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Executive Summary

The transformation and distribution of energy is important to the growth of the University and our impact on the
environment. Improving system efficiency, as our infrastructure ages and grows to meet new demands, is
essential to controlling both capital expenses and operating costs. In the spirit of Meliora (Ever Better) we have
been inspired by previous projects and best practices to develop a comprehensive strategy that will allow us to
reduce purchased energy and lower greenhouse gas emissions.

Vision
A sustainable utility and energy system which balances reliability, economics, and efficiency.

Study Goals

Provide information which can be used to plan for energy conservation across campus. This includes projected
capital costs, energy, and greenhouse gas emissions (GHG) savings. The study also provides supporting
information and procedures to guide the execution of energy conservation measures (ECM).

Methodology / Scope of the Study

This Energy Conservation Assessment and Plan outlines a series of steps to identify, develop and implement
energy conservation focused improvements on campus which balances sustainability with fiscal responsibility.
The study primarily focused on River Campus and the Medical Campus, however the results of the study, including
the process and technical recommendations, may apply to all UR Campuses.

THE PLANT PURCHASED

transform and distribute Energy sources, impact

energy to serve buildings on-GHG emissions and
needs utility rates

FOCUS OF THIS STUDY NOT INCLUDED NOT INCLUDED

As energy moves through the distribution system it is transmitted and transformed via equipment such as
pumps, boilers, chillers, and generators, etc. Each step through the system results in additional energy losses
which are multiplied by preceding losses, with an effect analogous to compound interest. Therefore,
lowering energy consumption in the building reduces our purchase energy by the amount saved in the building
plus that of all the transformational losses that were avoided along the way. To achieve this compounded
savings this report will
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focus primarily on building level energy conservation. As a result, the focus of the Energy Conservation Assessment
and Plan is reducing THE LOAD within the buildings.

This Plan is divided into three task sections:

1.

Execution Process for delivering Energy Conservation Project - A detailed procedure for how projects
will be identified, validated, developed and implemented. This section also provides options for
funding, identifies external funding sources, and provides key financial metrics to qualify potential
projects for investment.

Potential Energy Conservation Measures (ECMs) - The major energy consuming systems on University
Buildings are lighting systems and HVAC systems. Due to the unique requirements of the University
buildings, simultaneous heating and cooling, ventilation comprise a significant portion of a building’s
energy usage. Also due to the age of the University, it is common to find inefficiencies from aging
infrastructure, specifically legacy HVAC controls and steam systems. The following are a list of
common Energy Conservation improvements for University Buildings.

Lighting Upgrades to LED

HVAC Controls Upgrades and Retro-Commissioning
Laboratory Ventilation Optimization

Heat Recovery Heat Pumps

Photovoltaic systems

arLdE

. Energy Data Analytics, and Reporting / Dashboard - A detailed plan for the Energy

Management Information System (EMIS) system including requirements, and qualifications
for various energy dashboard platforms. The objective is to develop a solution to increase
awareness of energy usage in a visual easy to use dashboard which also has functionality to
assist in billing, energy management and predictive analytics.

ECM Execution Process
The assessment of these ECMs was completed in three parts.

Part 1 | A detailed technical assessment of a limited number of conservation measures
including Lighting, Laboratory HVAC systems, Heat Recovery Systems, and Photovoltaic Systems
for select buildings. The detailed investigation has resulted in actionable projects which the University
can further develop to help start this program. Additional energy savings measures including controls
upgrades, and steam to hot water conversions were not included in this task but are measures
that would realize additional savings to the University.

For select buildings, a Retro-Commissioning scoping survey was performed. This survey briefly
reviewed building systems and noted observations which would indicate that the building may benefit
from a retro-commissioning project and what the savings potential may be.

Part 2 | The results of the detailed technical assessments are extrapolated based on building use and
area to other buildings on campus. This outlines the potential for energy savings for these common
measures across campus.

Part 3 | This analysis projects the expectations for a complete energy conservation program. This analysis
includes estimates for HVAC Controls Upgrades, Retro-Commissioning, and photovoltaic systems. The
objective of this effort is to provide the University with realistic targets for energy conservation goals over
the next 10 years.

ECM Evaluation Method

The team evaluated the potential cost and savings associated with likely Energy Conservation Measures (ECMs)
which may be included in future projects. The evaluation of these ECMs was on a campus-based approach where
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select representative areas are evaluated than extrapolated to estimate the potential cost/savings across the
campus. The following is a list of ECMs, and the selected buildings used to establish the representative areas.

ECM # Buildings Building Names
Laboratory Controls 3 Kornberg, Del Monte, BMEO
Lighting Upgrades 6 Kornberg, ACF, Wilder, Fauver, Schlegel, Wallis
Heat Recovery 3 Kornberg, Del Monte, BMEO
Retro-Commissioning 3 RRL, Douglass, Danforth
PV Rooftops 51 ESM, MC, RC, SC

ECM Results for Recommended ECMs in buildings evaluated

ECM Annual Annual Project Capital Simple Page
Avoided Avoided Cost Payback Number
Building Cco2
Energy Costs?
Dollars Metric Tons Dollars Years #
Lighting Upgrades $139,466 131 $1,674,741 12.0 34,43, 44
Recommended
Laboratory Controls $215,997 594 $814,114 3.8 52, 57,58
Recommended
Heat Recovery $390,167 1,437 $2,247,127 5.8 59, 69, 70
Heat Pumps
Retro-Commissioning $153,627 485 $254,430 1.7 92,100, 101
(Median)?
Total $899,257 2,648 $4,990,412 55 27,32,33

(1)  Annual Avoided Building Energy Costs - this is the purchased utility cost plus overhead for internal delivery.
(2) Retro-Commissioning (Median) — the median value is determined by calculating the median of the high and low values presented
in the Total Project Summary.

Result Summary for Solar Rooftop Assessment

ECM Annual Avoided Annual Project Simple Page
Building Energy Avoided CO2 | Capital Cost Payback Number
Costs?
Dollars Metric Tons Dollars Years #
PV Rooftops $1,150,464 1,827 $21,857,109 19.0 71, 82,83

(1) Annual Avoided Building Energy Costs — this is the purchased utility cost plus overhead for internal delivery.

Note that the economics for solar projects vary based on available incentive programs and procurement
models. The information provided here should be considered conservative for planning purposes. A summary of
incentive programs and procurement models are provided, which may provide a more favorable return on
investment. The conclusion to draw from this analysis is when a roof is being considered for replacement, the
project team should consider a photovoltaic array and utilize this document to benchmark the potential size
and production before exploring incentive programs.

A summary of incentive programs can be found on pages: 87-90
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ECM Results for Recommended ECMs extrapolated across campus

ECM Annual Annual Project Capital Simple Page
Avoided Avoided Cost Payback Number
Building co2?®
Energy Costs?
Dollars Metric Tons Dollars Years #
Lighting Upgrades
Recommended $1,391,084 2,650 $20,221,963 14.5 34, 715
Laboratory Controls
Recommended $930,581 3,043 $5,981,652 6.4 52,717
Heat Recovery
Heat Pumps $1,591,123 6,250 $14,538,192 9.1 59,719
Retro-Commissioning
(Median)? $2,905,259 9,205 $4,183,386 14 92,721
Total $6,818,048 21,149 $44,925,193 6.6 108, 115

(1) Annual Avoided Building Energy Costs — this is the purchased utility cost plus overhead for internal delivery.

(2) RCxmedian value is determined by calculating the median of the high and low values presented in the Total Project Summary.

(3) See "Extrapolated Project Impact Summary" table on page 117 for total emission savings calculations. These proportionally
distributed to individual ECMs according to the ECM's energy savings.

Energy Management and Data Analytics Software
Energy Management and Data Analytics Software
UR seeks to leverage software to track, analyze, optimize and report energy usage.

Phase | — Energy Management Information System (EMIS)

This software tracks, coordinates and analyzes building energy usage data, energy conservation
measures, facilitates communication to stakeholders and the community. There are multiple views into
the system presenting varying levels of detail by login credentials plus public facing portals without passwords.

The EMIS integrates all of the following functions and services:
=  Metering - data consolidation, historical data, and tools (verification, alarm, etc.).
= Analytics - analytic graphs and reports that analyze where and how our energy is consumed.
=  Dashboard - communication for students, faculty, and staff.
=  Funding - reports to verify energy savings on energy conservation projects for external incentives.
= Operational Data - potential to expand dashboards for building managers insight into operational data.
= Improved energy management resulting in reduced energy consumption and costs.
= Student and faculty engagement in our energy to support academic and student interests.
= Improved UEM administrative efficiency.

As part of the study, EMIS requirements were determined, and vendors were identified. This enabled UR to

issue an RFP to solicit EMIS vendors.

Wendel assisted UR during the selection process and eSight

Energy was selected and implemented as URs new EMIS. See Page 102 for more detail.
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Energy Management Information System Energy Savings Estimate.

The EMIS system does not reduce energy consumption simply by being installed. The savings come from
utilizing a tool to help identify opportunities, facilitate projects and help measure results. Studies by the US
Department of Energy have shown that on average organizations exhibit about a 4% energy savings one year
after implementing an EMIS as part of an overall effective strategy to reduce energy consumption. The savings
listed below are based on a more conservative estimate of 1% local campus energy savings. One could think of
this more as a goal as it still requires action from stakeholders to make reality.

Source: https://betterbuildingssolutioncenter.energy.gov/sites/default/files/EMIS_in_2019-Are_Building_Analytics_Ready_to_Go_Mainstream.pdf

Result Summary for Phase 1 Energy Management Information System

ECM Annual Avoided Annual Project Simple Page
Building Energy Avoided CO2 | Capital Cost Payback Number
Costs?
Dollars Metric Tons Dollars Years #

EMIS System $368,753 1,865 $1,426,399 4 102, 107

(1) Annual Avoided Building Energy Costs — this is the purchased utility cost plus overhead for internal delivery.

Phase Il — Fault Detection and Diagnostics (FDD) software.

The EMIS operates primarily at the building level. UR has determined that the next phase of this process is to
implement FDD software at the equipment level. FDD is software that works in conjunction with the Building
Automation Systems to analyze the operation of the HVAC equipment such as Air Handlers, Pumps, Terminal
units, etc. to determine if the equipment is operating correctly and efficiently. It will notify operators when
there are faults or concerns with equipment operation so these can be addressed. This has been shown
to have a substantial improvement in building energy efficiency and human comfort. While FDD software was
outside the scope of this plan, it was identified as a near future area to investigate.

Executive Summary Conclusion

The University should invest in an Energy Management Information System which will provide better visibility into
building energy usage and direct actions to manage and reduce energy consumption. The University will benefit
from the implementation of key Energy Conservation Measures. Among them, Retro-commissioning can act as a
gateway for developing building specific ECMs not identified in this report. Sustained long term savings will be
achieved through a balance between transformative changes such as Heat Recovery Heat Pumps and LED
Lighting and operational improvements such as Retro-commissioning and Laboratory Ventilation Optimization
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Overview

Energy

51%

Cost

Greenhouse Gas

Electric

- Natural Gas

Figure B1- Summary charts of
total utilities FY18

\ § |1
The University’s connected campus consumes over 3 Million mmBtus of energy
annually, which equates to approximately 19,500 homes. This energy usage is
comprised of two major sources: electric and natural gas. Effective management
of these resources require a balance between energy usage, energy cost and
Greenhouse Gas (GHG) impacts.

ENERGY COST GHG
(mmBtu ) (%) (MT CO2e)
ELECTRIC 504,976 $9,205,600 19,867
NATURAL GAS| 2,568,000 $8,782,560 136,155

Table B1- Summary of total utilities FY18

The Central Utilities Plant transforms these utility energy resources into usable
energy sources for our buildings primarily through the Central Utilities Plan and the
Mid Campus Chiller Plant.

The Central Utility Plant primarily consumes natural gas and provides electricity,
steam, hot water and chilled water. The Mid Campus Chiller Plant consumes
electricity and provides chilled water to the medical campus. These utilities are
provided to the buildings via the University’s utility distribution system.

The transformation of energy from purchased utilities (i.e. electric and natural gas)
to usable utilities (i.e. chilled water and hot water) has inherent efficiency losses.
Therefore, by saving energy at the building level, more purchased energy is actually
saved. The following chart shows the relationship between building energy usage
and the purchased energy needed to provide those utilities.

BUILDING VS. PLANT ENERGY USAGE
(MMBTU)

M Building Plant (Utility Level)

970,281
1,173,146
773,670

570,366
603,915

505,786
486,835

163,787

ELECTRIC CHILLED WATER HOT WATER STEAM

Figure B2 - Summary of projected input energy (plant) vs. consumed energy (building)
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In this Sankey diagram shown (below) the widths of the bars are proportional to
Unive rsity at Rochester the magnitude of the energy flow the bar represents. As you can see from the
Sankey diagram (below) there is more energy coming into the plant than what is
Eleciricity consumed by the buildings. This is due to the losses associated with the energy
B Chillec Water transformation processes as well as in energy distribution.
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I Natural Gas
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FOOTNOTES: South Campus

1 Hot Water produced by Co-Generation
2 Hot Water produced by Steam

3 Much of this electric pass through
switchgear in the Central Utility Plant.

DIRECTION OF ENERGY FLOW

Figure B3 — Sankey Chart of Energy Flow
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The following are conversion factors, efficiencies, billing rates and emissions rates used to assess changes to
energy usages on campus. Data sources are as follows:

=  Conversion Rates | industry standards

= Building to Plant Ratios | 2018 plant and building utility data reflected in the Sankey chart above.
=  Building Utility Rates | Provided by UR.

