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Executive Summary

The University of Massachusetts at Lowell (UML) has setan ambitious goal to achieve carbon reutrality by
2050. To progress toward this goal, UML collaborated with BR+A Consulting Engineers and Anser Advisory,
building on previoussuccess, to develop thisAlternative Erergy Master Plan(AEMP).The AEMP effort grew out
of a multi-year strategic planning process and in support of campus sustainability objectives, legislative
mandates, and university commitments. The AEMP will assist UML in achieving interim carbon reductio goals
with the ultimate goal of carbon neutrality by 2050 while aligning multiple stakeholder groups across the
campus. This report was developed through comprehensive engagement with many stakeholders, including
the Office for Sustainability; Facilities Operations and Services; Planning, Design, and ConstructioBusiness
Development (E2i); Research and Innovation; DOER; DCAMMational Grid;and representatives from UML
Academics.

Plan Goals

The Univesity of Massachusetts Lowell (UML) has six primary goals in developing a comprehensive campus
Alternative Energy Master Plan:

1. Fwbmvbuf! VNMI't! fyjtujoh! fofshz! boe! nfufsjoh-1!1 el
practices to establish accurate usage and demand baselines, and to analyze onsite electity and steam
production, building-level performance, and campuslevel energy performance on an ongoing basis;

2. Gpsfdbtu!luifl!qgsjnbsz!dbnqgvt!!boovbm!fofshz!efnbo

3. ldentify, scope and estimate specific energy sources and/or energy avings opportunities that can meet
ui fldbngvt!!hspxui!pwfs!luiflofyu! 41l zfbst!jo!bl!s

4. ldentify and design energy sources and energy savings opportunities that can enable UML to meet the
sustainability targets nboebuf e! voefs! Fyfdvuj wf! Psefs! 595! boe
voefs!luif!Bnfsjdbo! Dpmmf hf! "1 Vojwfstjuz! Qsftjefo
manner;

5. Identify physical infrastructure, operating systems (mechanical, admnistrative, etc.), advantages and
constraints for each identified location, and costs in order for UML to implement or upgrade
sfdpnnfoefe! fofshz! tusbufhjft! up! nffu! uif! dbngq
objectives; and

6. Propose mechanisms for stakeholder engagement (students, faculty, staff, and broader community)
throughout the planning process that offers opportunities for students and faculty to engage in planning,
hands-on projects, and activities associated with the renewable energygoals.
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Roadmap to Carbon Neutral

This proven roadmap to carbon neutral builds onV NM! t !

t v dltemndtive gemengy Project(AEP) load
reduction, then applies electrification technologies to shift off of fossil fuels, and then offsets the remaining

energy consumption with renewables:
1. Energy efficiency. The roadmap starts with developing a set of energy targets Energy conservation

measures (ECMs) are then applied to meet these targets prioritizinghose buildings with the highest
scores. Investment in energy efficiency reduces loads and therebyreducing the size and cost of plant

and electrification infrastructure.

2. Electrification. After sufficient load reduction is achieved, thenproven alternative energy measures
(AEMSs) are appliedto further reduce energy consumption and reliance on fossil fuels for heating The
North Plant will be transitioned from a steam-based heating system to alow-temperature hot water
heating system. The South and Eastcampus buildings will rely on standalong, electrified plants.

3. Renewables After all the energy is squeezed out of the campusa carbon offset purchase would be
required to meet carbon neutrality if the Massachusetts electricity grid is powered by anything less
than 100% renewable energy. After review with UML, on® solar PV can be deployed to reduce
operating costs, but is not a critical strategy to reducing emissions given current regulation on
renewable energy credit (REC) ownership and the critical rolthat the sale of RECs play in the economic

feasibility of these types of projects.

|
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The Selected Scenario results in significant reductions in energy and emissions. This creates a pathway towards
carbon neutrality by 2050 as well as achievement of Executive Order 594and Executive Order 484requirements.

The Selected Scenario is estimated to reduce building emissions 85% compared to emissions in 2004. About half
of this reduction is the result of grid emission reductions.

Emissions Forecast
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Implementation Timeline

The timing of energy efficiency and alternative energy projets are prioritized based on building score and
expected central plant infrastructure useful life. Energy efficiency projects for buildings on the North Campus
are prioritized in order to reduce loads ahead ofnew central plant upgrades.The South Campus bulding energy

efficiency and alternative energy projects would be prioritized next ahead of retiring the South Plant central

plant assets while maximizing their useful life. Buildings on the East Campus would also consist of standalone
heat pump heating/cooling plants.

East Campus Energy Efﬁcienci

South Campus Energy Efficiency

North Campus Energy Efﬁciency

2021 2025 2030 2035 2040 2045 2050
|l T Ll 1
North Plant North and South Plant
Upgrades Boiler End-of-Life and
Replacement
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Metering and Data Management

Energy Meterin@verview

Metering is not only a means for billing energy consumption. It serves as a powerful tool to identify where UML
should make alternative energ/ investments that offer the most cost effective solution. BR+A aggregated
metering information from multiple sources in order to identify these opportunities. Buildings are prioritized
based on key criteria: actual energy use intensity, energy consumptiorthange over time, target energy use
intensity (based on building type), combustion energy consumption, and facility condition. Buildings that rank
highest in these criteria are assumed as ideal candidates to pilot alternative energy projects. A candidatérom
each of the core building use types (lab, office/classroom, residential) has been recommended for UML
evaluation and sign-off. Olney Hall is the candidate for lab, Ball Hall is the candidate for office/classroom, and
SheehyHall is the candidate for residential.

Data ManagemerDverview

Adequate data management is critical for tracking carbon goals, identifying energy waste, and fostering a living
mbc!dbngvt/ ! Nfufsjoh!ebub!nvtu!cf!vtbcmf!boe! fbtdj mz
the impact of alternative energy projects. UML currently uses several metering platforms. BR+A recommends
centralizing metering under a single platform to streamline carbon reporting efforts.

Building management system (BMS) trend data hels to identify systems not operating at their optimal
efficiency. Current UMLBMS trend data intervals and sampling storage practices are limited such that trend
data cannot be used as a tool to troubleshoot issues. Near term changes to reduce trend intervals and increse
the maximum number of samples for all building types can help UML Facilities better understand how their
buildings are operating. Impacts to network traffic and storage requirements should be reviewed on a project
by-project basis with UML Information Technology. Cloudbased automated fault detection systems can help
reduce BMS or onsite storage requirements, as well as support UML Facilities in identifying energy waste
problems and solutions.

More granular metering and monitoring practices can also hdp foster a living lab campus. Implementation of
alternative energy projects offer opportunities for faculty, students, and staff to confirm proper operation, verify
energy savings, and, in some cases, improve system operation. As alternative energy projecare implemented,
end-use energy submetering should be explored to better understand energy increases. In office/classroom
buildings, a physical energy dashboard can empower occupants to change their behavior in the spaces they

use. In residential buildhgs, webbased dashboards can help inform students on how their dorm building

dzt ubdl t! vgqL) bhbjotu! pof! bopui f sprobfidgofdr airbuit-levelgnetdring carl e f «
unlock opportunities to conduct energy competitions at the individual lab level as well as expand research on

lab consumption loads. These practices are intended to be costeffective with more granular living lab
deployment prioritizing high energy building types.

University of Massachusetts at Lowell | Alternative Energy Master Plan 9



EnergyMetering Analysis

BR+A reviewed and aggregated bilding-by-building, campus-by-campus, and whole campus energy metering
information into an Excelbased tool in order to understand how energy and carbon are used on campus.
Building information such as use type, built/renovation date, energy meter data, ad facility condition
information was obtained from UML. With this information, energy use intensity, energy consumption change
over time, total combustion energy, and a facility condition rating were calculated. Buildings were
scored/ranked based on usageand aging systems. Buildings that rank highest in these criteria are assumed as
the ideal candidates to pilot alternative energy projects.

In the absence of building enduse submetering, typical energy enduse profiles were applied to each building
based on use type and system type. This helped the team understand how each building may use energy for
heating, cooling, pump, fan, domestic hot water, interior lighting, and plug loads. This information can then be
used as part of the Alternative Analysis pha® to prioritize projects that target the highest enduses. Also, this
information was organized by campus p North, South, and Eastp to better understand energy loads and,
therefore, potential opportunities for energy recovery and centralized plant solutios.

Whole campus energy data was reviewed for change over time and utility energy breakdowns. Patterns in
energy change over time data will help inform the 30 Year Forecast phase of the project. Breakdowns of total
campus energy into electricity and natumal gas will help inform the 30 Year Forecast and the Alternatives
Analysis. Grid electricity from renewable sources is anticipated to increase based on the Massachusetts (MA)
Clean Energy Standard (CES). This will help reduce emissions on campus. This wlilé reflected in the 30 Year
Forecast. A discussion is required between UML, BR+A, and Anser to understand how the MA CES may
influence project prioritization as part of the Alternatives Analysis phase.

Building Use Types

Buildings of similar space type af ! bouj dj gbuf e! up! i bwf! tjnjmbs! fofshz
jngpsubou!upl!efgjof!fbdi! cvj-toapplesconiparison &nt identdyfthe bigheést o b
consumers. First, buildings were defined by their use type: office, essroom, high-use lab, engineering lab,
residential, fithess center, performance, garage, plant, library, greenhouse, maintenance, ice rink, recreation, and
conference center. The use type with the greatest square footage is classroom. Higkuse labs are articipated

to be exhaust driven and have high outside air requirements resulting in higher energy consumption than
engineering labs where air may be recirculaterecirculated. Residential and office were further defined if they
contained commercial cooking, as their energy consumption/carbon emissions are anticipated be higher than

a building without. These space types were rolled up into three core use types based on anticipated energy end

use breakdown and anticipated alternative energy projects: lab, offie/classroom, and residential. The core use

type with the greatest square footage is office/classroom.

Buildings with unique energyenavt f ! csf bl epxot! boeOps! mpx! fofshz!dpot
dbuf hpsz/ ! Vtf!l uzqgft! puwdb bacage{ grechhquseu maintdidbngd, ansl ide fgnla dHigh
dpotvnfst! xjmm! sfrvjsf!tqgfdjbmj{fe! bmufsobuj wf! fofs
Power Plant and South Power Plant) were omitted from this list as to not duplicate steam @ergy consumption
metered at the building level.

Appendix C contains a list of how each building was defined.

University of Massachusetts at Lowell | Alternative Energy Master Plan 10



Floor Area by Use Type
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Campus Energy and Emissions

Ui f!ljoufou! pg!bobmz{joh!upubm!dbnqgvt! nfufffédst sl d
phase. The charts below compare total energy and total emissions yeaiwover-year. The raw data used to develop

ui jt! bobmztjt! xbt! gqspwjefel! cz! VNM! wjb! Dpngfuj uj wf!
providing total campus energy from 2017 (partial), 2018, 2019, and 2020 (partial). For the purposes of this
analysis, 2020 data was omitted given assumed nornormal operation as a result of COVIB19.

Total campus energy and emissions are relatively consistent between 2018 and 2019. Energy wasonverted

to carbon emissions using the following factors: 682 Ibs/MWh electricity and 117 Ibs/MMBtu natural gas.
Natural gas energy is the largest utility end use. Grid electricity is the largest utility emission end use. However,

a more detailed end usebreakdown is required in order to better anticipate how alternative energy projects
tipvme! cfl!gsjpsjuj{fel/llUij-bylcdhponleg¢folhd Fodeshzddfoe! dFinf it

Total Campus Energy Total Campus Emissions
Change YeabverYear Change YeaDbverYear
500,000,000 40,000
y 2% 1%
400,000,000
30,000
L
B 300,000,000 8
Q 20,000
= 200,000,000 -
100,000,000 10,000
0 0
2018 2019 2018 2019
Grid Electricity m Natural Gas Grid Electricity mNatural Gas

The charts below compare grid electricity energy and natural @s consumption year-over-year as it relates to
cooling and heating degree days. Degree days are the number of hours during the year when heating or cooling
is expected. The hypothesis is that grid electricity is correlated by cooling degree days (CDD) anthtural gas is
correlated to heating degree days (HDD). However, the data shows an inverse relationship. Grid electricity
energy consumption increased even though CDD decreased 36%, and natural gas energy consumption
decreased even though heating degree dgs increased 11%. This conclusion will have to be further reviewed
with UML to better understand the relationship between campus energy consumption and weather.

Electricity Energy vs. Cooling Degree Days Gas Energy vs. Heating Degree Days
Change YeabverYear Change YeaDverYear
200,000,000 3.000 300,000,000 7.000
2 500 250,000,000 6,000
1
50,000,000 21000 200,000,000 5,000
= a =] 4,000 8
0 A i 150,000,000
@ 100,000,000 1505 X 3,000 T
1,000 100,000,000 2,000
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0 0 0 0
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Grid Electricity ==@==Cooling Degree Days mmmm Natural Gas —e=—Heating Degree Days
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The chart below shows the hourly electricity demand of the entire Lowell Campus in 219. The coincidental
peak electricity demand of the campus is approximately 8 MW. The peak demand occurred on September 23
and is approximately IMW. This is likely driven by student moven and weather (near design cooling day: 88°F
max). Note that some high intensity buildings (i.e. Perry Hall, Pinanski Hall, and 110 Canal) do not have electricity
demand information. Additional research will have to be conducted in order to estimate peak electricity demand
in these buildings.

Hourly Total Campus Electricity Demand
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0

The UML 2012 Climate Action Plan established target goals for Scope 1 and 2 emissions by 2020 and 2030.

The table below compares thes targets to CY19 emissions for stationary and purchased electricity only. For

ui fl qvsgptft! pgltuijt!dpngbsjtpo-!jult!bttvnfel uibul!
purchased electricity (27.1%) emission end use breakdown factors. A moradetailed analysis showing this
breakdown as well as emission factor assumptions would be needed to verify these findings. This delta
between CY19 and FY2030 will help the team better understand how projects can be prioritized in order to meet

the interim 2030 goal.

Time Frame FY2011 (actua) | CY19 (actual) FY2020 (target) FY2030 (target)
Scope 1+2 Emissions | 34,567 MTCDE 33,146 MTCDE 36,884 MTCDE 28,684 MTCDE

Campusby-Campus Energy and Emissions

The Lowell Campus has three distinct campuses: North Campus, South Campus, and East Campus. The North
Campus is primarily office/classroom, but has the largest presence of lab space on campus. The South
Campus is primarily office and classroom, and the East Campus is primarily residential. The charts below do
opu! jodmvef! dz buf mmjuf!cvjmejoht L) uibu!bsf! sfmbuj wf
core use type breakdown of each campus

North Campus South Campus East Campus

15% 12% 7% 1%

34%
m Lab

m Office/Classroom
m Other

57%

Residential

51%
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The charts below show the hourly electricity demand of each campus in 2019 broken down by core use type.
The raw data used to develop this analysis was provided by UML via Hatch Data. The North Campus has the
highest electricity demand of the three campuses, primarily driven by labs. The coincidental peak demand of
the North Campus occurred on July 3T and is approximately 3.3MW. This is likely driven by coincidental loads
in labs and weather (near design cooling day: 88°F max). The demand athe South Campus is driven by
office/classroom. The coincidental peak demand occurred on September 2F and is approximately 1.5MW.
This is likely driven by student presence on campus and weather (near design cooling day: 88°F max). The
demand of the East Campus is driven by residential. The peak demand occurred on September 28and is
approximately 1IMW. This is likely driven by student presence on campus and weather (near design cooling day:
85°F max).
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The charts below show the hourlygas consumption for the North Plant and South Plant in 2019. The raw data
vifelup!efwfmpg!uijt!bobmztjt! xbt! gspwjefelcz! VNM!I w
the year is not available. Similar data gaps exist in the 2018 data. However, i$ still assumes that the North
Campus has a highergas demand than the south campus, primarily driven by labsand increased, treated
outside air. The peak hourly consumption of the North Campus occurred on December 20 and is
approximately 1,045 boiler HP. The peak hourly consumption of the South Campus occurred on January 9

and is approximately 806 boiler HP. Both instances are expected to be weather dependent. The peak hourly

consumption is significantly less than the estimated maximum plant capacity at both the North Plant and South
Plant.
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Building Use Energy and Emissions
The charts below compare core use type floor area as a percentage of total campus floor area and core use
type emissions as a percentage of total campus emissions. Seam energy consumption has been adjusted to

apply an 80% average boiler efficiency. This efficiency should be confirmed by UML. As noted above, the core

use type with the greatest square footage is office/classroom. Office/classroom also contributes to the
greatest number of emissions. However, lab emissions constitute almost a third of emissions even though labs
makes up 14% of floor area. This data suggests that alternative energy projects should initially prioritize lab
core use types as part of the Altenatives Analysis.

Floor Area by Core Use Type Emissions by Core Use Type
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mLab
m Office/Classroomnr
m Other

8% Residential

40%

38%

The charts below compare the ranges of energy use intensity (EUI) as a function of core use type. In general,

lab spaces are the most dense energy consumers followed by office/classroom. Lab EUI ranges from 115 to
316 kBtu/sf. Office/classroom EUI ranges from 41 to 254 kBtu/sf. Residential EUI ranges from 58 to 120
kBtu/sf. Higher EUI residential buildings contain dining facilities. Outliers have been removed from this part of

ui f!' bobmztjt/ ! Tff! dZEbub! Prejddatailss pot ! boe! Bopnbmj ft L} gp:

EUI Range by Core Use Type
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The chart below compares core use type fuel mix breakdown. The raw data used to develop this analysis was
provided by UML via Hatch Data and the cumulative spreadsheet. Energy consumption by fuel type was
aggregated for each building of eachcore use type in order to develop these profiles. The highest fuel type use in
residential buildings is natural gas. The highest fuel type use for office is steam. This suggests that alternative
energy projects should initially target natural gas reductionin residential and steam reduction in

office/classroom. A closer look at estimated end-use breakdowns is required to understand more specifically
what projects should be targeted in labs.

Fuel Type by Core Use Type
| | | |

Residential

Electricity
Office/Classroom
m Natural Gas

Steam

N NN N —
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The chart below compares core use type end use emissions. The ra data used to develop this analysis was
provided by UML via Hatch Data and the cumulative spreadsheet. End use breakdowns were estimated using
typical end use breakdowns for core use type adjusted for UML building specific electricitynatural gas fuel mix.
Uifltijhiftu!fofshz!foelvtflgps!fwfsz!dpsf!lvtfluzqfl!]
This data suggests that alternative energy projects should initially prioritize space heating reduction.

End Use Emissions By Core Use Type
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Solar Photovoltaic Generation

Solar photovoltaic (PV) electricity generation offset approximately 1% of campus electricity consumption in

2019. There are five solar PV arrays on campus: Bourgeois Hall (51kVMostello Athletic Center (61kW)Dugan

Hall (82kW), Leitch Hall (49kW), and South Parking Garage (154kWw* / ! Ui f ! ubcmf ! ¢ f mpx! ef 1
fmfdusjdjuz!dpotvnqujpo!boe! hfofsbujpo/! Tpvui! Qbsl j
Pnjttjpot!boe!BopnbmjftL)gps!npsfl!lefubjmt/

Building/Area Electricity Electricity Percentage
Consumption (kBtu) Generation (kBtu) Generation
Bourgeois Hall 1,096,613 147,808 12%
Costello Athletic Center 927,728 250,714 21%
Dugan Hall 2,519,844 280,569 10%
Leitch Hall 283,957 163,230 37%
South Parking Garage n/A 784,521 n/A
Total Campus 137,511,835 1,626,842 1%

The table graphs below compare hourly 2019 building electricity demad to solar PV generation. These
analyses help to better understand microgrid and battery storage opportunities. For example, Bourgeois Hall
solar generation rarely exceeds building demand. Therefore, this candidate may be a lower priority for microgrid
and/or battery storage. Inversely, Mf j udi ! | byemeration! oftep exbegds its building demand in the

summer. This may be a higher priority candidate for microgrid and/or battery storage particularly given its

variable building use. Similar profiles canbe found in AppendixD for Costello Athletic Centerand Dugan Hall.

Bourgeois Hall
Hourly Electricity Demand vs. Generation
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l

H Bourgeois Hall Electricity Demand m Bourgeois Hall Solar Demand
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m Leitch Hall Electricity Demand o Leitch Hall Solar Demand
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Building Rankings

Prioritizing the highest energy consumers for projects is the more cost effective strategy to achieving load
reductions on campus. These buildings are ideal for jots. The pilot project approach helps align multi
stakeholder decisionrmaking and build momentum such that similar strategies can be applied across all core
end uses. In order to help prioritize buildings that would be ideal candidates for pilot projectsbuildings have
been ranked across a set of key criteria: energy use intensity, energy change over time, energy use intensity
target, combustion emissions, and facility conditions. The analysis below breaks down how buildings rank in
each key criteria.

Energy Use Intensity(EUl)p Energyuse intensity is a measurement of energy densityp unit of energy per
square foot. This helps conduct an applesto-apples comparison of buildings of different sizes. Buildings
with a higher EUI are ranked higher. Below ia summary of the highest ranked buildings in this key criteria.
These rankings should be revisited once data omissions and anomalies are resolved, particularly those
involving Pinanski Hall and UMASS.owell Research Institute.

Energy Energy Combustion Facility Precinct Overall

Building Consumption Change LU Total Condition Plant Score

|
Ames N [ A
Building l 100 0 96 A\ 60 46 100 A 72
1 |
I |
|
Saab ETIC : 98 A\ I 0 36 88 A\ 0 100 A 58
1 |
fic * |
McGauvran . I 1
Center l 96 A\ 0 94 AN 79 AN\ 12 100 A\ 68 AN\
3 I I
e
/N High priority Medium priority Low priority ?  Incomplete/anomaly

Energy Change Over Timep Energy change over time can be an indicator that system operation may
cfdpnjoh! mftt!fggjdjf ou !-bbjoeetOLd! sblsufi!bmuf!bpeqjfoshb!uuj pp!of boni! sdi
energy increase between 2018 and 2019 are ranked higher. If a building decased its energy use between
3129!'boe!312:-1tuifo!b!tdpsf!pg!dzlIL) xbt! bttjhofe! vc
ranked buildings in this key criteria.

_ Energy Energy Combustion Facility Precinct Overall
LobAb] Consumption Change R Total Condition Plant Score
Wannalancit | |
Business 54 | 100 A1 64 62 22 100 55
Center 1 |
I |
i |
Concordia 62 I 96 A\ 76 AN 54 98 A\ 0 74 N
Hall 1 |
1 |
1 |
12 | # A1 2 0 22 0 13
1 |
C 2 & 3 3
/N High priority Medium priority Low priority ?  Incomplete/anomaly
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Energy Use Intensity Targetp Load reduction strategies are the first step tovard a carbon neutral future.

Load reduction strategies significantly reduce EUI. Based on building end use, BR+A has established a
ubshful! FVJ! gps! mpbe! sfevdujpo! tusbufhjft! cbtfe! pc
Energy Information Admio j t u s b u jCpnomercial Buddin®Enérgy Consumption Survef(CBECS) data.

Ui fltijhifs!lbl!cvjmejoh!t!312: 1 FVJ!jt!lgspn!uif!ubsh
ranges across core end uses relative to their associated EUI targetas well as highest ranked buildings in

this key criteria. More information is required to better understand how maintenance facilities are used on
dbngvt/!TUijt!xjmm!cf!lsfwjfxfelevsjoh!CS,B!'t!tjuf!)

EUI Range by Core Use Type
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Office/classroom
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kBtu/sf

Energy Combustion Facility Precinct Overall

Building EUI Target

Total Condition Plant Score

Consumption

|

Ames I

Building 0 | %A 1 60 6 100 A\ 72 A\
1 |
I |

McGauvran 0 LEEYIVN - 79 AN 12 100 A\ 68 A\

Center 1 |
1 |
1 |

Ball Hall 75 AN 0 [ 2 I 81 /A 94 A 100 A\ B5 A\
1 |
T

/N High priority Medium priority Low priority ?  Incomplete/anomaly

Combustion Emissions p The goal of this project is to reduce emissions on campus as the campus works
upxbset!jut!hpbm!pg!dbscpolofvusbm!cz!3161/!Fmfdus
that 80% of grid electricity in Massachusetts will be generated by renewable sources bp050. Therefore,
jult!npsf!jngpsuboulup!qsjpsjuj{f!fmfdusjgjdbujpo!
natural gas and/or steam rank higher. Below is a summary of the highest ranked buildings in this key
criteria.
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Energy Energy Combustion Facility Precinct Overall

Building EUI Target

Consumption Change Total Condition Plant Score

Olney Hall 74 100 A\ 73 N\

Fox Hall 22 100 /N 62

University

: 63 0 48
Crossing

>

22 0 50

>

2

>
L-----

/N Highpriority Medium priority Low priority ?  Incomplete/anomaly

Facility Condition p Deferred maintenance may make decisionmaking easier when it comes to implement

load reduction strategies. Buildings were reviewed for recent renovations, AEP projects, and Sightlines.
Vtjoh!uijt!jogpsnbuj po-! b andizhdddBuildipgs weredybjectiviely gcqoea bdl t d
a scale from 0-4 if exterior improvements appeared to be needed, B if building system improvements
appear to be needed, and a €l score if the building appeared to be architectural importance. Buildings wit

a higher score suggest a greater need for improvements. A total score was calculated for each building
Buildings with a greater total score are ranked higher. Below is a summary of the highest ranked buildings

in this key criteria. Building facilitysp s f t ! xj mm! cf ! sfwjtjufel!evsjoh! CS, I

_— Energy Energy Combustion Facility Precinct Overall
Ul Consumption Change LU Total Condition Plant Score
1 |
Sheehy Hall 54 2 46 ? 74 2 65 2 1 98 A 1o 67
1 |
1 1
i |
Elgﬂco"j'a 67 9% A 84 A 62 : 9% A o0 74 A
1 |
1 |
Ball Hall 85 A\ 0 92 A 7 A 1 A 1 1w A 8 A
1 |
R —— |
/N High priority Medium priority Low priority ?  Incomplete/anomaly

Precinct Priority p Centralizing heating and cooling operations improves efficiency, resiliency, and reliability.
Buildings that are best suited for central plants given relative location to ¢her buildings, critical operations,
anticipated alternative energy strategies based on core end use, and/or coincidental loads rankigher in
this category. Buildings that met this criteria were ranked with a score of 100 in this key criteria. See
Appendix E for a list of building scores.
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In summary, buildings with the highest average score are anticipated to be the best candidates for pilot alternative
energy projects. Weight factors were applied to each key criteria in order to establish an overall sire for each
building. Weight factors for energy change over time and precinct priority are lower given data omissions and to
prevent skewing of data. Weigh factors should be reviewed by UML at this stage to align with goal priority. Below
is a summary of the office/classroom, residential, and lab building with the highest average score in each core use
building type. Sheehy has replaced Concordia as a pilot building after review with UMLSee AppendixE for a list
of all building scores.

Energy Energy Combustion Facility Precinct

Building Consumption  Change EUl Target Total Condition Plant

Ball Hall 0 92 AN\ 87 AN 94 A\ 100 A\ 85 A\

I[_Dlzﬂcorclm 95 A\ B4 A\ 62 98 A\ 0 74 N

Olney Hall 0 42 9% /N 74 100 A 73 A
/N High priority Medium priority Low priority ?  Incomplete/anomaly
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Data Omissins and Anomalies

Energy metering data was reviewed for omissions and anomalies. Metering issues include data not available,
data incomplete, and suspect data. Below is a chart summarizing the buildings affected, issues, and next steps
to ensure a complete data set. Buildings have been omitted from the analysis until issues are resolved (unless
otherwise noted). Issues resolved will be included as part of the Final Report.

Affected Building

Issue

Next Steps

110 Canal Missing natural gas meter data. UML to follow up. Natural gas may be included as
part of lease. If so, UML to provide proxy building.
Not 100% UML occupancy. Not in scope of project.
175 Cabot EUI flag. Calculated EUI is unrealistic based on UML to confirm gas data is not available.
building use (<2 kBtu/sf).
Leased. Not in scope of project.
Allen House No meter information available (electricity nor | After review with UML,BR+A to develop energy

steam)

profile based buildings of similar type from
benchmarking database.

Ames Textile

EUI 1ag. Calculated EUI is high even though
cleanroom (1036 kBtu/sf).

Review with UML as part of next phase.

Allocated 20% to Ames of Ames/ Wannalancit
meters.

Alumni Hall No meter information available (electricity nor | Assumed to be metered aspart of Lydon Library
natural gas)
Coburn Hall Building underwent major renovation such Energy model data recommended for use as proxy.

that one complete year of data is not
available.

Costello Athletic Center

One complete year of data is not available.

Available 2018 and 2019 is relatively consistent
month-over-month. 2018 and 2019 data stitched
together to create complete profile. EUI still lower
than expected (~16 kBtu/sf). BR+A to develop energy
profile based buildings of similar type from
benchmarking database.

Cumnock Hall

Missing steam meter data. Missing 2018
electricity data.

