TO: Board of Directors, Massachusetts School Building Authority

FROM: James A. MacDonald, First Deputy Treasurer, Chief Executive Officer
John K. McCarthy, Executive Director, Deputy Chief Executive Officer

SUBJECT: MSBA’s Post Occupancy Pilot Program Update

Date: Februaryl13, 2020

Staff Update
This memorandum updates the Board of Directors (“Board”) regarding the Massachusetts School

Building Authority’s (“MSBA”) efforts associated with the Post-Occupancy Review Program (“Pilot
Program”). As presented at the May 12, 2017 Board meeting, staff recommended, and the Board
approved a Pilot Program to assess the benefits of implementing an on-going comprehensive review of
the use and effectiveness of schools funded by the MSBA. (Refer to Attachment “A” for associated
memorandum.) Subsequently, as presented at the May 22, 2018 Board meeting, staff recommended, and
the Board approved an extension to the Pilot Program through FY19. (Refer to Attachment “B” for
associated memorandum.) Based on the efforts associated with the Pilot Program to date, staff anticipates
preparing a formal recommendation at the April Board meeting for the following:

¢ Implementation of a Post-Occupancy Evaluation (“POE”) process for MSBA-funded Core
Program projects;

e Approval of additional MSBA staff beginning in FY21 to administer the POE process; and
The continued services of professional consultants to support the management of the POE
process.

Introduction

The MSBA continues to provide grants that annually support $750 million to $1 billion in school
construction projects. With that comes an imperative responsibility to ensure that the Commonwealth’s
investment is protected. Throughout the Pilot Program, the focus has been on how the MSBA can best
understand that projects that have received a grant from the MSBA are operating and performing as they
were designed. Efforts have also focused on how the MSBA can add value to its current process.

Pilot Program Efforts and Addition of Module 9

Since the Pilot Program commenced in May 2017, staff have worked to establish a system unique to the
MSBA'’s process, including a thorough review of Capital Planning’s Core Program modules. This has
enabled staff to identify opportunities that will inform future projects and includes the addition of
“Module 9” which will become the guideline for the MSBA’s post-occupancy evaluation process.
Module 9 will be incorporated as the final Module in the lifecycle of an MSBA Core Program project and
will serve as an appropriate conclusion to a multiyear, multiphase process. Although Module 9 will
appear last in a sequence of existing modules, the work that will inform post-occupancy begins at the
outset of a Core Program project and will continue in parallel throughout the process.

It is important to note that a post-occupancy building visit is only one component of the overall post
occupancy process. The POE will commence three years following the date of substantial completion. It
will include many essential pre-occupancy components that defined the basis of design and will
eventually inform the elements of a post-occupancy evaluation after a building has been occupied.
Figure 1 illustrates the lifecycle of an MSBA Core Program project and indicates some of the beneficial
information that will be captured within Modules 1 through 8.
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In addition to reviewing and evaluating the MSBA’s current Core Program process, staff conducted initial
post-occupancy pilots with several districts. Fourteen MSBA-funded schools were visited in FY19 with
staff focused on further understanding the performance and operation of the building systems. Based on
the information collected and evaluated as a result of these visits, as well as the inclusion of end-user
feedback and programmatic utilization, staff anticipates that a wealth of valuable information will be
collected, evaluated, and reported as part of an MSBA post-occupancy evaluation program going forward.
Please refer to Attachment “C” for a complete list of participating districts and schools visited in FY19,
and Attachment “D” for a sample of an individual report prepared by the MSBA’s consultant.

Required Staffing and Estimated Cost
Based on the efforts of the Pilot Program to date, additional MSBA staff and external consultants will be

required to implement a Post-Occupancy Evaluation program going forward. Staff estimates an
approximate increase of (6%) six percent to the MSBA’s annual salary budget would be required. In
addition, an estimated annual consultant budget of $420,000 would be required, for a combined annual
total of approximately $925,280. Figure 2 illustrates how these estimates compare to MSBA’s FY20
employee salary, and Figure 3 illustrates how the combined estimated budget compares to the projected
annual construction cost. Discussion regarding the development of a POE database that will provide user
interface cost is underway. This cost is not included in the annual estimated total above.
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Figure 2 Figure 3
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Pilot Conclusion/ POE Program Implementation and Roll-out

Beginning in FY21, and over the course of the next five fiscal years, staff projects that post-occupancy
evaluations could be performed for 50-60 MSBA-funded school buildings. Figure 4 illustrates the
anticipated number of projects that would be eligible for post-occupancy evaluations in FY21-FY25.
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In order for MSBA’s proposed Post-Occupancy Evaluation Program to commence, the following must be
realized over the course of the next several months:

Feb-Apr 2020: Recommend and obtain Board approval of an MSBA Post-Occupancy Program;
Mar-Apr 2020: Finalize and conclude the Pilot Program, including individual report distribution;
May 2020: Establish Budget at May Business meeting;

May-Dec 2020: Develop Module 9, advertise/hire POE staff, perform IT development, establish
POE onboarding/start-up; and

e Spring 2021: Perform first POE visit. (Please refer to Attachment “E” which illustrates the
anticipated post-occupancy roll-out.)

Deliverables

In conjunction with any Pre-Occupancy data, it is anticipated that MSBA staff will create individual Post-
Occupancy Evaluation Reports for subject buildings resulting from the collection and analysis of Post-
Occupancy survey data, District interviews and feedback, and MSBA staff and consultant field
observations. Specific content, format, and reporting examples associated with the proposed Post-
Occupancy Evaluation program can be found in Attachment “F”. These reports would be further reviewed
as part of the IT development process.

It is anticipated that these individual reports will provide information that school districts can use to take
corrective measures, when necessary, to ensure the long-term success in protecting their investment.
Through the evaluation of more schools, it is anticipated that a post-occupancy evaluation program will
enable the MSBA to harvest collected information that will inform the design, construction, operation,
and maintenance practices for current and future MSBA-funded projects in an effort to understand that
buildings continue to operate and perform as designed and to protect the Commonwealth’s investment.

Anticipated Staff Recommendation

Based on the efforts associated with the Post-Occupancy Pilot Program conducted May 2017 through
December 2019, staff anticipates recommending the implementation of an MSBA Post-Occupancy
Evaluation program at the April 2020 Board meeting.