=  Purchased Utility Rates | Provided by UR.

= Emissions Rates | eGRID 2018 for electric and industry standard conversions for Natural Gas.

BUILDING UTILITY RATES are defined as the fully burdened utility rate, paid by the buildings, which includes
purchased utility cost plus the overhead costs associated with the UR/UEM generation & distribution system. This
is the rate applied to the projected saving when assessing the return on investment associated with a
project impacting a building’s capital and operating budgets.

PURCHASED UTILITY RATES are defined as the rates paid by UR to the utility service providers. This includes the
commodity and delivery of utilities to UR. This is the rate applied to the projected saving when assessing the
return on investment associated with a project impacting UEM’s capital and operating budgets.

Conversion Rates

Electric | 0.003412 mmBtu per kWh
Chilled Water | 12,000 Btu per tonhr
Steam | 1,194 Btu/lb

Boiler System Efficiency | 72%

Plant Efficiency Ratios

Chilled Water | 49% Portion of CHW produced by electric chillers
Chiller Elec. | 0.65 kW/ton
Chiller Steam. | 0.0037 mmBtu/Tonhr
Chiller NG. | 0.0052 mmBtu/Tonhr

Total Heating System Eff. | 67%
Building Utility Rates

Electric | $0.09 $/kWh
Chilled Water | $6.28 $/ton-day
Chilled Water | $21.81 $/mmBtu
Steam | $14.60 $/mmBtu
Hot Water | $10.50* $/mmBtu (Note: $14.60 to be used in future)
Purchased Utility Rates
Electric | $0.0650 $/kWh
Natural Gas | $3.210 $/dTh
Natural Gas | $3.210 $/mmBtu
CO02 Emissions Rates
Electric | 295.94 Ib/MWh, (0.1342 MTCO2/MWh), (0.03936 MTCO2/mmBTU)
Nat. Gas | 116.38 Ib/mmBtu, (1.800 MTCO2/MWh), (0.5279 MTCO2/mmBTU)
Table B2 - Summary of utility rates *The steam rate and the hot water rate are the same per mmBTU with steam being evaluated at 1,000 BTU/Ib

The all in building steam and hot water rate fluctuates every month, with S14 to S15 per mmBTU typical.
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EXECUTION PROCESS (TASK1)

The goal of the Energy Conservation Assessment and Plan is to optimize (or minimize) energy usage and
consumption to reduce our impact on the environment and reduce UR operating expenses. This reduction in
consumption can occur at University buildings, utility generation facilities, and other energy sources,
Collaboration between departments to cost effectively increase energy efficiency will create a win-win
solution that will benefit the University.

This section expands on the overall strategy by outlining an execution plan to take ideas from concept to a
potential opportunity through to a completed project. The following steps are part of the process:

1.
2.

3.

Identification of opportunities, which can come from multiple stakeholder groups.
High-level evaluation of those opportunities against identified key financial metrics (KFMs)! and
funding opportunities to quickly identify viable projects.
Provide a detailed evaluation of viable potential opportunities against various incentive programs to
determine if the opportunity qualifies for additional financial incentives.

e Evaluation against KFMs will be reviewed in detail during this phase.
Prioritization - Evaluation of opportunities based on KFMs.
Outlining of the execution process necessary to implement screened opportunities and ensure that
projects are completed that meet the overall Energy Management & Conservation Plan requirements.

OPORTUNITY INCENTIVE
EVALUATION EVALUATION

1Key Financial Metrics are defined in Step 2 of this section.
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UEM works with
initiator to improve
project efficiency (if

applicable)

Initiator identifies
potential opportunity
for ECM

UEM evaluates project
against KFM and MEEE KFM. End of UEM
o . or has Potential
potential incentives Process

(High Level Evaluation) CENEVES

UEM evaluates project
INCENTIVE for incentives and/or orI\HAae:tPSoligthial End of UEM
EVALUATION UEM funding. | : Process
: ! ncentives
(Detailed Evaluation)

UEM assists energy
evaluation needs of UEM Implements
project managed the Project
by others.

Project Funded UEM PRIORITIZES
by UEM PROJECTS

UEM - Utilities and Energy Management
KFM — Key Financial Metrics
ECM - Energy Conservation Measure

Figure C1 — Process flow chart showing the decision-making process for assessing projects.
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STEP 1 | IDENTIFICATION OF OPPORTUNITIES

UEM engineers will manage an on-going effort to identify opportunities for energy savings. This effort will be
comprised of efforts internal to UEM as well as working with potential opportunity initiators outside of UEM. These
outside initiators could include facility managers & supervisors and outside energy advisors. The goal of these
efforts would be to develop opportunities for energy savings within the University building systems.

OPPORTUNITY: Is defined as an idea for energy conservation which may develop into energy conservation
measures (i.e. energy savings projects)

There are three ways an opportunity may be identified and brought to the UEM Energy Engineer for consideration.

Option 1 | A small group of opportunities, also referred to as seed ECMS , are identified as part of the
energy conservation and management plan. These opportunities will be prequalified/prescreened as
part of the plan. In addition, the plan will outline facilities and systems that will likely provide the best

next level of opportunities to be further defined and screened based on building and system types
across the campus.

Option 2 | A stakeholder (facility director, project manager or other) identifies an opportunity that they
would like to be reviewed by the UEM Energy Engineer. The reasons for review may include:

o Evaluation of a design idea or value engineered options to assess the long-term
cost/benefit analysis.

e Evaluation of incentives options for a project

e Evaluation of an opportunity to be implemented by UEM as an Energy Conservation
Measure.

Option 3 | UEM or their consultants, may identify an opportunity either through daily operations or via
targeted engineering studies.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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STEP 2 | EVALUTION OF THE OPPORTUNITIES

OPORTUNITY
EVALUATION

The UEM Energy Engineer will gather information and review the opportunity with the initiator and other
stakeholders to further develop the opportunity and potentially improve the project efficiency. The UEM Energy
Engineer will then perform a high level evaluation of the project to determine if the project is likely to meet the
KFMs (Note: The KFMs are defined below).

The UEM Energy Engineer will then review the project to determine if there are incentives available. If the
project meets the KFMs, including potential incentives, then UEM will sponsor the project under the Energy
Solutions Initiative and move into a more detailed assessment of the project. If the project does not meet the
KFMs it may be pursued as a Capital Project, at which point UEM would provide support recommending
energy efficient solutions and assist with possible funding either through incentives or covering the incremental
costs of the energy efficiency improvements.

STEP 2 (cont.) | DEFINITION OF KEY FINANCIAL METRICS (KFMs)
The KFMs can be defined in several ways. The following are several options for stakeholder consideration. A
Primary KFM based on simple payback and a Secondary KFM bounded by carbon reduction goals were selected.

Primary Metric | Simple Payback

Projects will be evaluated first based on the cost of energy saved at the building level vs. the total project
cost. A Target Simple Payback Period would be established. Projects that exceed the limit would not be
considered. Projects that meet the criteria will be prioritized from the lowest to highest simple payback.
Funding will be limited based on available funds for the fiscal year.

0 Target Simple Payback Period | Goal - Less than 10 years
e Total project cost include material, labor, engineering, project management
and other costs. The impact of incentives would be included in the payback
calculation (see below for further details).
e  Utility rates are updated annually.

Secondary Metric | GHG Emissions

Projects will also be evaluated based on the total project cost vs. the greenhouse gases (GHG), in
carbon dioxide equivalent (CO2¢e), saved at the plant. Projects with similar simple paybacks will be
evaluated based on the best $/MTCO2e.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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STEP 3 | INCENTIVE PROGRAM EVALUATION

INCENTIVE
EVALUATION

Incentive programs are available from various agencies to help incentivize the implementation of energy efficient
projects and reduce energy consumption and greenhouse gas emissions. These incentives can provide reductions
to the costs of a project, enhancing the projects ability to meet key financial metrics.

In New York State, the bulk of the energy efficiency incentive programs are managed by the New York State Energy
Research & Development Authority (NYSERDA). The electric and gas utilities across the state also offer certain
incentives for energy efficiency improvements to clients in their service territory. For the University of Rochester,
Rochester Gas & Electric, a combined gas and electric utility, is the utility that would provide these incentives.

The following is a listing of current applicable incentive programs offered by NYSERDA and RG&E as of November

2020.

New York State Energy Research & Development Authority (NYSERDA)

e REV Campus Challenge

Program description: The REV Campus Challenge program is available to two- and four-year public and

private colleges in New York State. The program provides its members with a range of benefits including:

(0]

(0}
(0}

Gain access to member-exclusive programs and competitions, including NYSERDA'’s FlexTech
Program and any future programs launched under the REV Campus Challenge

Receive recognition for clean energy accomplishments

Engage with a diverse network of peers, from sharing stories about successes and struggles,
to learning best practices and pitfalls from other institutions, to attending educational member
workshops and events

Access helpful resources selected by the REV Campus Challenge for their relevance to clean
energy and sustainability at New York State colleges and universities

Goals and Commitments:

The REV Campus Challenge recognizes the diversity of New York State’s colleges and universities
and understands that one specific clean energy goal may not be a best fit for every Challenge member.

There are no pre-determined institutional targets, goals, or commitments associated with the REV
Campus Challenge. Recognition will be obtained by making progress toward and achieving individual
campus clean energy goals.

Note: UR has the distinction of being a REV Campus Challenge Leader and was recently featured in a
spot light article which can be found here: https://www.nyserda.ny.gov/All-Programs/Programs/REV-
Campus-Challenge/Membership-Information/Meet-the-Members

Program Website: https://www.nyserda.ny.gov/All-Programs/Programs/CampusChallenge

e Flexible Technical Assistance (FlexTech) Program

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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Program description: The FlexTech program shares the cost to produce an objective, site-specific, and
targeted study on how best to implement clean energy and/or energy efficiency technologies. A
NYSERDA FlexTech Consultant can work with the university to complete the energy study.

For universities to take advantage of the FlexTech program they must be members of the REV Campus
Challenge. The University of Rochester is a REV Campus Challenge member. REV Campus Challenge
members receive additional benefits above the normal FlexTech program. These additional benefits
include a higher cost share for members - 60% NYSERDA cost share for members as opposed to 50%
for non-members on most studies. FlexTech provides cost-shared funding up to $500,000 for REV
Campus Challenge members to work with energy consultants to better understand and pursue clean
energy opportunities on their campuses and develop future action plans. Integrate energy
efficiency into capital planning projects and make cost-effective, data-driven decisions that meet
campus’ clean energy goals.

Standard REV Campus Challenge
Technical Assistance Services NYSERDA: Cost Member: NYSERDA Cost
Share Share -

NYSERDA Cost Share
Cap per Project

Level 1+ Energy Study up to $10,000 per building

Targeted or Comprehensive Energy Study
Targeted or Comprehensive RCx Study

Climate Action Plan or Sustainability Plan 50%
Clean Heating and Cooling Study
Energy Master Planning
Energy Advisor Services

60% up to $500,000 or
10% Annual Energy
E: di , which ever is less]

Primary Services

up to $100,000 or
Energy Storage (ES) 75% 75% 10% Annual Energy
Expenditure, whichever is less.

The following supporting services are eligible if completed in combination with any of the primary services above.

I ion of ble energy

(Complete greenhouse gas emission inventory 50%

I llation of p meters or p b.

Establish reporting protocol and report to voluntary third-party certification organizations REV CC Only

Utilize a student intern REV CC Only up to $10,000 of intern fees

Supporting Services *

Develop dent clean energy REV CC Only 75% $10,000

1. Colleges and Universities must be REV Campus Challenge members to receive a cost-share of any kind
2. Supporting Services are only eligible for 3 NYSERDA cost-share if completed in combination with a Primary Service.

Chart C1 — NYSERDA Technical Assistance Services

Program Website: https://www.nyserda.ny.gov/All-Programs/Programs/FlexTech-Program

Program Contact: flextech@nyserda.ny.gov

¢ NY-Sun Program

Program description: The New York State Energy Research and Development Authority (NYSERDA)
provides financial incentives and financing options through the NY-Sun Incentive Program for the
installation of new grid-connected solar photovoltaic (solar electric) systems.

Funding for the program has been allocated by the New York State Public Service Commission through
the Clean Energy Fund (CEF) with additional funding made available through the Regional Greenhouse
Gas Initiative. Incentives are granted on a first-come, first-served basis, and applications will be
accepted through December 31, 2023, or until funds are fully committed.

The program relies on contractors and builders to implement new solar electric systems for customers
seeking incentives through the program. Contractors are responsible for the contract with the customer,
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while builders are responsible for the installation of the system. A company approved as both a
contractor and builder is responsible for all aspects of the project. Before a contractor and builder can
work together, they must establish a contractor-builder relationship agreement through the program.

Incentives are only available for new solar electric systems that are designed and installed by
participating contractors and builders. Incentives in the nonresidential and commercial/industrial
programs will allow for payment assignment and/or full assignments.