Use Mahoney Hall as proxy per UML for steam.
Review with UML as part of next phase for electricity.

Dandeneau Hall

Missing steam meter data

Interim solution is to use Southwick as proxy. UML to
follow up on omission.

Durgin Hall Negative steam meter values UML to review steam meter calibration. Values {288)
have been zeroed out for the purposes of this
analysis.

Falmouth Hall EUI flag. Calculated EUI is unrealistic based on Use Kitson as proxy.

building use (11 kBtu/sf).

Graduate and
Professional Studies
Center

EUI flag. Calculated EUI is unrealistic based on
building use (25 kBtu/sf).

BR+A to develop energy profilebased on proxy
building.

P! Mfbsz! Mj cs

Negative steam meter values. Significant
steam spikes in energy consumption during
summer months.

UML to review steam meter calibration and setup.
Values (288) have been zeroed out for the purposes
of this analysis

Perry Hall

One complete year of data is not available.

Energy mocdel data used as proxy (DMI, 11/9/17).

Pinanski Hall

No meter information available (electricity nor
steam)

BR+A to develop energy profile based on proxy
building.

Rist Urban Agriculture
Farm

No meter information available (electricity only
anticipated)

Building omitted based on anticipated low energy
impact and limited alternative energy projects

Sheeney Hall

One complete year of data is not available.

Use Concordia as proxy.

UMass Lowell Research
Institute

No meter information available (electricity nor
steam)

Leased. Not in scope of project.

Weed Hall

One complete year of steam data is not

available. Missing 2018 electricity data.

BR+A to develop energy profile based buildings of
similar type from benchmarking database.

1 Boston Building Energy Reporting and Disclosure Ordinance. https://www.boston.gov/departments/environment/building-energy-reporting-and-disclosure-ordinance
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Data Management Analysis

BR+A reviewed data management practices related to metering and building management syste (BMS) trend
data. UML currently uses several sources to manage and store energy metering data. Each source was
examined for capability of current and potential future needs. Also, reports from the BMS were generatedor
all buildings to understand trend data intervals and sampling, as well as trended system parameters. Below are
recommendations to improve current practices to support tracking carbon goals, identifying energy waste, and
fostering a living lab campus.

Metering Data Management

UML currently uses several sources to manage and store energy metering data: Hatch Data, ALSOENERGY PV
Platform for solar photovoltaic generation, Automated Logic Controls (ALC) for select building metering, and

bo! Fydfm!tqgsfbetiffu!gps!tdjmfdluSfcypg anelllothd «nff ud tsij fothd *) /

Hatch Data compiles the majority of large building energy metering data. It stores building electricity
consumption and demand data as well as condensate and natural gas data. Data can be tracked at 15 minute
intervals and has data for most buildings dating back to 2017. The platform also offers diagnostic tools to
identify and offer solutions to energy anomalies. The software does not appear to integrate with UML work
order management (CAMIS Tririga) in order to centralize workorder related tasks.

ALSOENERGY PV Platform is used to store solar photovoltaic generation data. Data for all five solar PV arrays
is centralized in this platform. Data can be tracked at 15 minute intervals and has data for most buildings

dating back to 2017. Actual generation is compared to an estimated generation target. The software does not
integrate with sources of building energy consumption or demand data.

Bvupnbufe! Mphjd! Dpouspmt! )BMD=*! jt! VNM!t! cv) mejish! n
provided for most buildings. This appears to be redundant with Hatch Data efforts. In general, newer buildings

have expanded end use metering capabilities such as BTU meters for heating hot water, chilled water,
condenser water, and domestic hot wateras well as electricity consumption for cooling tower fans, ventilation
gbot-!"boe!'gvngt!uispvhi! WGE! jouf hsbujpo/!'"Jo! hfofsbm-
to Hatch Data or another software for automated analytics.

An Excelbasedsqsf beti ffu! nbovbm! )sfgfsfodfe! bt! uif! dzZDvnvml
data for select buildings. This spreadsheet is manually populated with electricity, natural gas, and water data.
Data is available in monthly intervals dating back t02012.

Centralizing metering records under a single platform will streamline carbon tracking and reporting efforts.
Centralization under an energy tracking and analysis system (like Hatch) and linking BMS submeters from the
building management system can help shift required meter data storage to the cloud, enable automated energy
analysis/fault detection in order to reduce the need for manual analysis, and automate carbon accounting. In
the near term, submeter trending, whether through the BMS or a centrated platform, is recommended given
that, in general, newer buildings have this capability. Moving forward, development of a building management
system standard, inclusive of metering requirements for construction projects, can help ensure that sufficient
end use metering is comprehensive and trended appropriately to better support facilities and carbon tracking.
As alternative energy projects are pursued, this standard will help support measurement and verification of
these efforts.

See AppendixF for list of buildings and their associated metering capabilities.
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BMS Trend Data Management

Bvupnbufe! Mphj d! Dpouspmt!)BMD*!jt!VNM!I't!cvj mejoh! nbc
most HVAC systems: boilers, chillers, air handling units, pumpsand fans. However, points are typically trended
at 15-minute intervals with maximum sampling storage of 1-4 days. In general, these practices are not sufficient
to properly review system operation, identify wasted energy/carbon instances, and support troukeshooting. In
the near term, storage retainage is recommended to be increased to at least 36 months as recommended as
part of ASHRAE 90.32016. Moving forward, development of a building management system standard inclusive
of trend parameters, intervals,and storage will help to better support facilities, streamline efforts as part of
V N B T Tutnkey Existing Building Commissioning Servicesand enable the necessary information to maximize
automated fault detection and diagnostics (AFDD). As alternative enggy projects are pursued, this standard
will help monitor technologies to ensure proper operation.

An automated fault detection and diagnostics (AFDD) system can help facilities proactively identify and
troubleshoot energy/carbon waste issues. This may irclude equipment on during unoccupied hours, systems

not tracking temperature setpoints, and simultaneous heating and cooling. AFDD not only helps identify issues,
but also identifies potential solutions p a piece of equipment left in manual overridé LJi hdobeoken valve

actuator, or a programming error. AFDD is a critical component to ensuring proper system operation and
minimizing energy/carbon waste, but it is only possible if the proper information is available within the building

management system.

Canpus Living Lab Opportunities

Acquiring, storing, and managing meter and trend datas the first step towards enabling a living lab campus. A
living lab campus may consist of enabling research, behavior change strategies, and energy competitions.
Access to metering and trend data can equip faculty, students, and staff with handson, realworld research into
smart buildings, big data, and the impact of alternative energy projects. Organization of this data can also unlock
pggpsuvojujft! upleldavidr arbuhd hpwdtitey wpd luilding ehecgy. Below are recommended
approaches to the three core building use categories:

Office/classroom Buildings p Office/classroom buildings create
nptu! pg! VNMI't! Tdpqgf! 2! boe! Tqd Building 2 | p x
large number of occupants use these buildings as transient
spaces. This begs the question: How do you empower
occupants p whether office workers are there for eight hours a

day or students just stopping in for an hour classp and hold ’
them accountable for the energy that they use while working or
studying in the building? A centrally located energy dashboard
can help serve this purpose. Energy use intensity targets can be
set for existing buildings based on historic data and for new
buildings based on energy model estimates. The dashboard
xpvme! cf! bl dmfbs! joejdbups!p
the building has used. To the right is a stock graphic offered by | simple graphics to clearlyand quickly
ALC which could be used for this purpose. This effort can also | communicate to occupants if the building is
help facilities automate energy management efforts. on track towards its energy goal

kBtu/sf
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Residential Buildingsp Residential buildings are generally occupied 24/7. The second highest end use in

ui ftflcvjmejoht!jt!lgmvh! mpbet!)tff! dizCvj mejoh! Fof sl
end use type is more difficult to manage than other end use loads given that the solution is typically not as
simple as switching to, for example, LED lighting or a more efficient boiler. Instead, this end use is typically
based on what devices students bring with them and how often theyuse them. Our recommendation to
manage this is through friendly, behavior change energy competitions. Centralizing metering to one
platform and making this information accessible to students will unlock the ability to conduct
competitions. These competitions could be run by the Office for Sustainability. Identifying and empowering
student champions can help increase participation and help manage competitions. Low cost rewards like

a pizza party or an annual trophy can help big impact energy savings. Theseanpetitions can be rolled up
joup! b! npsfl dpngsfifotjwf!ipvtjoh! gsphsbn-1!cbtfel
ensure students are educated, create habits, and are aware of their impact on their residential building and
overall campus. This will in turn help to change their behavior and interaction with other campus buildings.

As a near term strategy, data can be organized to enable these types of competitions as much of this data

is already available through Hatch Data.

Lab Buildings - Lab buildings are also 24/7 buildings but much more energy dense than residential
buildings. As the University seeks to increase research on campus, lab energy and its associated plug use

is also expected to increase. Plug loads are typically the second higest end use in lab type buildings (see
dzCvj mejoh! Fofshz!Vtf! boe! FnjttjpotlL)tfdujpo!gps!n
deployed using existing information from the building management system with simple directions outside

of labs. The goal for a shut the sash program is, if students are leaving their labs for the day, then it will
prompt them to look to see if they perhaps left a fume hood
open. As lab are renovated, fume hoods with auto sash closers
can also support this same goal.Also, circuit-level metering can
help enable energy competitions between individual labs.
Traditional submetering may quantify the energy consumed by
a panelboard with a mix of end use loads. Circuit level metering 4 REALONT TO SHUT THE SASH
enable metering of the individual circuts. This can enable easy FEEEREESEEEEEEES —
allocation of loads by labs and future proof competitions as labs i b ot GOy
are renovated. Low cost rewards like a pizza party or an annual ™ %=
trophy can help big cost energy savings. As a short term |
tusbufhz-"!dzivu! ui f playddtwhetd'fumé f
hood exhaust airflow (cfm) is available through the building
management system. Displays are recommended to be
deployed as part of any future lab renovation. Furthermore, it is
recommended that circuit-level metering should be deployed as
part of lab fitouts and major renovations to enable future

Simple displays and directions to show
- o s ) fyibvtu!bjs!gmpx!sbuf
competitions. At a minimum, space in electrical rooms should | fume hood driven spaces. The graphic above

be allotted for circuit-level metering modules during renovations | j t ! gspn! I bswbse! Voj wf
as these devices can be deployed aftermarket.
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Summary

This data will provide the foundation for future project phases. Improvements to current data management
practices including more granular interval trending and increased sampling storage can bettesupport tracking
carbon goals, identifying energy waste, and fostemg a living lab campus.The data shows that Olney Hall, Ball
Hall, and SheehyHall are the best buildings to conduct pilot alternative energy projects given that they score
highest compared to other buildings of the same core use type.These buildings willbe prioritized as part of the
Alternatives Analysis. This preliminary report will be incorporated into the Final Report based on any comments
and feedback from UML.
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3 30-Year Forecast



30-Year Forecast

It is expected that factors affectingV NM! t ' i j t upsj dbm! fofshz!boelfnjttjpo
that has driven a reduction in energy consumption in the last 510 years was the Accelerated Energy Program
(AEP). Oncampus population growth and campus area growth were the primary factors resulting in an increase
in energy consumption. It is expected that these factors will have less influence on energy consumption given
that the Accelerated Energy program has ended, ortampus population has slowed, and campus growth is
expectedup! t mpx! hj wfo! VNM!'t! efcu!dfjmjoh/!Uifsfgpsf-!bo
ui fl ofyu! gjwflzfbst! hjwfol!luiftf!gbdupst/ ! Uifl!l fyqgbot

boe! DPWJE!t! j ngbdut ! wibadlse bejfanters. @hing pogvard, lit usjexpected that these
changes in operating revenue and oncampus population will continue to play a role. However, it is expected
that capital planning! t ! gpdvt! xj mm!l tijgu! gspn! o frendvatignoftexisting dseefsp o ! |

These renovations are expected to shift less energy intensive office/classroom program to more energy
intensive lab program. Renovations are also likely to add cooling in spaces that currentlylo not have this
function. Asfps! fnjttjpot-! Nbttbdivtfuut!t! Dmfbo! Fofshz! Tu
lead to a continuously improved electrical grid over time. This will result in reduced emissions from electric
consumption. Considering all of these factors and aljusted forecasts from the U.S. Energy Information
Benj oj t uElAN)Cpnpmercidal New England data sets, BR+AAnser anticipate that energy consumption

will slowly increase 7% and emissions will decrease 39% over the next 30 years.

Energy forecasts amre subject change due to future developments in technologies, demographics, and
resources. These factors cannot be accounted for with absolute certainty. Therefore, it is recommended that
forecasting is updated on a regular basis to ensure project implemenation decisions are made with the most
up-to-date information.
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30-Year Energy and Emissions Analysis

Overview

CS,B!'vujmj{felebub!tfut!gspn!uif!V/ T/!Fofshz! Jogpsn
in order to understand the key factas affecting energy in the region. The AEO is published annually in
accordance with the Department of Energy Organization Act of 1977. Reports detail trends and projections for
energy use and supply in the United States. Regional and building sectespecific data sets are available for
estimating future electricity and natural gas consumption. This information was used as a baseline, then UML
specific factors were applied as adjustments.

CS,B! sfwjfxfeldibohft! pwfs! uif! mbampus poputatiorz and sperhtingo ! V
revenue in order to establish a correlation with changes in energy consumption. Initial findings were reviewed
xjui!nfncf st ! pgPlahhng,Desigikand GodsfructgrpasdOffice of Strategic Analysis and Data
Management. Results were inconclusive. Assumptions regarding how these factors will affect future energy
consumption were adjusted based on the available data. In additionmembers of these offices suggested that
additional factors such as increased lab piogram and expanded cooling operations would play a role in energy
changes on campus.

EIA New England Assumptions

Ui f! FIJB! ebub! tfuluibu!nptul!dmptfmz!sftfncmft! VNMIt]!
building sector. Economic growth is the primary driver of energy demand and related CO2 emissionsData sets
show relatively steady economic growth as indicated by an average 1.9% annual increase in gross domestic
product over the next 30 years. Gross square footage and population grow steadyl at an annual average of 1%

and 0.5%, respectively. This correlates with similar trends in electricity and natural gas consumption.

The electricity and natural gas data setsaccount for continued energy improvements leading up until 2026as
partofthe BF Q! boe! dpotjtufou! xjui! FIJB!'t!bttvnquj po/!Bu! ui
outweigh energy conservation decreases. BR+A estimates that the UML will not experience this same degree

of decline due the completion of the Accelerated Energ ! Qs phs b n/-Tqglffdfj!gdgvVdNMBt t vnquj |
details. In addition, electricity consumption/cooling is expected increase as cooling degree days increase, and
natural gas consumption/heating is expected to decrease as heating degree days decrease

In summary, New England Commercial total energyis expected to increase. Electricity consumption is expected
to increase 11% between 20202050 with an average annual increase of 0.3%Natural gas consumption is
expected to increase 6% between 2022050 with an average annual increase of 0.1%. High economic growth
and low economic growth scenarios are also available to demonstrate a range of how energy consumption
could change. The high economic growth scenario accounts for a 2.4% annual GDP growth, and thlew
economic growth scenario accounts for a 1.4% annual GDP growth. Energy consumption could range 1.5%
higher or lower depending on economic growth. Rawdata sets can be found in AppendixG.
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UML:-Specific Assumptions

The cumulative spreadsheet was used b aggregate energy data for the last seven (7) years. Yeaover-year
aggregates are inconsistent with CES reporting. CES reporting is believed to be accurate based on prior reviews
with UML. For example, the cumulative spreadsheet shows an increase in engy consumption whereas the
CES reporting shows a decrease in energy consumption between FY2018 to FY201®lote that CES reporting
is only available for FY2018 through FY2020. FY2020 has been omitted from the analysis due to skewed data
as a result of COVIDrelated reduced operations.

The graph below shows the inconsistent energy trends between FY2012 and FY2019 per the cumulative
spreadsheet. The cumulative spreadsheet data shows a downward trend between FY2012 and FY2015. This
appearsto generally alignwihBR+ABot f s! t ! voef stuboejoh! pg!Bmuf sobuj wf
and associated energy reduction (except for FY2014). However, the steady and subsequent increase in energy
consumption between FY2015 and FY2019 does not align with Alternatie Energy Project (AEP) implementation
ops! CS, Bl usfoet! pg! puifs!gbdupst/ ! Ui f s fDatp ©rhissibng ant t ! f
AnomaliesL,) gps! npsf!jogpsnbujpo! boel! ofyu!tufaqgt/

UML Energy Consumption

B CES Reporting s Cumulative Spreadshest
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Campus area growth is a key factor expected to influerce energy consumption. Energy consumption is
expected to increase as the campus grows in size. Data provided by the Office foPlanning, Design and
Construction was used to review changes in gross area over the last twenty (20) years. Over the last ten yes

the campus has experienced a surge in area growth; 55% increase with an average annual increase of 5%. Only
2% of this square footage is leased space. This is not included in the UML greenhouse gas inventory and,
therefore, is not included in the scopeof this project. The majority of the added area falls under the core end

vt fldzZPui fslL> ! xijdi!ljtlqgsjnbsjmz! dzQbsl joh/ L) Tff! hsbaqi
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Campus Gross Area
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After review with the Office for Planning, Design and Construction it is not expected hat this gross area
increase will continue at the same rate as experienced over the lasten (10)z f bst /! Jot uf be-1 j
dbgj ubm! gmboojoh!t!lgpdvt!xjmm!tijgu!gspn!ofx!dpotusyv
renovations are expected to shift less energy intensive office/classroom program to more energy intensive lab
gsphsbn/ ! Uif!fofshz! gpbdcditpsf dbe udd a2V gWIF 41 out! b! 21&
lab space from FY2025 to FY2050 (~6K sf per yea). This represents approximately6-7% increase in energy
consumption due to increased equipment loads and ventilation air changes (fan, heating, and cooling energy).
Jo!'hfofsbm-!jult!fygfdufe!uibu!fofshzdeklassnoomijotall sf bt f !

Also, the Office forPlanning, Design and Constructiomoted that added mechanical cooling is expected to be a

key factor on campus. Energy consumption is expected to increase in areas where mechanical cooling is added
and it did not previously exist. BR+AAnser reviewed the building management systems and building plans to

gain a better understanding of how buildings on campus are cooled. Most of this square footage is in residential
buildings. If all square footage currently not cookd is upgraded with mechanical cooling systems, it is expected

to increase energy 12% from 2025-2050. See AppendixH for a breakdown of how buildings have been

organized.
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Cooling System Types
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On-campus population growth is another key factor expected to influence energyconsumption. Increases in

on-campus population is expected to result in increases in energy consumption The majority of graduate

classes are expected to move online in future years Also, in Fall 2018, graduate students accounted for ~1%
of the on-campus student population. Therefore, undergraduate population was the focus of this study.
Furthermore, the number of faculty staff is expected to increase to support the increasing student population.
Therefore, specific patterns in faculty population are notexplicitly detailed in this report. Lastly, the UML
reporting data does not include data on support staff such as facilities. Similarly, supportstaff numbers are

expected to increase to support student population

Undergraduate oncampus population growth has slowed in the past seven (7) years. This is represented by a
pattern between Fall 2013 and Fall 2016 in which population increase compared to the previous year were 12%,

9% 5%, and 1%, respectively. See graph below for more detailSee Appendix! for a table of the information
below.Bguf s! sfwjfx! xjui!uif! Pggjdf! pg! Tusbufhjd! Bobmz
population will experience slower growth in the coming years In the short term, this may be due to student
interest may reduce given COVID. In the long term, this may be due to limited space on campus and in the city

for expansion. This expected pattern is factored into the energy and emissions forecast by adjusting the EIA
baseline to aslower rate of growth (50% adjustment factor). Note that data errors are expected in Fall 2017 and
Gbmm! 3129/ ! Tff!l dzEbub! Pnjttjpot!boe! BopnbmjftlLl gps! nj
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On Campus Undergraduate Population

5000
4500
4000
3500
3000
2500 ‘__,——""—‘—_—7
2000
1500
1000
500

0

Oncapmus Undergrads

Fall Fall Fal Fall Fall Fall Fall Fal Fal Fal Fall Fall
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Operating revenue is another key factor expected to influence energy consumption. Increases in operating
revenue may allow for building operations to expand resulting in an increase in energy consumption as well as
allow for building upgrades that could reduce energy consumption Operating revenue growth has slowed in

the past ten (10) years. In FY200&009, growth was 15% ard in FY2017-2018 growth was 5%. See graph below

for more details. This expected pattern is factored into the energy and emissions forecast by adjusting the EIA
baseline to aslower rate of growth (50% Adjustment). See AppendixJ for a table of the information below.
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30-Year Energy and Emissions Forecast

Dpotjefsjoh! bmm! I fz!gbdupst! boe! bekvtufe! gpsfdbtut!
is estimated to increase 11% over the next thirty (30) years. The baseline year is based on CES8porting for
calendar year 2019 normalized for weather. The graph below shows the yeaover-year forecast broken down

into electricity consumption and natural gas consumption. Electric energy consumption is expected to increase
14% and natural gas consumpton is expected to increase2%. SeeAppendix K for a table of the information
below.
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Dpotjefsjoh!bmm!l fzlgbdupst!boe!bekvtuf e! -@dnserénticipatay t ! ¢
that emissions will decrease by47% over the next thirty 80) years. The graph below shows the yeaover-year
forecast broken down into electricity emissions and natural gas emissions. Electric emissions are expected to
decrease 71&! bt ! b! sftvmu! pg! Nbttbdivtfuut!! DFT/! Ob®%s bm
consistent with energy reduction. At these rates, UML will not meet the EO484 2050 threshold. See Appendix

for a table of the information below and emissions factors.

Emissions Forecast

35,000
47%
{7’ 30,000
®
}_25,000
=
~ 20,000
n
&
-5 15,000 ‘ ‘ ‘ ‘ ‘
2
TR O i N U O O A N N N Y O N O _J_} _Eo4s2050___
5,000
OO T ANMTULONOVDDOANMITITULONOVDDOANMITL ON0O O
AN NN AN ANANANANNNNDOOOOOODNNMOHMONMNITITITTITITIT T I T I WO
ool eoNeoNeoNoNololololololololololololololololohohololoNoloNoloNe]
NN NN NNNNNANNNANANANANANANANNANN NN NN NN NNNN
Electricity (MTCDE) m Natural Gas (MTCDE)

University of Massachusetts at Lowell | Alternative Energy Master Plan 35



Data Omissions and Anomalies

Data was reviewed for omissions and anomalies.Below is a chart summarizing the issues and next steps to
ensure an accurate data set. Resolved issues will be included as part of the Final Report to be issues at a later
date.

Issue Next Steps

dZDvnvmbuj wf! Sfgpsuld upub | UML(D.Abrahamson)to follow up with CES to understand
higher than CES reporting and UMASSSustainability | discrepancy.

Report. Sustainability Report estimates and CES
reports are similar. Constellation and 725 Merrimack accounts were identified by
CESasthek z! dpousjcvupst/ ! Dvnvmbu
for Constellation use (only cost). Discrepancy still exists.
dznrollment At A Glancd J! s f q gampus! p o UML (S. Barich) to review and follow up.

undergraduate population unexpected drops in Fall
2017 followed by an unexpected degree of growth in | Although our overall count of students enrolling year to year has
Fall 2018 (even if Fall 2017 was normalized based on | mostly been on an increase, the growth rate has been on a
gsfwjpvt!zfbst!! gbuuf s ot |decline. Raw numbers increasing, how much we increase by (the
growth rate) is shrinking as time moves forward.

A model of this nature would also assumeinfinite growth, at
some point across the 30 years we would have to acquire new
land and build new dorms to keep up with a 7% annual on
campus increase across a 30 year span.| am not sure if that is
possible or not. Especially with bullet point number me above
and available space in the city for expansion.

Finally, | anticipate the impact of COVID to be felt for a few years
to come. We might see flat to very little growth in the education
sector as well as UML over the next couple of years.

Summary

This forecast discussed above will provide the foundation of the Alternatives Analysis will be based. Considering
allofthesegbdupst! boe! bekvtufelgpsfdbtut!gspn!uif!V/T/! Fgc
New England,energy consumption is estimated to increase 11%and emissions will decrease47%over the next

thirty (30) years. The increase in energy consumption is expected to be driven by conversiorof
office/classroom to lab, added mechanical cooling, increased operating revenue andricreased on-campus
gpgqvmbuj po/!Fnjttjpot!bsf! fygfdufelup!cf!jngbdufelqg
This preliminary report will be incorporated into the Final Report inclusive of any comments from UML.
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Default-Alternative Analysis

Default Cas®©verview

The Lowell Campus has three distinct campuses: North Campus, South Campus, and East Campus. The North
Campus is primarily office/classroom, but has the largest presence of lab space o campus. The South
Campus is primarily office and classroom, and the East Campus is primarily residential. The Default Case
assumes that the steam boilers at the North and South plants as well as themain electrical infrastructure will
be existing to remain given recent upgrades.The backlog of deferred maintenance will be replace in kind.

Based on this historic energy information, there is spare electricity capacity at the North Campus and South
Campus mains. There is anticipated on being approximately0.3MW of available capacity on theNorth Campus.
There is not enough spare capacity to addSaab Emerging Technologies & Innovation Centeand Pulichino
Tong Business Centerare tied to the North Campus electrical distribution. It is not anticipated theseor any
other buildings will be tied in at this time. Furthermore, there is anticipated on beingpproximately 1.7MW of
available capacity on the South Campus. For the East Campus, any upgrade projects will have to be evaluated
on a building by building basis. Alternative Case projectsthat include the installation all electric mechanical and
plumbing systems in lieu of gas fired equipment, and large installations of electric vehiclecharging stations will
likely need upgrades at individuabuildings. Thiswill be addressed as part of the AlternativeCase.One potential
resiliency measure in support of Executive Order No. 594 and the goals of this projects to provide a second
utility circuit to each campus, fed from a different utility substation, and configure the incoming service in a
main-tie-main configuration, with the tie breaker normally open.

Currently the North Campus peak steam demand is using 47% of the total plant capacity and the South Campus
peak steam demand is using 57% of the total plantcapacity. The capacity of the two main boilers on the North
Campus can handle the full load of the campus, therefore the third, smaller boiler is not needed to be replaced
at the end of its term. The age and required upgrades to the steamdistribution systems on campus present
further incentive to pursueand invest inelectrification strategies campus wide and eliminate the use of fossil
fuels.

UML contracts with energy suppliers for multi-year, fixed rate contracts.Inflation is expected to be the primary
driver of UML electricity and natural gas rates given the smaller impact of renewable energy and retiring assets.
Therefore, the average yeaover-year change in electricity rates is 3% with a 2050 estimated rate of $0.26/kWh.
The average yearover-year change ingas rates is 4% with a 2050 estimated rate of $23.50/Dth.

Alternative Cas@verview
Fofshz!fggjdjfodz-!fmfdusjgjdbujpo-!boe!sfofxbcmf! e
carbon neutral goal and Executive Order No. 594 energy use ianhsity (EUI) and emissions goals.
Implementation of energy conservation measures (ECMs) reduces, energy, emissions, operating costs, and
enable cost effective infrastructure by reducing heating and cooling loads. Measures were identified by using

the ASHRA Level Bvej u!l qspdfevsf /! Efubjmfel tdpgft! gps!uif! qj
boe! Ebub! Nb o b hp Bafl dall, Qlney Hdil,tahd*Sheehy Hall were developed in order to evaluate
energy, emissions, and load impacts. Two scenaios -dzH p p e LJ' b p weredisidildad inlodder to outline the

range of opportunities compared to a Default/Business-As-Vt v bm! ) dzZCBV LI ! Dbt f /! Ui ft f!
serve as standalone building options in order to provide a comparison to a centralied approach.

Compared to the Default/BusinessAs-Vt vb m! ) dZCBVLI ! Dbt f -1 ui f! Opsui! Dbn
achieve a 47% energy reduction and 35% emissions reduction. Upgrades are expected to be-albctric systems.
Based on future electricity emig j pot ! sbuf ! ) bt !-Yedr Gdiecastf, the gmizdionsirdductoii id
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fygfdufelup!cf!dmptfs!up! 82&/! Uif! Opsui ! Dbnqgvt-"! dzCf
and 42% emissions reduction. The emissions reduction is expected to be loser to 74% given the implemented
fmfdusjgjdbujpo!tusbufhjft! boe! gvuwdfblsH sGpes!f fdrbjttutLy*p d 1
emissions can be offset with renewables sources.

Ui f! Tpvui ! Dbnqgvt -! dzHp p e LI d Beehergy redudtion grfd 85%f emissions Yebudtiorj. f w
Cbtfe! polgvuvsf! fnjttj poYearsdracdst), thddmissohsuddyction is éxpeotedwoi f !
cf! dmptfs! up! 81&/ ! Uif! Tpvui ! Dbngvt-! dzCftulL)d db#é3n jt
fnjttjpot! sfevdujpo/! Cbtfe! po! gvuvaffdbsdinGpgfiopttud LI*b-u!f
reduction is expected to be closer to 74%. The remaining emissions can be offset with renewables sources.