Page 3 of 4



Attachments:

“A”- Board of Directors Recommendation for Pilot Program, dated May 3, 2017

“B”- Board of Directors Recommendation for Pilot Program Extension, dated May 15, 2018
“C”- List of Participating Districts and Schools Visited in FY19

“D”- Individual School Building Post-Occupancy Systems Report Sample

“E”- Anticipated Post-Occupancy Roll-out Schedule

“F”- Post-Occupancy Reporting Content/Format Sample
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Attachment "A"

TO: Board of Directors, Massachusetts School Building Authority

FROM: James A. MacDonald, First Deputy Treasurer, Interim Chief Executive Officer
John K. McCarthy, Executive Director, Deputy Chief Executive Officer

SUBJECT:  Post Occupancy Review Pilot Program Recommendation

Date: May 3, 2017

Introduction:

The Massachusetts School Building Authority (the “MSBA”) continues to assess its policies and
practices in support of its mission to advance the design and construction of educationally
appropriate, flexible, sustainable, and cost-effective public school facilities. In an effort to further
this mission, staff is recommending a Post Occupancy Review Pilot Program (the “Pilot
Program”) to assess the benefits of implementing an on-going comprehensive review of the use
and effectiveness of schools funded by the MSBA. Similar to the MSBA’s Model School Visits
and the 2016 School Survey, the proposed Pilot Program will assess and document facility
operation through the observations of staff and/or consultants.

Scope of Memorandum

This memorandum includes a review and evaluation of the timing of the post occupancy visits,
the information that will be collected, staffing, consultant resources and the method for
collecting the information, and how the information will be used.

Timing of the Post Occupancy Visits

A new facility should be in use for a reasonable period of time to allow the occupants to become
accustomed to the spaces and adapt to the new facility. In addition, building systems should have
been in operation for at least several seasons so facilities personnel have had a reasonable
opportunity to understand the operation and performance of new systems under various
conditions and to perform necessary adjustments to optimize those systems. As a consequence,
MSBA staff recommends that post occupancy visits for the Pilot Program be limited to Core
Program projects that have been in operation for a period of no less than three years from the
date of substantial completion.

Information to be Collected

Staff recommends that the following four major categories be evaluated through the Pilot
Program: Enrollment, Program, Building Interior/Exterior, and Facility Operation and
Performance. Information will be collected from multiple sources including, pre-existing data
that is available to the MSBA, district answers to MSBA’s interview questions, and observations
gathered during the site/building walkthroughs. Similar to the previous Model School visits, it is
anticipated that each post occupancy visit will begin with a brief interview with district
representatives, including facilities personnel, followed by a walk-through where information
will be gathered through staff observation of the facilities. The interview will supplement
information that has been gathered previously and will be structured to encourage an open
discussion regarding the utilization, function, and performance of the facility.
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Staffing

It is anticipated that two or three MSBA staff members will be required to conduct the Pilot
Program visits. The MSBA also plans to have MSBA Commissioning Consultants provide
technical support for the Pilot Program and $350,000 has been set aside in the fiscal year 2018
budget to fund that support. If, upon completion of the Pilot Program, a continuing Post
Occupancy Review Program is established, it is anticipated that a larger group of MSBA staff
will be required to conduct the visits and the MSBA will also use consultant-based technical
support.

Similar to the 2016 School Survey, staff propose to evaluate the collection of information and
photographs electronically through the use of a tablet, which will have the capability of syncing
to a report database. Distribution, format, and storage of the gathered information will be
developed, refined, and evaluated as part of the Pilot Program.

How Collected Information will be Utilized

It is anticipated that the MSBA will be able to collect a broad range of information with each
post occupancy review including, data related to enrollment, space utilization, layout
configuration, systems design/operation, and routine maintenance practices. In addition, the
MSBA will be able to share that information with the education and design communities to help
improve the outcomes of future projects supported by the MSBA.. It remains important to note
that early choices made during design to facilitate the delivery of a District’s educational
program can result in positive applications for the end-user which are consistent with the
approved design.

Schedule

During the first half of fiscal year 2018, staff will: prepare to conduct the Pilot Program; visit
five to ten schools; compile the information collected from the visits; evaluate the process; and
report the findings of the Pilot Program. Based on the findings of the Pilot Program, staff will
provide recommendations for schedule, budget, and any necessary consultant support for
implementation of a broader Post Occupancy Review Process to be initiated during fiscal year
2019.

Staff Recommendation

As presented and discussed at the April 12, 2017 Facilities Assessment Subcommittee meeting,
MSBA staff recommends instituting a Post Occupancy Review Pilot Program, which will
include visits to five to ten schools and will be conducted as set forth above.
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Attachment "B"

TO: Board of Directors, Massachusetts School Building Authority

FROM: James A. MacDonald, First Deputy Treasurer, Chief Executive Officer
John K. McCarthy, Executive Director, Deputy Chief Executive Officer

SUBJECT: Post Occupancy Review Pilot Program - Recommendation for Extension

Date: May 15, 2018

Introduction:

As presented at the May 12, 2017 Board of Directors (“Board”) meetings, staff recommended and the
Board approved a Post Occupancy Review Pilot Program (“Pilot Program’) to assess the benefits of
implementing an on-going comprehensive review of the use and effectiveness of schools funded by the
MSBA. This memorandum summarizes the FY 18 efforts associated with the Pilot Program and
recommends an extension to the Pilot Program through FY19.

Post-Occupancy Review Process

Building on the parameters outlined in the Post Occupancy Review Pilot Program Recommendation
memorandum dated May 3, 2017, provided for reference as Attachment ‘A’, staff developed
communications and meeting protocol, and generated survey questions regarding general conditions,
interior and exterior building components, building system performance, and programmatic aspects
intended to capture general consensus and end-user satisfaction.

While drafting and adjusting potential survey material, staff collaborated with MSBA Information
Technology (“IT”) staff to develop a web-based post occupancy information collection application.
Working closely with IT, the post-occupancy team’s four members updated survey questions and
customized several aspects of this application to align, compliment, and potentially share information
with existing MSBA project management applications.