Program Website: https://www.nyserda.ny.gov/All-Programs/Programs/NY-Sun

Program Contact: info@nyserda.ny.gov

e Real Time Energy Management (RTEM)Program
Program description: RTEM is a cutting-edge technology that continuously sends your site’s live and
historical performance data to an advanced cloud-based or on-site system. RTEM technologies analyze
that data and recommend actionable insights, resulting in lower operating and utility costs, and lead to
a smarter building with greater comfort, appeal and marketability. For industrial customers, RTEM helps
improve the bottom line by limiting energy consumption while maintaining productivity.
RTEM helps you transform the way you manage, consume and buy energy. NYSERDA will cost share up
to 30% of your overall RTEM capital expenses plus 20% - 30% of the RTEM service fees for up to five
years and provide the tools and support you need to reap the benefits of building performance
optimization.
UR is a qualified self-directed RTEM Service Vendor. The OSISoft Pl system is a qualified RTEM System
Vendor owned by UR. If a new Digital Control System (DCS) or Building Automation System (BAS) project
at UR is utilizing the Pl system in some fashion it is a good candidate for RTEM incentives.
The current version of the program is ending June 30th 2021. No new applications can be accepted to
the current version. The new version needs to be researched to see how applicable it is to UR. It will
focus on tenant spaces which may not suite UR.
Program Website: https://www.nyserda.ny.gov/All-Programs/Programs/Real-Time-Energy-Management
Program Contacts:
AlexanderJahn
E: alexander.jahn@nyserda.ny.gov | E: rtem@nyserda.ny.gov
Cody Glavey-Weiss | EIT, CMVP
TRC, Advanced Efficiency Solutions - Project Manager
NYSERDA - Independent Contractor
1359 Broadway, 19th Floor | New York, NY 10018-7842
P: (212) 971-5342 x3803 | C: (646) 647-5431 | F: (518) 862-1091
E: Cody.Glavey-Weiss@nyserda.ny.gov

e EnergyAdvisor Program
Program description: The NYSERDA Energy Advisor Program is an extension of the FlexTech program.
The difference is the Energy Advisor Program is a high level FlexTech application with a high level scope
of work defined to be accomplished over a period of 12 - 24 months. An estimated total budget is also
defined. Once approved by NYSERDA and the work scopes become more defined, periodic work plans
for each scope of work item with a more detailed description and budget. Work plans are submitted and
approved via email with the NYSERDA project manager.
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Program Website: https://www.nyserda.ny.gov/All-Programs/Programs/FlexTech-Program

Program Contact: Tiffany Nicolella

P: 518-862-1090 x 3548 | E: Tiffany.Nicolella@nyserda.ny.gov

e On-Site Energy Manager Program

Program description: NYSERDA’s On-Site Energy Manager (OSEM) program offers a 75 percent cost-
share for industrial and commercial facilities or multifamily buildings to hire a dedicated, full-time on-
site energy manager. Projects may include operations and maintenance improvements, energy
efficiency upgrades, water saving improvements, and more. The energy manager can be either a new
permanent hire or a contractor. You may select a contractor from NYSERDA’s current list of Flexible
Technical Assistance (FlexTech) Consultants.

Program Website: https://www.nyserda.ny.gov/all-programs/programs/On-site-energy-manager

Program Contact:

E: _ on-site-energy-manager@nyserda.ny.gov

e Community Thermal Systems

Program Opportunity: Heat pumps are frequently installed to serve the needs of a single building. To
leverage economy-of-scale and to expand clean energy options for customers who have insufficient
footprint space to serve their own needs, heat pumps can be integrated with a network of distribution
pipes to serve multiple buildings in a configuration referred to as Community Thermal or District
Thermal.

Community Thermal systems can address the needs of new construction projects as well as retrofits of
existing buildings, and can be applicable to single-owner campuses such as:

Colleges/universities

Medical campuses

Residential complexes

0 Or even multi-owner nodes (such as downtown corridors).

[eRNelNe]

NYSERDA has been authorized to administer a $15 million program to support development and
demonstration of low-carbon Community Thermal Systems installations.

This program drives exploration of business models that can cost-effectively grow this market to scale
through support for:

0 Scoping
0 Design
0 Construction

NYSERDA has a total of $15,000,000 available under this PON and plans to award multiple contracts
over multiple rounds. NYSERDA is accepting proposals in the following categories:

Catedor Total NYSERDA Funds Maximum NYSERDA Total Project Cost Share
gory Available** Funding Per Award Required
Category A: Site-Specific $2,000,000 $100,000 Not Required
Scoping Study
Category B: Site-Specific $4,000,000 $500,000 50%
Design Study

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan

Page 21


https://www.nyserda.ny.gov/All-Programs/Programs/FlexTech-Program
mailto:Tiffany.Nicolella@nyserda.ny.gov
https://www.nyserda.ny.gov/all-programs/programs/On-site-energy-manager
mailto:%20%20%20%20on-site-energy-manager@nyserda.ny.gov

NYSERDA PON3438 Roadmap | Execution Process

Category C: Site-Specific $8,000,000 $4,000,000 50%
Implementation Project

Category D: Market

Studies/Best Practice $1,000,000 $250,000 Not Required
Guidebooks

Wendel, in collaboration with the University of Rochester, submitted an application to NYSERDA under
this program in March of 2021. It is anticipated that NYSERDA will be making selections of winning
proposals and announcing for the first round of applications sometime in May of 2021.

*NYSERDA reserves the right to reallocate funds among categories and to close any given category

while keeping remaining categories open.

Program Website: https://www.nyserda.ny.gov/Researchers-and-Policymakers/Clean-Heating-and-

Cooling/Clean-Thermal-District-Systems

Program Contact:

P: 518-862-1090 Ext 3377 | E: Dana.Levy@nyserda.ny.gov

Rochester Gas & Electric (RG&E)

e Commercial and Industrial Rebate Program
Program description: The RG&E Commercial and Industrial Rebate Program is designed to help
businesses save energy and money by offering rebates to make projects more affordable and shorten

payback periods. Upgrading to newer energy efficient equipment can reduce operational costs and

enhance the reliability, safety, comfort, and appearance of a business. Rebates are available for
retrofits, add-ons, major renovation, and new construction projects.

The RG&E commercial and industrial rebate program is broken into two parts, Prescriptive Rebates and

Custom Rebates.
Prescriptive Rebates:

Lighting

« Interior and exterior LED lamps and fixtures
= Lighting controls

HVAC & Plumbing

« Steam traps and steam trap surveys

= Pipe Insulation

= Unitary HVAC, heat pumps, split systems
= Boilers, furnaces and unit heaters

= Infrared heaters

= \Water heaters

= Controls — DCV, thermostats, boiler reset
» Energy management system - guest room
= WFD's for fans and pumps

= Tune-ups — boilers and chillers

Process Systems

« Compressed air — V30 compressors,

air dryers, zero-loss drains

Kitchen Equipment & Refrigeration

Ovens

Insulated holding cabinets

Fryers

Griddles

Steamers

lce-makers

Dishwashers

Cooler and freezer doar strips

EC motors for refrigeration

Controls - evaporator fan, anti-condensation
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Prescriptive rebates are based on the specific systems being applied for and the rebate values are
described on RG&E’s website in their Rebate Catalogs.

Custom Rebates:

For projects not listed under the prescriptive programs but have energy savings, they may qualify
under a custom rebate program. Examples of equipment that may qualify for a custom rebate include
but are not limited to:

Building envelope improvements Refrigeration system improvements
Energy management systems Process related equipment

Lighting and lighting controls {non-prescriptive]  « Heat recovery

Laundry equipment Snow-making equipment

Combined heat and power [CHP)

For custom rebates, the current incentive rates effective January 3, 2020 are: $0.13 per kWh saved
and $1.50 per therm saved.

Program Website:
https://www.rge.com/wps/portal/rge/saveenergy/businesssolutions/commercialandindustrial/rebates

Program Contact: Franklin Energy

P: 888-316-8023 | E: clenergysavings@franklinenergy.com

STEP 4 | EVALUATING AND PRIORITIZING PROJECTS

UEM will evaluate and prioritize potential projects for energy savings against KFMs. The KFMs will consider
several factors as defined in Step 2 and culminate with an effective simple payback for each opportunity. Each
project will be evaluated against an effective simple payback of no more than 10 years. Projects with the lowest
primary KFM will be prioritized first, subject to funding availability, logistics, and impact on reliability.

For individual projects, which do not pass the KFMs but have non-energy benefits or will be incorporated into
larger building projects, additional capital can be provided by the facility or department to bring the project within
the KFMs. Conversely the incremental cost associated with enhancement to an existing project, which is in
development, may be considered, should the incremental cost and savings pass the KFM.

Simple
Payback

20 Years

GHG

Reduction
10 Years ---

Similar Paybacks evaluate
based on best $/MTCO2e

0 Years
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STEP 5 | EXECUTION PROCESS

STEP 5A | EXECUTION PROCESS OF UEM MANAGED PROJECTS
Design Phase

Once a project has been approved and funded for execution, UEM will generate design, specification,
and construction documents in accordance with the University of Rochester Design Standards. As part of the
execution phase, UEM will develop 50% and 90% design packages for key stakeholder reviews. The 50%
design submission will include construction cost estimates based on either pricing obtained on past projects of
a similar nature or from estimates provided by contractor walk-throughs. Savings calculations and analysis will
be more rigorous than what was provided during the Investigation phase. Schematic plans and preliminary
outline specs will also be included in the 50% package. UEM will submit the 50% design package for review
so a determination can be made early on if the project should proceed with finalization of design. UEM will not
proceed to development of the 90% until authorization and approval of the 50% is obtained by key
stakeholders.

Upon approval of the 50% design package, UEM will develop and submit the 90% design package to
key stakeholders for review. The 90% design package will include finalized savings analysis and calculations,
updated installation labor and material costs, finalized plans and specs, documentation that may be required
to secure a commitment for utility incentives, and the design and implementation requirements for future
performance management and monitoring.

Upon approval of the 90% submission, UEM will then finalize installation costs and develop a construction cost
proposal. The construction cost proposal represents submission of the final design (100% design). Installation
costs included in the construction cost proposal will be, whenever possible, based on obtaining competitive
pricing from at least three qualified bidders.

If this is not possible (in the case of building management control system upgrades) UEM will ensure that the
pricing obtained is firm, final, and at fair market value (by making comparisons to similar work done in other
buildings by either the same or alternative companies). When competitive bid pricing is possible, UEM will
generally recommend the bidder that provides the best value to the University. Projects will not go out to bid
until the bid list is reviewed and approved by UEM and key stakeholders.

Implementation Phase

Projects implemented under this program will vary in size from small to potentially large projects. UEM
shall provide or obtain, as part of the Implementation phase, all services associated with the procurement,
installation and commissioning of new equipment and systems based on the needs, size, and complexity of the
project.

These services may include the following:

e CA Services - UEM or their designee will provide contract administration services as necessary during
the construction phase of the project.

e CM Services - UEM or their designee will provide construction management services as necessary during
the life cycle (i.e. pre-construction, construction) of the project. Based on the size and complexity of the
project this may require a part-time or a full-time construction manager.

e Technical Support Services During Construction - UEM or their designee will provide technical support
services during the construction period to support construction activities, as necessary.
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e Technical Support Services During Start-up and Commissioning - UEM or their designee will provide
technical support to oversee and assist with start-up, commissioning, and training.

UEM’s responsibilities during Implementation may include:

Construction sub-contractor, selection, and award with UR stakeholder review and approval

Obtaining all required permits and approvals

Securing utility incentives and facilitating final documentation and inspections

Construction management and administration activities

Commissioning and functional testing, including all associated documentation

Ensuring all performance monitoring protocols and measurement tools are in place, active and

effectively demonstrating savings

e Project close-out and turnover to facility operations personnel. This includes all as-builts, 0&M
manuals and other system/equipment documentation regarding operation, maintenance, and warranty

e Training of facility operations and building personnel

Based on the size and complexity of the project these UEM responsibilities may be delegated as appropriate.

Performance Management Phase

The intent of Performance Management is to provide the University with diagnostic tools for the purposes of
maintaining and monitoring system efficiencies and performance post-implementation. The protocols
and diagnostic tools must meet the requirements of the key stakeholders and any providers of incentives
including but not limited to the electric and gas utility, Rochester Gas & Electric.

This will be addressed as early on as possible in the Identification and Design phases of the program so they can
be identified, accepted, and designed prior to incorporation during the Implementation phase. The methodology
employed will vary depending on the complexity of the energy saving measure, however the fundamental activities
will most likely include:

e Utility Review and Acceptance: UEM will identify an appropriate methodology for on-going measurement
and verification and obtain acceptance from both key stakeholders and Rochester Gas & Electric (for
purposes of securing incentives) prior to the Implementation phase.

e Trending: During the Implementation phase, UEM will define which equipment, system trends and
operating profiles shall be monitored for purposes of demonstrating on-going performance parameters.
UEM will verify and document, during commissioning, that all trends are defined, archived, and accessible
within the Building Management System.

e Reporting: UEM will define a format for concise reporting of performance for individual measures and
aggregate projects. This may include designing quick view graphic displays, easily accessible from the
EMIS, which provide a concise summary of performance data being monitored.

e Training: UEM will provide training to the Operations staff, as well as all primary stakeholders within each
building, on use and interpretation.

e Building Level Performance: UEM will provide a projected range of building level energy use, by
commodity, and perform a post construction analysis to demonstrate the actual savings captured due to
the interactive effects of all measures implemented within a building.

