions




Target Buildings: Veterinary Technology Center

—

e Largest energy user on campus
e Lab-type construction and high glazing

e High ventilation requirements

2018/19 VET TECH TOTAL ENERGY
USE

M Electricity M Natural Gas

Metric Tons CO2e

25.00
20.00
15.00
10.00

5.00

0.00

\3\"&»

&

Vet Tech + Gen GHG Inventory 2018-2019
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Veterinary Technology Center: Recommendations

Energy Recovery Ventilation:

Cold ,Stale Air
From Inside

Warm Fresh Air from §
Outside

Fresh Air to Inside
Pre cooled

Warm Stale Air to
Outside

3,500
3,000
2 2,500
=]
=
S 2,000
Q
1]
S 1,500
>
o
£ 1,000
w
500

o

Average Estimated Building Energy Savings with ERV
Applied to Vet Tech

Up to 25%
Savings

2018/19 Energy Use Estimate with ERV



https://upload.wikimedia.org/wikipedia/commons/e/eb/Air_to_Air_ERV.png

Target Buildings: Air Source Heat Pumps

—

Electrifying with ASHPs:

e Estimated avg COP of 2.9 vs .91 efficiency

e Replacing heating systems and adding cooling capability

e Fuel switching to electricity

e Similar emission but potential to be green

Potential Carbon Saving Benefits of Air-Source Heat Pumps

Building 2018/19 Total Estimated Total | 2018/19 Estimated Estimated Estimated
Energy Use from Energy Use CO2e (metric | ASHP CO2e CO2e Saved Percent CO2e
Electricity + NG from ASHPs and | tons) (metric tons) (metric tons) | Saved
or Oil (kBtu) Electricity
(kBtu)
President’s 291,924 115,908 21.8 8.7 131 60%
Chapman 411,434 190,831 23.5 14.3 9.2 39%
Vet Tech 3,269,692 1,996,968 202.8 149.7 53.1 26%




General Buildings: Recommendations

Improve Efficiency Through Temperature

Control
o  Schedules based on occupancy

o  Set Points for Occupied Buildings:
m 68 °Fto 72 °F for heating, 68 °F to
70 °F for cooling

o  Comfort
Condemn Qil buildings and Malloy
Renewable Energy

BMS: sensors and controls

Yelow cell = enter your own data
Green cell = result (do not change the value)
White cell = calculated value (do not change the value)

E=A*r*H*PR

Global formula :

E = Energy (kwh)

[IHO8AS vrvan

A = Total solar panel Area (m?) 6600
r = solar panel yield (%) 15%
H = Annual average irradiation on tilted panels (shadings not included)* 1461
PR = Performance ratio, coefficient for losses (range between 0.9 and 0.5, default value = 0.75) 0.75

Losses details (depend of site, technology, and sizing of the system)
- Inverter losses (6% to 15 %)

Température losses (5% to 15%)

DC cables losses (110 3 %)

AC cables losses (1 to 3 %)

Shadings 0 % to 40% (depends of site)

Losses weak irradiation 3% yo 7%

Losses due to dust, snow... (2%)

Other Losses

8%

8%

2%

2%

3%

3%

2%

0%

m?

kWh/m?.an

Total power of the system 990.0|kWp

it e S L e
Total distance: 1,379.19 ft (420.38 m)




General Buildings: Recommendations Cont.

. . . £ — - : o - —p—
e Building Metering = . 8
- _ Buildi{ Lowe. P - — |
e Electrification: Consider ASHP o Low-Tamparaiura Vapou =
] - | HI'mi“l Valva Hl:ghaPrEls.Eurﬂ, ]
o 100% switch saves ~27% i | 2 High-Temperature Vapour b
, :

Inside Coil ¥

=5 Warm Inside Air] |-

Refrigerant Heloases ,-1/
Haat fo A and Refurns
to a Liquid State

emissions I ’]ltdwr Coil Refrigerant Absarbs
Hag! from Air

(;
\

e Future Building Standards ren 4E§ and Bails to Vapour 4
X

Commitment
A N/

On-Site

| 1 Unit 3 Units

High Performance | I

Envelope

Lowe-Pressura, High-Prassura,
Lowe-Temperatura Liguid High-Temparatura Ligusd

No Natural Gas N
|| surface Water B ThA

IR A 39







Environmental Sustainability:




Environmental Sustainability:

e Rare Species Habitat and Vernal
Pools

Mount ida

e Uncovered Road Salt RN Ak ———

o  Harm native species (ex. spotted
salamander which use vernal
pools as their only breeding
ground), kill trees, change stream
chemistry, and more

® Vemnal Pools o
‘ — Streams L
I surface Water

B35 Wetlands

[0 Rare Species Habitat

e ClogBusters

o  “Stormwater picks up potential
pollutants that may include
sediment, nutrients, bacteria,
pesticides, metals, and petroleum
by-products” -U.S. Geological Survey

City of Newton Climate Change
Vulnerability Assessment and Action Plan

Natural Heritage & Endangered Species
Program (NHESP)


https://www.mass.gov/orgs/masswildlifes-natural-heritage-endangered-species-program

Unacceptable / Dlscouraged
Fixtures that produce glare and light trespass

EED
> ¢ L‘/._' =]

e Inefficient and environmentally harmful outdoor light fixtures or Poorly ahieided Fioodlights

across campus
Poorly sited solar compactors /) Ij

Unshielded Wallpacks

Environmental Sustainability:

& Unshielded or

Lack of composting Poomyshieidea Wail || L2

;[wb
Drop-Lens & Sag-Lens Fix

w/ exposed bulb / r faclo Iens

Drop- Le Ca nopy

G

Unshielded PAR
Floodlights

/\_

==




Transportation:
—

Highlight existing student commuting
trends

Explore opportunities for campus
transportation systems

Investigate the potential for electrification
of the campus fleet

Number of Trips

Distribution of Uber Rides (May '18 - June '19)

450 15%
400
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Time of Day

o9pm-10pm =

10pm-11pm mm 5

=

llpm-12am ™ o

Common Student Uber Destinations 2018/2019

Grocery Store
1%

\!

Newton Highlands

Newton Centre

35%

Shopping

3% 1%

Campus
58%

Chestnut Hill
2%




Working with Newton:

e 40% of large commercial buildings in Newton are used for
academic purposes

e Green Ribbon Commission

e Align emissions reduction and clean energy goals
o  On-site renewables
o EVtransit
o  High Efficiency Buildings

e Integrate sustainable actions with Newton’s goals and ongoing
projects

o e.g. Limebike bike share

g ) K L The Mount

L » Ida Campus
S, Yo ¢ AW




Next Steps:

—

Action ltems:

e Increase Building Efficiency

e Operational/Behavioral Modifications and
Retrofits

e Implement Campus-wide Sustainability
Measures

e Transform Mt. Ida’s Transportation Sector

A\

Future Goals:

Set future campus specific emissions goals
Develop detailed HVAC schedules
Investigate more renewable options
Retrofit cost analyses

Further develop transportation plan

Investigate energy storage



Thank You!