In selecting which schools would be visited, staff reviewed recently completed Core Program projects
that have been in continuous operation for a minimum of three years and selected schools with a cross
section of grade structure and project types. The following is a list of schools visited by staff beginning in
December 2017 and continuing through February 2018:

School District Project Type Grades | Completed
Norton High School Norton Add/Reno 9to 12 | 2014
Sherwood Middle School Shrewsbury | New Construction | 5to6 | 2012
Rockland Middle/High School Rockland Add/Reno 6tol2 | 2012
Morton Middle School Fall River New Construction | 6t08 | 2013
Goodyear Elementary School Woburn New Construction | Kto5 | 2011
Southeastern Reg. Voc. Tech. High School | Easton Renovation 9to 12 | 2013
Central Middle School Quincy New Construction | 6to8 | 2013

Information Collected

Using the IT developed web-based post-occupancy collection tool, staff collected a broad range of
information associated with general conditions, site circulation, interior and exterior building components,
building system performance, and programmatic aspects. This information was collected from multiple
sources including, pre-existing data, District answers to MSBA’s survey questions, and staff observations
during the site/building walkthroughs. MSBA’s post-occupancy survey included approximately 170
questions subdivided into nine categories/subcategories. Pilot Program survey questions are provided for
reference as Attachment ‘C’.
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Enrollment Review
MSBA reviewed the original forecasted enrollment for both the District and the subject school and

compared this information to current enroliment figures and updated forecasts for each of the schools
visited as part of the Pilot Program. The MSBA does not base its design enrollments on peaks or troughs
in the projected years. Instead, the MSBA uses the 10-year average of projected enrollments which in
combination with the MSBA space summary guidelines positions Districts to efficiently meet space
capacity needs throughout future enrollment variations.

This comparison revealed that six of the seven schools visited as part of the Pilot Program continue to
provide sufficient classroom space for the realized enrollment and updated forecasts. Please note that one
of the schools visited was Southeastern Regional VVocational Technical High School, which is an
application school, with a long-standing wait-list of applicants. This school is generally fully-enrolled to
Chapter 74 program capacity, which is program specific. Please refer to Table 1 in Attachment ‘B’ for
additional information for each of the schools visited as part of the Pilot Program. Please note that an
independent effort is underway to review and analyze the MSBA’s enrollment methodology, which will
be reported separately.

Observations

Staff experience with the schools visited as part of the Pilot Program was positive and appeared to be
well-received by District personnel. Staff sensed a general appreciation from District representatives for
MSBA’s efforts to return to previously completed schools and engage with District personnel to share
their experience during the initial use of their updated or new facilities. Based on the seven schools
visited during the Pilot Program, staff offer the following observations and potential benefits of returning
to a building following 2-3 years of use:

e Serves as an appropriate enhancement to complete the life cycle of a project in the grant program
that helps the MSBA in understanding the use and effectiveness of facilities funded by the
MSBA,

e Provides an opportunity to review the effectiveness of the high-performance components and
systems incorporated into school designs; and

e Obtains end-user feedback that could inform local design-decisions and highlights features that
could be included in future MSBA-funded projects by sharing thematic experiences and outcomes
with the education and design communities.

Continuing the pilot with the assistance of building commissioning professionals could result in
additional benefits. Enhanced review that identifies changes in building equipment, changes in occupant
needs, and other components that may be affecting the efficiency and energy use of a building are
examples. Review of this nature provides an opportunity to evaluate building system performance by
analyzing energy and water consumption and cost as well as common occupant challenges that could
inform a process to potentially return equipment and systems back to optimal operation.

Staff Recommendation
Staff recommend extending the Post Occupancy Review Pilot Program through Fiscal Year 2019 to
achieve the following objectives:

o Utilize the current Master Services Agreement for Commissioning Consultants to develop post-
occupancy facility performance evaluation procedures and implement them at up to twenty Core
Program projects that have been in operation for three or more years, including the seven schools
visited as part of the FY18 Pilot Program; The Work Order will commence on July 1, 2018, for a
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Attachment "B" . . i
term of 12 months, with the MSBA holding an option to extend the term of the Work Order for

such period of time as may be necessary to complete the services required by the Work Order, at
the MSBA’s sole discretion.

e Engage professional services for guiding and assisting MSBA staff in creating Pre- and Post-
Occupancy review guidelines, including review of FY18 Pilot Program survey questions and
MSBA feasibility study and design-related project submittal documentation. Staff will determine
if this scope of work could best be met by an MSBA Commissioning Consultant or if a separate
procurement will be required (If a separate procurement is determined to be the most
advantageous, staff will commence and report back to the Board prior to awarding any contract).

Staff recommend that the Board of Directors authorize the MSBA to continue the Post Occupancy
Review Pilot Program in FY 19, as outlined above.

Attachments:

‘A’- Board of Directors Recommendation for Pilot Program, dated May 3, 2017
‘B’- Original Enrollment Forecast Comparison
‘C’- FY18 Pilot Program Survey Questions
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MSBA Post - Occupancy Pilot Program - Schools Visited in FY19

149 Franklin Street,

Stoneham Stoneham Middle School Stoneham, MA 02180 2014
Wilmington Wilmington High School sii?ni:::;:ls;;e:;’lsm 2015
Auburn Auburn Middle School iﬂﬁi;?&ieglsol 2015
Webster Park Avenue Elementary School \Slieii:';f\ﬁzuoel'sm 2015
Norton Norton High School Zixx)nM’a:\i/lnAnge;gé 2014
Ayer-Shirley Ayer-Shirley Regional High School ifuler\,lvl\ilfz)nlg;g; Street, 2015
Berlin-Boylston Tahanto Regional High School ;g?ltt'\él:,i?ws:gilos 2013
Fall River Morton Middle School i:ﬁigg:ur%‘;;;geet' 2013
Woburn Goodyear Elementary School Cjoiir::;a:\::gf;’m 2011
Quincy Central Middle School gﬁnHC;n:/T;zitlr;gt' 2013
Shrewsbury Sherwood Middle School gﬁrir\:\?srg\:]?sfil\ﬁxe(;]lu5eé'15 2012
Wakefield Galvin Middle School oo M df’f\r/le:g 1550 2015
West Bridgewater West Bridgewater Middle-Senior 155 West Center Street, 2015

High School

West Bridgewater, MA 02379
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Glossary
Acronym or e
Abbreviation 2l
AHU Air handling unit. Consists of a fan encased in duct work and a motor that may be
internal or external. Usually contains a system of dampers and controls that serves
to deliver heating, cooling and/or ventilating air to a space.
BMS Building Management System. Synonymous with Building Automation System and
Energy Management System.
BTU British thermal unit, which is the quantity of heat required to raise the temperature
of 1 pound (0.454 kg) of water 1°F.
DX Direct expansion. DX refers to refrigerant systems that use refrigerant to directly
cool air streams in air handling and roof top units. They are in contrast with chilled
water systems where cooling is provided by chilled water or water glycol mixtures in
cooling coils.
ERW Energy recovery wheel. A rotating wheel pervious to air flow that recovers heat
from exhausted air.
FCU Fan coil unit is a terminal device in the HVAC system containing a fan and coil(s).
Typically providing heating and/or cooling to one zone.
GPM Gallons per minute. A flow rate used for heating hot water, chiller water, condenser
water, and service hot water.
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Acronym or . o

Abbreviation Definition

kBTU 1,000 BTUs. Often used as a metric for energy use per building area, as in kBTU/
square foot.

kw 1,000 Watts of power. This measurement is usually used to show the peak power
that a facility draws.