STEP 5B | EXECUTION PROCESS OF UEM ASSISTED PROJECTS
Design Phase

UEM will assist non-UEM projects during the design phase by providing consulting support on energy efficient
approaches and technologies that may be used to enhance a projects overall energy efficiency and carbon
reduction.

UEM will also assist in applying for and obtaining grant, incentive, or rebate funds as appropriate for energy
efficient technologies used in the project.
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Implementation Phase

UEM will assist during the implementation phase by providing technical support on energy approaches and
technologies as requested during construction, start-up and commissioning activities.

Performance Management Phase

The intent of Performance Management is to provide the University with diagnostic tools for the purposes of
maintaining and monitoring system efficiencies and performance post-implementation. The protocols
and diagnostic tools must meet the requirements of the key stakeholders and any providers of incentives
including but not limited to the electric and gas utility, Rochester Gas & Electric.

This will be addressed as early on as possible in the Identification and Design phases of the program so they can
be identified, accepted, and designed prior to incorporation during the Implementation phase. The methodology
employed will vary depending on the complexity of the energy saving measure, however the fundamental activities
will most likely include:

Utility Review and Acceptance: UEM will identify an appropriate methodology for on-going measurement
and verification and obtain acceptance from both key stakeholders and Rochester Gas & Electric (for
purposes of securing incentives) prior to the Implementation phase.

Trending: During the Implementation phase, UEM will define which equipment, system trends and
operating profiles shall be monitored for purposes of demonstrating on-going performance parameters.
UEM will verify and document, during commissioning, that all trends are defined, archived, and accessible
within the Building Management System.

Reporting: UEM will define a format for concise reporting of performance for individual measures and
aggregate projects. This may include designing quick view graphic displays, easily accessible from the
BMS, which provide a concise summary of performance data being monitored.

Training: UEM will provide training to the Operations staff, as well as all primary stakeholders within

each building, on use and interpretation.

Building Level Performance: UEM will provide a projected range of building level energy use, by
commodity, and perform a post construction analysis to demonstrate the actual savings captured due to
the interactive effects of all measures implemented within a building.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan

Page 26



I

l\@/l

Section D

Evaluation of Potential ECMs
Task 2

Page 27



NYSERDA PON3438 Roadmap | ECMs

TASK 2 | EVALUATION OF POTENTIAL ECMS
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ECMs were selected which could be replicated across camps and impact key end-uses of energy such
as lighting, ventilation, heating, and cooling.

This section outlines Energy Conservation Measures (ECMs) within the UR buildings. To understand the potential
cost / savings associated with ECMs, a strategy was developed by Wendel, UR and NYSERDA, to perform a detailed
investigation on key ECMs for representative buildings and extrapolate those results across the other campus
buildings (see section 6 for the extrapolation). The following ECMs were selected at the buildings indicated.

LIGHTING | Six (6) representative buildings were selected which have different building uses. Please see
the table below for a list of the building. The lighting survey comprised of a review of reflective ceiling
plans and a room-by-room walkthrough to confirm fixture types. Lighting loggers were placed in select
spaces. This coupled with facility staff interviews were used to establish run hours. ASHRAE Level 2
calculations were performed, and cost estimates were developed based on recent pricing for material
and labor from similar projects. Results from the six (6) buildings will determine an existing and
proposed watts per square foot as well as cost per square foot. This data was used to extrapolate the
savings and cost across the remaining campus buildings.

Building Abbreviation Type

Ambulatory Care Facility Hospital
Fauver Office/Sports
Kornberg Lab/Research
Schlegel Hall Classroom/Office
Wallis Office
Wilder Dorm
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STEAM TO HOT WATER CONVERSION | ON HOLD (because input study was delayed due to Covid-19)

LABORATORY HVAC SYSTEMS | Three (3) representative lab buildings were selected. Please see the
table below for a list of the buildings. Wendel performed a detailed review of each of the selected
laboratory facilities, and working collaboratively with UR EH&S staff, assessed two scenarios for target
air change rates. Wendel evaluated the energy savings potential of reducing air flow using ASHRAE Level
2 HVAC calculation models. Cost estimates were developed based on recent pricing for material and
labor from similar projects and extrapolated on a square footage basis to the rest of campus.

Building Abbreviation Type

Del Monte Lab/Research
GCHaS Classroom/Lab/Office
Kornberg Lab/Research

HVAC RETRO-COMMISSIONING PLAN | Three (3) representative lab buildings were selected by using the
existing metering system to identify large simultaneous heating and cooling loads and higher than
anticipated EUls. Please see the table below for a list of the buildings. Wendel performed a scoping survey
to provide preliminary justification for investment in a Retro-Commissioning Project. Wendel evaluated
the energy savings potential using rule of thumb estimates. Cost Estimates were developed based on
recent pricing for material and labor from similar projects and extrapolated on a square footage basis
to the rest of campus.

Building Type

Rush Rhees Library Library
Danforth Dining Hall Dining, Kitchens
Fredrick Douglass Classrooms, Dining,
Commons Kitchens

HEAT RECOVERY SYSTEMS | Three (3) representative lab buildings were selected by using the existing
metering system to identify large simultaneous heating and cooling loads. Please see the table below for
a list of the buildings. Wendel evaluated options for a Heat Recovery Chiller or Heat Pump. Wendel
evaluated the energy savings potential using ASHRAE Level 2 HVAC calculation models. Cost Estimates
were developed based on recent pricing for material and labor from similar projects and extrapolated
on a square footage basis to the rest of campus.

Building Abbreviation Type

Del Monte Lab/Research
GCHaS Classroom/Lab/Office
KMRB Lab/Research

PHOTOVOLTAIC SYSTEMS (PV) | Wendel reviewed information regarding roof ages and evaluate the cost
benefit of providing a PV system on roofs as they are replaced. The analysis used roof area, assumptions
for spacing and available percentage roof space, as well as PV Watts energy productions estimates for
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one building were completed. The results from the one building were then proportioned to all of potential
solar buildings. Cost estimates based on current typical costs per Watt installed.

Wendel also performed a deep analysis for one building currently in design for a major retrofit project.
Wendel assessed current option for financial assistance and provide production estimates, opinion of
probable costs and a summary of currently available rebate programs.
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UNIVERSITY OF ROCHESTER
ENERGY CONSERVATION MEASURE (ECM)

PROJECT IMPACT SUMMARY

for the ECMs Surveyed and Recommended

Plant Level Summary

Building Level Energy Savings

Electrical Energy Savings 1,093 [mmBtu/Year =Ex.003412

Chilled Water Savings 19,983 [mmBtu/Year from detailed summary recommended total
Steam Savings 29,244 [mmBtu/Year from detailed summary recommended total
Total Energy Savings 50,321 |mmBtu/Year

‘

uilding Level Utility Savings

Purchased Utility Savings

Electrical Energy Savings 320,440 |kWh/Year from detailed summary recommended total
Chilled Water Savings 1,665,278 |Ton-Hour/Year =Bx 1,000,000 / 12,000

Steam Savings 24,492 |klbs/Year =Cx 1,000,000 / 1,194(BTU/Ib) / 1,000
Water Savings - |kGal/Year from detailed summary recommended total

Electrical Energy Savings 851,413 |kWh/Year =E (Fx49% from electric chillers x .916kW/ton)

Natural Gas Savings 47,995 |mmBtu/Year =C/67%[HTG eff. (F x51% from electric steam x .0052mmBtu/ton)
Total Energy Savings 50,900 |mmBtu/Year =1x.003412 J

Cost to Savings Ratio (Cost/mmBtu) $98 cost from detailed summary recommended total / K

Building Cost Savings ($

Electrical Dollar Savings $28,840(Per Year = E x Building Electric Rate

Chilled Water Dollar Savings $435,748|Per Year = F x Building Chilled Water Rate

Steam Dollar Savings $426,960|Per Year = G x Building Steam Rate

Simple Payback 6 |Years cost from detailed summary recommended total / (M N 0)

Purchased Utility Cost Savings ($)

Electrical Dollar Savings $55,342|Per Year = | x Utility Electric Rate

Natural Gas Savings $154,065|Per Year = J x Utility Natural Gas Rate

Avoided Carbon Tax $132,396|Per Year =Wxy

Simple Payback 15 |Years cost from detailed summary recommended total / (Q R S)

Impact on CO2e Emissions

Electrical Emissions Savings 114 |MT CO2e =1/1000 x 295.94 Ibs/MWh x 0.000453592 [Ibs to MT
Natural Gas Emissions Savings 2,534 |MT CO2e =Jx 116.38 Ibs/mmBtu x 0.000453592 [lbs to MT

Total Emissions Savings 2,648 |MT CO2e =U VvV

Cost to Savings Ratio (Cost/CO2e) $1,885 cost from detailed summary recommended total / (U)

Carbon Tax Assumed to be: CIs{eNelo) Per MT CO2e
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Table 1-2

UNIVERSITY OF ROCHESTER
ENERGY CONSERVATION MEASURE (ECM)

ENERGY SAVINGS SUMMARY
10/4/2021
Selection® Total Buildi Buildi Buildi Total Emissions
((T\‘))es Line No. Building Energy Conservation Measure M:as:lire Elefl:trlc ChI,I_IEd, et f tela m UG Reduction Costs/a :'::Btu Line No.
o oS g g g gs
{O)ption ) (kWh) (mmBtu) (mmBt) | (mmew) | MTorC0d"
T ————
Y 1 Kornberg Lighting Upgrades | Option A $850,838 612,702 65 -331 1,825 57 $466 1
0 2 Kornberg Lighting Upgrades | Option B $1,145,668 784,624 84 424 2,337 73 $490 2
(0] 3 ACF Lighting Upgrades | Option A $656,793 657,653 30 444 1,830 54 $359 3
Y 4 ACF Lighting Upgrades | Option B $673,351 790,176 36 -533 2,198 65 $306 4
N 5 Wilder Hall Lighting Upgrades | Option A $75,937 16,598 0 10 47 1 $1,628 5
0 6 Wilder Hall Lighting Upgrades | Option B $75,937 16,598 0 10 47 1 $1,628 6
N 7 Fauver Stadium Lighting Upgrades | Option A $31,694 17,791 2 -10 53 2 $598 7
[0] 8 Fauver Stadium Lighting Upgrades | Option B $47,210 18,587 2 -10 55 2 $853 8
N 9 Schlegel Hall Lighting Upgrades | Option A $214,466 134,945 14 -73 402 13 $534 9
[0] 10 Schlegel Hall Lighting Upgrades | Option B $230,651 140,276 15 -76 418 13 $552 10
Y 11 Wallis Hall Lighting Upgrades | Option A $150,553 98,975 11 -53 295 9 $511 11
[0] 12 Wallis Hall Lighting Upgrades | Option B $189,192 109,605 12 -59 326 10 $580 12
[0} 13 Kornberg Laboratory Airflow Optimization | Option A $396,668 44,444 1,108 1,443 2,703 136 $147 13
Y 14 Kornberg Laboratory Airflow Optimization | Option B $396,668 48,514 1,233 1,703 3,102 159 $128 14
[0} 15 Del Monte Laboratory Airflow Optimization | Option A $234,246 122,805 2,762 3,537 6,717 337 $35 15
Y 16 Del Monte Laboratory Airflow Optimization | Option B $234,246 124,439 2,813 3,619 6,856 344 $34 16
[0} 17 BMEO Laboratory Airflow Optimization | Option A $183,200 58,553 398 509 1,107 54 $166 17
Y 18 BMEO Laboratory Airflow Optimization | Option B $183,200 88,370 626 884 1,811 91 $101 18
Y 19 Kornberg Heat Recovery Heat Pump $922,885 -770,069 5,662 8,173 11,207 626 $82 19
Y 20 Del Monte Heat Recovery Heat Pump $752,029 557,929 4,062 5,876 8,034 449 $94 20
Y 21 BMEO Heat Recovery Heat Pump $572,213 -448,516 3,273 4,733 6,476 362 $88 21
[0] 22 Eastman Eastman Campus Rooftop Solar $1,066,718 738,717 0 0 2,521 99 $423 22
[0] 23 Medical Medical Campus Rooftop Solar $9,739,809 5,905,583 0 0 20,150 793 $483 23
[0} 24 River River Campus Rooftop Solar $7,947,170 4,818,644 0 0 16,441 647 $483 24
o] 25 South South Campus Rooftop Solar $3,103,412 2,148,787 0 0 7,332 288 $423 25
0 26 DDH Retrocommissioning | Best Case $18,200 41,050 140 281 561 30 $32 26
Y 27 DDH Retrocommissioning | Median $24,400 35,919 123 246 491 26 $50 27
0 28 DDH Retrocommissioning | Worse Case $30,600 30,788 105 211 421 22 $73 28
0 29 RRL Retrocommissioning | Best Case $78,380 394,099 2,037 5,038 8,420 480 $9 29
Y 30 RRL Retrocommissioning | Median $165,130 295,947 1,413 3,473 5,896 334 $28 30
(0] 31 RRL Retrocommissioning | Worse Case $251,880 197,795 789 1,908 3,372 189 $75 31
0 32 FDC Retrocommissioning | Best Case $36,600 2,390 763 1,679 2,450 144 $15 32
Y 33 FDC Retrocommissioning | Median $64,900 1,912 668 1,454 2,129 125 $30 33
[0] 34 FDC Retrocommissioning | Worse Case $93,200 1,434 573 1,230 1,808 106 $52 34
Total Annual Annual Annual Total -
Measure Electric Chilled Water Fuel Annual Emlssu.)ns Cost / mmBtu
— ings ings ings ings Reduction Saved
$) (kWh) (mmBtu) (mmBtu) (mmBtu) (rc.)
Total Selected Project": $4,990,412 320,440 19,983 29,244 50,321
Project Contingency (included in Total Measure Cost)*: $191,002
NOTES: Pricing Escalation Reserve (included in Total Measure Cost)*: $191,002