Ui f! Fbtu! Dbngvt - ! dzHdpomehiede d Hlboferejoy reédliction ind 8686 emissions reduction.
Cbtfe! polgvuvsf! fnjttj poYearsdracdst), dhddmissohsuddyctoh is éxpeotedwoi f !
cf! dmptfs! up! 79&/ ! Ui f! Fbtu! Dbnqgvt - ! dzCfytredudtiona &nd #3%j t !
fnjttjpot! sfevdujpo/! Cbtfe! po! gvuvaffdsdInGpgfiopttud LI*b-u!f
reduction is expected to be closer to 75%. The remaining emissions can be offset with renewables sources.

The reductions outlined above are expected to greatly exceed the EUI and emissions goals dExecutive Order
No. 594. The Investment Phase will detail how these projects can be structured in order to meet these
requirement timelines.

Alternative Energy Measures comprised of centalized heating/cooling strategies and onsite renewable energy
efgmpznfou! xfsf! sfwjfxfe/! Bmufsobujwf! Fofshz! Nfbtyv
campus conditions and key parameters including: construction cost, maintenance cost, energycost, life cycle

cost, system familiarity, emissions, resiliency, and space requirements. The North Campus provides the best
opportunity for vetting alternative energy heating/cooling strategies given diversity of space types and
associated heating and coding load diversity. Eighteen (18) North Plant options were developed looking at a
variety of technologies to help rightsize the plant: groundsource heat pump, airsource heat pump, aircooled
chiller and water-cooled chiller capacities. If centralizingheating and cooling equipment on the North Plant is
desired, the option that balances all factors including future flexibility, resiliency, construction cost, operating
dptu-!nbj ouf obpldght'Ggot+AiZHppvpsed!f C3 ! Hbt ! Cpj mfalsaalldivd flelkibifity h p p
in building retrofits. As buildings are added to the central plant, the required aisource heat pumps and boiler
capacity can be added. The geothermal borefield can be completed in two phases, one for the parking lot to the
south and one for the parking lot to the north.This option also offers familiarity of gas boilers with the potential

of transitioning to biodiesel in the future. Based on decisions made by UML regarding the North Campus, the
Team will evaluate the viability of entralized heating/cooling systems on the South Campus. The East Campus

is not expected to be an appropriate site for centralized heating/cooling systems given the lack of space type

and load diversity; limited space in the urban environment; and relativéocations of buildings to one another.

VNMI't !l tjuf!gspwjeft! bo! 18d0pkwhiyrtobegenérajed a yedr romisaae RV85%p o b 1
of the total PV system capacity and annual production is proposed at parking sites. 84% of the total annual
production for systems over 100 kW-DC. Sites under 100 kW are not expected to be cost effective. Given the
current SMART program, solar PV can be used by UML as a tool to reduce operational costs but cannot be used

to offset emissions given that the utility retains ownership of the renewable energy certificate (REC) under the
SMART program. If this incentive program were to change such that owners could have ownership of the RECs,

then the RECs could be retired in support of reducing emission and carbon newality. However, many owners

may opt to sell the RECs as an additional cash flowWhile battery energy storage system BESS resiliency may

help harden UML buildings to the impacts of intermittent power disruptions, they are unlikely to supplant a liquid

fuel generator and as such would have limited impact on long term energy and climate targets.
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Default Case

ElectricaServiceReliabilityAssessment

Several of the alternative options that are being considered rely on a transitioning from a fossil fuebased
energy source to electrification options, and the addition of electrical vehicle charging stations throughout the
campus. Since these solutions will increase the electrical demand of the campus, it is important to identify the
capacity of the primary electrical service feeder that is provided from National Grid to each campus.

The North Campus is fed from (2) two 1500KVA, 13.2 KV:4160V pad mounted transformers. These
transformers in turn feed the South Campus loop distribution. There are select budings that are fed with direct
utility services from National Grid.

The South Campus is fed from a single National Grid 13.2KV circuit. This circuit serves a 3000/3750KVA, ONAN,
13.2KV: 4160V pad mounted transformer. There are (3) three buildings thatre not fed off of the North Campus
loop distribution, but rather fed with direct utility services from National Grid. The existing 3000/3750KVA
transformer was sized to accommodate the load of these buildings in the future.

On the East Campus, each indidual building is fed with an individual National Grid secondary service and there
is no centralized electrical distribution infrastructure.

Based on this information the campus electrical capacities are as follows (assuming a power factor of 0.85):

Campus Electrical Capacity Peak Demand Peak Demand
(Actual) (All Buildings)
North 2.6 MW (main) 2.3 MW 3.3 MW
South 3.2 MW (main) 1.3 MW 1.5 MW
East N/A (Decentralized) N/A (Decentralized) 1 MW

Based on this information, there is not enough spare capacityto add Saab Emerging Technologies & Innovation
Center and Pulichino Tong Business Centerare tied to the North Campus electrical distribution. It is not
anticipated these or any other buildings will be tied in at this time.

Depending on where equipment ugrades are occurring on campus, there could be downstream electrical
infrastructure limitations at the building transformer and distribution feeder level. Projects that include the
installation of all electric mechanical and plumbing systems in lieu of ga fired equipment, and large
installations of electric vehicle-charging stations will likely need upgrades at individual buildings.

There are multiple ongoing efforts on campus to increase the electrical resiliency of the electrical distribution
system. On the North and South Campuses, the existing distribution network has been upgrade to consist of a
loop primary system. This allow for isolating an individual building or cable segment in the event of a failure
without affecting other buildings.

Efforts have been made to replace aging medium voltage cable and conduit infrastructure as areas of the
campus are upgraded. In many cases, the new medium voltage cable has been rated for 15KV to provide better
insulation, and allow for the future transition to campus electrical distribution at 13.2KV.

The existing North and South Campuses are each fed with an individual utility circuit. One potential resiliency
measure is to provide a second utility circuit to each campus,fed from a different utility substation, and
configure the incoming service in a maintie-main configuration, with the tie breaker normally open. Should a
utility outage occur on one of the incoming lines, the associated primary main breaker is opened and the tie
breaker is closed (either manually or through an automatic means), and the campus then operates a single
incoming line.
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SteamReliabilityAssessment

The campus is currently sub-divided into three campuses, North Campus, South Campus, and East Campus.
North Campus and South Campus eat are served bycentral plants that include gasfired boilers creating
low pressure steam for heating. East campus is not served by a centralized system and relies on building
specific systems to deliver heating and, in some instances, coolingThe proposed alternative heating options
deviate from the reliance on fossil fuels and transition to electrification options.

Hourly gas consumption data for the North Campus and South Campus was provided by UML via Hatch Data.
In 2019, the peak hourly gas consumpion is approximately 1,045 boiler HP and 806 boiler HP for North Campus
and South Campus, respectively. The plant capacity for the North Campus is approximately 2,200 boiler HP,
and 1,400 boiler HP for the South Campus.

North Campus central plant consists of two main boilers which were replaced in 2015, and a third smaller boiler
that is near the end of its useful life (expected replacement would be 13 years).An underground fuel oil tank

on the North Campus will also need replaced within 13 years. The South Campus plant consists of three main

boilers, all of which were replaced in 2015. Campus steam distribution piping for both North and South
campuses are at the end of their life cycle and will need repaired or replaced.

Currently the North Campus pek steam demand is using 47% of the total plant capacity and the South Campus
peak steam demand is using 57% of the total plant capacityThe capacity of the two main boilers on the North
Campus can handle the full load of the campus, therefore the thirdsmaller boiler is not needed to be replaced
at the end of its term. Additional buildings can utilize the North and South Campus plants without increasing
current capacity in the short term as the campus moves towards electrification. Because the central pants are
under-utilized currently (based on loads), they present a reliable source for heatin@s itrelatesto the
equipment. Provided the current loads are not increased drastically in either campus, loss of a single boiler
would not necessarily reflecta major campus wide shutdown.

The aging steam distribution systemon boththe North Campusand South Campus will need extensive
maintenance and repair in the coming years if the system is to be kept in placeWhile the steam boilers currently

operating were installed in 2015 and have an expected lif@f approximately 30 Years, it is thedistribution piping

that will require replacement.The steam tunnelsand concrete trench systemsare already in need of
replacement within the coming 2-3 years, as well asthe preinsulated steam piping. A failure or rupture in a
steam distribution pipe will disrupt thelarge portions of thecampus and potentially leaving many
buildings unoccupiable in the heating season.Typically,these piping failures are not easy or quikly remedied,
presenting a substantial risk to the university should this occur.

Ultimately, theage and required upgrades to the steamdistribution systems on campus present further
incentive to pursueand invest inelectrification strategies campus wide and eliminate the use of fossil fuels.

Current and Future Electricity Rates
CS,B!'vujmj{felebub!tfut!gspn!uif!V/T/!Fofshz! Jogpsn
in order to forecast energy costs. The EIA data set that mostcloselys f t f ncmf t ! VNMI t ! dmj nb
is the New England Commercial building sector. Based on this data set, electricity rates are expected to slow
+0.30%. This is primarily driven by an expected increase in renewable energy assets. Natural gas is expedtto
increase +0.50% (not including inflation). This is primarily driven by an expected retirement of nuclear and coal
assets thereby focusing electricity generation on natural gas as well as electrification.

UML contracts with energy suppliers for multi-year, fixed rate contracts. The current electricity contract is with
Constellation NewEnergy and is in effect until December 1, 2023. The rate i$0.08230/kWh. The current gas
contract is with Direct Energy and is in effect until December 1, 2022. The ratis $2.53/Dth. Delivery and other
bttpdjbufe! dptut! xfsfl!ldpngj mfe! gspn!-Béndc48caterolassiwas e ! t
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Electricity Rate Assumptions

Charge Rate ($/kWh)

Supply Charge 0.08230

Distribution Charge (Peak Hour$ 0.01357

Transmission Charge 0.02714

Transition Energy Charge -0.00104

Energy Efficiency Charge 0.00967

Renewables Charge 0.00050
Natural Gas Rate Assumptions

Charge Rate ($/Dth)

Supply Charge 2.530

Gas Adjustment Factor (Peak Hourg 5.826

Local Distribution Adjustment Factor 1.007

Inflation is expected to be the primary driver of UML electricity and natural gas rates given the smaller impact
of renewable energy and retiring assets. Therefore, the average yeaver-year change in electricity rates is 3%
with a 2050 estimated rate of $0.26/kWh. The average yearover-year change in gas rates is 4% with a 2050
estimated rate of $23.50/Dth. Below outlines how the 30year electricity and natural gas rate rates are
estimated to change over the next 30 years.
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UML Natural Gas Rates
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Alternative Case

Energy Efficiency Measure Descriptions

Energz ! fggjdjfodz!jt!luiflgjstultufq! ) ECMspvaththeantentio pedubes e t
energy and move away from fossil fuels, have been identified through ASHRAE Level 1 auditsAlong with
reducing energy, ECMs also look to minimie building loads allowing building and campus plants and other
mechanical systems to be right-sized and project equipment to be lower cost. A reduction in building load,
especially on the heating side, also makes going alklectric even easier as smalleror less equipment means

less mechanical space is required. Applying ECMs and transitioning towards building electrification reduces
dependency on fossil fuels and moves reliance to the ever greener Massachusetts electric grid ultimately
resulting in significant reductions of overall campus energy cost, energy consumption and greenhouse gas
emissions.

ECM 1l1a- Wall Insulation - R-10 continuous insulation

Improve overall exterior wall Rvalue by R-10.

Measure description

There are two approaches forimplementing this measure. The first strategy, overcladding allows the work to
occur while the building is in use,but does not preserve historic character.Overcladding can be applied to any
type of existing facade.

Any overcladding approach will share common elements:

1. Wall preparation: Depending on the overcladding system, the required preparation will vary. The labor
costs of preparation should be factored into pricing comparisons between systems.

2. Air sealing with a spray on fluid applied air barrier, thepermeability of which should be determined for
optimal hygrothermal performance of the wall by anapproved envelope consultant

3. Exterior insulation: This can bein the form of a commercially available panelized system, however those
tend to be more expengve. A panel system designed for the project that is fabricated offsite may be the
most cost-effective in terms of materials and labor and will shorten construction duration. Lastly a site
built approach could also be taken which would entail more challemging quality assurance, higher labor
costs and longer construction duration. Exterior insulation used could be moisture resistant wood fiber
board as shown in this example (lowest embodied carbon)mineral wool, or even a foam based EIFS type
system (highest embodied carbon).

4. Thermally broken clips with girts or railsp There are many different products available each with different
thermal performance, structural properties, horizontal or vertical orientation, and range of available depth
to accommodate varying insulation thicknesses

5. Lastly cladding p This should be lightweight to minimize the need for additional structural engineering and
materials.

6. Optionally, if needed or desired, an interior wall can be furred out which can be insulated or notinterior
insulation options should be analyzed for hygrothermal performance to ensure longterm durability of the
final assembly.
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1/2" of existing drywall
2x4 of existing wood studs

12" of existing brick (3 layers)

8" thermally broken Cascadia Clip [~
f bt Viscon (Liquid Applied Air/Vapor Barrier)

Gutex Multitherm 200 (7 7/8")
- R=284

1" Air Gap
Standing Seam Aluminum Panel (8'«1')

Figure ##: Oveicladding example with thermally broken clip system options

The alternative approach of insulating on te interior is appropriate for historic buildings where the original
facade must be preserved.

The key here is to protect the existing masonry from water intrusion, while creating and insulated assembly that
allows drying to the interior and the exterior a order to prevent moisture buildup in the brick which will now be
colder in winter due to being cut off from interior heat by a layer of insulation, and prevent brick spalling, where
trapped moisture inside the brick freezes, expanding and breaking off pces.

The best strategy for insulating from the interior is shown below. Exterior treatment, air barrier and insulation
options should be analyzed for hygrothermal performance to ensure longterm durability of the final assembly.

Prep the exterior conaete, stucco, stone or masonry wall and
treat with silane or siloxane sealer. These sealerspenetrate
deep into the surface of the existing finish materials where
they chemically react to form a hydrophobic barrierof cross-
linked silicone resinous membranes within the pores, while
remaining vapor permeable.Siloxaneimproves the ability of
masonry to resist cracking, spalling, staining and other
damage related to water intrusion. If the existing wall has
been properly preparedthese coatings can last for five to ten
years.
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Air seal the interior with a permeable air barrier. Gypsum plaste
works quite well combined with tapes and airtight paint, but
other fluid applied vapor permeable air barriers will also do the
job nicely. Air sealing must be doneon both walls and the
intersections of the intermediate floors to the exterior wall,
across the ceiling and slab, at all rough openings and on al
service penetrations.

Windows can stay flush with exterior and be supported
internally as we see above bya wood fiber/polyurethane board.
This means the IGU is optimally aligned with the insulation layer
A in section view. The rough opening is treated with a permeable
W 0 e . air barrier flashing, window positioned with nonconductive
R . ‘ plastic shims, the shim gap filled with vapor open fibrous
insulation, then the window is sealed with airtight to preprimed
gypsum prior to being fixed with steel brackets to inside face of
wall.
In the interior, a steel stud wall is furred out, but offset from the
exterior brick wall by at least an inch to allow for fibrous vapor
permeable insulation to fill the space between the steel stud
and the masonry. The cavity is filled with insulation, then
finished off with gypsum wallboard. Since the air barrier is
outboard of the steel stud layers, electrical boxes do not need
to be air sealed.

In some instances, this approach may improve the overall appearance of the building or eliminate the need for
existing facade maintenance. It must be noted that this measure will need further studyby an approved
envelope consultant to confirm appropriate application of the overcladding system to prevent moisture issues.
Prior to making any changes it will be required to investigate the presence of any toxic materials in the existing
facade such as asbestos or PCBs and remediate as necessary.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupantomfort.

Why is this measure beig recommended for this building

Age and building type are primary drivers for recommending this measure. Older buildings are typically
constructed with insulation only between framing members resulting in thermal bridging and reduced insulation
performance or with no insulation at all.

ECM 1b- Wall Insulation - R-30 continuous insulation
Improve overall exterior wall Rvalue by R-30.
Measure description

See ECM lalt must be noted that this measure will need furtherstudy by an approved envelope consultant to
confirm appropriate application of the over-cladding system to prevent moisture issues. Prior to making any
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changes it will be required to investigate the presence of any toxic materials in the existing facadesuch as
asbestos or PCBs and remediate as necessary.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall ocupant comfort.

Why is this measure baig recommended fa this building

Age and building type are primary drivers for recommending this measure. Older buildings are typically
constructed with insulation only between framing members resulting in thermal bridging and reduced insulation
performance or with no insulation at all.

ECM 2a- Roof Insulation - R-30 continuous insulation

Install additional insulation to improve overall roof R-value by R-30.

Measure description

Add insulation to the roof surface to improve thermal performance. The intent is to increase the existing roof
insulation by adding continuous rigid roof insulation to achieve an overall Rvalue improvement. This measure
requires the replacement of the weatherproof roofing membrane. To prevent thermal bridging and maintain
anticipated thermal performance it is recommended to avoid mechanical fasteners and instead fully adhere the
insulation and roof membrane.

What metrics are improving

By implementing this measure the buildng will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupant comfort.

Why is this measure being recommended for this building

Age, building type, existing roof insulation andccondition. Older buildings that have not had a roof replacement
are ideal candidates for a new roof with increased insulation levels.

ECM 2b- Roof Insulation - R-50 continuous insulation

Install additional insulation to improve overall roof R-value by R-50.

Measure description

Add insulation to the roof surface to improve thermal performance. The intent is to increase the existing roof
insulation by adding continuous rigid roof insulation to achieve an overall Rvalue improvement. This measure
requires the replacement of the weatherproof roofing membrane. To prevent thermal bridging and maintain
anticipated thermal performance it is recommended to avoid mechanical fasteners and instead fully adhere the
insulation and roof membrane.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupant comfort.

Why is this measure being recommended for this lilding
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Age, building type, existing roof insulation and condition. Older buildings that have not had a roof replacement
are ideal candidates for a new roof with increased insulation levels.

ECM 3a- Glazing U-value/SHGC- Double-pane, U0.30/ SGHC 0.25

Replace existing window assemblies with new utilizing double pane glass achieving an assembly Walue of U-
0.30 with thermally-broken metal framing. The window assembly shall aim for a Solar Heat Gain Coefficient
value of SHGCO0.25.

Measure description

Replace existing windows with new double pane glazing and thermallybroken metal framing to improve
thermal performance by increasing overall thermal resistance. The intent is to remove existing window
assemblies and replace with new efficient doubleglazed units. Buildings with single pane glazing or older
double pane systems have reduced thermal performance and higher solar gain. Replacing them with new high
performance assemblies reduces heating and cooling loads. Prior to making any changes it wilbe required to
investigate the presence of any toxic materials in the existing window assemblies such as asbestos or PCBs
and remediate as necessary.

What metrics are improving

By implementing this measure the building will experience lower heating, coahg, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupant comfort.

Why is this measure being recommended for this building
Based on building type, age and existingvindow assembly type/ condition.

ECM 3b- Glazing U-value/SHGC- Triple-pane, U0.20/SGHC 0.25

Replace existing window assemblies with new utilizing triple pane glass achieving an assembly Walue of U-
0.20 with thermally-broken metal framing. The window assembly shall aim for a Solar Heat Gain Coeitient
value of SHGCO.25.

Measure description

Replace existing windows with new triple pane glazing and thermallyoroken metal framing to improve thermal
performance by increasing overall thermal resistance. The intent is toremove existing window assemblies and
replace with new efficient triple-glazed units. Buildings with single pane glazing or older double pane systems
have reduced thermal performance and higher solar gain. Replacing them with new high performance
assemblies reduces heating and coding loads. Prior to making any changes it will be required to investigate
the presence of any toxic materials in the existing window assemblies such as asbestos or PCBs and remediate
as necessary.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupant comfort.

Why is this measure being recommended for this building

Based on building type, age and existingvindow assembly type/ condition.
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ECM 4a- Infiltration - 0.25 cfm/sf
Perform building analysis to identify points of infiltration through the building envelope and repair issues such
that infiltration rates do not exceed 0.25 cfm/ sf of envelope area at0.3 inches w.c. (75 Pa).

Measure description

Reduce existing amounts of air leakage through building envelope by remediating cracks, leaks and other
means of unintended ambient air infiltration. The intent is to test the building for air leakage and tcseal or
repair problems. This requires a blower door test which lowers the inside pressure using temporary fans that
pull air out of the building. This process identifies areas of the building that are not sufficiently sealed and
require repair. Afterrepair the blower door test can be reperformed to ensure the infiltration criteria set forth
has been achieved.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupant comfort.

Why is this measure being recommended for this building
Based on building type, age and existingacade condition.

ECM 4b- Infiltration - 0.10 cfm/sf

Perform building analysis to identify points of infiltration through the building envelope and repair issues such
that infiltration rates do not exceed 0.10 cfm/ sf of envelope area at 0.3 inches w.c. (75 Pa).

Measure description

Reduce existing amounts of air leakage throudn building envelope by remediating cracks, leaks and other
means of unintended ambient air infiltration. The intent is to test the building for air leakage and to seal or
repair problems. This requires a blower door test which lowers the inside pressuraising temporary fans that
pull air out of the building. This process identifies areas of the building that are not sufficiently sealed and
require repair. After repair the blower door test can be rgoerformed to ensure the infiltration criteria set forth
has been achieved.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, reduced peak heating and cooling and improved overall occupant comfort.

Why is this measure being recommended for this building
Based on building type, age and existing fagade condition.
ECM 5a- Air-side Systems - Decoupled systems (low)

Reconfigure or replace existing air handling units such ventilation air is conditioned separately from other
building loads.

Measure description

Configure building air handling units such that ventilation load is decoupled from other building loads. Generally
speaking a central 100% outdoor air unit with energy recovery shall be sized to only meet wélation
requirements while localized terminal units (fan coils) meet all other heating and cooling loads. The intent is to
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modify or replace existing air handling units such that they include energy recovery and provide 100% outdoor
air for ventilation only and be tied to zonal 4pipe fan coil units.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption, and reduced peak heating and coolingby reducing the amount of outdoor air.

Why is this measure being recommended for this building
Based on building type(residential/office -classroom), age and existingair handling configuration.

ECM 5b- Air-side Systems - Decoupled systems (high)

Reconfigure or replace existirg air handling units such ventilation air is conditioned separately from other
building loads.

Measure description

Configure building air handling units such that ventilation load is decoupled from other building loads. Generally
speaking a central 100% outdoor air unit with energy recovery shall be sized to only meet ventilation and lab
make-up air requirements while localized terminal units (fan coils) meet all other heating and cooling loads.
The intent is to modify or replace existing air handlingunits such that they include energy recovery and provide
100% outdoor air for ventilation only and be tied to zonal 4ipe fan coil units.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan @d pump energy
consumption, and reduced peak heating and coolingby reducing the amount of outdoor air.

Why is this measure being recommended for this building
Based on building type(lab), age and existingair handling configuration.

ECM 5c- Air-side Systems - Constant to variable volume (low)

Reconfigure or replace existing air handling units to operate as variable volume. This measure focuses on
buildings with lower airflow capacity (low cfm/ ft 2).

Measure description

Upgrade or replace constart volume existing air-handling units with a variable volume air distribution system.
This involves providing variable volume airflow via variable frequency drive control and variable flow terminal
units. The intent is to upgrade the air distribution sysem such that it can modulate airflow to meet varying
building loads. Reducing aifflow results in lower fan use and less reheating, along with decreased cooling and
pump use.

What metrics are improving

By implementing this measure the building will expeience lower heating, cooling,fan and pump energy
consumption.

Why is this measure being recommended for this building

Based onbuilding type (norHlab) and existing air handling configuration.
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ECM 5d- Air-side Systems - Constant to variable volume (high)

Reconfigure or replace existing air handling units such that they can operate as variable volume. This measure
focuses on buildings with higher airflow capacity (high cfm/ ft2).

Measure description

Upgrade or replace constant volume existing airhandling units with a variable volume air distribution system.
This involves providing variable volume airflow via variable frequency drive control and variable flow terminal
units. The intent is to upgrade the air distribution system such that it can nodulate airflow to meet varying
building loads. Reducing aifflow results in lower fan use and less reheating, along with decreased cooling and
pump use.

What metrics are improving

By implementing this measure the building will experience lower heating,cooling, fan and pump energy
consumption.

Why is this measure being recommended for this building

Based on building type(lab) and existing air handling configuration.
ECM 5e- Air-side Systems - Airflow setbacks

Provide controls to reduce unoccupied ninimum airflows.
Measure description

Provide controls that allow room airflow minimums to reset lower when a space is unoccupied. The intent is
to reduce unnecessary airflow in spaces when loads are satisfied and the space is unoccupiedWhen a space
is occupied there is a minimum airflow required to meet ventilation and comfort requirements. When a space
is unoccupied as indicated via an occupancy sensor there is no longer a need to meet these requirements. The
sppn! xj mm! hp! j ou pnpg &lowing thecapfldvd mirgmurm ® Yeset tdé aulawgr value as long as the
loads are satisfied. This is recommended for spaces that are non-critical in nature such as offices, classrooms
and conference rooms. This measure also falls under ECMs 10a & 10c buis intended as a standalone
measure.

What metrics are improving

By implementing this measure the building will experience lower heating, cooling, fan and pump energy
consumption.

Why is this measure being recommended for this building

Based on building type, space typeand existing controls.

ECM 5f- Air-side Systems - Air quality (Aircuity, particle counters)
Provide controls to reduce unoccupied minimum airflows.
Measure description

Provide controls that allow space airflow design minimums to reset lower when conditions meet air quality
monitoring (lab) or particle counter monitoring (cleanroom) setpoints. The intent is to reduce unnecessary
airflow in spaces when loads are satisfied and the space meets minimum air quality or particle counset-points.
This is recommended for chemical laboratory or cleanroom type spaces.
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What metrics are improving

By implementing this measure the building will experience lower heating, coolingfan and pump energy
consumption due to reduced outdoor air and fan operation.

Why is this measure being recommended for this building
Based on building type,space type,age and existingair handlersthis approach is recommended.

ECM 6a- Air-side Energy Recovery 70% (Single Wheel Recovery)

Improve or provide means of recovering energy from building exhaust with a minimum recovery effectiveness
of 70%.

Measure description

Install or upgrade to a total enthalpy energy recovery wheel. The intent is to increase the amount of energy
recovered from the exhaust air dream to in turn reduce the amount of heating and cooling required. This is
recommended only for non-ab type spaces. Enthalpy energy recovery wheels use rotating desiccant wheels
to transfer sensible and latent energy from the exhaust air stream to thesupply air stream.

What metrics are improving

By implementing this measure the building will experience reduced heating and coolingloads due to the
recovery of energy that would otherwise be wasted through the exhaust.

Why is this measure being recommeded for this building
Based on huilding type and space typethis approach is recommended.

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)

Improve or provide means of recovering energy from buildingexhaust with a minimum recovery effectiveness
of 90%.

Measure description

Install or upgrade to an exhaust heat regen system. This system is similar in technology to heat wheel heat
recovery using desiccant media but instead uses two alternating cores in lieu of a wheel. This advancement
allows one core to recovery exhaust heat while the second preheats the outdoor air. When the second core can
no longer preheat, the cores switch. This increases effectiveness of the system by preventing frost on the heat
recovery media and eliminating the frost cycleheating that would otherwise be required.

The intent is to increase the amount of energy recovered from the exhaust air stream to in turn reduce the
amount of heating and cooling required. This is recommended only for norlab type spaces.

What metrics are improving

By implementing this measure the building will experience reduced heating and coolingloads due to the
recovery of energy that would otherwise be wasted through the exhaust.

Why is this measure being recommended for this building

Based onbuilding type and space typethis approach is recommended.
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ECM 6c¢- Air-side Energy Recovery 50% (Runaround Coil)

Improve or provide means of recovering energy from buildingexhaust with a minimum recovery effectiveness
of 50%.

Measure description

Install or upgrade to a conventional glycol runaround heat recovery system. The intent is to increase the amount
of energy recovered from the exhaust air stream to in turn reduce the amount of heating and cooling required.
Glycol runaround heat recoveryuses a closed loop system with hydronic coils located in the exhaust and supply

airstreams. Pumps move the glycol between the coils to transfer sensible heat between the exhaust and supply
as needed. This is recommended only for laboratory type spaces Wwere supply and exhaust air streams cannot

be mixed.

What metrics are improving

By implementing this measure the building will experience reduced heating and coolingloads due to the
recovery of energy that would otherwise be wasted through the exhaust.

Why is this measure being recommended for this building
Based on huilding type and space typethis approach is recommended.

ECM 6d- Air-side Energy Recovery 70% (DOAS Konvekta + Heat Pump)

Improve or provide means of recovering energy from buildng exhaust with a minimum recovery effectiveness
of 70%.