MMBTU Used in heating system nomenclature to refer to 1 million BTUs

OA Outside or outdoor air. Usually refers to air drawn into an AHU or RTU to ventilate a
building. Can refer to temperature (OAT) or to a damper (OAD)

RA Return air. Usually refers to air drawn into an AHU or RTU from the heated or cooled
space—it is “returned” to the unit then back to the space. Can refer to temperature
(RAT) or to a damper (RAD)

RTU Roof top unit. A packaged rooftop unit is a type of HVAC system that contains all the
components needed to provide conditioned air in one integrated unit that is
designed to be installed outdoors.

RWT Return water temperature. This refers to the temperature of heating hot water as it
returns to the boiler and enters the heat exchanger.

SHW Service hot water refers to hot water that is not used for space heating.

SWT Supply water temperature. This refers to the temperature of heating hot water
supplied to the heating system. It is sometimes called the header water temperature
because condensing boilers often serve a single header.

Auburn Middle School: MSBA Post-Occupancy Pilot Program iv



Attachment "D"

CADMUS

Introduction

On behalf of the Massachusetts School Building Authority (MSBA), Cadmus conducted an extension of
the MSBA’s Post-Occupancy Pilot Program to review how buildings delivered through the MSBA process
operate and how the project documentation and training provided at project turnover has impacted
building performance. The specific intent of this evaluation is to review the energy performance of the
buildings and systems for a sample of recently completed and occupied MSBA Core Program projects to
assist MSBA in the development of post-occupancy evaluation procedures. This evaluation also included
the collection of feedback regarding the project turnover process as it relates to documentation and
training. These elements of the turnover process are key in providing the operations staff with the
resources that are needed for long-term operation and maintenance of a building.

This report presents the results of Cadmus’ commissioning-focused review at the Auburn Middle School,
located at 9 West Street in Auburn, Massachusetts shown in Figure 1 in construction phase. This report
summarizes Cadmus’ activities, observations, and school-specific recommendations. Text in bold
highlights recommendations for the school district about this particular school and for the MSBA where
a point is broadly applicable.

About the School

The Auburn Middle School was built in 2015 for a cost of roughly $32.6M to house 560 students. Error!
Reference source not found. shows the firms involved in the school’s construction.

Table 1. Auburn Middle School Construction Firms and Roles

Construction Manager/ OPM Skanska USA

Architect Lamoureux Pagano & Associates, Inc.
General Contractor Fontaine Bros, Inc.!

Electrical ART Engineering Corp.

Mechanical Seaman Engineering Corp.
Commissioning Consultant WSP

1 https://fontainebros.com/auburn-middle-school.html
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Figure 1. Auburn Middle School

2

Kickoff and Site Visit Activities

Cadmus conducted a kickoff phone call and initial survey with the school on January 18, 2019, followed
by a one-day site visit on January 23, 2019. During the site visit, Cadmus met with the district and MSBA
staff listed in Table 2 to discuss the school and the hand off process, then walked through the school
with the MSBA to examine systems including HVAC, lighting, building envelope, and the building
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management system (BMS). We also installed electrical meters on the two lighting panels and on a
panel powering heat tracing tape on the service hot water (SHW) system.

Table 2. Commissioning-Focused Review Attendees

Attendee Name Attendee Company, Role

David Korn Ridgeline Energy Analytics, Cadmus subcontractor

Chris Alles Massachusetts School Building Authority

Kevin Sullivan Massachusetts School Building Authority

Mary Ellen Brunelle Auburn School District, Superintendent

Gregg Desto Auburn School District, Principal

Joe Fahey Auburn School District, Director of Facilities and Maintenance
Cecilia Wirzbicki Auburn School District, Business Manager

Energy Usage

The following sections outline electricity and propane usage for the school.

Electricity Consumption

In 2017 and 2018, the school consumed an average of 660,000 kWh per year with almost no year to year
variation and minimal monthly variation (see Table 3). The energy use was equivalent to 6.6 kWh per
square foot and 22.5 kBTU per square foot.

Table 3. Electricity Bills (kwWh), 2017 and 2018

| | Febf | W O Apr | May | un | ul

2018 50,800 49,000 56,200 55,200 55,600 62,600 47,400
2017 63,600 42,200 46,800 55,600 48,600 56,800 53,400
T am s | oc | Nov | Dec | ol | Auerage |
2018 53,000 72,400 60,800 49,000 612,000 55,636
2017 49,200 61,600 67,200 56,800 54,000 655,800 54,650

When examining energy use in kilowatt-hours per day, although there are seasonal trends with relative
maximums each fall, there appears to be a slight increase in electricity use over time (Figure 2) with the
average monthly electricity use rising slightly through 2018. The annual total appears to be a decrease
but only because December was missing for 2018. Cadmus recommends continually assessing the
building electricity consumption (including for several types of equipment as recommended in this
report) to bring this trend back down.
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Figure 2. Kilowatt-Hours per Day, 2016-2018
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Figure 3 shows daily kilowatt curves for the average of two weeks in November 2018, separated
between weekdays and weekend days. The curves show that the building is well-controlled with lower
use during weekday nights and weekend days; but even with the control shown in the curves, there
appear to be more opportunities for savings. Energy use appears to rise at about 2 a.m., possibly
unnecessarily since the building does not appear to ramp up until 6 a.m. each weekday. Cadmus
recommends using optimal start algorithms to heat the building so it meets the needs by the occupied

time. By using temperature patterns, carbon dioxide sensors (where installed) can help to optimize
the use of ventilation.
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Figure 3. Kilowatt Demand Curves for Two Weeks, November 2018
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Electricity Demand

The maximum electricity demand from 2015 through 2018 is shown in Figure 4. During winter months,
the demand is approximately 200 kW, with some decrease in 2018. Summer months can peak at over
300 kW of demand, presumably due to cooling and dehumidification.