B

TOTAL MEASURE COST includes direct construction costs (subcontractor material and labor) and DOES include contingency and fees for services described below:
Energy, Electrical and Mechanical engineering, Construction documents, Financing assistance services, Subcontractor coordination and administration
This is the project contingency which is managed by the Owner.
Pricing Escalation Reserve: is a fund established to help offset market variations in pricing over the approval and design period.
Total Selected Project is based on the Y or Yes values in the Selection Column.
Emissions savings based on rates outlined in section 2.
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Table 1-3

UNIVERSITY OF ROCHESTER

ENERGY CONSERVATION MEASURE (ECM)

PAYBACK SUMMARY | BUILDING UTILITY COST

10/4/2021
Selection® Total Annual Annual Annual Annual Total . P P
(Ves - ) ) Measure Electric Chilled Water Steam 0&M Annual Sl utility | Utility Nat. | utility |
Building Line No. Energy Conservation Measure 4 5 5 5 i 5 Payback : Line No.
(N)o Cost ings ings ings gs ings Period Electric Gas Payback
(O)ption ($) ($) ($) ($) $) ($) Savings® | Savings® | Period’
Y Kornberg 1 Lighting Upgrades | Option A $850,838 $55,143 $1,422 -$4,831 $8,391 $60,126 14.2 $39,938 -$1,537 22.2 1
(9] Kornberg 2 Lighting Upgrades | Option B $1,145,668 $70,616 $1,821 $6,186 $1,146 $65,105 17.6 $51,145 $1,968 23.3 2
(9] ACF 3 Lighting Upgrades | Option A $656,793 $59,189 $646 $6,481 $3,036 $56,390 11.6 $42,799 $2,103 16.1 3
Y ACF 4 Lighting Upgrades | Option B $673,351 $71,116 $776 -$7,787 $5,628 $69,732 9.7 $51,423 -$2,527 13.8 4
N Wilder Hall 5 Lighting Upgrades | Option A $75,937 $1,494 $10 $153 $180 $1,172 64.8 $1,080 $50 73.7 5
0 Wilder Hall 6 Lighting Upgrades | Option B $75,937 $1,494 $10 -$153 -$180 $1,172 64.8 $1,080 -$50 73.7 6
N Fauver Stadiun] 7 Lighting Upgrades | Option A $31,694 $1,601 $41 -$140 $71 $1,574 20.1 $1,160 -$45 28.4 7
0 Fauver Stadiun] 8 Lighting Upgrades | Option B $47,210 $1,673 $43 -$147 -$354 $1,215 38.9 $1,212 -$47 40.5 8
N Schlegel Hall 9 Lighting Upgrades | Option A $214,466 $12,145 $313 -$1,064 -$176 $11,218 19.1 $8,796 -$339 25.4 9
0 Schlegel Hall 10 Lighting Upgrades | Option B $230,651 $12,625 $326 -$1,106 $91 $11,936 19.3 $9,144 -$352 26.2 10
Y Wallis Hall 11 Lighting Upgrades | Option A $150,553 $8,908 $230 -$780 $1,251 $9,608 15.7 $6,452 -$248 24.3 11
0 Wallis Hall 12 Lighting Upgrades | Option B $189,192 $9,864 $254 -$864 $165 $9,419 20.1 $7,144 -$275 27.5 12
0 Kornberg 13 Laboratory Airflow Optimization | Option A $396,668 $4,000 $24,164 $21,072 $0 $49,236 8.1 $4,803 $7,690 31.8 13
Y Kornberg 14 Laboratory Airflow Optimization | Option B $396,668 $4,366 $26,886 $24,867 $0 $56,120 7.1 $5,283 $9,022 27.7 14
0 Del Monte 15 Laboratory Airflow Optimization | Option A $234,246 $11,052 $60,221 $51,634 $0 $122,907 1.9 $12,752 $18,876 7.4 15
Y Del Monte 16 Laboratory Airflow Optimization | Option B $234,246 $11,200 $61,333 $52,838 $0 $125,371 1.9 $12,946 $19,307 7.3 16
0 BMEO 17 Laboratory Airflow Optimization | Option A $183,200 $5,270 $8,671 $7,434 $0 $21,374 8.6 $4,493 $2,718 25.4 17
Y BMEO 18 Laboratory Airflow Optimization | Option B $183,200 $7,953 $13,648 $12,906 $0 $34,507 53 $6,825 $4,672 15.9 18
Y Kornberg 19 Heat Recovery Heat Pump $922,885 -$69,306 $123,458 $119,320 -$3,150 $170,321 5.4 -$40,276 | $43,110 325.6 19
Y Del Monte 20 Heat Recovery Heat Pump $752,029 -$50,214 $88,576 $85,788 -$2,520 $121,631 6.2 -$29,250 | $30,989 432.4 20
Y BMEO 21 Heat Recovery Heat Pump $572,213 -$40,366 $71,362 $69,109 -$1,890 $98,215 5.8 -$23,501 | $24,964 391.1 21
0 Eastman 22 Eastman Campus Rooftop Solar $1,066,718 $66,485 $0 $0 -$4,048 $62,436 17.1 $48,017 $0 22.2 22
0 Medical 23 Medical Campus Rooftop Solar $9,739,809 $531,503 $0 $0 -$32,362 $499,140 19.5 $383,863 $0 25.4 23
0 River 24 River Campus Rooftop Solar $7,947,170 $433,678 $0 $0 -$26,406 $407,272 19.5 $313,212 $0 25.4 24
(9] South 25 South Campus Rooftop Solar $3,103,412 $193,391 $0 $0 -$11,775 $181,616 17.1 $139,671 $0 22.2 25
0 DDH 26 Retrocommissioning | Best Case $18,200 $3,695 $3,062 $4,100 $0 $10,856 1.7 $2,911 $1,443 4.2 26
Y DDH 27 Retrocommissioning | Median $24,400 $3,233 $2,679 $3,587 $0 $9,499 2.6 $2,547 $1,263 6.4 27
0 DDH 28 Retrocommissioning | Worse Case $30,600 $2,771 $2,296 $3,075 $0 $8,142 3.8 $2,183 $1,082 9.4 28
0 RRL 29 Retrocommissioning | Best Case $78,380 $35,469 $44,411 $73,560 $0 $153,440 0.5 $29,134 $25,549 1.4 29
Y RRL 30 Retrocommissioning | Median $165,130 $26,635 $30,810 $50,708 $0 $108,154 15 $21,677 $17,618 4.2 30
0 RRL 31 Retrocommissioning | Worse Case $251,880 $17,802 $17,210 $27,856 $0 $62,868 4.0 $14,220 $9,688 10.5 31
0 FDC 32 Retrocommissioning | Best Case $36,600 $215 $16,648 $24,509 $0 $41,372 0.9 $1,474 $8,572 3.6 32
Y FDC 33 Retrocommissioning | Median $64,900 $172 $14,567 $21,235 $0 $35,974 18 $1,278 $7,432 7.5 33
(0] FDC 34 Retrocommissioning | Worse Case $93,200 $129 $12,486 $17,961 $0 $30,576 3.0 $1,082 $6,291 12.6 34
Total Selected Project4: $4,990,412 $28,840 $435,748 $426,960 $7,710 $899,257 5.5 $55,342 | $154,065 23.8
Project Contingency (included in Total Measure Cost)%:| $191,002
Pricing Escalation Reserve (included in Total Measure Cost)®:| $191,002
1. TOTAL MEASURE COST includes direct construction costs (subcontractor material and labor) and DOES include contingency and fees for services described below:
Energy, Electrical and Mechanical engineering, Construction documents, Financing assistance services, Subcontractor coordination and administration

2. This is the project contingency which is managed by Owner.

3. Pricing Escalation Reserve: is a fund established to help offset market variations in pricing over the approval and design period.

4. Total Selected Project is based on the Y or Yes values in the Selection Column.

5. Cost savings based on the by BUILDING UTILITY RATES are defined as the fully burdened utility rate, paid by the buildings, please refer to Section 2 for additional details regarding the applied utility rates.

6. Cost savings based on the by PURCHASED UTILITY RATES are defined as the rates paid by UR to the utility service providers, please refer to Section 2 for additional details regarding the applied utility rates.

7. PURCHASED UTILITY PAYBACK PERIOD this is the payback period based on the cost sayings applying the PURCHASED UTILITY RATES
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Lighting Improvements
ECM# 01

a comprehensive retrofit lighting solution which provides:
50% reduction in lighting energy consumption.
Reduced maintenance costs.
Integrated occupancy and daylight sensors.
Retrofit approach with modern appearance.
Less capital cost compared to a full fixture replacement.

Lighting projects are often the engine that drive energy conservation projects. Typical lighting retrofit projects
will provide a 50% reduction in energy usages associated with lighting systems. Savings can be further
enhanced by incorporating advance lighting controls such as occupancy sensors, vacancy sensors and
daylighting harvesting.

A BASE LIGHTING PROJECT will address lighting opportunities by leveraging low cost retrofit solutions to reduce
energy and O&M costs. The benefit of this approach is the savings generated by the lighting improvements,
which can be used to offset the cost of more expensive improvements (such as HVAC upgrades). The trade-off
is the existing fixtures are reused without any improvements to aesthetics or controls.

Conversely, many Universities have requested a VALUE-ADD LIGHTING PROJECT and the market has responded
with many manufacturers now providing retrofit kits that will upgrade fixtures while also improving aesthetics
and controls. The trade-off here is that these improvements typically are more expensive, leaving less capital
for other improvements.

It has been our experience that most projects balance both a BASE LIGHTING PROJECT and a VALUE-ADD
LIGHTING PROJECT approach, where through collaboration with stakeholder’s areas such as mechanical rooms
will only utilize a BASE LIGHITNG PROJECT solution, while labs and office may utilize a VALUE-ADD LIGHTING
PROJECT solution. We believe the University will likely leverage some variation of both solutions as projects are
developed across the campus.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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INVESTIGATION

Wendel evaluated six (6) University of Rochester buildings to investigate the existing lighting systems and

determine opportunities to save energy. The six buildings where selected by the University and Wendel based on
the following criteria:

o Differing use types that which are representative of the major space types found within the University.

e Buildings that are accessible

e Buildings with an area less than 200,000 sqft.
A lighting survey was performed by reviewing reflective ceiling plans and a walkthrough (partial room by room)
to confirm existing fixture types, quantities and lighting controls. During the survey, quantities and conditions of

existing lighting fixtures were documented. The current level of energy efficiency was evaluated, and upgrades
were identified.

INVESTIGATION APPROACH

Wendel conducted a survey of the lighting system to identify fixture types, assess type of lighting system,
quantify the number of each fixture type, assess space types, and run hours. Wendel performed field
surveys of all accessible spaces. We were not able to enter high risk laboratories or each residence room. In
these instances, we will use available drawings and nearby representative spaces to extrapolate fixture counts
to those spaces. These site visits were done in collaboration with the facility staff. We utilized lighting
loggers to determine operating schedules and control. All captured data was incorporated into the baseline

energy model to simulate existing building conditions and will incorporate the system’s effects on other building
system’s consumption.

Map Ref. Campus Building Name Building Type Area % LED
1 Medical Campus Kornberg Lab Research 235,914 <5%
2 Medical Campus Ambulatory Care Facility (ACF) Hospital 224,609 <5%
3 River Campus Wilder Hall Dorm 78,822 ~30%
4 River Campus Fauver Stadium Office/Sports 63,097 ~70%
5 River Campus Schlegel & Gleason Hall Classroom/Office 115,832 ~20%
6 River Campus Wallis Hall Office 49,598 ~5%

Table E1: Building Information
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Figure E1: Buildings for Lighting Study on Medical Campus Map
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Figure E2: Buildings for Lighting Study on River Campus

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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EXISTING CONDITIONS

Kornberg Medical Research
Building
(Kornberg)

Location: Medical Campus
Area: 235,914 sq. ft.
% Building LED: <5%

Kornberg Medical Research Building is a five (5) story building containing research laboratories and offices. The
facility has several ceiling types including open, drop and drywall with drop ceilings being the most widespread.