Measure description

Install or upgrade to a high performance glycol runaround heat recovery system in combination with exhaust
source heat-pump chiller. The intent is to increase the amount of erergy recovered from the exhaust air to in
turn reduce the amount of heating and cooling required. This technology combines high performance
runaround heat recovery coils with an airsource heat pump chiller to maximize system heat recovery
effectiveness. Konvekta heat recovery uses specially designed coils along with advance control algorithms to
maximize heat transfer between the supply and exhaust airstreams. The heat pump is designed such that it
can remove more heat from or reject more heat to the bulding exhaust air stream and transfer it to where it
can pretreat outdoor air more efficiently than the heat recovery coils alone. This is recommended only for
laboratory type spaces where supply and exhaust air streams cannot be mixed.

What metrics are improving

By implementing this measure the building will eperience lower heating and coolingenergy.
Why is this measure being recommended for this building

Based on huilding type and space typethis approach is recommended.

ECM 7a- Water-side Systems - Standalone VRF

Increase cooling energy efficiency by installing advanced VRF systems to provide cooling in lieu of a traditional
cooling system.

Measure description

Install or upgrade to efficient Variable Refrigerant Flow (VRF) systems for corfort cooling. The intent is to
provide cooling in spaces where the ventilation can be decoupled from cooling loads such as in office and
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classroom type space. VRF differs from other types of cooling in that it moves refrigerant throughout the
building to indoor units located directly in the conditioned space. As the space loads change, VRF has the ability
to modulate the refrigerant flow to each indoor unit so that it only consumes enough energy to meet the load.
There is also an option that allows forheat recovery for buildings that regularly have simultaneous heating and
cooling further enhancing efficiency.

What metrics are improving

By implementing this measure the building willbenefit from reduced cooling energy when compared to most
alternatives.

Why is this measure being recommended for this building
Based on huilding type, space type and ease of retrofithis approach is recommended.

ECM 7b- Water-side Systems - Standalone AWHP

Add Air to Water Heat Pump (AWHP) heating system to inease heating efficiency over other electric heating
alternatives.

Measure description

Install or upgrade to efficient heat pump heating. The intent is to provideheating using air to waterheat pumps
in lieu of using electric boilers or electric residance. AWHP technology uses the refrigerant cycle to remove
heat from the ambient air and transfer it to the hot water loop similar in place of a boiler. This process is
significantly more energy efficient than using standard electric resistanceheating. It also eliminates site carbon
emissions in comparison to natural gas heating.

What metrics are improving

By implementing this measure the building will benefit from reduced heating energy when compared to other
electric heating alternatives.

Why isthis measure being recommended for this building
Based on building type, existing heating source and available outdoor space to locate the AWHP units.

ECM 7c- Water-side Systems - Pump VFDs

Increase pumping energy efficiency by installing variablespeed drives on pumps.
Measure description

Install variable speed drives on pumps that currently operate at constant volume to allow pumps to modulate
flow based on load. Differential pressure sensors shall also be installed to monitor the pressure acrss the loop
supply and return. Additionally, all 3vay valves on the system shall be converted to 2way.

What metrics are improving

By implementing this measure the building will benefit from reduced pumping energy.
Why is this measure being recommeded for this building

Based on building current pumpcontrol, operation and motor horsepower.

ECM 8a- Lighting - LED Conversion

Increase lighting efficiency and appearance by replacing existing inefficient lighting with new LED fixtures.
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Measure descrigion

Upgrade all existing lighting to LED lighting fixtures. The intent is to convert any interior lighting fixtures to
energy efficient LED where they have not been already. LED lighting is more efficient and has a longer life
reducing the need for redacement.

What metrics are improving

By implementing this measure the building willbenefit from reduced lighting and cooling energy.
Why is this measure being recommended for this building

Based on existing lighting fixtures

ECM 8b- Lighting - Occupancy Sensors

Install occupancy sensors to turn off lighting when spaces have been unoccupied after a period of time.
Measure description

Install lighting occupancy sensors. The intent is to add occupancy sensors where not currently installed to
control lighting in areas not required to be lit 24 hour a day. These lighting controls automatically turn lighting
on when occupancy is detected and turn off lighting after a set time when no longer occupied.

What metrics are improving

By implementing this measure the building will benefit from reduced lighting and cooling energy.
Why is this measure being recommended for this building

Based on existing lighting controls.

ECM 8c- Lighting - Daylight Sensors

Install photocell sensors to limit amount of artificial lighting based on the availability of natural lighting from
exterior windows.

Measure description

Install daylighting sensors. The intent is to add daylighting sensors to modulate lighting based on available
natural light. Photocells are installedto sense space lighting levels, as natural light through windows and
skylights varies the artificial lighting is adjusted to maintain desired lighting levels. This is recommended in
spaces where noncritical activities occur.

What metrics are improvirg

By implementing this measure the building willbenefit from reduced lighting and cooling energy.
Why is this measure being recommended for this building

Based on existing lighting controls.

ECM 9a- Plumbing - Low Flow Fixtures

Install new low-flow lavatory, kitchenette sink and shower head units to reduce domestic water consumption
and hot water heater energy.

Measure description
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Replace existing domestic water fixtures with low-flow units. The intent is to reduce water consumption by
using low-flow fixtures. It is suggested that existing fixtures in lavatory sinks, showerheads and kitchenette
sinks be examined for rated flow and new lowflow units be installed where appropriate.

What metrics are improving

By implementing this measure the buildng will benefit from reduced domestic water consumption and reduced
hot water heater energy.

Why is this measure being recommended for this building
Based on existing domestic water fixtures, this building offers a good opportunity to reduce water consumption.

ECM 9b- Plumbing - Instantaneous Water Heater

Install new instantaneous domestic hot water heaters in place of existing hot water heaters.

Measure description

Replace existing domestic hot water heater with instantaneous hot water heater. Therntent is to eliminate

energy consumption during stand-by periods associated with storage tank type hot water heaters.
Instantaneous hot water heaters make hot water only when it is called for, otherwise these units do not
consume any energy.

What metrics are improving
By implementing this measure the building will benefit from a reduction in hot water heating energy.
Why is this measure being recommended for this building

Based on existing domestic water heater configuration, there is a good opportunity® reduce energy associated
with heating domestic hot water.

ECM 9c- Plumbing - Electric Water Heater
Install new electric domestic hot water heaters in place of existingsteam fired hot water heaters.

Measure description

Replace existing domesticsteam fired hot water heaters with electric hot water heaters. Theintent is to reduce
emissions associated with using fossil fuels to generate domestic hot water.

What metrics are improving
By implementing this measure the building will benefit from a reductian in fossil fuel emissions.
Why is this measure being recommended for this building

Based on existing domestic water heater configuration, this building offers a good opportunity to reduce fossil
fuel emissions associated with heating domestic hot water, this approach is recommended.

ECM 9d- Plumbing - Electric Water Heater with Storage

Install new electric domestic hot water heaters in place of existing hot water heaters.

Measure description
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Replace existing domestic hot water heater with electric hd water heater with storage. The intent is to reduce
emissions associated with using fossil fuels to generate domestic hot water.

What metrics are improving
By implementing this measure the building will benefit from a reduction in fossil fuel emissions.
Why is this measure being recommended for this building

Based on existing domestic water heater configuration, this building offers a good opportunity to reduce fossil
fuel emissions associated with heating domestic hot water, this approach is recommended.

ECM 9e- Plumbing - ASHP Water Heater with Storage

Install new electric ASHP domestic hot water heaters with storage in place of existing electric hot water
heaters with storage.

Measure description

Replace existingelectric domestic hot water heater with electric Air Source Heat Pump (ASHPhot water heater

with storage. The intent is to reduce dectric energy consumption associated with generating domestic hot

water. ASHP technology uses the refrigerant cycle to remove heat from the surrounding aiand transfer it to

the domestic water to raise its temperature. This process is significantly more energy efficient than using a
standard electric resistance domestic water heater.

What metrics are improving
By implementing this measure the buildingwill benefit from a reduction hot water heating electric energy.
Why is this measure being recommended for this building

Based on existing domestic water heater configuration, this building offers a good opportunity to reducesnergy
associated with heating domestic hot water.

ECM 10a- Controls p DDC
Install new DDC controls to maximize automated building control
Measure description

Install Direct Digital Controls (DDC) to allow for greater controllability of building systems and eliminate the
need for manual control. The intent is to reduce energy consumption by monitoring HVAC and other building
components and automatically controlling them as required to satisfy building set points. There are many
control sequences that can be implemented through theinstallation of DDC controls, a partial list follows:

1 Space temperature scheduling and automatic unoccupied temperature setback.
9 Unoccupied space airflow setback.
1 Air handler:

0 Static pressure reset.

0 Supply air temperature reset.

o0 Outdoor air economizer.

What metrics are improving

By implementing this measure the building will benefit from a reductionin heating, cooling, fan and pump
energy.
University of Massachusetts at Lowell | Alternative Energy Master Plan 57



Why is this measure being recommended for this building
Based onexisting building having limited to no automated building controllability.

ECM 10b- Controls - Retrocomissioning
Perform retro-commissioning to ensure building is operating as originally designed

Measure description

Perform Retro-commissioning to improve building performance such that the building operates as originally
designed. The intentis to reduce energy consumption by reviewing the original design documents and ensuring
the building is operating as intended. Over time building operations can be overridden or adjusted from the
original design intent causing excessive energy consumption. The Retrecommissioning procedure will
evaluate current building operation to define where it deviates from the original design and restore it. This may
also expose issues the building was experiencing requing the deviations.

What metrics are improving

By implementing this measure the building will benefit from a reductionin heating, cooling, fan and pump
energy.

Why is this measure being recommended for this building

Due to the age, energy consumptim and apparent operation of the building this measure is recommend for
implementation.

ECM 10c- Controls - DDC Sequence Upgrades
New DDC control sequences to maximize automated building control

Measure description

Provide new sequence of operations br various control points such as temperature setbacks and resets, aif
side economizer, waterside economizer and static pressure reset. The intent is to reduce energy consumption
by enhancing automated controllability of various building components.

What metrics are improving

By implementing this measure the building will benefit from a reductionin heating, cooling, fan and pump
energy.

Why is this measure being recommended for this building
Based onexisting building having limited to no automated building control, this approach is recommended.

ECM 11a- Process Loads- Behavior Change

Educate building users on ways to reducetheir energy usage.

Measure description

Apply simple behavioral changes to reduce energy without requiring modification tothe building or controls.

The intent is to promote energy awareness and encourage building users tde conscientious about their energy
consumption. This can beaccomplished by providing signage around equipment regularly left on (shut the
sash, turn off lights/monitors/ lab equipment), requiring occupants to set back thermostat and close windows

when leaving for extended periods,having IT support program computers to enter sleep mode automatically

and by hosting competitions against others to reduce energy.
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What metrics are improving

This approach can reduce heating, cooling, fan, pumpreceptacle andlighting energy.
Why is this measure being recommended for this building

Any building can benefit from users practicing smart energy behavior.

ECM 11b- Process Loads- Filtered Fume Hoods

Provide new filtered fume hoods.

Measure description: Provide newfiltered fume hoods in lieu of exhausted fume hoods to reduce energy
associated with conditioning make-up air. The intent is to reduce energy consumpton by reducing the required
amount of fume hood exhaust make-up air. Filtered fume hood technology allows for fume hood exhaust to
be filtered and safely returned to the lab space rather than being exhausted from the buildng. Traditional
exhausted fume hoods exhaust 100% of fume hood from the building which requires conditioned makeup air.
Filtered fume hoods have limitations regarding the type of chemicals that can be used within, it is hecessary to
confirm what chemicals are used in the lab before sdecting a filtered hood.

What metrics are improving

By implementing this measure the building will benefit from a reduction h heating, cooling, fanand pump
energy.

Why is this measure being recommended for this building
Based on existing building havirg labs with standard fume hoods or for proposed new fume hoods.

ECM 11c- Process Loads- Low Flow Fume Hoods
Provide new low flow fume hoods.

Measure description

Provide new low-flow fume hoods in lieu of standard flow fume hoods to reduce energy associaed with
conditioning make-up air. The intent is to reduce energy consumption byreducing the required amount of fume
hood exhaust make-up air. Standard flow fume hoods are typically designed to operate with a face velocity of
100 FPM or greater. Low fow fume hoods are designed to operate at 80 FPM or less while safely containing
fume hood contents. The face velocity reduction equates to less fume hood exhaust and conditioned makeup
air requirements.

What metrics are improving

By implementing this measure the building will benefit from a reduction n heating, cooling, fanand pump
energy.

Why is this measure beig recommended for this building
Based on existing buildinghaving labs with standard fume hoods or for proposed new fume hoods.

ECM 11d- Process Loads - Fume Hood Sash Vacancy Sensors

Provide fume hood sash vacancy sensors

Measure description
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Install fume hood sash vacancy sensors on existing fume hoods to reduce aifflow through the fume hood
when hood operator is not present. Tle intent is to reduce energy consumption by reducing the required
amount of fume hood exhaust and make-up air when appropriate This technology retrofits existing fume
hoods with automatically closing sashes to safely reduce fume hood flow when the operator tas been away
from the front of the hood for a set period of time.

What metrics are improving

By implementing this measure the building will benefit from a reduction n heating, cooling, fanand pump
energy.

Why is this measure being recommended for tisibuilding

Based on existing buildingbeing a lab building with standard flow fume hoods that do not have the ability to
automatically reduce the fume hood flow.

ECM 1le- Process Loads- Plug Load Management
Provide controls to reduce plug loads when equipment is not in use.

Measure description

Provide controls which have the ability to turn off noncritical equipment when user is not present. The intent
is to reduce energy consumed when receptacle equipment is idle due to occupant inactivity. This masure
connects an occupancy sensor with a portion of local receptacles to automatically turn off plugged in
equipment when identified as unoccupied. It is important to note that certain equipment such as computers
and other components which need a regula power supply not be powered by this system.

What metrics are improving

By implementing this measure the building will benefit from a reduction h receptacle equipment and cooling
energy.

Why is this measure being recommended for this building

Based on the existing building having office, conference, breakrooms, classrooms printing/ copying rooms and
individual workstations.

ECM 11f- Process Loads- Energy Star Office Equipment
Select Energy Star rated office equipment when purchasing new equipment.

Measure description

When purchasing new office equipment purchase Energy Star rated equipment such as computers, monitors,
printers, copiers and appliances. The intent is to reduce receptacle energy consumed during normal operation
and when on standby mode. An Energy Star rating means equipment has been independently certified that it
meets energy performance in a given product category.

What metrics are improving

By implementing this measure the building will benefit from a reduction h receptacle equipment and cooling
energy.

Why is this measure being recommended for this building

Based onthe existing building having office, conference, breakrooms, classrooms printing/ copying rooms and
individual workstations.
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ECM 11g- Process Loads- Energy Star Kitchen Equipment
Select Energy Star rated kitchen equipment when purchasing new equipment.

Measure description

When purchasing new equipment purchase Energy Star rated kitchen equipment such as refrigeratorstdezers,
dishwashers, griddles andice makers. The intent is to reduce receptacle energy consumed during normal
operation and when on standby mode. An Energy Star rating means equipment has been independently
certified that it meets energy performance in a given product category.

What metrics are improving

By implementing this measure the building will benefit from a reduction n receptacle equipment and cooling
energy.

Why is this measure being recommended for this building
Based onthe existing building having a kitchen or kitchenette.

ECM 12p Natatorium p High Efficiency Heating and Cooling

Provide new packaged DX air handling unit with condenser heat recovery.
Measure description

Install new air handling unit with packaged DX cooling and condenser heat recovery to serve éhCostello
pool. The intent of this measure is to provide the natatorium with a new air handling unit which has the
capability to control temperature and humidity set-points while recovering waste heat from the

condenser. The waste heat is then in turn wsed to reheat supply air and heat pool water. Outdoor air heat
recovery should also be considered when selecting the athandling unit. A number of manufacturers (Desert
Aire, PoolPak, Seresco for example) make units designed specifically for natatoriunduties.

What metrics are improving

By implementing this measure the building will experience lower heating consumption due to the recovery and
re-use of waste heat.

Why is this measure being recommended for this building

Based on building type, space tpe, age and existing air handlers this approach is recommended.
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Alternative Energy Measures Descriptions

Overview

There are many technologies and fuels that can be considered when developing a carbon neutral master plan.
It is important to focus the primary effort on proven solutions, namely: energy efficiency, electrification via
heat pumps, solar photovoltaic (PV) for onsite renewable energy and procurement of additional offsite
renewable energy to offset the remaining energy. But, other technoloigs and fuels may be considered; some
may be valuable as a supplement to the primary strategies, others are not recommended.

This section provides a synopsis of a wider range of technologies and fuels, including a highevel assessment
of the emissions, feasibility, cost, and potential resiliency advantages. A recommendation is made for each,
listing them as a primary, supplemental or rejected option. The table below provides a quick visual reference,
followed by more detailed narratives of the supplementl and rejected options. The primary recommended

options are addressed in other sections of the report.

AEM |Alternative Energy Low Low Reduced | Low Life |Familiarto| Carbon | Resiliency Space Primary | Peaking +
# |Measure Construction | Maintenance | Energy Cost| Cycle Cost| Facilites | Emissions | Benefits | Requirements| Solution | Back-up
Cost Staff Reduction Pass/Fail| System
Pass / Fail
Biodiesel i
1 generator B - X X - XXX nn n Fail Pass
2 |Biodiesel boiler n n X X - XXX n n Fail Pass
Biomass boiler - -
3 (wood chips) - - n X X XXX n X Fail Fail
4 |Electric boiler n nn XXX | XXX - XXX X n Fail Fail
Heat-recovery
5 lelectric chiller L 0 0 L ) non 0 0o Pass
HP (airto-water) -
6 large scale n B X n - nn X nnn Pass
HP (airto-water) -
7 |small scale n ) X n ) nn X non Pass
GSHP closed loop, .
8 Ihorizontal X nn o B ) nn X XXX Fail
GSHP closed loop,
9 Nertical X non non n - nnn| X n Pass
10 |GSHP open loop - XX nn - X nnn X n Fail
TTES (Tank
11 [Thermal Energy - nnn - - - X n X Fail
Storage)
12 |Solar Thermal X X n XX X n - X Fail
13 |Photovoltaics n nnn nnn nn n - n n Pass
14 |Battery storage X nn n n X nn nn n Pass
15 |Wind turbine XX n n XX X n n XXX Fail
University of Massachusetts at Lowell | Alternative Energy Master Plan 62



AEM 1, 2- Biodiesel Generators + Boilers

Biodiesel generators combust biodiesel to generate electricity. Biodiesel boilers combust biodiesel to generate
heat.

Emissions

Biodiesel may result in lower carbon emissionsthan conventional fossil fuel diesel and natural gas. But,
biodiesel is not life-cycle carbon neutral. There are emissions associated with growing the feedstock and
processing and transporting the biodiesel. In addition, increased farming for biodiesefeedstock can result in
land use changes that further increase the life cycle emissions of biodiesel. Biodiesel also results in lower
particulate emissions that conventional fossil fuel diesel. But, biodiesel results in higher particulate emissions
than natural gas. Particulates negatively impact air quality and human health.

Feasibility, Cost and Operations

Biodiesel generators, boilers, fuel storage and associated systems is more expensive to procure and higher
cost to operate (due to higher maintenance and energy costs) than conventional fossil fuel diesel and natural
gas. Therefore, there is no life cycle cost advantage to biodiesel generators. Biodiesel is also less stable than
conventional fossil fuel diesel and needs to be consumed and replenishd periodically; therefore, biodiesel
should not be used solely as a backup fuel source.

Resiliency

Biodiesel generators offer similar resiliency benefits as conventional fossil fuel diesel generators. They offer
greater resilience than natural gas generaors for short-term electric power failures, because the fuel is stored
on-site. But, they offer lesser resilience than natural gas generators for longerm electric power failures,
because they do not have a limitless source of fuel (which natural gas ca offer).

Recommendation

Biodiesel generators (in combination with biodiesel boilers) are offered as a peaking and backip system for
UML consideration. The intent would be to operate the biodiesel generators as a source for backp power,
during periods of electric grid failure. The intent would be to operate the biodiesel boilers as a source of heating
for peak winter conditions and as a backup heating source, during periods of electric grid failure (when the
electric heat pump systems would not operate).

AEM 3 - Biomass Boilers

Biomass boilers combust wood chips or wood pellets to generate heat.

Emissions

Biomass may result in lower carbon emissions than conventional fossil fuel diesel and natural gas. But,
biomass is not life-cycle carbon neutral. There are emissions associated with growing some types of feedstock
and processing and transporting the biomass. In addition, increased farming for some types of biomass
feedstock can result in land use changes that further increase the life cycle emissios of biomass. Combustion
of biomass results in higher particulate emissions than natural gas. Particulates negatively impact air quality
and human health.

Feasibility, Cost and Operations
Biomass boiler plants, including boilers, fuel storage areas, tuclaccess, and conveying systems requires a large
area and is not compatible with urban campuses, such as UMass Lowell.

Resiliency
Biomass boilers offer similar resiliency benefits as conventional fossil fuel oil boilers. They offer greater
resilience than natural gas generators for short-term electric power failures, because the fuel is stored onsite.
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But, they offer lesser resilience than natural gas generators for longerm electric power failures, because they
do not have a limitless source of fuel (which natural gas can offer).

Recommendation
Biomass boilers are not recommended for UMass Lowell. This is due to the lack of emissions savings and the
large area required for a biomass boiler plant.

AEM4 - Electric Boilers

Electric boilers use electric esistance to generate heat.

Emissions

Electric resistance results in higher emissions than onsite combustion of natural gas for heating. In the future,

as grid emissions become lower, electric resistance will be lower emissions than orsite combustion of natural

gas for heating. But, electric resistance heating results in high peak electrical demands, which currently results
jol!pgfsbujpo!pgluiflijhilfnjttjpot!dzfblfsL) gmbout! g
(and more expensiw) for the grid to shift toward reliance entirely on renewable energy systems, because the
energy storage capacity must be increased.

Feasibility, Cost and Operations
Electric resistance boilers require large electric infrastructure and result in high endagy costs. Therefore, they
are not life cycle cost effective. Operation of electric resistance boilers is relatively simple and low maintenance.

Resiliency

Electric resistance boilers are not a resilient system, because they rely on electricity to operateand would
require large generators, in case of electric grid failure. It is far more efficient and cost effective to rely on
combustion boilers as a resilient heating source, than it would be to rely on electric boilers and generators.

Recommendation
Electric resistance boilers could be considered as a small part of a central heating plant, but they provide limited
advantages. Therefore, they are not recommended as part of this study.

AEMS5, 6, 7- Heat-Recovery Electric Chiller and AHSource Heat Pumps

Heat-recovery electric chillers and air source heat pumps are proven solutions and are recommended as
primary systems for UMass Lowell. Therefore, heat recovery electric chillers and air source heat pumps are
addressed in detail elsewhere in this report

AEMS, 9, 10- Ground-Source Heat Pumps

Ground-source heat pump systems rely on electric heat pumps, coupled with a ground heatexchanger to
provide heating and cooling. The ground heaexchanger can be one of three types: vertical closed loop,
horizontal closed loop, and open loop.

Emissions
All types of ground-source heat pump systems result in high-efficiency electric sources of heating and cooling.
This results in significantly lower emissions than any combustion or electric resistancebased system.

Feasibility, Cost and Operations

Vertical closed-loop is the most common type of ground-source heat exchanger in this region. This is due to
the fact that it requires less area than horizontal groundsource systems and avoids the problems associated
with open-loop systems.

Horizontal closed-loop requires approximately 10x the area required for vertical grounesource systems.
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Openloop systems can result in fouling and/or corrosion of pumps and heat exchangers. Contrary to popular
belief, open loop systems (assuming no bleed water) do not provide significantly greater capacity than vertical
closed-loop systems of similar depth and therefore offer little advantage.

Resiliency

Ground-source heat pumps are not typically considered to be a resilient system, bcause they rely on electricity
to operate, and would require larger generators, in case of electric grid failure. It is less expensive to rely on
combustion boilers as a resilient heating source, rather than rely on grounesource heat pump systems and
have to increase the capacity of the generators.

Recommendation

Vertical closed loop groundsource heat pump systems are likely a valuable component of the carbon neutral
solutions for UMass Lowell. This is a highly efficient and all electric heating and coling source. Horizontal
closed loop is not recommended, due to unreasonable space requirements. Open loop is not recommended,
due to maintenance risks.

AEM 11 - Tank Thermal Energy Storage

Tank thermal energy storage is typically large tanks that storechilled water or hot water, allowing heat pumps
to operate more consistently, charging up the tanks during periods of low thermal load, and then simultaneously
discharging from the tanks and running the heat pumps during periods of high thermal load. Thigeduces the
required heat pump capacity and reduces peak electric demand on the grid.

Emissions
Thermal energy storage can result in reduced operating emissions, when thermal energy is generated and
stored during periods of low grid emissions and discharged during periods of high grid emissions.

Feasibility, Cost and Operations

Thermal energy storage is most advantageous when loads are highly variable. The thermal loads for the UMass
Lowell campus are anticipated to be less variable in the future, as engy retrofit projects are implemented. In
addition, to be effective, the volume of thermal storage is very large, requiring a significant amount of space.

Resiliency
Thermal energy storage systems can offer some resiliency advantages by reducing the peakitermal load on
back-up heating systems.

Recommendation

Thermal energy storage systems should be considered as a component of the alternative energy systems for
UMass Lowell. But, they are not a primary element of the systems being considered and thereforshould be
evaluated in the future, when the system is being fully designed, in preparation for construction.

AEM 12 - Solar Thermal

Solar thermal is a renewable energy system that relies on solar radiation to provide heating.

Emissions
Solar thermal systems result in zero operating emissions.

Feasibility, Cost and Operations

Solar thermal systems are highly efficient at converting solar energy into a useful energy source. But, the
thermal varies from very high values on clear days to zero output at night. It is difficult to align the thermal
energy production with the heating demand of a building or campus. Therefore, solar thermal systems are
typically paired with large thermal storage tanks. Solar thermal produces more energy between April and
August than between September and March, because of the shorter days and lower swangle in the Fall and
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Winter. This does not align well with the heating demand profile of buildings or campuses, particularly when
heat recovery systems are in place. Solar therral systems are also relatively complex and high cost. Therefore,
solar thermal systems offer little value, when compared with solar photovoltaic systems and heat pumps.

Resiliency
Solar thermal systems offer little resiliency benefit, due to their reliane on clear skies for optimal output.

Recommendation

Solar thermal systems are not recommended as a primary component of the alternative energy systems for
UMass Lowell. This is largely due to the fact that solar photovoltaic systems and heat pumps systemscan
perform a similar role and are lower cost to install, are more life cycle cost effective and offer greater flexibility
and emissions reduction.

AEM 13, 14 - Solar Photovoltaic + Battery Storage

Solar photovoltaic (PV) is a renewable energy system tharelies on solar radiation to produce electricity.
Batteries allow storage of electricity and offer peakshaving opportunities.

Emissions
Solar PV systems result in zero operating emissions. Batteries can result in reduced operating emissions, when
electricity is stored during periods of low grid emissions and discharged during periods of high grid emissions.

Feasibility, Cost and Operations
Solar PV systems are feasible, cost effective and low maintenance. Battery systems vary in terms of cost
effectiveness, based on the building demand profile and the SMART incentive program.

Resiliency
Solar PV systems and batteries can offer some resiliency advantages by reducing the electric load on
generators.

Recommendation
Solar PV is recommended and in some insances batteries are recommended for UMass Lowell. The evaluation
of solar PV and batteries is addressed in detail in a separate section of this report.

AEM 15-Wind Turbines

Wind turbines are a renewable energy system that relies on wind to generate elédcity.

Emissions
Wind turbines result in zero operating emissions.

Feasibility, Cost and Operations

Small-scale wind turbines are not cost effective and are typically used only as a visual indication that renewable
energy is being generated on a site. Tis is not a local reason to install a renewable energy system. Large

scale wind turbines are marginally costeffective in sub-optimal sites, such as the UMass Lowell campus. In
beejujpo-!tuifz!sftvmu! jo! b! dzt us p c fblatled dJgoéndsites areenotfah u p !
appropriate application and are typically met with stiff opposition from nearby residents.

Resiliency
When paired with batteries and solar PV systems, wind turbines can offer some resiliency advantages by
reducing the electric load on generators.

Recommendation
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Wind turbines are not recommended for UMass Lowell. This is largely due to the fact that solar PV systems
can perform a similar role and are lower cost to install, are more life cycle cost effective and are less likg to
raise opposition from neighbors.

Other Considerations

In addition to the technologies outlined above, there are also two fuel sources that are not recommended, but
may be considered in the future for UMass Lowell. These are renewable gas and hydrogeand are outlined
below.