Figure 4. Maximum Monthly Kilowatt Demand, 2015-2018
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Propane

Propane at the school is provided by Osterman Propane. There are five 1,000-gallon storage tanks on
site. Propane use is recorded in the BMS by two meters, one for the boilers and one for SHW heater. As
shown in Figure 5, based on the deliveries from fall through spring (there are no summer deliveries), the
annual use is about 30,000 to 31,000 gallons. During the 2017 to 2018 heating season, total propane use
was somewhat lower at 27,000 gallons, or 0.27 gallons per square foot, which is about 24.3 kBTU per
square foot per year.

Figure 5. Propane Usage
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Energy Benchmarking

Benchmarking a facility refers to the best practice of comparing a building to similar buildings in order to
establish the building’s performance relative to a population. For the purpose of this study, the building
metric being used for comparison is the overall energy use of the facility. Benchmarking facility energy
use is considered a facility management best practice.

Energy Use Intensity

The energy use intensity (EUI) is a basic measure of a facility’s energy performance. It is expressed in
amount of energy (kBTU) used annually per square foot of space. This metric is important because it is
the standard by which buildings are typically measured for energy consumption comparisons. The
building energy use totals 22.5 kBTU per square foot per year for electricity and 24.3 for fuel, and

46.8 kBTU per square foot. A 2009 study of Green Schools built in Massachusetts to CHPS standards
found that the median green school used 26 kBTU/SF/year for electricity and 34.9 kBTU/SF/year for fuel,
and 60.9 kBTU/SF/year in total (Table 4). Auburn Middle School is well below these values for the Green
Schools built to Collaborative for High Performance Schools standards, where electricity is about 13%
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lower and fuel use is 30% lower. Compared with the current study, Auburn Middle School fuel use is
about 9% lower than the average middle school for both fuel and electricity.

Table 4. Comparative Massachusetts School Energy Use

Fuel Electricity Total
Auburn Middle School 243 225 46.8
Average 2019 Study (this study) 331 25.5 58.5
High Schools 40.8 26.2 67.0
Middle Schools 26.7 24.7 51.4
Elementary Schools 29.1 255 54.6
Median Green School (2009)* 34.9 26.0 60.9
Median "Standard" School (2009)* 41.8 25.2 67.0
*Massachusetts Technology Collaborative study (2009)?

ENERGY STAR Portfolio Manager

ENERGY STAR Portfolio Manager? is a free U.S. Environmental Protection Agency (EPA) online tool that
building owners can use to measure and track energy and water consumption, as well as greenhouse gas
emissions. One of the key benefits of Portfolio Manager is that building owners can benchmark the
energy performance of their facility to other, similar facilities nationwide, accounting for weather and
climate.

As part of this post-occupancy evaluation study, Cadmus has created an ENERGY STAR Portfolio
Manager user account for participating districts that did not have one established and created a building
profile for the school participating in the study. Cadmus entered preliminary information about the
building and worked with district staff to establish a connection with utility accounts (where an
automated date update link is offered by the utility). With basic building parameters and at least one
year of energy data, a building can receive an ENERGY STAR score. The score, which ranges from 1
(lowest score) to 100 (highest score), indicates the percentile of performance for the building relative to
similar buildings across the country. A score of 50 is the median. So if your building scores below 50, it
means it’s performing worse than 50 percent of similar buildings nationwide, while a score above 50
means it’s performing better than 50 percent of its peers. A score of 75 or higher means it’s a top
performer and may be eligible for ENERGY STAR certification.

Auburn does not currently use ENERGY STAR Portfolio Manager to track energy performance, however,
our review of the ENERGY STAR database indicated that an account profile had been created for Auburn

2 https://chps.net/sites/default/files/MA POStudy FINAL 110509.pdf

3 https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-

manager/learn-how-portfolio-manager
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and a building profile was set up for the Middle School. Both existed, but data had not been entered for
the building. To benchmark energy use in ENERGY STAR for this study, Cadmus utilized a preliminary
ENERGY STAR screening tool with basic information about the building to get a general idea of how the
facility scored. The preliminary result for this school indicated an ENERGY STAR score of 74, above the
median value of schools nationwide and also above the average score of 59 for schools in the MSBA
study. Cadmus recommends updating the ENERGY STAR profile to receive score and also sharing the
score and ongoing energy performance data with the facility staff at the school. Once the building
data is finalized and the score is trued up, if the building scores above 75 it is eligible for recognition
through the ENERGY STAR program. If the score is above 75, Cadmus recommends applying for the
ENERGY STAR designation.

Boilers and Heating Hot Water Distribution

Two Lochinvar Crest 2.5 MMBtu boilers, shown in Figure 6, provide all heat to the school, with the
possible exception of the heat pump capability of the roof top units (RTUs).

Lochinvar Crest Condensing Boilers

On the day of the site visit, one boiler was on standby and the other was operating at 67% of capacity
for a total output of roughly 1.67 MMBtu. The daily temperature at the closest airport, Worcester, was a
minimum of 13°F and a maximum of 30°F. At the time of the site walkthrough the temperature was
22°F. Assuming a linear response and a balance point of 65°F, the boilers would reach capacity at —64°F,
indicating a large reserve capacity. At 0°F, the coldest temperature expected at the site, only about 50%
of the boilers’ capacity is needed, indicating that the system was designed to meet expected
temperatures with a single boiler.

Because the boilers reach high efficiencies at partial load, Cadmus recommends turning on the second
boiler when the first boiler reaches 40% capacity. During the site visit, higher efficiency could have
been achieved if both boilers were operating at 33% of capacity. In fact, Lochinvar’s product literature
refers to the Crest Cascade being set for “efficiency optimization,” with each boiler firing at the same
low Btu per hour input rate to receive the benefits of the highest thermal efficiency. Cadmus
recommends sequencing the condensing boilers to bring the second boiler online when the first
operating boiler reaches 40% load.