Lighting fixtures at the facility primarily consist of two or four 4-foot T8 fluorescent linear tubes housed in
recessed troffers or box fixtures in lab spaces and restrooms. Offices utilize two (2) T8 fluorescent U-bend tubes
housed in 2x2 recessed troffers. Hallways are lit by 4-foot T8 fluorescent linear tubes in multiple different fixture
types, including pendant box fixtures, wall mounted fixtures utilizing direct/indirect lighting and recessed troffers
along the perimeter of the corridors. Recessed can lights utilizing two (2) pin based compact fluorescent lamps
were also found thought the research building.

There is a mixture of manual and automatic lighting controls. Lab spaces typically have manual on/off switches.
Offices and restrooms utilize wall mounted occupancy sensors that turn on when the space becomes occupied.

Ambulatory Care Facility
(ACF)

Location: Medical Campus
Area: 224,609 sq. ft.
% Building LED: <5%

Ambulatory Care facility is a seven (7) story building with a penthouse, its primary function is as a hospital. The
facility has several ceiling types including open, drop and drywall with drop ceilings being the most widespread.

Lighting fixtures at the facility utilize 4-foot linear fluorescent lamps(2 to 4 per fixture), or pin base compact
fluorescent lamps. The fixture types at the facility vary by space. Offices and patient care rooms have troffer
fixtures and recessed can fixtures. Restrooms have wall mounted fixtures.

There is a mixture of manual and automatic lighting controls. Labs, exam rooms, work rooms and procedure
rooms typically have manual on / off switches. Offices utilize a mix of manual switching and wall mounted
occupancy sensors and corridors are controlled by ceiling mounted occupancy sensors.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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Wilder Hall

Location: River Campus

Area: 78,822 sq. ft.
% Building LED: ~30%

Wilder Hall is a ten (10) story building containing dormitory suites for student living. A mixture of different ceiling
types exists including open ceilings in the basement, drop ceiling in offices and common areas, and spline ceiling
found sporadically.

The first floor offices, hallways, and common areas have been upgraded to LED fixtures. Each floor has an
elevator lobby, a kitchen and a trash room. All lighting in these common areas have been upgraded to LED lamps
or fixtures. Stairwell lighting has been updated to LED wafers mounted to the walls. Dorm suites were
occupied during the site visit, however there was access to one suite. This suite was found to have four (4)
square canopy lights in the hallways, and fluorescent T8 linear lamps in the bathroom.

Common areas have a mixture of on/off switches and automatic lighting controls. Dorm lighting is controlled by
on/off switches.

Fauver Stadium

Location: River Campus

Area: 63,097 sq. ft.
% Building LED: ~70%

Fauver Stadium is a three (3) story building containing offices and athletic facilities. The facility has several
ceiling types including open, drop and drywall.

Majority of this building has already been converted to LED. Lighting fixtures at the facility utilize 4-foot linear
fluorescent lamps, 2 to 4 per fixture. The fixture types and mounting style vary by space.

There is a mixture of manual and automatic lighting controls. Corridors and common areas utilize occupancy
sensors. Offices utilize a mix of manual switching and wall mounted occupancy sensors.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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Schlegel & Gleason Hall

Location: River Campus
Area: 115,832 sq. ft.

% Building LED: ~20%

Schlegel Hall a four (4) story building that contains lecture halls, offices and seminar rooms. The southern part
of the building is named Gleason Hall, which also contains lecture halls and offices. The facility has several
ceiling types including drop, drywall, and spline.

This building has a wide variety of luminaire fixtures. Offices generally contain two to four 4-foot T8 fluorescent
linear tubes housed in recessed troffer fixtures. Lecture halls utilize T8 fluorescent linear indirect lighting above
a parabolic ceiling, and recessed fixtures along the perimeter of the room. Recessed can lights utilizing one to
two pin based compact fluorescent lamps are commonly found in hallways and classrooms.

There is a mixture of manual and automatic lighting controls. Most offices utilize occupancy sensors. Lecture
halls have manual on/off switches that control specific light fixtures.

Wallis Hall

Location: River Campus

Area: 49,598 sq. ft.
% Building LED: ~5%

Wallis Hall a three (3) story building that contains offices including the University Presidential Office. The
facility has a mixture of drop ceiling and spline ceiling.

This building has a wide variety of lighting fixtures. Lighting fixtures at the facility utilize 4-foot linear fluorescent
lamps (2 to 4 per fixture) or pin base compact fluorescent lamps.

Offices utilize a mix of manual on/off switching and occupancy sensors.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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PROPOSED MODIFICATIONS:
The recommended lighting upgrade focuses on optimizing the current lighting system by replacing or retrofitting
less efficient fixtures. For the purposes of this study, two options were evaluated.

The first option, BASE LIGHTING PROJECT, includes mostly lamp replacements, which is typically more cost
effective than new fixtures. Under a LED tube retrofit condition, the existing fixture body is left in place, the
ballast is removed, and the internal components are replaced with energy efficient Type-C LED tubes with remote
drivers. A new fixture is only recommended in this option if a fixture was noticed to be in poor condition. With a
retrofit, significant energy savings can be realized at a much lower cost than a complete fixture replacement.

The second option, VALUE-ADD LIGHTING PROJECT, includes retrofit kits and new fixtures. Under Option 2,
retrofit solutions are proposed for majority of recessed fixtures, while new fixtures are recommended for surface
or pendant mounted interior fixtures and all exterior fixtures. Lamp replacement is only recommended if a fixture
was in excellent condition, if the fixture was decorative in nature, or an uncommon fixture that seemed to have
been specifically chosen for the space.

For both options, wall mounted occupancy sensors are recommended in offices, and ceiling mounted occupancy
sensors are recommended in restrooms and classrooms that do not currently have them. Occupancy sensors
are not recommended in classrooms with specific lighting controls.

We have summarized the lighting options with a table showing the common fixtures, as well as pictures of
existing conditions as well as suggestions for options 1 and option 2.

DESIGN & CONSTRUCTION CONSIDERATIONS

The intent of the ECM is to reduce the electrical energy consumption of the overall lighting system, while providing

an aesthetically pleasing lighting plan that will maintain or improve the working environment for its occupants.

= The proposed upgrades will follow industry standard guidelines to ensure that proper lighting levels are
maintained for the various illuminated areas, while maximizing the energy efficiency of the lighting system.
These lighting levels have been selected based on criteria established by the Illuminating Engineering
Society (IES).

= Retrofits may require access above a drop ceiling. Therefore, these improvements may require testing of
ceiling tiles and fire proofing to verify the absence of any potential asbestos containing material (ACM)
behind the drop ceiling.

= Lens covers will be cleaned and reused. Damaged lens covers will be replaced in kind.

=  Daylight harvesting may be required per New York State Energy Code depending on the level of alteration.

= New fixtures, located in place of existing fixtures, in suspended ceilings, may require additional supports per
current codes.

= Emergency power for egress lighting is assumed to be provided by an emergency circuit powered by the
building’'s emergency generators. Actual emergency lighting will need to be confirmed relative to
requirements of NFPA 101.

= |t is recommended that sample lighting be installed during the design to review color temperature and
illumination prior to final design.

OPERATION & MAINTENANCE IMPACT

The longer service life of LEDs will reduce both capital costs and maintenance time, allowing personnel to
concentrate on maintaining critical equipment. Maintenance savings are presented and reflect annual material
cost savings only. Savings achieved from:

= Longer life of LED lamps

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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ENERGY IMPACT

The proposed improvements save energy by replacing the existing lighting sources (lamps) with new lighting
sources (LED lamps) which use less input energy (watts) to produce light (lumens). Additionally, sensors, controls
and dimming systems further reduce the runtime and/or load of the lighting system. The fundamental intent is
to provide the same amount of light, when needed, with less input energy.

STUDENT /7 OCCUPANT IMPACT

Lighting can have many positive impacts on student health and well-being. Some of the benefits of LED lighting
in schools are the improvements of school safety and the reduction of eye strain and other difficulties associated
with lighting. Installing newer LED light fixtures can reduce the risk of exposure to harmful contaminants such as
Polychlorinated Biphenyls (PCBs).

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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Table 1-4

UNIVERSITY OF ROCHESTER
ENERGY CONSERVATION MEASURE (ECM) - LIGHTING

B

o s wN

Pricing Escalation Reserve: is a fund established to help offset market variations in pricing over the approval and design period.
Total Selected Project is based on the Y or Yes values in the Selection Column.
Emissions savings based on rates outlined in section 2.

TOTAL MEASURE COST includes direct construction costs (subcontractor material and labor) and DOES include contingency and fees for services described below:
Energy, Electrical and Mechanical engineering, Construction documents, Financing assistance services, Subcontractor coordination and administration
This is the project contingency which is managed by the Owner.

10/4/2021
" 4 Ruildi Ruildi Riildi
S M::tsaulre Electri Chilled Wat: St BT:I,;TI Emissions Cost Bt
((T“))es Line No. Building Energy Conservation Measure ot - e? e ,_e X ater o ela m uilding Reduction s S/a \’/':: U1 Line No.

0 0S| 85 85 55 = 5

(Ojption ®) (KWh) (mmBtu) (mmBty) | (mmbw) [ MTOFC0
Y 1 Kornberg Lighting Upgrades | Option A $850,838 612,702 65 -331 1,825 57 $466 1
0 2 Kornberg Lighting Upgrades | Option B $1,145,668 784,624 84 424 2,337 73 $490 2
(0] 3 ACF Lighting Upgrades | Option A $656,793 657,653 30 444 1,830 54 $359 3
Y 4 ACF Lighting Upgrades | Option B $673,351 790,176 36 -533 2,198 65 $306 4
N 5 Wilder Hall Lighting Upgrades | Option A $75,937 16,598 0 10 47 1 $1,628 5
0 6 Wilder Hall Lighting Upgrades | Option B $75,937 16,598 0 10 47 1 $1,628 6
N 7 Fauver Stadium Lighting Upgrades | Option A $31,694 17,791 2 -10 53 2 $598 7
[0] 8 Fauver Stadium Lighting Upgrades | Option B $47,210 18,587 2 -10 55 2 $853 8
N 9 Schlegel Hall Lighting Upgrades | Option A $214,466 134,945 14 -73 402 13 $534 9
[0] 10 Schlegel Hall Lighting Upgrades | Option B $230,651 140,276 15 -76 418 13 $552 10
Y 11 Wallis Hall Lighting Upgrades | Option A $150,553 98,975 11 -53 295 9 $511 11
o] 12 Wallis Hall Lighting Upgrades | Option B $189,192 109,605 12 -59 326 10 $580 12

Total Annual Annual Annual Total L
) ) Emissions
Measure Electric Chilled Water Fuel Annual Reduction Cost / mmBtu
Cost" Savi i i i Saved
= o o " mT of CO.
$) (kWh) (mmBtu) (mmBtu) (mmBtu) ( 2)
Total Selected Project 1,501,853
Project Contingency (included in Total Measure Cost)*: $60,900
NOTES: Pricing Escalation Reserve (included in Total Measure Cost)>: $60,900
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ENERGY CONSERVATION MEASURE (ECM) - LIGHTING