Renewable Gas

Renewable gas is a term that is used to describe methane from renewable or waste sources. This includes
methane collected from landfill sites and anaerobic digesters. In rural settings or sites adjacent to landfii, the
methane can be piped directly to combustion equipment such as generators and boilers. In some cases, the
methane is injected into the natural gas utility distribution network. When methane from renewable or waste
sources is injected into the natural gas utility distribution network, a renewable gas certificate may be generated,
which can then be purchased by natural gas consumers to offset the carbon footprint of the gas that they
consume (assuming that the renewable gas credits meet additionalitystandards).

For buildings and campuses in urban settings, the only reasonable means of relying on renewable gas is to
purchase renewable gas credits. The process of procuring renewable gas credits is similar to the process
commonly used to procure renewable electricity credits for electricity.

Emissions

Renewable gas may be considered carbon neutral. But, renewable gas represents a very small percentage of
natural gas production and is not typically considered a significant opportunity to decarbonize themajority of
building thermal energy needs.

Feasibility, Cost and Operations

When renewable gas credits are purchased, it has no direct impact on the fuel source for buildings and
campuses; natural gas would still be combusted onsite. Therefore, conventioal natural gas generators and
boilers would continue to be used and natural gas would still be consumed. Procuring the renewable gas credits
would simply be an additional operating cost. Therefore, there is no life cycle cost advantage to renewable gas.

Resiliency
Renewable gas offers no resiliency advantages beyond conventional natural gabased systems.

Recommendation

If UMass Lowell continues to consume natural gas, renewable gas credits may be worth considering, if the
credits meet additionality standards. This should be considered only after the natural gas consumption has
been reduced to a very small alue.

Hydrogen

Hydrogen is a combustion fuel that can be generated from renewable electricity, through the process of
electrolysis. In this case, itis essentially a means of storing renewable energy. Hydrogen can be stored and
distributed as a liquid fuel, most often used as a fuel for transportation. Hydrogen can also be injected into the
natural gas utility distribution network, but typically only at low concentrations.

Emissions
Hydrogen, when generated from renewable energy, may be considered a carbon neutral fuel. But, it is far more
energy efficient to use the renewable energy directly, particularly when heat pumps are used for heating.
Feashility, Cost and Operations
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Hydrogen is primarily a means of energy storage, similar to batteries. But, other battery technologies are
currently more cost effective and common in campus settings. Therefore, there is no life cycle cost advantage
to hydrogen.

Resiliency
Hydrogen offers no resiliency advantages, compared to other energy storage technologies.

Recommendation

The hydrogen industry has not been extensively developed for building energy needs and is more commonly
used to fuel transportation. Direct utilization of renewable energy to operate heat pumps for emissionfree
heating and other battery technologies for energy storage have largely overtaken hydrogen technology.
Therefore, hydrogen technology is not recommended for UMass Lowell.
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PilotBuilding Descriptions

Prioritizing the highest energy consumers for projects is the more cost effective strategy to achieving load
reductions on campus. These buildings are ideal for pilots. The pilot project approach helps align muki
stakeholder decisionrmaking and build momentum such that similar strategies can be applied across all core

end uses. In order to help prioritize buildings that would be ideal candidates for pilot projects, buildings were
ranked across a set of key criteria: energy use intensy, energy change over time, energy use intensity target,
combustion emissions, and facility conditions. The data shows that Olney Hall, Ball Hall, and Sheehy Hall are

the best buildings to conduct pilot alternative energy projects given that they score hghest compared to other
cvjmejoht! pgluif!tbnf!ldpsf! vtfluzqgf/ ! TFfFf!luifl! dzNf uf s
details.

Project profiles and detailed scope descriptions for each pilot building are developed in order to evaluate and
guantify energy, emissions, and heating/cooling load impacts. Measures were identified by using the ASHRAE
Level 1Audit procedure. Two scenarios- dzZHp p e LJ! b @ evéreddethileduindirder to outline the range of
opportunities compared to a Default/Business-As-Vt vb m! ) dZzCBVLI¥* ! Dbt f /! Ui f! CBV! dl
energy use profiles adjusted for key factor including expanded lab operations, added cooling, and centralized
ventilation. Energy end use breakdowns were estimated based building core end use givemé lack of campus
tvenfufsjoh/! Dvssfou! boe! gvuvsf! 3161! dbscpo! fyegrtt |
Gpsfdbtu! Qsfmjnjobsz! Sfgpsu/ LIl fbujoh!boe!dppmjoh! my
vs. decentralized scenaios. Air-side energy recovery and envelopeare the key strategies outlined toreduce
heating and cooling loads.
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Ball Hall

Campus
Core End Use
Square Footage

North Campus
Office/Classroom
92396

Last Major Renovation 1958

Building Summary

Ball Hall is an office/classroom building with some dry labs on the North
Campus. It has the highest building score of any building on campus (73)
making it an ideal candidate for energy efficiency upgrades as a pilot project
particularly given direct steam systems. The business as usual case
assume dry lab and cooling operations will be expanded. The EUI reduction
in the Good and Best cases are a result of energy recovery, decouplec
heating/cooling and ventilation systems, lighting, Ighting controls,
domestic hot water heater, and low flow fixtures. Future carbon reduction
is in result to electrified heating strategy. Airside energy recovery and
envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing U-value/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5c- Air-side Systems - Constant to variable volume
ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 8a- Lighting - LED Corversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11f- Process Loads- Energy Star Offie Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Ball Hall Detailed Options Matrix

Target EUI
(kBtu/sf-yr)

131

65

60

Wall Performance

Brick (uninsulated exterior)
(1950s)

R-10 continuous insulation

R-30 continuous insulation

Roof Performance

Tar/gravel 1" insulation ~R-4

R-30 continuous insulation,
white

R-50 continuous insulation,
white

Glazing Performance

Single pane window wall

Double pane punched

Double glazing curtain walll and
punched

assembly u-value: 0.3, SHGC:
0.26

Insulate spandrel to wall
performance.

Triple glazing curtain walll and
punched

assembly u-value: 0.20, SHGC:
0.26

Heating/cooling system

Steam-to-hot water (7000 MBH)

60 Ton Air-cooled chiller (new-
3rd and 4th floors only)

Window AC

Rooftop heat pumps

(6) 30 ton modules air-to-water
heat pumps

(2) 100 ton air cooled chiller
(peak and 50% redundancy)

(3) chilled water pumps @ 3 HP
(includes 1 on standby)

(4) hot water pumps @ 3 HP
(includes 2 on standby)

(3) 30 ton airto-water heat
pumps

(2) 150 ton air cooled chiller
(peak and 50% redundancy)

(3) chilled water pumps @ 5.0
HP (includes 1 on standby)
(4) hot water pumps @ 2 HP
(includes 2 on standby)

Air distribution

AIR HANDLING UNIT- INDOOR
(.5-1.25 HP)- univents (DX
cooling) - don't always provide
fresh air during occupied times

DOAS Single Wheel (70% EF)
Qty. 2- 20,000 CFM @ 45 MHP
each

DOAS Regen (90% EF)Qty. 2-
20,000 CFM @ 45 MHP each

Exhaust fans (constant volume)

Qty. 2- 20,000 CFM @ 30 MHP
each

Qty. 2-20,000 CFM @ 30 MHP
each

Zone systems

Heat Pumps (1368 MBH
cooling/1531 MBH cooling), FCU
2-pipe, FCU 4pipe

4-pipe FCUs

4-pipe FCUs

Controls

95% DDC
Resets in place

Complete DDC

Chilled water reset

Classroom 326 bypass damper
issue

Classroom 322 damper
misrepresentation (100% OAD,
0% RAD, heat coil 0% OAT 23F,
DAT 75F)

Complete DDC

Chilled water reset

Classroom 326 bypass damper
issue

Classroom 322 damper
misrepresentation (100% OAD,
0% RAD, heat coil @ OAT 23F,
DAT 75F)

Domestic Hot Water

Gas storage

Steam-to-hot water

Electric boiler with recirc

Instantaneous electric DHW

Fixture Flow Rates

0.5 gpm lavatory
1.5 gpm kitchen sink

0.35 gpm lavatory
1.0 gpm kitchen sink

0.35 gpm lavatory
1.0 gpm kitchen sink

Lighting

Fluorescent

LED

LED

Process equipment

Fume hoods (4)

Filtered fume hoods

Filtered fume hoods

Lab compressed air
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Olney Hall

Campus North Campus
Core End Use Lab

Square Footage 205550

Last Major Renovation 1974

Building Summary

Olney Hall is an lab building on the North Campus. It has a Building Score o
67. This makes it a higher priority for energy efficiency improvementsas a

pilot project particularly given direct steam systems. The business as usual
case assume dry lab and cooling operations will be expanded. The EU
reduction in the Good and Best cases are a result of energy recovery
decoupled heating/cooling and ventilation systems, lighting, lighting

controls, domestic hot water heater, and low flow fixtures. Future carbon

reduction is in result to electrified heating strategy. Airside energy recovery
and envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1la- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5b- Air-side Systems - Decoupled systems

ECM 5d- Air-side Systems - Constant to variable volume
ECM 5e- Air-side Systems - Airflow setbacks

ECM 6c- Air-side Energy Recovery 50% (Runaround Coil)
ECM 7c- Water-side Systems - Pump VFDs

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 11b- Process Loads- Filtered Fume Hoods

ECM 11c- Process Loads- Low Flow Fume Hoods
ECM11d - Process Loads- Fume Hood Vacancy Sensors
ECM 11f- Process Loads - Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 5f- Air-side Systems - Aircuity, particle counters

ECM 6d- Air-side Energy Recovery 70% (Konvekta/HP)
ECM 9b- Plumbing - Instantaneous Water Heater
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Olney HallDetailed Options Matiix

Target EUI
(kBtu/sf-yr)

210

99

84

Wall Performance

Mass and brick, 1 1/2" spray
insulation, ~R-3 noncontinuous
(1970s)

R-10 continuous insulation
(exterior)

R-30 continuous insulation
(exterior)

Roof Peformance

Black TPO, 2" rigid B (exterior)
(1970s)

R-30 continuous insulation,
white

R-50 continuous insulation,
white

Glazing Performance

Single pane (fixed and operable)

Double glazing curtain walll and
punched

assembly u-value: 0.3, SHGC:
0.26

Triple glazing punched
assembly u-value: 0.20, SHGC:
0.26

Heating/cooling system

Steam to hot water (original to
building)
Constant volume pumps

Chiller
Constant volume pumps

Cooling tower

Split AC

Split AC

(40) 30 ton modular air-to-water
heat pumps

(2) 300 ton air cooled chiller
(peak and 50% redunancy)

(3) chilled water pumps @ 10 HP
(includes 1 on standby)

(3) hot water pumps @ 10 HP
(includes 1 on standby)

(6) hot water pumps @ 7.5 HP
(includes 3 on standby)

(12) 30 ton modular air-to-water
heat pumps

(2) 900 ton air cooled chiller
(peak and 50% redunancy

(4) chilled water pumps @ 20 HP
(includes 1 on standby)

(4) hot water pumps @ 7.5 HP
(includes 2 on standby)

Air distribution

Individual AHUs (constant
volume)

DOAS RunaroundCoil - Qty. 4-
66,000 CFM @ 120 MHP each

DOAS Konvekta + Heat Pump
Qty. 3-70,000 CFM @ 140 MHP
each

Heat Pump - (7) 30 ton modules
(multistack Heat Recovery)

DOAS General exhaust through
wheel

Supply Qty. 1- 54,000 CFM @
100 MHP

Exhaust Qty. 1- 54,000 CFM @
50 MHP

Individual exhaust fans
(constant volume)

Qty. 8-33,000 CFM @ 30 MHP
each

Lab Exhaust Fans
Qty. 6- 35,000 CFM @ 30 MHP
each

Individual return fans

Zone systems

Univent system (1-2 per lab)

4-pipe fan coil units

4-pipe fan coil units

Controls

DDC
HHW and CHW resets included
DAT reset included

Complete DDC

Static pressure reset opportunity
No effective reheat coil multiple
spaces (Lab G2A, G4, G6)
Retro-commissioning
opportunity

Complete DDC

Static pressure reset opportunity
No effective reheat coil multiple
spaces (Lab G2A, G4, G6)
Retro-commissioning
opportunity

Domestic Hot Water

Steam to hot water

Electric boiler with recirc

Instantaneous electric DHW

DHW Boiler
: Bathrooom renovation 0.35 gpm lavatory 0.35 gpm lavatory
Fixture Flow Rates 2.2 gpm 1.0 gpm kitchen sink 1.0 gpm kitchen sink

Interior Lighting

Fluorescent

LED

LED
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Process equipment

Fume hoods (mostly constant)

Filter fume hoods

Filter fume hoods

Fume hoods (mostly constant)

Low flow fume hoods

Low flow fume hoods

Lab compressed air

Lab compressed air

Lab freezer condenser

Process chiller
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Sheehy Hall

Campus South Campus
Core End Use Residential
Square Footage 62219

Last Major Renovation 1989

Building Summary

Sheehy Hall is residential building on the South Campus. It has a Building
Score of 62. This makes it a higher priority for energy efficiency
improvements as a pilot project particularly given direct steam systems.

The business as usual case assumes ventilation and cooling will be added.
The EUI reduction in the Good and Best cases are a result of energy
recovery, decoupled heating/cooling and ventilation ystems, lighting,

lighting controls, domestic hot water heater, and low flow fixtures. Future

carbon reduction is in result to electrified heating strategy. Airside energy

recovery and envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7a- Water-side Systems - Standalone VRF

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 11a- Process Loads- Behavior Change

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 7b- Water-side Systems - Standalone AWHP
ECM9e - Plumbing - ASHP Water Heater with Storage
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Target EUI
(kBtu/sf-yr)

92

53

40

Wall Performance

Brick, 4" blanket ~R10
(1980s)

R-10 continuous insulation

R-30 continuous insulation

Roof Performance

Single-Ply/ EPDM 3" rigid
insulation ~R-12 (1980s)

R-30 continuous insulation,
white

R-50 continuous insulation,
white

Glazing Performance

Single, operable, potentially
leaking

Double glazing with Low e
double hung (operable)
assembly u-value: 0.35,
SHGC: 0.26

Triple glazing double hung
(operable)

assembly u-value: 0.25,
SHGC: 0.26

Heating/cooling system

Steam-to-hot water HX

VREF-(9) 16 ton Mitsubishi
R2-Series Heat Recovery

VREF-(8) 16 ton Mitsubishi
R2-Series Heat Recovery

DOAS Single Wheel (70% EF

DOAS Regen (90% EF) w/ ho

Air distribution No make-up air w/ hot gas reheat - Qty. 1- gas reheat- Qty. 1- 16,000
16,000 CFM @ 30 MHP each| CFM @ 30 MHP each
Exhaust Bathroom exhaust Qty. 1- 16,000 CFM @ 20 Qty. 1-16,000CFM @ 20

MHP each

MHP each

Zone systems

Perimeter radiation , Danfoss
valve controlled

VRF

VRF

Controls

pneumatic

Complete DDC

Complete DDC

Domestic Hot Water

Steam-to-hot water HX

Electrical water heater with
storage

ASHP with storage

Fixture Flow Rates

Bathroom renovation

0.35 gpm lavatory
1.0 gpm kitchen sink
1.0 gpm shower

0.35 gpm lavatory
1.0 gpm kitchen sink
1.0 gpm shower

Lighting

CFL, LED, T12

LED

LED

Lighting Controls

None

Occupancy sensors

Occupancy sensors
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North Campus Energy Efficiency Results

Project profiles were developed for each building on the North Campus pilot building are developed in order to
evaluate and quantify energy, emissions, and heating/cooling load impacts. Measures were identified bysing

the ASHRAE Level Audit procedure. Two scenarios-dzH p p e LJ' b p weredi€idildd inloider to outline the

range of opportunities compared to a Default/BusinessAs-Vt v bm! ) dZzCBVLJX ! Dbt f/ ! Ui f! C|
the 2019 energy use profiles adjustal for key factor including expanded lab operations, added cooling, and
centralized ventilation. Energy end use breakdowns were estimated based building core end use given the lack

of campus submetering. Current and future 2050 carbon emissions were quantif f e! vt j oh! wbhbmv f t |
zfbs! Gpsfdbtu! Qsf mjnjobsz! Sfgpsu/ LY I fbujoh! boe! dppm
central vs. decentralized scenarios.Air-side energy recovery and envelopeare the key strategies outlined to
reduce heating and cooling loads.

Compared to the Default/BusinessAs-Vt vbm! ) dZCBVLI ! Dbt f -1 uif! Opsui! Dbn
achieve a 47% energy reduction and 35% emissions reduction. Based on future emissions rate (as detailed in

ui f tydadForecasu * - 'ui f! fnjttjpot!sfevdujpo!jt!fyqfdufel! up!
is expected to achieve a 52% energy reduction and 42% emissions reduction. The emissions reduction is
expected to be closer to 74% given the implemented electrificabn strategies and future grid emissions rates
)bt! efubjmifebgloGusg ffdwi4qlI* /! Ui f! sfevdujpot! pvumjof e
and emissions requirements of Executive Order No. 594. The Investment Phase will detail how theserpjects

can be structured in order to meet these requirement timelines. The remaining emissions can be offset with
renewables sources.
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Kitson Hall

Campus North Campus
Core End Use Office/Classroom
Square Footage 46512

Last Major Renovation 1902

Building Summary

Kitson Hall is an office/classroom building with some dry labs on the North
Campus. It has a Building Score of 71. This makes it a high priority for
energy efficiency improvements. The business as usual case assume dry
lab and cooling operations will be expanded. The EUI reduction in the Good
and Best cases are a result of envelope upgrades, energy recovery
decoupled heating/cooling and ventilation systems, lighting, lighting
controls, domestic hot water heater, and low flow fixtures. Future carbon
reduction is in result to electrified heating strategy. Airside energy recovery
and envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1la- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM4a - Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 5c- Air-side Systems - Constant to variable volume
ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 7c- Water-side Systems - Pump VFDs

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10a- Controls - DDC

ECM 10c- Controls - DDC Sequence Upgrades
ECM 11f- Process Loads- Energy StarOffice Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Reovery - 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Pinanski Hall

Campus North Campus
Core End Use Lab

Square Footage 59696

Last Major Renovation 2019

Building Summary

Pinanski Hall is a lab building with on the North Canpus. It has a Building

Score of 69. This makes it a high priority for energy efficiency
improvements. The business as usual case assumed added lab operations.
The EUI reduction in the Good and Best cases are a result of improvec
envelope, energy recovey, decoupled heating/cooling and ventilation

systems, lighting, lighting controls, domestic hot water heater, and low flow
fixtures. Future carbon reduction is in result to electrified heating strategy.

Air-side energy recovery and envelope upgrades reducheating and cooling

loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1la- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 6c¢- Air-side Energy Recovery 50% (Runaround Coil)
ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 11f- Process Loads- Energy Star Office Equipment

ECM1b - Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6d- Air-side Energy Recovery 70% (Konvekta/HP)
ECM @ - Plumbing - Instantaneous Water Heater
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Falmouth Hall

Campus North Campus
Core End Use Office/Classroom
Square Footage 49290

Last Major Renovation 1907

Building Summary

Falmouth Hall is an office/classroom building with some dry labs on the

North Campus. It has a Building Score of 67. This makes it a high priority
for energy efficiency improvements. The business as usual case assume
dry lab and cooling operations will be expanded. The EUI reduction in the
Good and Best cases are a resultof envelope upgrades, energy recovery,
decoupled heating/cooling and ventilation systems, lighting, lighting

controls, domestic hot water heater, and low flow fixtures. Future carbon

reduction is in result to electrified heating strategy. Airside energy lecovery

and envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvemens

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM & - Air-side Systems - Constant to variable volume
ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 7c- Water-side Systems - Pump VFDs

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10a- Controls - DDC

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 11b- Process Loads- Filtered Fume Hoods

ECM 11c- Process Loads- Low Flow Fume Hoods

ECM 11d- Process Loads- Fume Hood Vacancy Sensors
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing U-value/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Southwick Hall

Campus North Campus

Core End Use Office/Classroom

Square Footage 62313

Last Major Renovation 1902

Buiding Summary

Southwick Hall is an office/classroom building with dining on the North Steam-to-HHW
Campus. It has a Building Score of 52. This makes it a medium priority for
energy efficiency improvements. The EUI redction in the Good and Best DX Cooling ‘
cases are a result of improved envelope, high efficiencyheating/cooling Candidate for envelope improvements ‘
systems, energy recovery, decoupled heating/cooling and ventilation
systems, lighting, lighting, lighting controls, domestic hot water heater, and

low flow fixtures. Future carbon reduction is in result to electrified heating _

strategy. Air-side energy recovery and envelope upgrades reduce heating ECM 1a- Wall Insulation - R-10 continuous insulation

and cooling loads.
ECM 2a- Roof Insulation - R-30 continuous insulation

EUI Breakdown ECM 3a- Glazing Uvalue/SHGC- Double-pane
ECM 4a- Infiltration - 0.25 cfm/sf
120 ) . L
m Space Heating (Fossil) ECM 5a- Air-side Systems - Decoupled systems
100 m Space Heating (Electric) ECM 5c- Air-side Systems - Constant to variable volume
% ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
2 80 m Space Cooling .
2 ECM 7b- Water-side Systems - Standalone AWHP
g’ 60 ®Pumps ECM 7c - Water-side Systems - Pump VFDs
o N .
40 mFan ECM 8b- Lighting - Daylight Sensors
ECM 9a- Plumbing - Low Flow Fixtures
D tic Hot Wat
20 [ ] | ] . omestie Hot ater ECM 9c- Plumbing - Electric Water Heater
0 m Interior Lighting ECM 10c- Controls - DDC Sequence Upgrades

ECM 11f- Process Loads- Energy Star Office Equipmat

ECM 11g- Process Loads- Energy Star Kitchen AHElectric
Energy Star

BAU Good Best Misc. Equipment

Carbon Emissions
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o 700000 . .
é 600000 Natural Gas ECM 3b- Glazing Uvalue/SHGC - Triple-pane
-‘Léu’ 500000 B ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa
5 400000 = Electricity (Current ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
£ 300000 ECM 9b- Plumbing - Instantaneous Water Heater
= -
S 200000 m Electricity (2050)
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Cumnock Hall

Campus North Campus
Core End Use Office/Classroom
Square Footage 34768

Last Major Renovation 1954

Building Summary

Cumnock Hall is an office building with a dining facility on the North
Campus. It has a Building Score of 51. This makes it a medium priority for
energy efficiency improvements particularly given direct steam systems.
The business as ustal case assumed added cooling. The EUI reduction in
the Good and Best cases are a result of energy recovery, decouplec
heating/cooling and ventilation systems, lighting, lighting controls,
domestic hot water heater, and low flow fixtures. Future carbon rediction
is in result to electrified heating strategy. Airside energy recovery and
envelope upgrades reduce heating and cooling loads.

EUI Breakdown

120 m Space Heating (Fossil)
100 m Space Heating (Electric)
g 80 m Space Cooling
2
— 60 ®Pumps
>
m
20 I I mFan
20 - ] — Domestic Hot Water
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0
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_g 200000
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100000
Al HE NN
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Heating Load Cooling Load
250 160
140
R 200 120
£ 150 2 100
= = 80
E 100 E 60
- -
50 40
. 20
0 0

BAU Good Best BAU Good Best

Current

Direct Steam
ASHP
Acceptable envelope; original components

ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 5c- Air-side Systems - Constant to variable volume
ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 7c- Water-side Systems - Pump VFDs

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 11g- Process Loads- Energy Star Kitchen AHElectric
Energy Star

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Costello Athletic Center

Campus North Campus
Core End Use Fitness
Square Footage 84979

Last Major Renovation 1967

Building Summary

Costello Athletic Center is a fitness building on the North Campusit has a

Building Score of 65. This makes it a high priority for energy efficiency
improvements particularly given direct steam systems. The business as

usual case assumes cooling will be added. The EUI reduction in the Good
and Best cases are a result of improved envelope, energy recovery,

decoupled heating/cooling and ventilation systems, lighting, lighting

controls, domestic hot water heater, and low flow fixtures. Future carbon

reduction is in result to electrified heating strategy. Airside energy recmvery

and envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Current

|
Direct Steam ‘
No cooling ‘

|

Candidate for envelope improvements

ECM 1la- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 5c- Air-side Systems - Constant to variable volume
ECM 6a- Air-side Energy Recovery

ECM 7b- Water-side Systems - Standalone AWHP

ECM 7c- Water-side Systems - Pump VFDs

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 10c- Controls - DDC Sequence Upgrades

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 9e- Plumbing - ASHP Water Heater with Storage
ECM 12 p Natatorium p High Efficiency Heating and
Cooling
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Lydon Library

Campus North Campus
Core End Use Office/Classroom
Square Footage 67329

Last Major Renovation 2017

Building Summary

Lydon Library building is an office/classroom building on the North
Campus. It has a Building Score of 62. This makes it a higher priority for
energy efficiency improvements. The EUI reduction in the Good and Best
cases are a result of improved envelope, energy recovery, decouplec
heating/cooling and ventilation systems, lighting, lighting controls,
domestic hot water heater, and low flow fixtures. Future carbon reduction
is in result to electrified heating strategy. Airside energy recovery and
envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Current

Steam-to-HHW

Air-cooled Chiller

Candidate for envelope improvements

ECM 1la- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

EQM 4a - Infiltration - 0.25 cfm/sf

ECM 7b- Water-side Systems - Standalone AWHP
ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 10b- Controls - Retro-commissioning
ECM 10c- Controls - DDC Sequence Upgrades
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b - Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Dandeneau Hall

for energy efficiency improvements. The business as usual case assumed

Campus North Campus

Core End Use Office/Classroom

Square Footage 44169

Last Major Renovation 2018

Building Summary curent |
Dandeneau Hall is an office/classroom building with some dry labs on the Steam-to-HHW ‘
North Campus. It has a Building Score of61. This makes it ahigh priority Water-cooled Chiller ‘

added cooling. The EUI reduction in the God and Best cases are a result of

Candidate for envelope improvements

energy recovery, decoupled heating/cooling and ventilation systems,

lighting, lighting controls, domestic hot water heater, and low flow fixtures. _
Future carbon reduction is in result to electrified heating strategy. Airside

energy recovery and envelope upgrades reduce heating and cooling loads ECM 1a- Wall Insulation - R-10 continuous insulation

Retro-commissioning can be a useful tool to ensure proper operation of ECM 2a- Roof Insulation - R-30 continuous insulation
recently renovated systems.

ECM 3a- Glazing Uvalue/SHGC- Double-pane

EUI Breakdown ECM 4a- Infiltration - 0.25 cfm/sf
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ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
m Space Heating (Fossil) ECM 7b- Water-side Systems - Standalone AWHP
ECM 8b- Lighting - Daylight Sensors
ECM 9a- Plumbing - Low Flow Fixtures
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ECM 10c- Controls - DDC Sequence Upgrades
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M Space Heating (Electric)
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ECM 1b- Wall Insulation - R-30 continuous insulation

Best Misc. Equipment

Load (tons)

ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane
ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater

Natural Gas
| Electricity (Current)

| Electricity (2050)

Best

Cooling Load
200

150
100

50

BAU Good Best
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Pulichino Tong Business Center

Campus North Campus
CoreEnd Use Office/Classroom
Square Footage 51345

Last Major Renovation 2016

Building Summary

Pulichino Tong Business Center (PTB) is an office/classroom building on
the North Campus. It has a Building Score of 44. This makes it a lower
priority for energy efficiency improvements. The EUI reduction in the Good
and Best cases are a result of high efficiency heating/cooling system.
Future carbon reduction is in result to electrified heating strategy. Minor
envelope upgrades reduce heating and cooling lods. Retro-commissioning
can be a useful tool to ensure proper operation of recently renovated
systems.

EUI Breakdown
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Current

HHW Boiler

Water-cooled Chiller

High-quality; new insulation and new windows and doors

ECM 7b- Water-side Systems - Standalone AWHP

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 11f- Process Loads- Energy Star Office Eqipment

ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane
ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Saab Emerging Technologies & Innovation Centetr

Campus North Campus
Core End Use Lab

Square Footage 73637

Last Major Renovation 2012

Building Summary

Saab Emerging Technologies & Innovation Center is the most energy
intensive lab building located on the North Campus. It has a Building Score
of 44. This makes it a lower priority for energy efficiency improvements. The
EUI reduction in the Good and Best cases are a result of high efficiency
heating/cooling system. Future carbon reduction is in result to electrified
heating strategy. Minor envelope upgrades reduce heating and cooling
loads. Retro-commissioning can be a useful tool toensure proper operation
of recently renovated systems.

EUI Breakdown
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Current
HHW Boiler
Water-cooled Chiller

High-quality; new insulation and new windows and doors

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissio ning

ECM 11a- Process Loads- Behavior Change

ECM 11b- Process Loads- Filtered Fume Hoods

ECM 11d- Process Loads- Fume Hood Vacancy Sensors
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 5f- Air-side Systems - Aircuity, particle counters
ECM 6d- Air-side Energy Recovery 70% (Konvekta/HP)

ECM 7b- Water-side Systems - Standalone AWHP
ECM 9b- Plumbing - Instantaneous Water Heater
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Perry Hall

Campus North Campus
Core End Use Lab

Square Footage 50158

Last Major Renovation 2019

Building Summary

Perry Hall is an office/classroom building with some dry labs on the North

Campus. It has a Building Score of 42. This makes it a lower priority for
energy efficiency improvements. The EUI reduction in the Good and Best
cases are a result of high efficiency heating/cooling system. A current

carbon increase would be a result of mnor energy efficiency upgrades and

electrified heating strategy. Minor envelope upgrades reduce heating and
cooling loads.