Auburn Middle School: MSBA Post-Occupancy Pilot Program 8
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Rated Efficiency

Our recommendation is illustrated in Figure 7, which shows the efficiency curve for the Crest boilers, as
provided by Lochinvar. Efficiency increases as the return water temperature (RWT) and the firing rate
decrease. At the observed conditions, the boilers were operating at a 131°F RWT with a 67% firing rate,
yielding an efficiency of roughly 88.5% (shown as red dotted line and red squares). Had the boilers both
been operating, splitting the load more evenly, and had the supply water temperature decreased to
yield an RWT of about 122°F, an efficiency of 91% could have been achieved (shown as blue dotted line
and blue squares). This would have increased efficiency by about 2.5% and would have cut losses from
11.5% to 9%.
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Figure 7. Efficiency Curve for Lochinvar Crest Boilers
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Return Water Temperature

The screen capture from the second boiler, shown in Figure 8 , had a supply water temperature of 150°F
and a return water temperature (RWT) of 131°F (when the first boiler was in standby at 4%). These
setpoints do not appear optimal for efficiency and are high for the moderate winter temperatures of
that day. Trimming the supply water temperature by 8°F or 9°F should allow the boilers to operate more
efficiently. The design documents note a supply water temperature of 136°F. Checking the BMS on
January 30, we noted an outside air temperature of 22°F, Boiler 1 operating at 53% and Boiler 2
operating at 4%. The system return water temperature was 132°F, outside of the condensing range
(Figure 9). A better sequence would have been both boilers operating at 28%, and the return water in
the 120°F range. This would increase operating efficiency by about 2%. During this period the lead HW
pump is operating at 57% and most RTU HW valves are nearly closed in the 10-20% range, and the AHU
valves vary from 18% to 60%. A lower supply water temperature would still meet the heating needs of
the school. Cadmus recommends that Auburn work with their controls company or mechanical
contractor to alter the outdoor air and supply water temperature curve to allow for lower RWTs.
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Figure 8. Control Screen for Second Boiler
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Boiler Natural Gas Usage

The Director of Facilities and Maintenance (from the Auburn School District Facilities) indicated that the
propane usage for the boiler and for SHW heater is tracked separately. Cadmus recommends tracking
the boiler propane usage with heating degree days. We also recommend checking the tracked
propane amounts against propane delivery records to ensure that the tracking meters are reading
correctly. The BMS appears to show that nearly all gas use is used for heating during the winter months
with only a few percent going to SHW generation.
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Heating Hot Water Pumps

The system consists of two variable frequency drive (VFD)-controlled hot water circulating pumps that

operate in a lead/lag fashion (Figure 10 and Figure 11), hot water coils in the rooftop units (RTUs), and

perimeter fin and tube heaters. During the site visit, a single pump was operating at 42.3 Hz, or 70% of
full speed. The VFD provides savings over a constant speed motor, as constant speed motors use about
70% of full power and the VFD uses roughly 35% of full power.

Figure 10. Heating Hot Water Pumps
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The motors specified for the 20 HP pumps have National Electrical Manufacturers Association (NEMA)
ratings of 93%, equivalent to the Energy Independence and Security Act required efficiency for a two-
pole (1,800 RPM) open motor.

Heating Distribution System
The following section describes the heating distribution systems in the Auburn Middle School.

Heating Hot Water

Heating distribution was originally conducted through a water system that had freezing problems,
presumably in the coils and RTUs. The system was retrofitted by the District to operate with a glycol
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solution after a winter season. It is curious that the RTU hot water coil system was not designed with
glycol from the beginning.

Rooftop Units

The school staff reported numerous issues with the Addison RTUs. The school is unhappy and has had
numerous problems with the brand. The District noted that to fix the units, specialists had to be flown in
from Florida. Addison units were not originally specified but were bid and installed. Because of this, the
school staff recommended taking steps to avoid inferior equipment installation. Due to procurement
regulations specific brands are typically not sole sourced. If there are particular features that cause
issues, the procurement may be able to be written is such a way that most brands are still eligible but
problematic features are excluded.

One difficulty with the Addison units was their lack of ability to interact with the BMS. As discussed
further in the Building Management System section of this report, the original KMC BMS was replaced
by an Automated Logics BMS. Even though the control boards in the Addison units were manufactured
by ALC Manufacturing, they were incompatible with the ALC head end and had to be replaced by the
district.

Heat Pump Capability of Rooftop Units

The hot water coils in the RTUs operate with additional heat provided by the perimeter fan and tube
heat (Figure 12). The Director of Facilities and Maintenance indicated that many of the RTUs have built-in
heat pump capability that has not been used to date. During a second site visit to the school we
discovered that the heat pumps were set to turn off at outdoor air temperatures below 38°F. Because
the RTUs contain heat recovery wheels, the mixed air temperature is rarely low enough to need heat
when the outdoor air temperature is much above 38°F. When the heat pumps are operated at
moderate mixed air temperatures they trip out on high head pressure. It is also possible the low
temperature lock out is set too high. The combination of the energy recovery wheels and the heat
pump means that the heat pumps rarely, if ever operate. This means that potential savings are lost and
the cost of the heat pumps was wasted.

Figure 12. Classroom Perimeter Heat
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Table 5 shows the approximate cost to heat with propane and electricity at moderate temperatures,
above 30°F, revealing that the cost of the two heating methods are fairly similar. The coefficient of
performance of the heat pumps is much higher, but so is the cost for electricity. At colder temperatures
the efficiency of the heat pump declines and the cost rises. Any savings at moderate temperatures are
modest.

Table 5. Comparison of Heating Costs: Propane Hot Water versus Heat Pumps

Cost of propane $1.45/gallon Estimated

Propane heat content 90,000 Btu/gallon -

Efficiency as operated 86.5% Includes 2% losses in pipes and pump
Cost: 1,000 Btu heat $0.0186 -

Cost of electricity $0.15/kWh -

Electricity heat content 3,412 Btu/kWh -

Efficiency/ (coefficient of

260%/ (2.6) Estimated
performance) as operated
Cost: 1,000 Btu heat $0.0169 -
Savings 7% -

Service Hot Water

This section describes the service hot water system (SHW) that serves sinks and the kitchen.

AO Smith Service Hot Wadter Heaters
Two AO Smith, 400,000 Btu, propane-fired SHW heaters operate in a lead/lag fashion (
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Figure 13). They are both rated at 95% thermal efficiency. During the site visit, one SHW heater was
operating and set to 140°F tank temperature and the other heater was off. One of the heaters had failed
under warranty and recently been replaced.
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Figure 13. AO Smith Service Hot Water Heaters

Service Hot Water Mixing Circuits

The school has two mixing valves (MV-1 and MV-2) with two associated circulation pumps (shown in
Figure 14). During the site visit, MV-1 was sending out 132°F water and MV-2 was sending out 125°F
water (based on approximate readings from dial gauges). Cadmus recommends shutting off the
circulation pumps during unoccupied hours to both save electrical energy and to reduce system heat
loss. The system will need to be turned on 1 hour prior to occupancy to warm up at the beginning of
each day.