Table 1-5

UNIVERSITY OF ROCHESTER

PAYBACK SUMMARY | BUILDING UTILITY COST 10/4/2021

Selection® Total Annual Annual Annual Annual Total . P P
(Y)es o . . Measure Electric Chilled Water Steam 0&M Annual S Utility Utility Nat. Utility 5
Building Line No. Energy Conservation Measure 4 5 5 5 i 5 Payback : Line No.
(N)o Cost ings ings gs gs gs Period Electric Gas Payback
(O)ption ($) ($) ($) ($) $) ($) Savings® | Savings® | Period’
Y Kornberg 1 Lighting Upgrades | Option A $850,838 $55,143 $1,422 -$4,831 $8,391 $60,126 14.2 $39,938 -$1,537 22.2 1
(9] Kornberg 2 Lighting Upgrades | Option B $1,145,668 $70,616 $1,821 $6,186 $1,146 $65,105 17.6 $51,145 $1,968 23.3 2
(9] ACF 3 Lighting Upgrades | Option A $656,793 $59,189 $646 $6,481 $3,036 $56,390 11.6 $42,799 $2,103 16.1 3
Y ACF 4 Lighting Upgrades | Option B $673,351 $71,116 $776 -$7,787 $5,628 $69,732 9.7 $51,423 -$2,527 13.8 4
N Wilder Hall 5 Lighting Upgrades | Option A $75,937 $1,494 $10 $153 $180 $1,172 64.8 $1,080 $50 73.7 5
0 Wilder Hall 6 Lighting Upgrades | Option B $75,937 $1,494 $10 -$153 -$180 $1,172 64.8 $1,080 -$50 73.7 6
N Fauver Stadiun] 7 Lighting Upgrades | Option A $31,694 $1,601 $41 -$140 $71 $1,574 20.1 $1,160 -$45 28.4 7
0 Fauver Stadiun] 8 Lighting Upgrades | Option B $47,210 $1,673 $43 -$147 -$354 $1,215 38.9 $1,212 -$47 40.5 8
N Schlegel Hall 9 Lighting Upgrades | Option A $214,466 $12,145 $313 -$1,064 -$176 $11,218 19.1 $8,796 -$339 25.4 9
0 Schlegel Hall 10 Lighting Upgrades | Option B $230,651 $12,625 $326 -$1,106 $91 $11,936 19.3 $9,144 -$352 26.2 10
Y Wallis Hall 11 Lighting Upgrades | Option A $150,553 $8,908 $230 -$780 $1,251 $9,608 15.7 $6,452 -$248 24.3 11
o] Wallis Hall 12 Lighting Upgrades | Option B $189,192 $9,864 $254 -$864 $165 $9,419 20.1 $7,144 -$275 275 12
Total Selected ProjectA: $1,674,741| $135,167 $2,428 -$13,398 $15,270 $139,466 12.0 $97,813 | -$4,312 17.9
Project Contingency (included in Total Measure Cost)%:| $60,900
Pricing Escalation Reserve (included in Total Measure Cost)®:| $60,900
1. TOTAL MEASURE COST includes direct construction costs (subcontractor material and labor) and DOES include contingency and fees for services described below:
Energy, Electrical and Mechanical engineering, Construction documents, Financing assistance services, Subcontractor coordination and administration
2. This is the project contingency which is managed by Owner.
3. Pricing Escalation Reserve: is a fund established to help offset market variations in pricing over the approval and design period.
4. Total Selected Project is based on the Y or Yes values in the Selection Column.
5. Cost savings based on the by BUILDING UTILITY RATES are defined as the fully burdened utility rate, paid by the buildings, please refer to Section 2 for additional details regarding the applied utility rates.
6. Cost savings based on the by PURCHASED UTILITY RATES are defined as the rates paid by UR to the utility service providers, please refer to Section 2 for additional details regarding the applied utility rates.
7. PURCHASED UTILITY PAYBACK PERIOD this is the payback period based on the cost sayings applying the PURCHASED UTILITY RATES
Total Selected Purchased Purchased Purchased
and Optional | Total Measure | Annual Electric| Annual Chilled | Annual Steam | Annual O&M | Total Annual Simple Utility Electric | Utilfty Nat Gas | Utility Payback
Porojects Cost Savings Water Savings Savings Savings Savings Payback Savings Savings Period
$2,067,179 $151,915 $2,831 ($14,888) $13,741 $153,600 135 $109,941 (54,788) 19.7
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Building Existing Option 1: Proposed Re-Lamp Option 2: Proposed Retrofit or New Fixture

Fauver
KMRB e -
Schlegel
2 to 3 Lamp 1x2 Recessed Troffer Re-Lamp - 2 to 3 Linear LED Tubes Retrofit - Metalux 1x2 LED Troffer
Fauver
wilder 4"—‘5 )
1to 2 Lamp 4' T8 or T12 Linear Pendants Re-Lamp - 1 to 2 Linear LED Tubes New Fixture - Philips Linear Pendant
Fauver o
KMRB 4‘3
1to 2 Lamp 4' T8 or T12 Surface Mounted Box Re-Lamp - 1 to 2 Linear LED Tubes New Fixture - Philips Linear Surface Mount
4>
b — ! )
KMRB ;4,_.5
—
1 to 2 Lamp 4' T8 Vapor Proff Fixture Re-Lamp - 2 to 3 Linear LED Tubes New Fixture - Philips Vapor Proof Fixture
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Building

ACF
Fauver
KMRB

Schlegel
Wallis
Wilder

Existing

1 to 2 Lamp Wrap and or Strip Fixture

Option 1: Proposed Re-Lamp

Re-Lamp - 1 to 2 Linear LED Tubes

Option 2: Proposed Retrofit or New Fixture

New Fixture - Philips Strip Fixture

ACF
Fauver
KMRB

Schlegel
Wallis

Re-Lamp - 1 to 4 Linear LED Tubes

Retrofit - Philips EvoKit

KMRB

Re-Lamp - 2 U Bend LED Tubes

Retrofit - Philips EvoKit

ACF
Fauver
KMRB

Schlegel
Wallis

1x4 Recessed Troffers

Re-Lamp - 1 to 3 Linear LED Tubes

Retrofit - Philips EvoKit Custom Order

Page 46




Building

Existing

Option 1: Proposed Re-Lamp

Option 2: Proposed Retrofit or New Fixture

KMRB :_4,%
Direct/Indirect Wall Mounted Re-Lamp - 1 to 2 Linear LED Tubes New Fixture - Philips Linear Surface Mount
ACF
- N/A
KMRB 4'2" /
Indirect Cove Lighting Re-Lamp - 1 to 3 Linear LED Tubes
Schlegel !
W]
Wall Wash Recessed Can Lights Re-Lamp - 1 LED Lamp Retrofit - RAB Adjustable Recessed Can Light
~
ACF
Fauver i
KMRB i ]
Schlegel
Wallis

6,8,& 10 Recessed Can Lights

D

Re-Lamp - 1 to 3 LED Lamp

RS

Retrofit - RAB Recessed Can Light
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Building

Existing

Option 1: Proposed Re-Lamp

Option 2: Proposed Retrofit or New Fixture

i
i

Wallis
prErr)
LhL
4 Recessed Can Light Re-Lamp - 1 LED MR-16 Retrofit - RAB Recessed Can Light

Wallis
- ﬂ )\I?"E

1x4, 2x2, & 2x4 Box Fixtures Re-Lamp - 1 to 4 Linear LED Tubes New Fixture - RAB LED Panel with Surface Mounting Kit
N

Indoor Square Canopy Light N/A New Fixture - RAB LED Square Surface Mount

H
ACF

Decorative Wall Sconce

il “:]: "

Re-Lamp - 1 LED Lamp

N/A
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Option 2: Proposed Retrofit or New Fixture

Option 1: Proposed Re-Lamp

Building Existing

Schlegel
== =
Decorative Wall Sconce Re-Lamp - 1 LED Lamp N/A
~
- {'
Wallis =
Screw in PAR Lamps Re-Lamp - Screw in LED PAR Lamp N/A
Wallis - 4
Wilder
B —
Screw in Incandescent or CFL Lamps Re-Lamp - Screw in LED Lamp N/A

W
7W LED MR-16

Wallis
Retrofit - RAB Adjustable Recessed Can Light

MR-16 Spot Light
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Building

Existing

Option 1: Proposed Re-Lamp

Option 2: Proposed Retrofit or New Fixture

Schlegel N/A
Small Flood Light New Fixture - LED Small Flood Light
Fauver N/A
\
Large Flood Light New Fixture - LED Flood Light
KMRB
Schlegel N/A
Wilder
Small Wall Pack New Fixture - LED Small Wall Pack
Fauver N/A

Wall Pack

New Fixture - LED Wall Pack
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Building Existing Option 1: Proposed Re-Lamp Option 2: Proposed Retrofit or New Fixture
Wilder N/A
Exterior Square Canopy New Fixture - LED Canopy
ACF 4
Schlegel No Sensor ' N/A
Wallis -
. SO, T o a
Ceiling Sensor
ACF
Fauver
No S N/A
Schlegel 0 >ensor /
Wallis E_
Wall Sensor Switch

Table 3: LED Lighting Options
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Section D

Evaluation of Potential ECMs

Laboratory Airflow Optimization
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ECM 3| Lab HVAC Systems
W~

|
i

Procedure for Optimizing Lab Ventilation

Reduce airflow to the minimum of the following conditions:
= Air Change Rate Minimum Requirements

=  Space Cooling load

=  Face velocity requirement of fume hood

OPPORTUNITY

Laboratories require ventilation air to maintain a safe working environment. The volume of ventilation air
required is based on the use of the lab, the volume of the lab space, the number of fume hoods in the lab, and
the occupancy status of the lab. Wendel met with facility operations personnel for Kornberg, Del Monte, & BMEO
to review the existing lab controls, fume hoods, and laboratory space usage of varying lab spaces within each
building. An opportunity exists to reduce the air changes in these spaces by recalibrating the general exhaust
valves as necessary to meet the minimum required laboratory ventilation in air changes per hour based on the
laboratory’s chemical safety classification. Potential energy savings will be realized by reducing the amount of
air exhausted by from the space which then allows for reduced supply air rates, saving heating, cooling and fan
energy.

INVESTIGATION APPROACH

Wendel reviewed all the mechanical plans and conducted site visits and interviews with UR staff to determine
the current state of lab use within the building. Laboratory fume hoods, and supply air systems were studied to
determine the current air changes per hour (ACH) for each lab space (both occupied and unoccupied). The
exhaust from the lab fume hoods was determined to be higher than necessary in many of the lab spaces to
maintain the minimum lab ACH requirement during occupied hours.

Baseline energy use of these areas was modeled from current sequences of operation and trends obtained
from the building management system. Reduced ventilation rates based on current lab ACH requirements
were calculated and modeled to determine potential energy reduction. The calculation in the Appendix outlines
the results of our investigation and analysis in detail. The following is an overview of the key variables
and investigation approach.

EXISTING SYSTEMS
The research laboratories at the University of Rochester utilize variable volume fume hoods to achieve the
necessary air changes for a safe lab environment. Specific site conditions are indicated below, which were based

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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on Wendel's field survey, review of existing design drawings, and review of existing building management
system setpoints and trending reports. Please note, Kornberg & Del Monte are combined below since the
controls sequence, era of construction, and configuration were found to be identical.

KORNBERG MEDICAL RESEARCH BUILDING (Komberg) & MEDICAL RESEARCH BUILDING EXTENSION (Del
Monte)

The research laboratories at KMRB and Del Monte were observed to include variable volume fume hoods
with advanced controls. The advanced controls included sash face velocity control, automatic sash closing
actuators, and occupancy-based air change rates. Currently, most of the spaces are commissioned as a
Chemical Safety Level CSL3, with air change rates of 10 air changes /hour (ACH) when occupied and 6 ACH
when unoccupied. There are limited spaces which operate as a CSL2 classification, with occupied air change
rates of 8 ACH and unoccupied air change rates of 4 ACH.

Wendel worked with University EH&S to determine if the chemical safety classifications were appropriate based
on the current utilization of the individual lab spaces. It was determined that further investigation would be
required, space by space, to determine if lower air change rates per hour can be applied.

[ — =

Figure E3 KMRB - Lab Controls and Fume hood

GOERGEN HALL (BMEO)

The research laboratories at BMEO were observed to include constant volume fume hoods with advanced
controls. The advanced controls included sash face velocity control and occupancy-based air change rates.
Currently the spaces are commissioned as a Chemical Safety Level CSL3, with air change rates of 10 air
changes /hour when occupied and 6 air changes / hour when unoccupied. It is important to note that Wendel’s
site visit was limited to only one (1) laboratory (unoccupied at the time) due to staff requests. It is Wendel's
understanding that this laboratory was representative of the construction and controls type found throughout
the facility. Wendel worked with University EH&S to determine if the chemical safety classifications were
appropriate based on the current utilization of the individual lab spaces. It was determined that further
investigation would be required, space by space, to determine if lower air change rates per hour can be
applied.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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PHOENIX LAB CONTROL
1 SUPPLY W/HW REHEAT, 1 EXHAUST

]

Constant Volume
Fume Hood

Figure E4 BMEO - Lab Controls and Fume hood

PROPOSED CHANGES

Since additional evaluation would be required in conjunction with University EH&S, Wendel elected to present
two (2) scenarios should it be determined that the spaces are operating below the current chemical safety
classification. These scenarios include Scenario 1, utilizing a chemical safety classification of CSL2, and Scenario
2, which utilizes design levels observed at peer institutions. In both scenarios, the general exhaust valves will be
rebalanced to reduce the total ventilation airflow utilized by each building. Supply air will be balanced based on
an offset from the newly adjusted general exhaust in order to maintain pre-retrofit room pressurization set point.
The general exhaust valves will be rebalanced based on the following criteria per scenario:

Scenario 1 | Chemical Safety Level 2 (CSL2)

Wendel evaluated the savings potential associated with lowering the Chemical Safety Level (CSL) from CSL3
(existing) to CSL2. CSL2 laboratory spaces require 8 air changes per hour (ACH) when occupied and 4 air
changes per hour (ACH) when unoccupied per the University of Rochester’'s Environmental Health and Safety
Department. At the time of the study, current space classification could not be verified to determine the total
gquantity of spaces that could be reduced from CSL3 to CSL2. Please note, occupied and unoccupied air change
rates were increased, from the 8 ACH / 4 ACH minimum, in order to ensure that space cooling loads can be
maintained. An adjustment of minimum supply airflow of 1 CFM/sf was utilized to account for this. Please refer
to the Appendix for more details.

Scenario 2 | Peer Institutions

Wendel evaluated the savings potential associated with reducing the minimum occupied and unoccupied air
changes per hour (ACH) to align more closely with peer institutions with similar type and use laboratory facilities.
The proposed air changes per hour (ACH) set points utilized an occupied and unoccupied air change rates of 6
ACH and 4 ACH, respectively. At the time of the study, current space classifications and uses could not be verified
to determine the total quantity of spaces that could be reduced from the current CSL 3 classification as per the
University of Rochester’s Environmental Health and Safety Department. Please note, occupied air change rates
were increased, from the 6 ACH minimum, in order to ensure that space loads can be maintained. An adjustment
of minimum supply airflow of 1 CFM/sf was utilized to account for this. Please refer to the Appendix for more
details.