EUI Breakdown
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Current
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High-quality envelope; new insulation and new windows
and doors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 11a- Process Loads- Behavior Change

ECM 11b- Process Loads- Filtered Fume Hoods

ECM 11d- Process Loads- Fume Hood Vacancy Sensors
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6d- Air-side Energy Recovery 70% (Konvekta/HP)
ECM 9b- Plumbing - Instantaneous Water Heater
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Olsen Hall

Campus North Campus
Core End Use Office/Classroom
Square Footage 116764

Last Major Renovation 2019

Building Summary

Olsen Hall is an office/classroom building with some wet labs on the North
Campus. It has a Building Score of 29, although, the score is exped to be
higher due to energy meter data anomalies. Therefore, this building is
assumed to be a medium priority for energy efficiency improvements. The
business as usual case assumes lab operations will be expanded. The EU
reduction in the Good and Bes$ cases are a result of energy recovery,
decoupled heating/cooling and ventilation systems, lighting, lighting
controls, domestic hot water heater, and low flow fixtures. Future carbon
reduction is in result to electrified heating strategy. Airside energyrecovery
and envelope upgrades reduce heating and cooling loads.

EUI Breakdown
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Current ‘
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Air-cooled Chiller |
Candidate for envelope imgovements ‘

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 5c- Air-side Systems - Constant to variable volume
ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 7c- Water-side Systems - Pump VFDs

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 11b- Process Loads- Filtered Fume Hoods

ECM 11c- Process Loads- Low Flow Fume Hoods

ECM 11d- Process Loads- Fume Hood Vacancy Sensors
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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UMass Lowell Bellggarde Boathouse

Campus North Campus (satellite)
Core End Use Recreation

Square Footage 11272

Last Major Renovation 2009

Building Summary

UMass Lowell Bellegarde Boathouse is a recreation building on the North
Campus. It has a Building Score 6 16. This makes it a lower priority for
energy efficiency improvements. The EUI reduction in the Good and Best
cases are a result of high efficiencyheating/cooling systems and lighting.
Future carbon reduction is in result to electrified heating strategy

EUI Breakdown
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Current
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Window AC

High-quality; new insulation and new windows and doors

ECM 7a- Water-side Systems - Standalone VRF
ECM 8a- Lighting - LED Conversion

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 3b- Glazing Uvalue/SHGC - Triple-pane
ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa
ECM 9b- Plumbing - Instantaneous Water Heater
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North Campus Plant Alternatives
Overview

The existing North Plant is a heating only central plant that serves the north campus except the Pulichino Tong
Business Center and the Saab Emerging Technologies and Innovation Center. The north plant has three low
pressure steam boilers for a total of 2,200 boiler HP of capacity. The aging steam infrastructure in the north
campus presents an opportunity to convert to low temperature hot water and chilled water. Steam is a high
grade heat source that requires either a fossil fuel or bio fuel to perate, locking the north campus into high
grade heat through 2050. Therefore, it is recommended to pursue a low temperature hot water and chilled water
distribution to take advantage of ground-source and air-source heat pump technologies, as well as integate
boilers for resiliency.

The proposed primary heating and cooling equipment for the central plant were selected based on emission
impact, feasibility, resiliency and cost. This includes groundsource heat pumps, airsource heat pumps,
biodiesel boilers and gas boilers (for low outdoor air temperatures only and backup). Refer to the alternative
energy systems section for more information regarding these systems. This section outlines the peak heating
boe! dppmjoh! mpbet! gps! uilidediCivafjtoud!t!t mBhkt d !Vttdfbartd s ! pHtH plp
sizing recommended for each option. Each load scenario has six options for consideration.

Plant Heating and Cooling Loads

The North Plant will serve all of the buildings currently served by the existig steam plant as well as the Pulichino

Tong Business Center and the Saab Emerging Technologies and Innovation Center. The design heating and
dppmjoh! mpbet!gps!uif!F#Cvtjoftt!Bt!Vtvbm!-!+*Hppe!!l bc
that as buildings improve the envelope and aitside energy recovery systems, the buildings require less and less
heating and cooling.

Heating Load (MBH) 83,900 41,200 16,800
Cooling Load MBH) 70,800 55,700 49,350
North Plant Heating Load North Plant Cooling Load
100,000 100,000
80,000 80,000
T T
s 60,000 g 60,000
3 =
g 40,000 S 40,000
— B
20,000 I . 20,000
BAU Good Best _ BAU Good Best
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Options Description and Matrix

The team is proposing six options for the north plant consideration. Sizing of the plant depends on energy
efficiency improvements made in the buildings the plant serves. These options are outlined in the following
tables. The rorth plant is proposed to serve all of the building currently served by the north plant heating plant
as well as the Pulichino Tong Business Center and the Saab Emerging Technologies and Innovation Center.
When evaluating the plant options, consider the fdlowing:

1. Consider if the buildings should be standalone heating and cooling or expand the existing central plant.

2. Which peak load scenario the plant should be designed around.

3. Whether the peak/backup boilers will be biodiesel or gas

4. Whether the plant wil have geothermal or airsource heat pumps or a combination of both.

Best Option

Ui fl ubcmf! cfmpx! tipxt! uif! nbjo! opsui! gmbou! frvjgn
dpot fswbujpo! nfbtvsft/! Pqujpot! xj uiCLMzB Ld'djme e mv é fb!! bn!

hf pui fsnbm!gjfme!boe! dz2DLY jodmveft!op! hfpuifsnbm/! Pqg:i
include natural gas condensing boilers.

Cooling Towers | Cooling Towers

Cooling Towers

Cooling Towers

Cooling Towers

(12) 50 Ton (6) 50 Ton (12) 50 Ton (6) 50 Ton
modular heat modular heat modular heat modular heat
recovery chillers | recovery chillers None recovery chillers | recovery chillers None
with VFDs and with VFDs and with VFDs and with VFDs and
ground ground ground ground
connection connection connection connection
Closed Loop Closed Loop Closed Loop Closed Loop
Vertical Vertical Vertical Vertical
Borefield Borefield None Borefield Borefield None
200 Boreholes 100 Boreholes 200 Boreholes 100 Boreholes
at 500 ft depth at 500 ft depth at 500 ft depth at 500 ft depth
(12) 30 Ton Air | (23) 30 Ton Air | (23) 30 Ton Air | (35) 30 Ton Air | (47) 30 Ton Air
to-Water heat to-Water heat to-Water heat to-Water heat to-Water heat
None pumps similar pumps similar pumps similar pumps similar pumps similar
to Multistack to Multistack to Multistack to Multistack to Multistack
ARA ARA ARA ARA ARA
(3) 150 Boiler | (3) 150 Boiler | (3) 150 Boiler | (4000 MBH | (4) 4,000 MBH (4) 4,000
HP Biodiesel HP Biodiesel HP Biodiesel Natural Qas Natural Qas Natural G_as
Boilers Boilers Boilers Cond_ensmg Cond_ensmg Cond_ensmg
Boilers Boilers Boilers
(4) 950 Ton (4) 900 Ton (4) 900 Ton (4) 800 Ton (4) 800 Ton (4) 750 Ton
Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal
Chillers with Chillers with Chillerswith Chillers with Chillers with Chillers with

Cooling Towers

Chilled water and hot water supplyand return through buildings and direct buried as required.

Emergency generators for lifesafety and heating system. The cooling plant is not on optional standby.

36-48 hours of backup fuel storage in theplant.
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Best Option Geothermal Borefield

The potential geothermal borefield site is parking lots and green space immediately surrounding the North
Plant. The target percent of peak heating load is 15% to 30% of the peak heating load to maximize utilizanh of

the geothermal borefield. For resiliency, the closeemp pq! wf suj dbm! cpsf gj f met! xj mn
with each circuit having supply and return piping directly to the building. The satellite images below show the
approximate site areb ! sfrvjsfel! gps! uif! #Mjhiu! boe! #I fbwz!! hfpt
xpvme! sfrvjsfluif!gbsljoh! mpu!up!uif!tpvui! pg! Qjobc
parking lot to the south of Pinanski Hall, the parking loto the north of Pinanski Hall and green space to the east

of Olney Hall. The parking lots would need to be rgpaved and the greenspace would need to be landscaped.

“EinsteiniBrosiBagels SR AN fEinsteinBrosiBagels T &

Best Option Aland A2 geothermal borefield Best Option B1 and B2 geothermal borefield
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Good Option

The table below shows the main north plant equipment requiredj g! bmm! cvj mej oht! gqvs
dpot fswbujpo! nfbtvsft/! Pqujpot! xjui! dzBL) jodmvef! b!
hf pui fsnbm!gjfme! boe! d2DL) jodmveft!op!hfpuifsnbm/! Pqgl

include natural gas condensing boilers.

GOOD B1

GOOD Al Light Geo + Air _GOOD C1 GOOD A2 _ _ GOOD B2 _ GOOD C2
Heavy Geo + Air-source + Heavy Geo + Air = Light Geo + Air :
2 source + o Air-source + Gas
Biodiesel o Biodiesel source + Gas source + Gas
Biodiesel
(22) 50 Ton (12) 50 Ton (22) 50 Ton (12) 50 Ton
Heat modular heat modular heat modular heat modular heat
Recove recovery chillers | recovery chillers None recovery chillers | recovery chillers None
“ " | withvFDsand | with VFDs and with VFDs and | with VFDs and
Chillers
ground ground ground ground
connection connection connection connection
Closed Loop Closed Loop Closed Loop Closed Loop
Geothermal Vertical Vertical Vertical Vertical
Borefield Borefield Borefield None Borefield Borefield None
350 Boreholes 175 Boreholes 350 Boreholes 175 Boreholes
at 500 ft depth at 500 ft depth at 500 ft depth at 500 ft depth
(29) 30 Ton Air (57) 30 Ton Air (57) 30 Ton Air (86) 30 Ton Air (114) 30 Ton
: to-Water heat to-Water heat to-Water heat to-Water heat Airto-Water
Air-to-Water . L o L
Heat Pumps None pumps similar pumps similar pumps similar pumps similar heat pumps
P to Multistack to Multistack to Multistack to Multistack similar to
ARA ARA ARA ARA Multistack ARA
Peak
Heating (3) 350 Boiler (3) 350 Boiler (3) 350 Boiler (6) 6,000 MBH (6) 6,000 MBH (6) 6,000
o - L Natural Gas Natural Gas Natural Gas
Load + HP Biodiesel HP Biodiesel HP Biodiesel . . .
. ) ) Condensing Condensing Condensing
Backup Boilers Boilers Boilers . : .
Boilers Boilers Boilers
System
Pea}k (4) 950 Ton (4) 900 Ton (4) 800 Ton (3) 800 Ton (3) 750 Ton (3) 650 Ton
Cooling . . . . . .
Load + Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal
Backu Chillers with Chillers with Chillers with Chillers with Chillers with Chillers with
SysterrF: Cooling Towers | Cooling Towers | Cooling Towers | Cooling Towers | Cooling Towers | Cooling Towers
Hot water
and Chilled . - . . .
Water Chilled water and hot water supply and return through buildings and direct buried as required.
Distribution
Emergency
Generators . . . . .
+ Backup Emergency generators for lifesafety and heating system. The cooling plant is not on optional standby.
System
Fuel Storage 36-48 hours of backup fuel storage in the plant.
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Good Option Geothermal Borefield

The potential geothermal borefield site is parking lots and green space immediately strounding the North

Plant. The target percent of peak heating load is 15% to 30% of the peak heating load to maximize utilization of

the geothermal borefield. For resiliency, the closeemp pq! wf suj dbm! cpsf gj f met! xj mn
with each circuit having supply and return piping directly to the building. The satellite images below show the
bggspyjnbuf!tjuf!bsfb!sfrvjsfelgps!uif! Mjhiu!boe! #
the parking lot to the south of Pinansk Hall, the parking lot to the north of Pinanski Hall and green space to the
east of Olney Hall. The parking lots would need to be rgpaved and the greenspace would need to be
mboetdbqgfe/! Uif! #1 fbwz!! hfpuifsnbm! pqodlishing Pinangkv iHedl.! s f
Geothermal boreholes underneath buildings is possible before construction, but does take away valuable real
estate which could be slated for new buildings. Maintaining space and future options is a paramount in an urban
environment.

Good Option A1 and A2 geothermal borefield Good Optlon B1 and BZ geothermal boreﬂeld
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Business As Usual (For Reference Only)

The table below shows the main north plant equipment required if all buildings replace in kind and pursue no
fofshz! dpotfswbujpo! nfbtvsft/ ! Pqujpot! xj uiamediBrhkize od m

hf puifsnbm!gjfme! boe! dzDL) jodmveft!op!hfpuifsnbm/! Pqgt

include natural gas condensing boilers.

BAU B1
BAU A1 : : BAU C1 BAU A2 BAU B2
Heavy Geo + LN A1 Air-source + Heavy Geo + Air | Light Geo + Air : e
S source + D Air-source + Gas
Biodiesel S Biodiesel source + Gas source + Gas
Biodiesel
(44) 50 Ton (22) 50 Ton (44) 50 Ton (22) 50 Ton
Heat modular heat modular heat modular heat modular heat
Recove recovery chillers | recovery chilers None recovery chillers | recovery chillers None
overy with VFDs and with VFDs and with VFDs and with VFDs and
Chillers
ground ground ground ground
connection connection connection connection
Closed Loop Closed Loop Closed Loop Closed Loop
Geothermal Vertical Vertical Vertical Vertical
Borefield Borefield Borefield None Borefield Borefield None
700 Boreholes 350 Boreholes 700 Boreholes 350 Boreholes
at 500 ft depth at 500 ft depth at 500 ft depth at 500 ft depth
(58) 30 Ton Air (116) 30 Ton (116) 30 Ton (175) 30 Ton (233) 30 Ton
: to-Water heat Air-to-Water Air-to-Water Air-to-Water Air-to-Water
Air-to-Water L
None pumps similar heat pumps heat pumps heat pumps heat pumps
Heat Pumps : g g s o
to Multistack similar to similar to similar to similar to
ARA Multistack ARA | Multistack ARA | Multistack ARA | Multistack ARA
Peak
Heating (3) 700 Boiler (3) 700 Boiler (3) 700 Boiler (12) 6,000 MBH | (12) 6,000 MBH (12) 6,000
- o - Natural Gas Natural Gas Natural Gas
Load + HP Biodiesel HP Biodiesel HP Biodiesel . . .
. . ) Condensing Condensing Condensing
Backup Boilers Boilers Boilers . . .
Boilers Boilers Boilers
System
Peak (4) 1,050 Ton (4) 950 Ton (4) 950 Ton (3) 500 Ton
Cooling water-cooled water-cooled water-cooled water-cooled . .
Load + Centrifugal Centrifugal Centrifugal Centrifugal (czc))cﬁgg Ik?irl}ea:lsr- (t)oilse%-lc—:%ri}lglrr-
Backup Chillers with Chillers with Chillers with Chillers with
System Cooling Towers | Cooling Towers | Cooling Towers | Cooling Towers
Hot water
and Chilled . - . . .
Water Chilled water and hot water supgy and return through buildings and direct buried as required.
Distribution
Emergency
Generators . . . . .
+ Backup Emergency generators for lifesafety and heating system. The cooling plant is not on optional standby.
System
Fuel Storage 36-48 hours of backup fuel storage inthe plant.
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Business As Usual Geothermal Borefield

The potential geothermal borefield site is parking lots and green space immediately surrounding the North
Plant. The target percent of peak heating load is 15% to 30% of the peak heating load to mawize utilization of

the geothermal borefield. For resiliency, the closeemp pq! wf suj dbm! cpsf gj f met! xj mn
with each circuit having supply and return piping directly to the building. The satellite images below show the
approxinbuf !t juf! bsfb!sfrvjsfelgps!uif! #Mjhiu!boel! #1fbw
the parking lot to the south of Pinanski Hall, the parking lot to the north of Pinanski Hall, the green space to the

east of Olney Hall and demolishingQj obot I j ! I bmm/ ! Ui f! #I fbwz! ! hfpuifsnb
to demolishing the Olney Hall and take away valuable real estate which could be slated for new buildings.
Geothermal boreholes underneath buildings is possible before constructionput does take away valuable real
estate which could be slated for new buildings. Maintaining space and future options is a paramount in an urban
environment.

FEAREL N
sy

%
- Perry, }jaH

. "y
o UMass lfowelllErancis. . 4
o~ ?’,\ CollegefofiEngineering!

N

.t»\". & > bl & ",‘

v/ ®Einstein|BrosyBagels

_ . )
&, UMass llowelllErancis. = 4
/A S ) Colleqo'phEn ering

N

Business As Usual Option Al and A2 geothermal borefield

University of Massachusetts at Lowell | Alternative Energy Master Plan 97



Heating loads by Equipment

The primary heating equipment for the new North Campus gant will consist of ground-source heat pumps, air
source heat pumps, biodiesel boilers and gas boilers. The sizing of the geothermal is based on 30% of the peak
heating load for the heavy geothermal options, 15% for the light geothermal options. For bioéisel options, the
air-source heat pumps are sized based on having at least 30% heat pump capacity (either grounslource or air-
source), while the gas options are sized to have at least 80% of the peak heating load to meet the energy goals
of the campus. Biodiesel and gas boilers are sized for resiliency for 80% of the design capacity. The options
with biodiesel are carbon neutral while the gas boilers options are >95% carbon neutral.

The chart below shows the 18 North Plant options and the associated groum-source heat pump, airsource
heat pump, biodiesel boiler and gas boiler capacities.

North Plant Heating Equipment by Load

B Geothermal ASHP M Biooil Boilers W Gas Bailers

AR AR

BAU Good Best BAU Good Best BAU Good Best BAU Good Best BAU Good Best BAU Good Best
Al Bl C1 A2 B2 c2
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Cooling loads by Equipment

The primary cooling equipment for the new North Campus plant will consist of groundsource heat pumps, air
source heat pumps, aircooled chillers and water-cooled chillers with cooling towers. The sizing of ground
source heat pumps and airsource heat pumps are based on the heating design loads. The sizing of the air
cooled chiller and water-cooled chiller plant options are based on the remaning load for the option. Aircooled
was used when the remaining cooling load was less than 1,000 tons.

The chart below shows the 18 North Plant options and the associated groundsource heat pump, airsource
heat pump, aircooled chiller and water-cooled chiller capacities.

North Plant Cooling Equipment by Load
B Geothermal m ASHP B Water-Cooled Chillers B Air-Cooled Chillers

7,000
6,000 -
-= 5,000 I ]
E 4,000 I
% 3,000
S 2,000
o n=" EE E=D
BAU Good Best BAU Good Best BAU Good Best BAU Good Best BAU Good Best BAU Good Best

Al
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North Campus Lif€ycle Cost Analysis

A life-cycle cost analysis (LCCA) provides an estimate of thetotal net present cost of ownership including
construction costs, maintenance costs, equipment replacement costs and energy costs over a given study
period. The analysis assumes construction would start in 2025 and include costs through 2050.

The discount rate, escalation rates, equipment life, and study length are shown in the table below.

INPUT VALUE
Discount Rate 5%
Maintenance Escalation Rate 3%
Utility Escalation Rate 3%
Escalation Rate of Future Costs 3%

Pumps and heat pumps: 15 years
Boilers and chillers: 25 years

Study Length 25 years

Equipment Life

The utility rates used in the analysis have been provided by UMasLowell. The electricity rate is 0.132 $/kWh, the
gas rate is 9.36 $/MMBtu and the biodiesel rate is 3.50 $/gallon. The maintenance costs include the costs
associated with equipment as well as costs to staff the plant.
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Construction Costs

The plantconstv duj po! dptut! i bwf! cffo! ftujnbufelcbtfe! po! dj
comparison of construction costs between the options, regardless of when plant equipment is installed. The
options include an addition located to the northeast of the existing boiler plant to house the cooling plant
equipment including centrifugal chillers, heat recovery chillers, pumps, etc with the cooling towers and some of

the air-source heat pumps on the roof. The remainder of the airsource heat pumps will be bcated on the roof

of the adjacent building.

The chart below shows the costs for the central plantfor all options and all load scenarios. Each option shows
the load scenario (Business as Usual, Good and Best), the boiler type (biodiesel and gas), and tpercent of
peak heating capacity is groundsource and airsource heat pumps.

NORTH PLANT CONSTRUCTION COSTS

B Plant Addition®= Infrastructure Piping® Water-cooled Chiller® Boilers® Air-to-Water Heat Pump® Geothermal®m HR Chillers Electrical Substatior
$140,000,000

5 $120,000,000 ]
38 p—
&  $100,000,000 . —
5 -
ze $80,000,000 - = —
'(7) | —
=z — —
S se0000000 [ - | —
|| o - _ -
| ——
$40,000,000 - - . i - -
| ]
$20,000,000 I . I I . I I E ! - l !
. - . - N
option] A1 i Bl ci| A2 | B2i co|l Al iB1] ci|Aa2|B2ico|lAliBl|ci|A2iB2icC2
ASHPs| Nonei 15% | 30% | 30% | 45% i 60% | Nonei 15% | 30% | 30% | 45% : 60% | Nonei 15% | 30% | 30% | 45% i 60%
GSHPY 30% i 15% { None| 30% | 15% : None] 30% i 15% | None| 30% | 15% | None| 30% i 15% | None| 30% i 15% : None
Boiler Type] Biodiesel Gas Biodiesel Gas Biodiesel Gas
Load Scenario Business As Usual Good Best

A few things stand out.

1. Reducing peak load at the buildings reduces the construction cost of the north campus plant because it
reduces the amount of mechanical equipment requred to heat and cool the buildings.

2. Increasing the airsource heat pumps to eliminate boiler use results in an increase in construction cost. The
construction cost per btu of heat at design day is much higher for an airsource heat pump than a biodiesel
boiler.

3. The cost of geothermal is relatively low when comparing to airsource heat pumps operating at low outdoor
air conditions. Geothermal exchanges heat with the ground and therefore does not operate at a reduced
capacity at low ambient. It is possible n the future for air-to-water heat pumps to maintain nominal capacity
and hot water supply temperatures at low ambient, but currently most manufacturers do not.
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Life-cycle Cost Analysis Results

The chart below shows the life-cycle cost for all options and all load scenarios compared to the building stand
alone (SA). Each option shows the load scenario (Business as Usual, Good and Best), the boiler type (biodiesel
and gas), and the percent of peak heating capacity is groungsource and air-source heat pumps. Note that to
meet the alternative energy goals, the gas boiler options are required to have more agource heat pumps, with
the gas boilers for only when the outdoor air temperature is below the 99% winter design temperature and
emergency operation.

25 YEAR NET PRESENT COST
m 25-Year Replacement Cost m 25-Year Maintenance Cost m 25-Year Energy Cost m Construction Costs (Builidng Upgrades) m Construction Costs (Plant)

$300,000,000

BR+A Recommendation
$250,000,000 I .
E = [ N | = ]
$200,000,000 I . . B | ER | . [ | - - N

(%)

$150,000,000

$100,000,000

25-YEAR NET PRESENT COST

$50,000,000

$0 |
Option] SA Al Bl Cl A2 B2 C2 SA Al Bl Cl A2 B2 C2 SA Al Bl Cl A2 B2 C2
ASHPs| 100%| None{ 15% i 30% | 30% : 45% | 60% | 100%| None: 15% | 30% | 30% | 45% : 60% | 100%| None} 15% : 30% | 30% i 45% : 60%
GSHPY n/a | 30% { 15% i None| 30% : 15% { None| n/a | 30% : 15% | None| 30% { 15% : None| n/a | 30% i 15% : None| 30% i 15% i None
Boiler Type| n/a Biodiesel Gas n/a Biodiesel Gas n/a Biodiesel Gas
Load Scenarig Business As Usual Good Best

Recommendation

BR+A recommends the north campus select a central plant to centralize maintenance and provide more

sf mj bcj GooduB2p LightiGed +dAirt pv sdf ! , | Hdiferd thebesnblalantelLdf load reductions,
energy efficiency and futuf ! g mf y j d&Gpawh Bap 2ight Ged f Airsidurce + BiodieselC p j noptert offérs

similar benefits, with the one caveat being the use of biodiesel boilers for a portion of the heating load. Using

ui f! dZHppeld mpbe! tdf obsjp!fjdodpvedutj'hgpdse!! tupn fn!'fd wj! nue jfad hc
bcmf! up! bdijfwf! dZzHppeld boe! tpnf! sfnbjojoh! bt! dzCvt |
circumstances as the building upgrades are pursued.

The plant equipment installs a high efficiency geohermal closed-loop geothermal heat exchanger below the
two parking lots to the north of the plant. Groundsource heat pumps are more efficient, have a longer expected
life and are more reliable than airsource heat pumps. Since the site cannot accommodatethe full heating load
with geothermal, air-source heat pumps are used for a portion of the peak heating load. The option allows the
plant to continue to use the gas steam boilers until the hot water and chilled water distribution is in place and
the steam boilers can be taken offline. At that time, a final decision regarding gas vs biodiesel boilers can be
made. Biodiesel may be more common and cost effective in the future and therefore use biodiesel in place of
heat pumps may be more desirable to achieve he carbon neutral goals by 2050.
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South Campus Energy Efficiency Results

Project profiles were developed for each building on the South Campus pilot building are developed in order to
evaluate and quantify energy, emissions, and heating/cooling load impact. Measures were identified by using

the ASHRAE Level Audit procedure. Two scenarios-dzH p p e LJ' b p weredi€idildd inloider to outline the

range of opportunities compared to a Default/BusinessAs-Vt v bm! ) dZzCBVLJX ! Dbt f/ ! Ui f! C|
the 2019 energy use profiles adjusted for key factor including expanded lab operations, added cooling, and
centralized ventilation. Energy end use breakdowns were estimated based building core end use given the lack

of campus submetering. Currentand future206 1! dbscpo! fnjttjpot! xfsflrvbouj
zfbs! Gpsfdbtu! Qsf mjnjobsz! Sfgpsu/ LY I fbujoh! boe! dppm
central vs. decentralized scenarios.Air-side energy recovery and envelopeare the key strategies outlined to
reduce heating and cooling loads.

Compared to the Default/BusinessAs-Vt vb m! ) dZzCBVLI ! Dbt f -1 ui f! Tpvui! Dbn

achieve a 47% energy reduction and 35% emissions reduction. Based on future emissions rate (afetailed in

ui f Zdzbls! Gpsfdbtu*-!tuif!fnjttjpot!sfevdujpo!jt!fyqfdi
is expected to achieve a 53% energy reduction and 43% emissions reduction. Based on future emissions rate

) bt ! efubj mfeas! jGp!sdidfb!tdi4d X - ! ui f! fnjttjpot!sfevdujpol! jt

The reductions outlined above are expected to greatly exceed the EUI and emissions requirements &xecutive
Order No. 594. The remaining emissions can be offset with renewables sourcs.

Based on decisions made by UML regarding the North Campus, the Team will evaluate the viability of
centralized heating/cooling systems on the South Campus.