In addition, the Director of Facilities and Maintenance indicated that, although inside the building, the
circuit’s pipes have a heat trace circuit (which is essentially electrical resistance heat tape) between the
pipe’s exterior and the pipe insulation. The purpose of this interior heat trace was unclear but was
possibly set to ensure that the hot water stayed hot, which is an unusual design since that is also the
point of the circulating design.
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As shown in Table 6, the cost of heating hot water using the tape was 2.5 times the cost of generating
the heat using the propane-fired heaters. Cadmus recommends checking whether the heat tape
provides an anti-freezing function. If it does not, we recommend checking the heat tape schedule and
experimenting with shutting the tape off for most periods, or alternately setting the tape’s thermostat
to only turn on when freezing is a concern.

Table 6. Comparison of Cost of Propane-Fired Solar Hot Water and Electric Tape Heating

T e ae e

Cost of propane $1.45/gallon Estimated
Propane heat content 90,000 Btu/gallon -
. Nominal from nameplate; pipe losses are
Efficiency as operated 95.0%
assumed equal for propane and heat tape
Cost: 1,000 Btu heat $0.017 -
Cost of electricity $0.15/kWh -
Electricity heat content 3,412 Btu/kWh -
Efficiency (coefficient of .
100% Estimated
performance) as operated
Cost: 1,000 Btu heat $0.044 -
Savings 61% -

Lighting

The following section describes the school’s lighting system and lighting control systems.

Eaton Controlled LED Lighting System

The school was built with LED fixtures for both interior and exterior lighting. The Eaton lighting control
system, shown in Figure 15, currently gives the school staff the most concern. The school staff indicated
that infrequently, but as often as five times per year, banks of lights go out for no discernible reason.
Because the system does not have override switches or contactors, it must be rebooted and reset. So
far, the issues and failed drivers have been covered under warranty or extended service plans, but
future issues may not be covered. There have also been some issues with lights coming back on or
flickering. Cadmus talked with one teacher who spoke of issues with certain fixtures.
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Figure 15. Eaton Lighting Control System
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The lights are linked in with the BMS. Corridor lights are on from 6 a.m. to 10 p.m. and stairwell lights
are on 24/7. The lights will also come on after hours based on occupancy sensors.

Occupancy Sensors

Occupancy sensors are present throughout the school and work well. Cadmus turned off the lights in the
electrical closet while metering to attest to their function.

Building Managemént System

The school’s BMS had been a major source of concern for the school staff. A controls firm, Zenergy
Building Technologies (https://zenergybt.com), originally installed a BMS made by KMC. The system did
not work and many issues were reported. Information at the unit did not match information at the BMS
head end. One of the band rooms was continually heated to 86°F. A consultant was hired to assess the
issues and found incorrect wiring where two-wire conductors had been substituted for the required
three-wire conductors and found other control points that were not hooked up.

After 18 months of continuing issues, the primary controller was replaced with an Automated Logic
system (Figure 16), using $300,000 from contingency funds, although many of the original KMC control
modules were retained (Figure 17). The school staff report that now the system works “flawlessly;” The
director of facilities operates the BMS and identified no current problems with keeping it operational.
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The school staff relayed a story about their ability to tightly control the school. They have one student
diagnosed with cystic fibrosis, who requires that relative humidity be kept below 50%. The school HVAC

system allows for this setting, giving this student greater freedom of movement than he would
otherwise have.

Figure 16. ALC Primary Controller
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Electrical Components

Transformers

Many schools specify K-rated transformers. These transformers are designed to handle uneven current
waves also referred to as either non-linear loads or harmonic generating loads. The transformers have
larger neutral wires, and some have flat coil wires. Some highly specialized K-rated transformers have
zig-zag windings that are meant to deal with high harmonic loads. These transformers are significantly
more expensive than standard transformers adding up to several thousand dollars per transformer, and
in some cases are less efficient that standard transformers. The use of these transformers arose in the
80s and 90s when concern over harmonics grew. One cause of the concern was computer power
supplies that at the time injected harmonics into building wiring. Computer power supplies have since
advanced reducing harmonics. In Cadmus’ opinion K-rated transformers are generally not necessary in
schools except in computer laboratories where there is a high density of computers, yet they continue
to be specified adding cost to school’s electrical systems. Auburn’s construction included some K-rated
transformers (Figure 18).

Figure 18. K-rated Transformer TC1A
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Building Envelope

During the pre-visit phone interview and site visit, Cadmus discussed the building envelope with school
staff, focusing on roofs, windows, and doors. School staff noted no issues with windows, walls, and
doors, but noted two issues with the roofs:
1. The white roof ices quickly even when there is only mist in the air and is slow to melt and clear
in comparison to the black roof. This is a slipping hazard during periods with temperatures
below freezing. Several schools Cadmus has visited have brought up this complaint about white
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roofs. Cadmus recommends Auburn work with their roofing contractor to install roof
compatible walking pads around frequently visited HVAC equipment to reduce slipping
hazards and wear and tear on the roof. There is some sort of pathways around Auburn’s
HVAC equipment, but this did not appear to provide the traction that the District was looking
for. The pads also go to the units and in some cases around the unit, however the pads are still
several feet from the equipment. Maintenance staff need to step off the pad on and onto the
white roof surface to access the equipment for maintenance.

2. There were two leaking seams soon after the school was constructed that were repaired under

warranty.

Maintenance

The school staff perform preventive maintenance—replacing filters four times per year, servicing the
boiler annually, and cleaning the boiler condensate traps twice per year—all tracked on a spreadsheet.

Custodial work is performed in house and simple electrical work is provided by a part-time staff
electrician. Mechanical and plumbing issues are handled by Apex and William Lynch plumbing. The
custodial staff maintains a dry erase version of the school’s plan view (Figure 19) to track activities.