DESIGN & OPERATION ASSUMPTIONS

The following design and existing condition assumptions were made in the development of the proposed
scenarios and are key considerations in the project cost presented. The University of Rochester warrants that,
to the best of the University’'s knowledge, the following assumptions are accurate.
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" Existing fume hood, general exhaust, and supply air terminal devices are in good working order and free of
defects or programming issues.

= All existing duct work is connected and free of major defects.

" Typical laboratories load design does not exceed 1 cfm/ft2 when occupied.

" Building is unoccupied between the hours of 11 pm and 6 am.

" Ceiling tiles will be removed by contractor to allow for access to air flow devices
" Fireproofing and insulating materials above the ceiling are free of ACM.

" ACM may be present in mastic on terminal devices and duct joints.

IMPACT ON THE END USER

The new system will continue to maintain a safe work environment. The end users will not notice any difference
in operation. Careful construction coordination with lab occupants would be critical as most of the work would
be above the ceiling to the air distribution system and at the fume hoods. This work would cause temporary
disruption to the lab space possibly affecting lab activities and/or experiments.

OPERATION AND MAINTENANCE
No new O&M costs or savings.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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Table 1-6

UNIVERSITY OF ROCHESTER
ENERGY CONSERVATION MEASURE (ECM) - LABRATORY AIRFLOW OPTIMIZATION

10/4/2021
" 4 Ruildi Ruildi Riildi
S M::tsaulre Electri Chilled Wat: St BT:I,;TI Emissions Cost Bt
((T“))es Line No. Building Energy Conservation Measure ot - e? e ,_e X ater o elam uilding Reduction oss/a\’/':: U1 Line No.
0 0S| 85 85 55 = 5
(Ojption ®) (KWh) (mmBtu) (mmBty) | (mmbw) [ MTOFC0
(0] Kornberg Laboratory Airflow Optimization | Option A $396,668 44,444 1,108 1,443 2,703
Y 14 Kornberg Laboratory Airflow Optimization | Option B $396,668 48,514 1,233 1,703 3,102 159 $128 14
[0} 15 Del Monte Laboratory Airflow Optimization | Option A $234,246 122,805 2,762 3,537 6,717 337 $35 15
Y 16 Del Monte Laboratory Airflow Optimization | Option B $234,246 124,439 2,813 3,619 6,856 344 $34 16
(0] 17 BMEO Laboratory Airflow Optimization | Option A $183,200 58,553 398 509 1,107 54 $166 17
Y 18 BMEO Laboratory Airflow Optimization | Option B $183,200 88,370 626 884 1,811 91 $101 18
Total Annual Annual Annual Total ey
Measure Electric Chilled Water Fuel Annual - Cost / mmBtu
Cost* ings ings ings ings (mT of COp) Saved
$) (kWh) (mmBtu) (mmBtu) (mmBtu) 2

Total Selected Project™: $814,114 261,323 4,672 6,206 11,769 594 $69
Project Contingency (included in Total Measure Cost): $29,604
NOTES: Pricing Escalation Reserve (included in Total Measure Cost): $29,604

[

TOTAL MEASURE COST includes direct construction costs (subcontractor material and labor) and DOES include contingency and fees for services described below:
Energy, Electrical and Mechanical engineering, Construction documents, Financing assistance services, Subcontractor coordination and administration

This is the project contingency which is managed by the Owner.

Pricing Escalation Reserve: is a fund established to help offset market variations in pricing over the approval and design period.

Total Selected Project is based on the Y or Yes values in the Selection Column.

Emissions savings based on rates outlined in section 2.

o s wN
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Table 1-7

UNIVERSITY OF ROCHESTER

ENERGY CONSERVATION MEASURE (ECM) - LABRATORY AIRFLOW OPTIMIZATION

PAYBACK SUMMARY | BUILDING UTILITY COST 10/4/2021

Selection® Total Annual Annual Annual Annual Total . P P
(Y)es o . . Measure Electric Chilled Water Steam 0&M Annual S Utility Utility Nat. Utility .
Building Line No. Energy Conservation Measure 4 5 5 5 i 5 Payback : Line No.
(N)o Cost ings ings ings gs ings Period Electric Gas Payback
(O)ption ($) ($) ($) ($) $) ($) Savings® | Savings® | Period’
(9] Kornberg 13 Laboratory Airflow Optimization | Option A $396,668 $4,000 $24,164 $21,072 $0 $49,236 8.1 $4,803 $7,690 31.8 13
Y Kornberg 14 Laboratory Airflow Optimization | Option B $396,668 $4,366 $26,886 $24,867 $0 $56,120 7.1 $5,283 $9,022 27.7 14
(9] Del Monte 15 Laboratory Airflow Optimization | Option A $234,246 $11,052 $60,221 $51,634 $0 $122,907 1.9 $12,752 $18,876 7.4 15
Y Del Monte 16 Laboratory Airflow Optimization | Option B $234,246 $11,200 $61,333 $52,838 $0 $125,371 1.9 $12,946 $19,307 7.3 16
0 BMEO 17 Laboratory Airflow Optimization | Option A $183,200 $5,270 $8,671 $7,434 $0 $21,374 8.6 $4,493 $2,718 25.4 17
Y BMEO 18 Laboratory Airflow Optimization | Option B $183,200 $7,953 $13,648 $12,906 $0 $34,507 53 $6,825 $4,672 159 18
Total Selected Project*:| $814,114 $23,519 $101,867 $90,611 $0 $215,997 3.8 $25,054 | $33,001 14.0
Project Contingency (included in Total Measure Cost)*:| $29,604
Pricing Escalation Reserve (included in Total Measure Cost)®:| $29,604
1. TOTAL MEASURE COST includes direct construction costs (subcontractor material and labor) and DOES include contingency and fees for services described below:
Energy, Electrical and Mechanical engineering, Construction documents, Financing assistance services, Subcontractor coordination and administration

2. This is the project contingency which is managed by Owner.

3. Pricing Escalation Reserve: is a fund established to help offset market variations in pricing over the approval and design period.

4. Total Selected Project is based on the Y or Yes values in the Selection Column.

5. Cost savings based on the by BUILDING UTILITY RATES are defined as the fully burdened utility rate, paid by the buildings, please refer to Section 2 for additional details regarding the applied utility rates.

6. Cost savings based on the by PURCHASED UTILITY RATES are defined as the rates paid by UR to the utility service providers, please refer to Section 2 for additional details regarding the applied utility rates.

7. PURCHASED UTILITY PAYBACK PERIOD this is the payback period based on the cost sayings applying the PURCHASED UTILITY RATES
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Section D

Evaluation of Potential ECMs

Heat Recovery Heat Pump
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ECM 5] Heat Recovery Heat Pumps

Heat Recovery Heat Pumps

= Used in buildings with simultaneous heating and cooling loads.
= Recovery Energy from the Chilled Water System and reject it in the Hot Water System.
= Reduce Total building Energy Use from 8% to 20% depending on loads.

OPPORTUNITY

Heating and cooling systems consume a large
portion of a building’s total energy usage. This is
due to the fact that these systems must generate
or remove the amount of heat required to keep a
space at its operating temperatures. For instance,
a cooling coil absorbs heat from a room and expels
it somewhere else, normally outside, or an electric
heating coil that converts electricity directly into
heat. These heating and cooling processes are
occurring all throughout a building at any given
time, generating and removing heat as needed.
Different rooms will require various heating or
cooling processes and depending on the systems
in place, one room can be cooling while the room
next to may be heating. This is particularly true in
buildings with high ventilation loads, where reheat
is utilized extensively to prevent sub-cooling the
occupied spaces. The University of Rochester has
several such buildings, with a high volume of
ventilation airflow and extensive reheat usage,
especially in the summer conditions. In situations
where simultaneous heating and cooling is a
common occurrence, savings through a heat
recovery system can be realized.

MEAT EXPORTED

SN

COMPUTER RC

HEAT PUMP

FIN TUBES
RADIATORS

F

LA
-L”""L" e

AMU'S PREHEAT COLS

YOM

COOUNG
TOWER

DOMESTIC
HOT WATER

TERMINAL REHEAT COLS

Instead of directly generating or removing heat from spaces in this situation, the heat can be transferred between
these spaces. For example, a cooling coil absorbing heat can transfer this heat into the heating system, which

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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in turn will heat the room rather than using steam or hot water. This transfer or recovery of heat in a building
leads to direct energy savings, as the transferring of heat is a more efficient process than the generation and
removal of heat. This transferring of heat can be performed by a heat recovery chiller.

The heat recovery chiller or heat pumps differ from conventional chillers in the way in which the absorbed heat
is removed from their system. A conventional chiller removes heat through cooling towers or condensers, which
expel the heat outside of the building. Heat recovery heat pumps will use the heating hot water system of a
building in order expel heat, with a smaller sized condenser or cooling tower reject heat, if needed. This results
in savings associated with the reclamation of heat energy.

INVESTIGATION APPROACH

A review of the initial utility history for the selected buildings showed a simultaneous heating and cooling load.
After further investigation, it was determined that these simultaneous loads are necessary due to the outside air
that is utilized by the laboratory spaces. Our team created a model of the existing systems, which would be
impacted by the heat recovery chiller. This allowed us to see where supplemental heating and cooling would be
needed on both the existing and proposed case. Please refer to the Appendix 3 for technical details regarding
this analysis.

All impacted pumps were surveyed and information such as motor nameplate, pump name plate, operating
pressure, position of triple duty valves or circuit setters, and type of motor control were collected. Please refer to
the Heat Recovery Chiller ECM Appendix section for technical details regarding this analysis.

EXISTING SYSTEMS
The buildings at University of Rochester, specifically research laboratories such as Kornberg, Del Monte

, & BMEO have simultaneous heating and cooling needs throughout the year that can be leveraged through the
utilization of a heat recovery chillers (water-water heat pump). The following summarizes simultaneous loads
observed in each building, which shows year-round heating needs and cooling during summer and shoulder
seasons. Additional site-specific details can be found by building.

The energy calculations for these buildings were developed utilizing utility data from campus meters, and making
conservative adjustments for:

= Coincidence factors
= Interactions with other energy conservation projects that will reduce heating and cooling loads.

These adjustment factors and assumptions are listed in the calculations provided along with this report.

Please note, Kornberg & Del Monte are combined below since the system configuration and controls sequence
were found to be similar.

UNIVERSITY OF ROCHESTER | Energy Conservation Assessment & Plan
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KORNBERG MEDICAL RESEARCH BUILDING (Kornberg) & MEDICAL RESEARCH BUILDING (Del Monte)

Kornberg
10% reduction in total building energy use

150 Ton Heat Pump

Del Monte
14% reduction in total building energy use

120 Ton Heat Pump

The existing heating systems at Kornberg & Del Monte were observed to be hot water distribution systems, which
is produced by both local steam to hot water heat exchangers and a separate hot water tie point to the district
co-generation plant on campus. Both heating loads (metered independently) were considered when determining
the heating loads of the facility and the potential for the heat recovery heat pumps heat rejection. Both buildings
have year-round heating needs, with seasonal cooling during the summer and shoulder seasons.

Space for the proposed heat recovery heat pumps and supporting equipment /infrastructure was identified in
both basements where primary heating equipment is located. An opportunity exists to combine these systems
and to consolidate heat recovery capabilities to a single location. Additional piping infrastructure will be
required to tie in the heating and/or cooling loops.

Figure E5 Kornberg - Heat Recovery Impact on Heating (below)

Heat Recovery Chiller | Heating Potential
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B Supplemental Heating

Heat Recovery Heating
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Figure E6 Kornberg - Heat Recovery Impact on Cooling (below)
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Figure E8 Del Monte - Heat Recovery Impact on Cooling (below)

Heat Recovery Chiller | Cooling Potential
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BMEO

9% reduction in total building energy use

90 Ton Heat Pump

GOERGEN HALL (BMEO)

The existing heating systems at BMEO was observed to be hot water distribution systems, which is produced by
local steam to hot water heat exchangers. The primary heating load from the hot water heating loop was
considered when determining the potential for the heat recovery heat pumps heat rejection. BMEO has year-
round heating needs, with seasonal cooling during the summer and shoulder seasons. Additionally, there is a
sub-cooled chiller which provided lower chilled water to the basement clean room.

Space for the proposed heat recovery chiller and supporting equipment /infrastructure was identified in the
basement where primary heating equipment is located. At this time, the loads associated with the clean room
have not been integrated due to the extreme operating temperature as compared to more typical air handling
equipment.

Figure E9 BMEO - Heat Recovery Impact on Heating (below)

Heat Recovery Chiller | Heating Potential
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Figure E10 BMEO - Heat Recovery Impact on Chiller (below)

Heat Recovery Chiller | Cooling Potential
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PROPOSED CHANGES

Heat recovery heat pumps are only viable in a situation where there is
simultaneous heating and cooling needs. Ensuring that the University of
Rochester buildings met these criteria was the first step in going
forward with the recommendation of a heat recovery chiller. The
building’s utility profiles, provided in hourly data and presented
in Section B, demonstrate that the selected buildings have these
conditions. The following is an outline of design considerations in the
development of this Assessment and Plan. Please refer to the appendix
for scope of work details.

Supplemental Chilled Water and Steam Heat Exchangers

Meeting the load demand is the most important concern when designing a system which uses a heat recovery
chiller. This is more complicated than a co