University of Massachusetts at Lowell | Alternative Energy Master Plan 103



Durgin Hall

South Campus. It has a Building Score of 67. This makes it a medium
priority for energy efficiency improvements. The EUI reduction inhe Good
and Best cases are a result of envelope upgrades, energy recovery

decoupled heating/cooling and ventilation systems, lighting, lighting _
controls, domestic hot water heater, and low flow fixtures. Future carbon

Campus South Campus
Core End Use Office/Classroom
Square Footage 70865
Last Major Renovation 2019

fcurem ]
Building Summary Steam-to-HHW |
Durgin Hall is an office/classroom building with performance space on the Water-cooled Chiller ‘

|

Candidate for envelope improvements

reduction is in result to electrified heating strategy. Airside energy recovery ECM 1la- Wall Insulation - R-10 continuous insulation
and envelope upgrades reduce heating and cooling loads. ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane
EUI Breakdown ECM 4a- Infiltration - 0.25 cfm/sf
140 ECM 5a- Air-side Systems - Decoupled systems
= Space Heating (Fossil) ECMS5c - Air-side Systems - Constant to variable volume
120 m Space Heating (Electric) ECM 5e- Air-side Systems - Airflow setbacks
§ 100 m Space Cooling ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
@ 80 ECM 7b- Water-side Systems - Standalone AWHP
é/ 60 = Pumps ECM 7c- Water-side Systems - Pump VFDs
I mFan ECM 8a- Lighting - LED Conversion
‘212 - | ! Domestic Hot Water ECM 8b- L?ght?ng - Occgpancy Sensors
ECM 8b- Lighting - Daylight Sensors
0 = Interior Lighting ECM 9a- Plumbing - Low Flow Fixtures
BAU Good Best Misc. Equipment ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning
ECM 10c- Controls - DDC Sequeice Upgrades
ECM 11f- Process Loads- Energy Star Office Equipment

Carbon Emissions

g 1600000
B
z; 1200000 ECM 1b- Wall Insulation - R-30 continuous insulation
§ 1000000 Natural Gas ECM 2b- Roof Insulation - R-50 continuous insulation
‘E 800000 ; ;
”:" = Electricity (Current) ECM 3b- Glazing Uvalue/SHGC - Triple-pane
5 600000 ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa
§ 400000 = Electricity (2050) ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
200000 ;
ECM 9b- Plumbing - Instantaneous Water Heater
Al HE Hm
BAU Good Best
Heating Load Cooling Load
500 350
400 300
— 250
@ m
g 300 5 200
g 200 g 150
- = 100
100 I .
0 . 0
BAU Good Best BAU Good Best
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O'Leary Library

Campus South Campus
Core End Use Office/Classroom
Square Footage 109788

Last Major Renovation 2019

Building Summary

O'Leary Library building is an office/classroom building on the South
Campus. It has a Building Score of 68. This makes it a higher priority for
energy efficiency improvements. The EUI reduction in the Good and Besl
cases are a resut of improved envelope, energy recovery, decoupled
heating/cooling and ventilation systems, lighting, lighting controls,
domestic hot water heater, and low flow fixtures. Future carbon reduction
is in result to electrified heating strategy. Airside energy recovery and
envelope upgrades reduce heating and cooling loadsRetro-commissioning
can be a useful tool to ensure proper operation of recently renovated
systems.

EUI Breakdown

140 m Space Heating (Fossil)

120

m Space Heating (Electric)
100
m Space Cooling
80
H Pumps
60 I

EUI (kBtu/s¥r)

mFan
© =
Domestic Hot Water

20 - -

M Interior Lighting

0
BAU Good Best Misc. Equipment
Carbon Emissions
< 2000000
S 1800000
£ 1600000
@ 1400000
@ 1200000 Natural Gas
‘E 1000000
USJ 800000 m Electricity (Current)
£ 600000 et (2050
(@] 400000 m Electricity (2050)
200000 .
0 [ ] N
BAU Good Best
Heating Load Cooling Load
700 500
600 400
& 500 _
c 2]
S 400 S 300
§ 300 g 200
- 200 a3
100 I ] 100
0 0
BAU Good Best BAU Good Best

Current ‘
Steam-to-HHW ‘
Water-cooled Chiller ‘
Candidate for envelope improvements ‘

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 5e- Air-side Systems - Airflow setbacks

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

EQM 8a - Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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McGauvran Center

Campus South Campus
Core End Use Lab

Square Footage 44756

Last Major Renovation 2015

Building Summary

McGauvran Centeris an office/classroom building with dining on the South
Campus. It has a Building Score of 62. This makes it a medium priority for
energy efficiency improvements. The EUI reduction in the Good and Best
cases are a result of erergy recovery, decoupled heating/cooling and
ventilation systems, and energy efficient heating and cooling systems.
Future carbon reduction is in result to electrified heating strategy. Airside
energy recovery and envelope upgrades reduce heating and couwlg loads.
Retro-commissioning can be a useful tool to ensure proper operation of
recently renovated systems.

EUI Breakdown

800 m Space Heating (Fossil)

250 m Space Heating (Electric)
200 m Space Cooling
150 ®Pumps
100 I I mFan
- -

Domestic Hot Water
50 -

EUI (kBtu/sfyr)

M Interior Lighting

0
BAU Good Best Misc. Equipment
Carbon Emissions
< 1800000
3 1600000
é’, 1400000
%]
.é 1200000 Natural Gas
@ 1000000
I-IE 800000 m Electricity (Current)
8 600000
8 400000 m Electricity (2050)
200000 . . .
0
BAU Good Best
Heating Load Cooling Load
500 400
350
400 300
g 300 2 250
% 200 % 2
S 3 150
100 I 100
50
0 0
BAU Good Best BAU Good Best

Current
HHW Boiler
Air-cooled Chiller

High-quality envelope; new insulation and new windows
and doors

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Mahoney Hall

Campus
Core End Use
Square Footage

South Campus
Office/Classroom
50394

Last Major Renovation 1960

Building Summary

Mahoney Hall is an office/classroom building on the South Campus. It has
a Building Score of 60. This make it a high priority for energy efficiency
improvements particularly given direct steam systems. The business as

usual case assume added central ventilation and cooling. The EUI reduction
in the Good and Best cases are a result of improved envelope, energy

recovery, decoupled heating/cooling and ventilation systems, lighting,
lighting controls, domestic hot water heater, and low flow fixtures. Future
carbon reduction is in result to electrified heating strategy. Airside energy
recovery and envelope upgrads reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM7b - Water-side Systems - Standalone AWHP

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10a- Controls - DDC

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation

|
Direct Steam ‘
|
|

ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane
ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Dugan Hall

Campus South Campus
Core End Use Office/Classroom
Square Footage 52643

Last Major Renovation 1962

Building Summary

Dugan Hall is an office/classroom building on the South Campus. It has a
Building Score of56. This makes it a medium priority for energy efficiency
improvements. The EUI reduction in the Good and Best cases are a resul
of envelope upgrades, lighting lighting controls, domestic hot water heater,
and low flow fixtures. Future carbon reduction is in result to electrified
heating strategy. Envelope upgrades reduce heating and cooling loads.
Retro-commissioning can be a useful tool to ensure proper operaion of
recently renovated systems.

EUI Breakdown
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Candidate for envelope improvements

ECM 1la- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 4a- Infiltration - 0.25 cfm/sf

ECM 7b- Water-side Systems - Standalone AWHP
ECM 7c- Water-side Systems - Pump VFDs

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10c- Controls - DDC Sequence Upgrades
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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Concordia Hall

Campus South Campus
Core End Use Residential
Square Footage 41380

Last Major Renovation 1966

Building Summary

Concordia Hall is residential building on the South Campus. It has a Building
Score of 72. This makes it a higher priority for energy efficiency
improvements particularly given direct steam systems. The business as
usual case assumes ventilation and cooling will be added. The EUI
reduction in the Good and Best cases are a result of energyecovery,

decoupled heating/cooling and ventilation systems, lighting, lighting

controls, domestic hot water heater, and low flow fixtures. Future carbon

reduction is in result to electrified heating strategy. Airside energy recovery
and envelope upgradesreduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements ‘

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7a- Water-side Systems - Standalone VRF

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 11a- Process Loads- Behavior Change

ECM 1b - Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 7b- Water-side Systems - Standalone AWHP
ECM 9e- Plumbing - ASHP Water Heater with Storage
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Weed Hall

Campus South Campus

Core End Use Lab

Square Footage 63469

Last Major Renovation 1966

Building Summary

Weed Hall is an lab building on he South Campus. It has a Building Score ‘
of 59. This makes it a higher priority for energy efficiency improvements. SIeAMHOHHIYY ‘
The EUI reduction in the Good and Best cases are a result of energ) Water-cooled Chiller ‘
recovery, decoupled heating/cooling and ventilation systems, lighting, ‘
lighting controls, domestic hot water heater, and low flow fixtures. Future
carbon reduction is in result to electrified heating strategy. Airside energy

recovery and envelope upgrades reduce heating and cooling loads. _

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
EUI Breakdown ECM 3a- Glazing Uvalue/SHGC- Double-pane
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Candidate for envelope improvements
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Health & Social Sciences Building

Campus South Campus
Core End Use Office/Classroom
Square Footage 63237

Last Major Renovation 2013

Building Summary

The Health & Social Sciences Building is an office/classroom building with
some dry labs on the South Campus. It has a Building Score of 46. This
makes it a lower priority for energy efficiency improvements. The EUI
reduction in the Good and Best cases are a result of energy efficient heating
and cooling systems, lighting, lighting controls, domestic hot water heater,
and low flow fixtures. Future carbon reduction is in result to electrified

heating strategy. Airside energy recovery and envelope upgrades reduce
heating and cooling loads. Retro-commissioning can be a useful tool to

ensure proper operationof recently renovated systems.

EUI Breakdown
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High-quality envelope; new insulation and new windows
and doors

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5e- Air-side Systems - Airflow setbacks

ECM 7b- Water-side Systems - Standalone AWHP
ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10b - Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades
ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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150 Wilder - Desmarais House

Campus South Campus (satellite)
Core End Use Office

Square Footage 5317

Last Major Renovation 1905

Building Summary

Desmarais House is a small office building on the South Camps. It has a
Building Score of 33 This makes it a lower priority as it relates to energy
efficiency improvements. The EUI reduction in the Good and Best cases are
a result of improved envelope, high efficiency heating/cooling systems,
lighting, lighting controls, domestic hot water heater, and low flow fixtures.
Future carbon reduction is in reault to electrified heating strategy. Improved
envelope reduce heating and cooling loads.

EUI Breakdown
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Candidate for envelope improvements

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-paned
ECM 4a- Infiltration - 0.25 cfm/sf

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10a- Controls - DDC

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 7a- Water-side Systems - Standalone VRF
ECM 9b- Plumbing - Instantaneous Water Heater
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820 Broadway

Campus

Core End Use
Square Footage

Last Major Renovation

Building Summary

820 Broadway is a small office building on the South Canpus. It has a Building
Score of 33. This makes it a lower priority as it relates to energy efficiency
improvements. The EUI reduction in the Good and Best cases are a result of
improved envelope,high efficiency heating/cooling systems, lighting, lighting
controls, domestic hot water heater, and low flow fixtures. Future carbon
reduction is in result to electrified heating strategy. Improved envelope reduce

heating and cooling loads.
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Candidate for envelope improvements

ECM 1a- Wall Insulation - R-10 continuous insulation
ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-paned
ECM 4a- Infiltration - 0.25 cfm/sf

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10a- Controls - DDC

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 7a- Water-side Systems - Standalone VRF

ECM 9b- Plumbing - Instantaneous Water Heater
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Coburn Hall

Campus
Core End Use
Square Footage

South Campus
Office/Classroom
67889

Last Major Renovation 2020

Building Summary

Coburn Hall is an office/classroom building on the South Campus. It has a
Building Score of 18. This makes it a lower priority for energy efficiency
improvements. The EUI reduction in the Good and Best cases are a resul
of high efficiency heating/cooling system. Future carbon reduction is in

result to electrified heating strategy. Minor envelope upgrades reduce
heating and cooling loads.

EUI Breakdown
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High-quality envelope; new insulation and new windows
and doors

Good

ECM 7b- Water-side Systems - Standalone AWHP

ECM 9a- Plumbing - Low Flow Fixtures

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane
ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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South Campus PlaAtternatives

The South Canpus is currently served by three steam boilers that were replaced in 2015. The options for
meeting the alternative energy requirements for the south campus buildings is to pursue standalone electrified
heating and cooling plants or to install and expand he south campus central plant. These electrification options
dbo!cfl!cvoemfe! xjuil!cvjmejoh!vghsbeft!voefs! uif! dzHp|
are summarized below:

1. Stand-alone heating and cooling plants and code minimum buildingupgrades

2. Standbmpof ! xjui ! dzHppel FDN! gbdl bhf!cvj mejoh!vghsbeft

3. Standb mpof ! i fbujoh! boel!dppmjoh! xjui! dzZCftulL)d FDN!gbdl b

4, Df ousbm! Vuj mjuz! Qmbou! vB2jp dight Geo f Airsopree + iGas Bhilerdydv P § dZHp o |
the south campus

Ui f!df ousbm! gmbou! pquj pot! xfsf! wfuufe!joluif! Bapui!
Light Geo + Airsource + Gas BoilerdJ! pquj po! xbt! ui f! cftu! gmbou! pquj pc
dZBmuf sobuj wf! Fof s hozt ILM fpbgt! wis fj tt !! Bff tqdpssjud Wbjope ! ui f ' opsui ! g
not be the best option from an emissions and operating cost perspective at this time. The chart below shows

the 25-year life-cycle cost analysis for the South Campus Options for edctrification.

South Campus Life Cycle Cost

$180,000,000 $17M $16M SaM 2%

$160,000,000

10% 9%

$140,000,000

— $120,000,000

$100,000,000

$80,000,000

Net Present Cost ($

$60,000,000

$40,000,000

$20,000,000

S0
Standalone BAU Standalone Good Standalone Best Plant B2
(Electrified + Major Renovation)

M Construction Cost (Plant) m Construction Cost (Building Upgrades) m 25-Year Energy Cost

W 25-Year Maintenance Cost M 25-Year Replacement Cost

University of Massachusetts at Lowell | Alternative Energy Master Plan 115



Recommendation

BR+A recommends decentralizing the heating and cooling equipment for the south campus (Staneilone Good
in the chart). The reason for this is because it provides the best balance between construction cost and
operating cost, resulting in the lowest life-cycle cost. Implementing a central hybrid groundsource / air-source
system based on the analysis of from the north campus analysis would also not be lifecycle cost effective.
There are a number of factors that results ina negative life-cycle cost compared to building stand-alone heating
and cooling including:

1. Ui fleftjho!ifbujoh! mpbe!jt! mpxfs!uibo!uif!opsuil!db

2. The piping distribution is higher due to a more spread out.

3. The building types are primarily residence halls and education buildings, which have low heating and cooling
loads when the envelope and mechanical systems are improved.

The analysis shows that doing some building upgrades during major renovations should be performed to
reduce heating and cooling loads and thus reducing heating and cooling equipment cost. It is expected that
tpnflcvjmejoht!nbz!cf!sfopwbufelup!luif!dzZCftulL) cvoemf
Xjmm!sfnbjo!bt! fyjetLtlitadfiobrshlpjl ahfdicfhtdiHpphp gsftfoubuj wi
factors.
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EastCampus Energy Efficiency Results

Project profiles were developed for each building on the East Campus pilot building are developed in order to
evaluate and quantifyenergy, emissions, and heating/cooling load impacts. Measures were identified by using

the ASHRAE Level Audit procedure. Two scenarios-dzH p p e LJ! b p weredi€idilgd inlafder to outline the

range of opportunities compared to a Default/Business-As-Usv b m! ) dzCBVLJ ! Dbt f /! Ui f! CB
the 2019 energy use profiles adjusted for key factor including expanded lab operations, added cooling, and
centralized ventilation. Energy end use breakdowns were estimated based building core end use given thack
pg!dbnqgvt!tvecnfufsjoh/!Dvssfou!boe!gvuvsf! 3161! d-bscj
zfbs! Gpsfdbtu! Qsfmjnjobsz! Sfgqpsu/ L)Y I fbujoh! boel! dppm
central vs. decentralized scenarics. Air-side energy recovery and envelopeare the key strategies outlined to
reduce heating and cooling loads.

Ui f! Fbtu! Dbnqvt -! dzHppeld dbtf! jt! fygfdufelup! bdijfwf
Based on future emissions rate (as detailee ! | o ! réaf Bordbast), the emissions reduction is expected to
cf! dmptfs! up! 79&/ ! Ui f! Fbtu! Dbngvt-! dzCftulL) dbtf! jt!
fnjttjpot! sfevdujpo/! Cbtfe! po! gvuv-ehr!Fdratg utJ pobtwli §bd f
reduction is expected to be closer to 75%. The remaining emissions can be offset with renewables sources.

The reductions outlined above are expected to greatly exceed the EUI and emissions requirements &xecutive
Order No. 594. The Inestment Phase will detail how these projects can be structured in order to meet these
requirement timelines.

The East Campus is not expected to be an appropriate site for centralized heating/cooling systems given the
lack of space type and load diversityjimited space in the urban environment; and relative locations of
buildings to one another.
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Fox Hall

Campus East Campus
Core End Use Lab

Square Footage 196192

Last Major Renovation 2019

o Current
Building Summary

Fox Hall is a residental building with dining on the East Campus. It has a A1 B0 ‘
Building Score of 59. This makes it a high priority for energy efficiency Air-cooled Chiller ‘
improvements. The EUI reduction in the Good and Best cases are a resul Candidate for envelope improvements ‘

of improved envelope, high efficiency heating/cooling systems, energy

recovery, decoupled heating/cooling and ventilation systems, lighting,
F ionis i It lectrified heati . Alrsi
uture carbon reduction is in result to electrified heating strategy. Airside ECM 1a- Wall Insulation - R-10 continuous insulation

energy recowery and envelope upgrades reduce heating and cooling loads. . . . .
Retro-commissioning can be a useful tool to ensure proper operation of ECM 2a- Roof Insulation - R-30 continuous insulation

recently renovated systems. ECM 3a- Glazing Uvalue/SHGC- Double-pane
ECM 4a- Infiltration - 0.25 cfm/sf
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River Hawk Village

Campus East Campus
Core End Use Residential
Square Footage 197841

Last Major Renovation 2017

Building Summary

Riverhawk Village is aresidential building on the East Campus. It has a
Building Score of 56. This makes it a medium priority for energy efficiency
improvements. The EUI reduction in the Good and Best cases are a resul
of energy recovery. Future carbon reduction is in result to electrified heating
strategy. Energy recovery ugrades reduce heating and cooling loads.
Retro-commissioning can be a useful tool to ensure proper operation of
recently renovated systems.

EUI Breakdown
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High-quality; new insulation and new windows and doors

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 10b- Controls - Retro-commissioning

ECM 10c - Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9e- Plumbing - ASHP Water Heater with Storage
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Leitch Hall

Campus East Campus
Core End Use Residential
Square Footage 52768

Last Major Renovation 2014

Building Summary

Leitch Hall is a residential building on the East Campus. It has a Building
Score of 52. This makes it a medium priority for energy efficiency
improvements. The EUI reduction in the Good and Best cases are a resul
of high efficiency heating/cooling systems, lighting, lighting controls,
domestic hot water heater, and low flow fixtures. Future carbon reduction
is in result to electrified heating strategy. Airside energy recovery and
envelope upgrades reduce heating and cooling loadsRetro-commissioning
can be a useful tool to ensure proper operation of recently renovated
systems.

EUI Breakdown
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Acceptable envelope; original components

ECM 5a- Air-side Systems - Decoupled systems

ECM 7a- Water-side Systems - Standalone VRF

ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 7b- Water-side Systems - Standalone AWHP
ECM 9e- Plumbing - ASHP Water Heater with Storage
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Donahue Hall

Campus East Campus
Core End Use Residential
Square Footage 81593

Last Major Renovation 2019

Building Summary

Donahue Hall is a residential building on the East Campus. It has a Building
Score of 51. This makes it a medium priority for energy efficiency
improvements. The EUI reduction in the Good and Best cass are a result

of high efficiency heating/cooling systems, lighting, lighting controls,

domestic hot water heater, and low flow fixtures. Future carbon reduction

is in result to electrified heating strategy. Airside energy recovery and
envelope upgradesreduce heating and cooling loads.

EUI Breakdown
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Water-cooled Chiller

Acceptable envelope; original components

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7a- Water-side Systems - Standalone VRF

ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 7b- Water-side Systems - Standalone AWHP
ECM 9e- Plumbing - ASHP Water Heater with Storage
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Tsongas Center at UMass Lowell

Campus

Core End Use
Square Footage
Last Major Renovation

East Campus (satellite)
Other

181230

2019

Building Summary

Tsongas Center is an ice rink with dining on the East Campus. It has a
Building Score of 50. This makes it a medium priority for energy efficiency
improvements. The EUI reduction in the Good and Best cases are a resul
of improved envelope, energy recovery, decougld heating/cooling and
ventilation systems, lighting, lighting, lighting controls, domestic hot water
heater, and low flow fixtures. Future carbon reduction is in result to
electrified heating strategy. Airside energy recovery and envelope upgrades
reduce heating and cooling loads.Retro-commissioning can be a useful tool
to ensure proper operationof recently renovated systems.
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Steam Boiler (local)
Air-cooled Chiller
Acceptable envelope; original components

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone WSHP

ECM 8b- Lighting - Daylight Sensors

ECM 10b- Controls - Retro-commissioning

ECM 11g- Process Loads- Energy Star Kitchen AHElectric
Energy Star

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9e- Plumbing - ASHP Water Heater with Storage
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UMass Lowell Inn & Conference Center

Campus East Campus (satellite)
CoreEnd Use Residential

Square Footage 163946

Last Major Renovation 2019

Building Summary

UMass Lowell Inn & Conference Center is a residential building on the Eas
Campus. It has a Building Score of 49. This makes it a lower priority for
energy efficiency improvements. The EUI reduction in the Good and Best
cases are a result of airside energy efficiency and high efficiency

heating/cooling systems. Future carbon reduction is in result to electrified

heating strategy. Airside energy recovery and envéope upgrades reduce

heating and cooling loads. Retro-commissioning can be a useful tool to

ensure proper operationof recently renovated systems.

EUI Breakdown
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Acceptable envelope; original components

ECM 7a- Water-side Systems - Standalone VRF
ECM 8b- Lighting - Daylight Sensors

ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades
ECM 11a- Process Loads- Behavior Change

ECM 11g- Process Loads- Energy Star Kitchen AHElectric
Energy Star

ECM 1b- Wall Insulation - R-30 continuous insulation

ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 7b- Water-side Systems - Standalone AWHP
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Campus Recreation Center

Campus East Campus
Core End Use Fitness
Square Footage 62185

Last Major Renovation 2019

Current
Building Summary

Campus recreation center is a fitness building on the East Campus. It has a HHW Boiler

Building Score of 47. This makes it amedium priority for energy efficiency Water-cooled Chiller

improvements. The EUI reduction in the Good and Best cases are a resul High-quality envelope; new insulation and new windows
of air-side energy recovery, high efficiency heating/cooling systems, and doors

lighting, lighting controls, domestic hot water heater, and low flow fixtures.
Future carbon reduction is in result to electrified heating strategy. Airside

energy recovery and envelope ugrades reduce heating and cooling loads. _

Retro-commissioning can be a useful tool to ensure proper operation of L
ECM 5a- Air-side Systems - Decoupled systems

recently renovated systems.
ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
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Bourgeois Hall

Campus East Campus
Core End Use Residential
Square Footage 52979

Last Major Renovation 2014

Building Summary

Bourgeois Hall is a residential building on the East Campus. It has a Building
Score of 44. This makes it a medium priority for energy efficiency
improvements. The EUI reduction in the Good and Best cases are a result of
high efficiency heating/cooling systems, lighting, lighting controls, domestic
hot water heater, and low flow fixtures. Future carbon redwtion is in result
to electrified heating strategy. Airside energy recovery and envelope
upgrades reduce heating and cooling loads.Retro-commissioning can be a
useful tool to ensure proper operationof recently renovated systems.
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Acceptable envelope; original components

ECM 5a- Air-side Systems - Decoupled systems

ECM 7a- Water-side Systems - Standalone VRF

ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 7b- Water-side Systems - Standalone AWHP
ECM 9e- Plumbing - ASHP Water Heater with Storage
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Ames Textile

Campus East Campus
Core End Use Lab

Square Footage 7985

Last Major Renovation 2006

Building Summary

Ames Textile is small lab building on the East Campus. It has a Buildin§core
of 41. This makes it a medium priority for energy efficiency improvements.
The EUI reduction in the Good and Best cases are a result of energy recovery
decoupled heating/cooling and ventilation systems, lighting, and lighting
controls. Future carbon reduction is in result to electrified heating strategy.
Air-side energy recovery and envelope upgrades reduce heating and cooling
loads. Retro-commissioning can be a useful tool to ensure proper operation
of recently renovated systems.

EUI Breakdown
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DX Cooling |
Acceptable envelope; original components |

ECM 2a- Roof Insulation - R-30 continuous insulation
ECM 3a- Glazing Uvalue/SHGC- Double-pane

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5b- Air-side Systems - Decoupled systems

ECM 5d- Air-side Systems - Constant to variable volume
ECM 6c¢- Air-side Energy Recovery 50% (Runaround Coil)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 7c- Water-side Systems - Pump VFDs

ECM 8a- Lighting - LED Conversion

ECM 8b- Lighting - Occupancy Sensors

ECM 8b- Lighting - Daylight Sensors

ECM 9b- Plumbing - Instantaneous Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 5f- Air-side Systems - Aircuity, particle counters
ECM 6d- Air-side Energy Recovery 70% (Konvekta/HP)
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University Crossing

Campus
Core End Use
Square Footage

East Campus
Office/Classroom
202969

Last Major Renovation 2014

Building Summary

University Crossing is an office/classroom building with dining on the East

Campus. It has a Building Score of 43. This makes it a lower priority for
energy efficiency improvements. The EUI reduction in the Good and Best
cases are a result of high efficiency heating/cooling system. A current

carbon increase would be a result of minor energy efficiency upgrades and
electrified heating strategy. Minor envelope upgrades redice heating and

cooling loads. Retro-commissioning can be a useful tool to ensure proper

system operation.

EUI Breakdown
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High-quality envelope;new insulation and new windows
and doors

ECM 1a- Wall Insulation - R-10 continuous insulation*
ECM 3a- Glazing Uvalue/SHGC- Double-pane*

ECM 4a- Infiltration - 0.25 cfm/sf

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery- 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 8b- Lighting - Daylight Sensors

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 11f- Process Loads- Energy Star Office Eqipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)

ECM 9b- Plumbing - Instantaneous Water Heater
*Only applies to Salem Street
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University Suites Residence Hall

Campus East Campus
Core End Use Residential
Square Footage 124323

Last Major Renovation 2013

Building Summary

University Suites Residence Hall is a residential building on the East
Campus. It has a Building Score of 39. This makes it a lower priority for
energy efficiency improvements. The EUI reduction in the Goodind Best
cases are a result ofhigh efficiency heating/cooling system. Future carbon
reduction is in result to electrified heating strategy. Energy recovery
upgrades reduce heating and cooling loads Retro-commissioning can be a
useful tool to ensure proper operation of recently renovated systems.

EUI Breakdown
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High-quality envelope; new insulation and new windows
and doors

ECM 7b- Water-side Systems - Standalone AWHP
ECM 9d- Plumbing - Electric Water Heater with Storage
ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11a- Process Loads- Behavior Change

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9e- Plumbing - ASHP Water Heater withStorage
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Charles Hoff Alumni Scholarship Center

Campus East Campus
Core End Use Office
Square Footage 5815

Last Major Renovation 2014

Building Summary
Charles Hoff Alumni Scholarship is an office building on the East Campus. Furnace

It has a Building Score of 34. This makes it amedium priority for energy DX Cooling
efficiency improvements. The EUI reduction in the Best case is a result of
envelope upgrades. A current carbon increase would be a result of minor
energy efficiency upgrades and electrified heating strategy. Natural
ventilation is expected to be maintained.

High-quality envelope; new insulation and new windows
and doors

ECM 8b- Lighting - Daylight Sensors

EUI Breakdown ECM 9a- Plumbing - Low Flow Fixtures

ECM 11f- Process Loads- Energy Star Office Equipment
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Graduate and Professional Studies Center

Campus East Campus
Core End Use Office/Classroom
Square Footage 50119

Last Major Renovation 2009

Building Summary

The Graduate and Professional Studies building is an office/classroom

building on the East Campus. It has a Building Score of 34. This makes it
lower priority for energy efficiency improvements. The EUI reduction in the
Good and Best cases are a resultof improved envelope, energy recovery,
decoupled heating/cooling and ventilation systems, lighting, lighting

controls, domestic hot water heater, and low flow fixtures. Future carbon

reduction is in result to electrified heating strategy. Airside energy recovery

and envelope upgrades reduce heating and cooling loads. Retro-

commissioning can be a useful tool to ensure proper operationof recently

renovated systems.

EUI Breakdown
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Air-cooled Chiller

Candidate for envelope improvements

ECM 5a- Air-side Systems - Decoupled systems

ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 7b- Water-side Systems - Standalone AWHP

ECM 9a- Plumbing - Low Flow Fixtures

ECM 9c- Plumbing - Electric Water Heater

ECM 10b- Controls - Retro-commissioning

ECM 10c- Controls - DDC Sequence Upgrades

ECM 11f- Process Loads- Energy Star Office Equipment

ECM 1b- Wall Insulation - R-30 continuous insulation
ECM 2b- Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane

ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
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Wannalancit Business Center

Campus

Core End Use
Square Footage

Last Major Renovation

Building Summary

Wannalancit Business Center is an office building with some wet labs on

for energy efficiency improvements. The EUI reduction in the Good and

East Campus
Office/Classroom
122721

2019

Current
HHW Boiler

the East Campus. It has a Building Score of 30. This makes it a lower priority DX Cooling ‘

Best cases are a result of energy recovery, decoupled heating/cooling and

Acceptable envelope; original components

ventilation systems, lighting, lighting controls, domestic hot water heater,

and low flow fixtures. Future carbon reduction is in result to electrified _

heating strategy. Airside energy recovery and envelope upgrades reduce
heating and cooling loads.
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EUI Breakdown
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ECM 6a- Air-side Energy Recovery 70% (Single Wheel)
ECM 9c- Plumbing - Electric Water Heater
ECM 5a- Air-side Systems - Decoupled systems
ECM 7b- Water-side Systems - Standalone AWHP
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EQM 2b - Roof Insulation - R-50 continuous insulation
ECM 3b- Glazing Uvalue/SHGC - Triple-pane
ECM 4b- Infiltration - 0.1 cfm/sf @ 75 Pa

ECM 6b- Air-side Energy Recovery 90% (Heat Regen)
ECM 9b- Plumbing - Instantaneous Water Heater
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East Canpus PlanAlternatives

The East Campus is currently served by three steam boilers that were replaced in 2015. The options for meeting

the alternative energy requirements for the east campus buildings is to pursue stanealone electrified heating

and cooling plants or to install and expand the east campus central plant. These electrification options can be
cvoemfel xjuil!cvjmejoh! vghsbeft! voefs! uif! diHppeld ps!
summarized below:

1. Stand-alone heating and coolingplants and code minimum building upgrades

2. Standb mpof ! xjui ! dHppeld] FDN! gbdl bhf! cvj mejoh!vghsbeft

3. Standbmpof ! i fbujoh! boel!dppmjoh! xjui!dzftuL) FDN!gbdlIl b

4, Df ousbm! Vuj mjuz! Qmbou! vB2jp dight Ged f Airopree o+ iGasBdiensijdv P § dZHp o |
the east campus

Ui f!l df ousbm! gmbou! pquj pot! xfsf! wfuufe!joluif! Bapui !
Light Geo + Airsource + Gas Boilerd pguj po! xbt! ui f! cftu! gmbou! pquj pc
dzB mibfug wf ! Fof shz! Nf btvsft!EftdsjqujpotlLdpg!luijt!sfaqgp
not be the best option from an emissions and operating cost perspective at this time. The chart below shows

the 25-year life-cycle cost analysis for the East Campus Options for electrification.

East Campus Life Cycle Cost
$300,000,000

5% 512 M

$250,000,000 S$41M $23 M

17%

$200,000,000

$150,000,000

Net Present Cost ($)

$100,000,000

$50,000,000

S0
Standalone BAU Standalone Good Standalone Best Plant B2
(Electrified + Major Renovation)

M Construction Cost (Plant) m Construction Cost (Building Upgrades) W 25-Year Energy Cost

W 25-Year Maintenance Cost W 25-Year Replacement Cost
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Recommendation

BR+A recommends decentralizing the heating and cooling equipment for the east campus (Stanéilone Good
in the chart). The reason for this is because it provides the best balance between castruction cost and
operating cost, resulting in the lowest lifecycle cost. Implementing a central hybrid groundsource / air-source
system based on the analysis of from the north campus analysis would also not be lifecycle cost effective.
There are a number of factors that results in a negative life-cycle cost compared to building stand-alone heating
and cooling including:

4. Ui fleftjho!ifbujoh! mpbe!jt!mpxfs!uibo!luif!opsuil!db

5. The piping distribution is higher due to amore spread out.

6. The building types are primarily residence halls and education buildings, which have low heating and cooling
loads when the envelope and mechanical systems are improved.

The analysis shows that doing some building upgrades during major remvations should be performed to
reduce heating and cooling loads and thus reducing heating and cooling equipment cost. It is expected that
tpnflcvjmejoht!nbz!cf!sfopwbufelup!luif!dzZCftulL) cvoemf
willrembj o! bt ! fyjtujoh-!nbljoh!uif!diHHppelLldltdfobsjp!uif!
factors.
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Onsite Renewable Solar Analysis
Overview

The project team was tasked by UML to conduct a solar photovoltaic (PV) assessment of variouscamp ! t j uf t ! ) dzui f ! tj uft
Alternatives Analysis. Sites are listed in

South Campus

150 Wilder - Desmarais House South Maintenance Facility
820 Broadway South Power Plant

Allen House Weed Hall

Coburn Hall Riverview Suites Lot
Concordia Hall Broadway/ Riverview Lot
Dugan Hall Upper Mahoney Lot

Durgin Hall Lower Mahoney Lot

Health & Social Sciences Building South Parking Garage
Mahoney Hall Solomont Way Lot
McGauvran Center Coburn Lot

O'Leary Library Wilder Faculty/ Staff/ Visitor Lot
Sheehy Hall Durgin Lot

Ames Textile Pawtucket Visitor. Metered Lot
Bourgeois Hall Fr. Morrissette Blvd
Campus Recreation Center Merrimack Lot
Charles Hoff Alumni Scholarship Center Merrimack Street Lot
Donahue Hall Fox Lot
Fox Hall East Parking Garage
Graduate and Professional Studies Center Campus Rec Lot
Leitch Hall Wannalancit East Courtyard
River Hawk Village Tremont Lot
Tsongas Certer at UMass Lowell Ames Lot
University Crossing Lawrence Drive Lot
University Suites Residence Hall Perkins Lot
Wannalancit Business Center Tsongas Lot B
110 Canal Canal Lot
Salem Street/ Admissions Lot Lower Locks Garage
Fletcher Lot Hall St. Garage
below:
Ball Hall Pulichino Tong Business Center
Costello Athletic Center Saab Emerging Technologies & Innovation Center
Cumnock Hall Southwick Hall
Dandeneau Hall UMass Lowell Bellegarde Boathouse
Falmouth Hall Standish Visitor/ Metered Lot
Kitson Hall Pinanski/ Costello Lot
Lydon Library Olsen Lot
North Power Plant North Parking Garage
Olney Hall Riverside Lot B
Olsen Hall Riverside Lot A
Perry Hall Cumnock Lot
Pinanski Hall Cross River Center Lot

South Campus

150 Wilder - Desmarais House South Maintenance Facility
820 Broadway South Power Plant

Allen House Weed Hall

Coburn Hall Riverview Suites Lot
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Concordia Hall

Dugan Hall

Durgin Hall

Health & Social Sciences Building
Mahoney Hall

McGauvran Center

O'Leary Library

Sheehy Hall

Ames Textile

Bourgeois Hall

Campus Recreation Center

Charles Hoff Alumni Scholarship Center
Donahue Hall

Fox Hall

Graduate and Professional Studies Center
Leitch Hall

River Hawk Village

Tsongas Center at UMass Lowell
University Crossing

University Suites Residence Hall
Wannalancit Business Center

110 Canal

Salem Street/ Admissions Lot

Fletcher Lot

Broadway/ Riverview Lot
Upper Mahoney Lot

Lower Mahoney Lot

South Parking Garage
Solomont Way Lot

Coburn Lot

Wilder Faculty/ Staff/ Visitor Lot
Durgin Lot

Pawtucket Visitor. Metered Lot
Fr. Morrissette Blvd
Merrimack Lot

Merrimack Street Lot

Fox Lot

East Parking Garage
Campus Rec Lot
Wannalancit East Courtyard
Tremont Lot

Ames Lot

Lawrence Drive Lot

Perkins Lot

Tsongas Lot B

Canal Lot

Lower Locks Garage

Hall St. Garag
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After achieving load reduction through energy conservation measures andcampus system electrification,

UML is interested in offsetting electricity purchased from the utility with clean renewable energyThis intent

aligns with Executive OrderOp / ! 6 7: ! xi jdi ! dbmmt ! po! hpwf sonf doutheu p! dzf
Commonwealth to lead by example in making new, additional reductios in greenhouse gas emissionsLand
specifically supports the following objectives:

A Increase the amount of renewable and clean energy on the grid by increasing onsite renewable
energy generation, the procurement of renewable energy supply, and continued development of clean
energy resources and

A Expand the deployment and use of energy storage and other strategieso minimize peak demand.

The objective of this solar assessmentwas to determine the most successful options for installing campus-
wide distribution solar PV by determining themost viable sites. Options considered include the different
types of solar PV gystems including ballasted roof mount, mechanically attached roof mount,and parking
canopy structures. In addition, the assessmentevaluates opportunities for integrating Battey Energy Storage
Systems (BESS) into renewable energy projects tincrease utility bill savings.

The assessment first investigates the site-specific viability based on building and parking dimensions and
constraints, shading considerations, typical mounting structures and products, and minimum array size.
Local weather data and systm size are used to modelsolar electricity generation. PV production models,
BESS operation characteristicsand industry-standard project costs are utilized to estimate the financial
impact of integrating solar and storage into the project sites.

This solar assessment report covers the relevant utility programs, incentives, installation options, financing
options, and feasibility evaluation. The feasibility evaluation consists of the following:

A An evaluation to determine suitability of rooftop solar andshade canopies on parking lot locations;

PV system modeling to determine electricity output from sites;

>

An investigation of utility rate programs and incentives that benefit a solar PvVand BESS
interconnection;

Financing options to fund the solar PVand BESSprojects including incentives;

> >

A deep dive on design and financial analysis for three pilot sites: Ball Hall, Olney Hall, and Sheehy Hall

>\

A financial analysis of battery storage integration into two pilot sites: Ball Hall and Tsongas Center
and

A Technical appendices for backup documentation.

Programs and Initiatives

Utility, state, and federalincentives can support the adoption and deployment of solar PV projects by
lowering the cost or facilitating the integration with the utility grid. Programs andincentives are as follows:

Net Metering

Customers of regulated utility companies in Massachusetts, such as National Grid, are permitted to generate
electricity to offset electrical usage. Energy generated onsite from assets such as wind generators or sola

photovoltaic systems are connected to a bidirectional meter to measure the net energy used. When energy is
purchased from the utility company, the net meter spins forward and when more electricity is generated than

needed, energy is exported to the gricand the net meter spins backwards.
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Solar or wind net metering systems on public facilities are restricted to 10 MW or less per G.L. c. 164138.

When electricity is exported to the grid, net metering credits (NMC) are created and assigned to the generaig
foujuz/ ! diCbol felLdd dsfejut!dbo! pggtfu!dibshft!bttpdjhb
hf of sbujoh! foujuz!t! fmfdusjd! cjmm/ ! OND!t! dbo! pggt f i
electric bill, not as kWh. Netmetering credits are not always assigned on a 1:1 ratio to kilowatti pv st ! ) | Xi
exported due to nonbypassable customer fees and charges collected by the utility. The NMC calculation is
based on the type and size of generating facility. Credits do not gpire and rollover to the next billing cycle and

can be assigned to other accounts within Independent System Operator New England (1ISO).

Solar Massachusetts Renewable Target (SMART) Tariff

Massachusetts SMART Tariff for those considering installing a Behnd-the-Meter System (Tariff Generation
Unit under the SMART Program.) The Solar Massachusetts Renewable Target (SMART) Program is the newest
program established to support the development of solar in Massachusetts. The DOER regulation in 225 CMR
20.00 sets the regulatory framework for the program. The tariff-based incentive is paid directly by the utility
company to the system owner, following the approval of the application by the Solar Program Administrator.
The SMART Program is a 1600 MW declining block incentive program. Eligible projects must be
interconnected by one of three investorowned utility (IOU)companies in Massachusetts: Eversource, National
Grid, and Unitil. Each utility has established blocks that decline in incentive rates between eachdik. SMART
incentive applications for PV systems greater than 500 kWADC must be colocated with an Energy Storage
System to qualify. Incentive payments are remitted to the system owner/ applicant,and in the case of third-
party ownership, some portion of the incentive payment should be passed through to thebuyer (UML) in the
form of a reduced PPA rate.

Solar Massachusetts Renewable Target (SMARP) Energy Storage System Incentive

This performance-based incentive is determined on the ratio of total energy storage system max power

discharge to total PV DCpower rating, the full discharge duration, and the production of the system. There is
a minimum efficiency requirement stating that the energy storage system paired with the solar photovoltaic

generation unit must have at least a 65% round trip efficiencyunder normal operation. There are also
operational requirements, such as the energy storage system must discharge at least 52 complete cycle

equivalents per year and must remain functional and operational ér the PV generation unit to continue to be

eligible for the energy storage adder. Additionally, the nominal useful energy capacity of theenergy storage

system paired with the PV systemmust be at least two hours and incentivized for no more than six hous. The

nominal rated power capacity of the storage system paired with a PV generation unit must be at least 25 per

cent and shall be incentivized for no more than 10@% of the rated capacity, as measured in direct current, of
the PV generation unit. Incentive payments are remitted to the system owner/ applicant,and in the case of

third-party ownership, some portion ofthe incentive payment should be passed through to the buyer (UML) in
the form of a reduced PPA rate.

Solar Renewable Energy Certificate (SREC

SRECs represent the renewable and/or environmental attributes associated with electricity that is produced
by solar generators. One credit is created for each MWh of solar electricity generated. Massachusetts
Renewable Portfolio Standard (RPS) mandateshat distribution companies buy specified quantities of SRECs
each year.

Federal Investment Tax Credit (ITC)

Businesses that install PV and Battery Energy Storage Systems (BESSare eligible to receive an (ITC)
investment tax credit, which can be used to drectly offset federal tax liability on a dollarfor-dollar basis. If the
tax credit exceeds the tax liability the credit can be rolled into future tax periods for 20 years. Commercial
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projects that commence construction through the end of 2022 are eligibleto receive a 26% tax credit of the
total PV system cost. The ITC steps down thereafter. 2023 projects qualify for a 22% ITC, 2024 and later
projects qualify for a 10% ITCWhile this incentive is not available to thetax-exempt entities such as UML, it is
anticipated that systems owned by a third-party will pass through a portion of the savingsin the form of a
reduced PPA rate

Federal Modified Accelerated CosRecovery System (MACRS)

Under the federal MACRS, businesses may recover investments in PV and3S property through depreciation
deductions. MACRS establishes a lifespan for various types of property over which the property may be
depreciated. For PV and energy storage systems, the taxable basis of the equipment must be reduced by 50%
of any federal tax credits associated with the system. While this incentive is not available to thetax-exempt
entities such as UML, it is anticipated that systems owned by a third-party will pass through a portion of the
savings leveraged by MACRSn the form of a reduced PPA rate

Modeling Approach

The project team collected site data from UML then applied typical design criteria and justifiable assumptions
to establish viable locations for PV development and model representative system production. While all sites
were screened by the project team and viable sites Modeled, only the three pilot project locations were
elaborated in detail herein.

Data Sources

Site data was collected from a combination of UML-provided databases, satellite imagery, and site visit
observations. Hatch Data was utilized for utility 15minute interval data in kilowatti pvst! )| Xi !t *1!I g
sites to build electricity usage profiles. Aerial/satellite imagery from Google Earth was utilized as an input for

the PV system modeling tool (described below) and for shade/obstacle recognition. UML resources such as

the web-based Campus Map and data from Sightlines reports were used for additional site detail and
identification of parking lots.

Tools
Helioscope

The industry-leading tool, Helioscope,was used to develop sitespecific PV production models and
estimate site energy offset. Helioscope incorporates equipment specifications and efficiencies, array
orientation(s) and tilt(s), useridentified obstacle shading, and local weatherand temperature data to
provide energy generation models.

Energy Toolbase

Another powerful solar PV modeling software, Energy Toolbase, was used to calculate important financial
metrics for the pilot sites. The financial model was used to calculate a series of annual ash flows for the
life expectancy of the equipment and incorporated two financing scenarios: direct purchase and power
purchase agreement (PPA). The software was used to develop and model cashflows for net metering
credits, operations and maintenance, andapplicable incentives. Energy Toolbase reported the following
metrics:

A Electricity costs with and without the PV system ($)
A Electricity savings and annual cashflows ($)

A Simple payback (years)
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PPA costs and cashflows ($/kWh)

> >

Net present value (NPV in 2021%)
A Internal rate of return (IRR in percent)
A Leveled cost of energy (LCOE in $/W)
Equipment Assumptions

The table below presents PV and BESSequipment assumptions used for conceptual system design and
production modeling.

Module type LG Electronics, 410N2WA5 25 yr Typical Tier 1 solar module
(410W)

Inverter type Solectria, PVI36TL, PVI60TL  15yr Typical 36kW, 60kW gridtied string

(carport canopy) inverters for carports

Inverter type SolarEdge, SE 17.3KUS, 15yr Typical 33kW, 66kW, 100kW string

(roof mount) SE33.3KUS, SE66.6KUS, inverter with rapid shut-down
SE100KUS

PV optimizer SolarEdge, P850 25 yr Compatible 850W DC power optimizer

(roof mount) (2 inputs) for use with SolarEdge

Inverters

BESS Chint, CPSESS 30/65US, 10 yr UL9540 turnkey 2hour BESS (inverter,
60/130-US, EMS, climate control, enclosure), LG
120/260-US Chem LHon batteries. 65-520kWh.
240/520-US

Design Criteria

The table below presents the design guidance and justification forPV siting on the campus. While these criteria
are typical of design best practices, exception may be taken in appropriate circumstances. For example, while
ballasted roof mount racking is the design preference, there may be opportunities for monolithic {k,
mechanically attached rooftop arrays. Individual designs will note any exceptions taken.

Roof coverage Minimum of 10% of roof area left Energy conservation measures sich as new
undeveloped and available for HVAC equipment may require roof space in
other uses the future

Roof mount racking  Ballasted nonpenetrating Contingent on AHJ guidance and building
racking where possible exposure per ASCE 710. Reduces roof

penetrations and impacts to roof warranties.
Existing campus PV precedent.
Roof mount inverter  Inverters to be mounted on roof = Reduction of DC wiring and service

location unless otherwise noted accessibility
Roof mount tilt & 10° tilt with interspaced rows, Typical of low-profile roof mount systems to
orientation oriented south, +/- 20° maximize use of available rooftop while
minimizing interrow spacing/shading
Roof setbacks Njojnvn! 6! !t f uc Typical of commercial rooftop installations to
edge/parapet and from major allow safe access

rooftop equipment
Carportclearheight 2 1! ! dmf bs! i fj hi Standard clear height for public parking lots,
for heavy vehicle parking excludes fire lanes and heavy vehicle parking
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Carport tilt and 7° tilt south, east, or west Typical of canopy parking structures

orientation
Carport structure Double bay Tee structure or long Reduces steel $/Watt and maximizes
span structure where possible Watts/SF
Carport lighting Light standards in canopy area  Typical of carport canopy systems
to be removed and under canopy
lighting installed
Carport inverter Inverters to be mounted on Typical of carport canopy systems
location canopy columns
Parking garage Post and beam structure with Maximizes beam spans for vehicular
canopy pitched arrays. Assumes movement. Structural review of garage
structure can support added beyond scope of assessment
dead weight
DC/AC inverter Upto 1.25 Typical load ratio to maximize economy of
loading ratio inverter capacity without limiting
instantaneous output. Systems with arrays in
multiple orientations may have higher load
ratio
BESS location Exterior ground mount Typical BESSinstallation requirements
BESS operating Charge from solar and/or grid Most flexible operating model, determined by
model the greatest savings
BESS sizing Nominal power rating of at least For compliance with SMARTEnergy Storage
25% ofthe nominal PV system System incentive
size (kW-DC)
BESS hour rating BESS kWh/ BESS kVW62 For compliance with SMART Energy Storage

System incentive

Financial Models

Financial models were used to show lifecycle PV project economics using different financing vehicles such
as direct purchase and power purchase agreement (PPA).

Direct Purchase (Build, Own, Operate, Maintain)

The university procures a contractor to design, build, and commission the solar PV project. UML is
responsible for paying all upfront costs associated with the site including permitting, due diligence,
drainage/hydrology assessments, geotechnical surveys, economic modeling, system design &
engineering, procurement, construction, and commissioning. Once commissioned, UML purchases

an O&M package so that the contractor can maintain the system and guarantee uptime. Equipment
replacement beyond the warranty period is in addition to the O&M package and the cost is borne

by the university. Electricity generated by the system is consumed by the facility and any excess
electricity is sent to the utility grid as part of the NMC progam. In this scenario UML retains all
SFD!'t! hfofsbufelcz!uif! QW' tztufn!cvu!cf!jofmjh
apply the credit.

Power Purchase Agreement

The university allows a solar project developer (seller) to build, ownand operate the solar PV
project on site and signs a power purchase agreement to purchase all or part of the electricity
generated by the system. A PPA is a contractual agreement whereby the project owner agrees to

sell electricity to the university at a fxed price per kilowatthour over an extended contract term
(typically 20p 36! zf bst */ ! QQB!t! dbo! jodmvef! boovbm! sb
increases by a predetermined percentage every year. Because the project developer is responsible

for delivering a predetermined quantity of energy annually, O&M is included in the base PPA rate
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paid by UML. Shortfalls in annual production resulting in higher utility payments are compensated

by the developer. Inversely, the university is liable for purchasm energy produced by the
equipment, therefore system size and energy appetite are critical in managing risk. UML: does not
pxo!boz! SFD!'t!ps!luif!JUD!voefs!luijt!tdfobsjp-!
tax equity and reduces the PPA ra¢ that the university pays.

This option provides several financial advantages to public agencies including no upfront cost and
passthrough of tax incentives that would otherwise not be available under other procurement
methods. The disadvantage of a PPA isthat the university would not own the environmental
attributes of the green energy and therefore solar deployed through a PPA would not help UML
achieve net zero targets.

Assumptions

The assumptions and the justification for each feasibility input are listed in the table below. Cost
breakdown for rooftop PV was based on the National Renewalll ! Fof shz! Mbcpsbup
report, U.S Solar Photovoltaic System and Energy Storage Cost Benchmark: Q1 20E@ure 1
provides a project cost breakdown in $/Watt-DC drawn from national PV project data.

PV degradation 0.50% Typical solar PV system degradation

(%/year)

Utility escalation = 3.00% Historic

(%lyear)

PPA ratep roof $0.12 Conservative PPA rate for systems over 100 k\ADC (ranges $0.10
mount ($/kWh) 0.15/watt)

PPA ratep shade $0.14 Conservative PPA rate for systems over 100 kADC (ranges $0.1%
structure ($/kwh) 0.17/watt)

PPA ratep BESS $0.04-$0.12 Contingent on SMART incentive value and BESS rating

adder ($/kwh PV)

PPA escalation 1.0% Conservative PPAesb mbuj po! sbuf /! Dvssfou
rate (%/year) escalation clause.

Roof mount cost ~ $2.15-$2.75 US Solar Photovoltaic System and Energy Storage Cost Benchmark:
($/Watt) Q1 2020(NREL). Increased 15% for MA educational institution.
Shade Structure  $3.50 - $4.00 Typical for systems over 100 kW

($/Watt)

BESS cost $708 - $1,000 US Solar Photovoltaic System and Energy Storage Cost Benchmark:
($/kWh) Q1 2020(NREL).

Operation and $0.02 Typical industry cost for O&M agreement

Maintenance

($/Watt)

Operation & 2% Typical industry O&M escalator

Maintenance

Annual

Escalation

(%lyear)

Equipment $0.12 Inverter replacement after year 15

Replacement

($/Waitt)

Nominal 5% Typical for public institution

Discount Rate
including inflation
and real discount
rate (%)
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2019 USD

per Watt DC
2.20
200 1.87
1.80 1.72 0 EPC/Developer Profit
1.60 - 1{]‘?11 10'?3 / m Contingency (4%)
oL 0.0 ] @ Developer Overhead
1.40 7 00s / o Sales Tax (if any)
120 | |0M T w _ S
0.18 0.09 0.08 008 1—
1.00 - 0.16 0.15 0.15 015 | —— OEPC Overhead
0.80 019 0.15 0.13 0.12 011 |— Olnstall Labor & Equipment
060 . 0.15 0.13 0.13 0.12 012 |— B Electrical BOS
. . . . .H&“‘"- ® Structural BOS
0.40 \ & |nverter Only
0.20 0.41 0.41 0.41 0.41 041 | T— 0 Module
0.00 - .

0.1 MW 0.2 MW 0.5 MW 1MW 2MW

Figurel - NREL 2020 U.S. Benchmark: Commercial Rooftop PV System Costs (2019 USH'@)

Minimum System Size

While solar PV systems can be designed to any size, soft costs for design and engineering, permitting,
mobilization, and project management make up a greater percentage of total cost for small projects thus
reducing cost effectiveness. Conversely, larger systems achieve economies of scale that often translate into
better pricing and higher quality/more competitive bidders. While it is understood that the intent of campus
wide PV development is not exclusively financial in nature, the project team recognizes that efficient use of
capital is critical to achieving aggressive clean energy targets. As such, sites were jritized to maximize solar
production and favorable economics. To leverage economies of scale, installations less than 100 kADC should
generally be avoided.
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RESULTS

Electrical Utility Information

Utility rate and tariff option depends on the electic utility provider, use type of facility, customer election,
service size, and peak demand. It is often required and/or advantageous to change rate option after deploying
PV and BESS. Mandatory rate change and opportunities for rate optimization were eVaated to determine the
most favorable combination of solar, storage, and utility power. The table below presents site utility
information and data reviewed.

Bldg. Name Utility Tariff Elec. Consumption 15-
(MWhlyr) min
1 G3

Ball Hall 906 n
2 Olney Hal G3 4,167 n
3 Sheehy Hall G3 334 nt

Pilot Project Solar Production Models

Pilot sites were modeled using Helioscope to show representative PV designs and simulate resulting
electricity generation for each. Summary results are shown in the table bow with detailed designs in
subsequent sections.

Site PV System Type Yearl Total | Yearl Solar
Site Load Gen. (MWh)

(KW-DC) | (MWh)

1 Ball Hall Ballasted Roof Mount 111.9 906.2 151.5 17%
2  Olney Hall  Monolithic Tilt Roof Mount 110.7 4,167.2 141.5 3%
3  Sheehy Hall Ballasted Roof Mount 59.9 334.0 80.9 24%

1 Sheehy interval data was not available, energy data from Concordia used for energy profile and scaled up for largesibaiilding
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Ball Hall

Ball Hall has a 24,700 SF rooftop with roof mounted HVAC equipment scattered throughout. Future
building upgrades may require additional HYAC space provisions whik informed a PV layout that creates
an available space contingency. Modules are oriented due south to limit the interrow spacing required to
keep module edges from shading back rows.

DC Nameplate 111.9 kW-DC (273) LG 410 modues

AC Nameplate 100.0 kW 1.12 DC/AC load ratio

Cash Price $240,585 $2.15/W-DC installed

20yr PPA Price  $0.12/kWh Base rate for year 1 plus 1% annual escalator years-20

Weather Dataset TMY, 10km grid (42.65,-71.32), NREL (prospector)

System Losses 11.9% Shading, reflection, soiling, irradiance, temperature, module
mismatch, optimizer efficiency, wiring, clipping, inverter efficiency,
AC losses

kWh/kw 1,354 Annual energy generated per 1 kW of solar installed (sitespecific)

Azimuth 180°

Tilt 10°

Racking Ballasted Non-penetrating module racking w/ integrated grounding
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Olney Hall

Olney Hall has a 35,500 SF rooftop with mechanical room located in the center creating two roof levels.
Limited roof area for solar equipment informed a fixed tilt aray design on the east side of the building. The
10°bssbz!ujmu! xjmm! I ffqluif!ijhi!l!fehf!pomz! 41! bcpw
resulting structural requirements.

ADVISORY

VS f 7
Olney Hall PV Layout

DC Nameplate 110.7 kW-DC (270) LG 410W modules

AC Nameplate 100.0 kw 1.11 DC/AC load ratio

Cash Price $238,005 $2.15/W-DC installed

20-yr PPA Price  $0.13/kWh Base rate for year 1 plus 1% annual escalator years-20

Weather Dataset TMY, 10km grid (42.65,-71.35), NREL(prospector)

System Losses 12.0% Shading, reflection, soiling, irradiance, temperature, module
mismatch, optimizer efficiency, wiring, clipping, inverter efficiency,
AC losses

kwWh/kw 1,279 Annual energy generated per 1 kW of solar installed (sitespecific)

Azimuth 109°

Tilt 10°

Racking Monolithic fixed = Penetrating mechanical connection to roof structure

tilt
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Sheehy Hall

Sheehy Hall has a 15,750 SF roof with several vents and but no existing HVAC equipment. The unique
shaped roof is segmented redwcing the available area for PV. The southeramost roof was left undeveloped
creating a contingency for future HVAC equipment. While a larger system could be sited by shifting the
orientation east of south, the net gain is relatively small (~6kW) and furthe diluted by a lower kWh/kWp
factor.

Sheehy Hall PV Layout

DC Nameplate 59.9 kW-DC (146) LG 410W modules

AC Nameplate 66.6 kW 0.9 DC/AC load ratio
Cash Price $163,594 $2.90/W-DC installed
20-yr PPA Price  $0.18/kWh Base rate for year 1 plus 1% annual escalator years 20
Weather Dataset TMY, 10km (42.65,-71.35), NREL (prospector)
grid
System Losses Shading, reflection, soiling, irradiance, temperature, module
12.2% mismatch, optimizer efficiency, wiring, clipping, inveter efficiency,
AC losses
kwh/kwW 1,351 Annual energy generated per 1 kW of solar installed (sitespecific)
Azimuth 180°
Tilt 10°
Racking Ballasted Non-penetrating module racking w/ integrated grounding
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