Figure 19. Dry Erase View of School Plan
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Overall, the school appeared well-maintained and the school staff noted that they perceive the school to
be in excellent condition and are very happy with its operation. In our initial view of the BMS, sensors
appeared to be working properly with no broken or malfunctioning sensors. Views of interval data and
metering data confirmed that the school is operating well with equipment turning on and off at times
the school staff noted, and in a manner consistent with school occupancy.
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Facility Operations Benchmarks

One of the key goals of this study is to identify ways that the MSBA project process may be enhanced to
assist beneficial long term operations and maintenance (0&M) of facilities. In order to accomplish this,
Cadmus developed a list of criteria to assess how each school in the study implements key elements of
O&M best practices. By understanding current typical maintenance practices, MSBA can make
adjustments to their process to help facilitate the implementation of maintenance best practices at
schools.

Cadmus developed a rating scale of 1 to 4, with a score of 1 indicating there are opportunities for
improvement, 2 indicating that some activities are performed on a limited basis, 3 indicating that
activities are generally performed, and a score of 4 indicating that best practices are being implemented
in key areas of facility maintenance. The intent of this scale is to give the schools a general sense of how
their O&M structure compares to industry best practices and to the other schools in the study. Through
staff interviews, documentation reviews and data collected during the site visit, Cadmus assigned rating
values to each criteria. These assessment values should not be viewed as an indication of performance
for specific individuals at the districts or facilities, but are intended to provide system level feedback.
The assessment was performed with an eye toward the district level approach to the operations and
maintenance criteria. A summary of the information by general category is provided in Table 7 and
details for the specific criteria are provided in Appendix A. This information is also being used to inform
and enhance the MSBA process, particularly as it relates to project turnover and training.

The assessment criteria are focused on:

e Specific building systems: HVAC, building management system (HVAC controls), and lighting
controls

e Preventive maintenance planning and tracking

e Energy management practices

e District reported satisfaction with building and systems

The last category about satisfaction is primarily being used to provide feedback to MSBA. District
reported satisfaction levels range from 1= Dissatisfied to 4=Very satisfied.

Table 7. Summary of Assessment Ratings

. All Schools in the 2019
Category

Rating Average Rating
(1to 4) (1to 4)

HVAC - O&M Staff Assessment

(5 Criteria)

Average of Category Criteria 3.8 3.0 Ratings are aboyet other
participants.

Maximum within Category 4 3.9

Minimum within Category 3 2.1
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. All Schools in the 2019
Category

Rating Average Rating
(1to 4) (1to 4)

BMS - O&M Staff Assessment

(6 Criteria)

Average of Category Criteria 3.8
Maximum within Category 4
Minimum within Category 3
Lighting Controls - O&M Staff

Assessment

(5 Criteria)

Average of Category Criteria 3
Maximum within Category 3
Minimum within Category 3
Preventive Maintenance Assessment

(2 Criteria)

Average of Category Criteria 4
Maximum within Category 4
Minimum within Category 4
Energy Management Assessment

(2 Criteria)

Average of Category Criteria 3
Maximum within Category 3
Minimum within Category 3
Satisfaction with New Building and

Systems

Overall 4
HVAC 3
HVAC Controls 2
Lighting Controls 2
Building Envelope 4
Project Turnover Training 2
Roof Access 3
Roof Access Method Ships Ladder

2.8

3.1
1.8

2.9

3.2
2.6

3.2

3.2
3.1

1.5

1.6
1.4

3.9
3.4
3.0
2.7
3.4
24
3.1

Varies

Ratings are above other
participants.

Ratings are
comparable to other
participants.

Ratings are above other
participants.

Ratings are above other
participants.

Commissioning, Training and Building Hand Off

Training was widely viewed by school staff as being short and poor. The combined training for the

boilers, electrical system, and hot water system was only two hours and contained virtually no hands-on

Auburn Middle School: MSBA Post-Occupancy Pilot Program
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component. This training was not recorded. Manufacturers’ materials were left in binder format, viewed
as high quality and consulted infrequently (but as needed).

The Director of Facilities noted that he had hoped to learn from the commissioning consultant but found
that they were generally not knowledgeable. The major issue was that they accepted the school as
complete during the commissioning process, yet the building controls remained non-functional for 18
months after the school was occupied.

It is interesting to note the recommendation from the commissioning report regarding future
recommissioning. These intervals are probably more frequent than necessary but none of the schools
that we visited had ongoing commissioning. Most of the schools did not trend data from their BMS and
many did not know how to fully operate those systems. The excerpt from the Auburn commissioning
report is as follows:

It is recommended that every 12 to 24 months all systems mentioned below should be re-

commissioned. This will ultimately provide for a greater control of your entire system and will
limit the damage, if any, to any moving and/or working parts.

Commissioning Report Table 2

System Frequency

Air Handling Units Every 12 months
Hot Water Plant Every 12 months
Terminal Boxes Every 24 months
Cabinet & Unit Heaters Every 24 months
Convectors & Finned Tube Elements Every 24 months
Exhaust Fans Every 24 months
Lighting Controls Every 12 months
Domestic Water Heaters & Mixing Valves Every 24 months
Generators & ATS Switches Every 12 months
Public Address & Master Clock System Every 24 months
Acid Neutralization System Every 12 months

Cadmus reviewed the Commissioning Consultant’s User Guide and found it lacking in useful content. The
school staff could not recall ever having seen the document. Of 17 pages of content, 10 pages had
essentially duplicate details with varying titles, leaving seven pages of non-duplicated content that
largely showed pictures of the light switches and sensors. There were no actual directions for how to
operate or program the equipment.

Additional Considerations

School district staff indicated that they are negotiating a power purchase agreement with Apex solar for
a 302 kW solar photovoltaic system, which would produce roughly 330,000 kWh, or just over half the
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school’s annual needs. During a sunny day the system should be able to provide all the school’s power,
nearly eliminating peak daytime summer kilowatt usage. The proposed system would cover much of the
gym and would extend above classroom areas.

Metering

During the site visit elected to meter lighting. Other loads like the HVAC system could be monitored via
the BMS. We also decided to meter the panel with SHW heat tape to verify that load. Table 8 shows
details from the second floor electrical room, while Table 9 shows details from the first floor electrical
room and Table 10 shows the metering of the SHW heat tape.

Table 8. Second Floor Electrical Room

Voltage 480/277 V, mislabeled as 108/277 V on panel front
Watt Node 480/277V

Current Transformers (3) 50A Blue

Pulse Serial #10283927

RX3000 Serial #10780949

Panel had three CTs on the three panel legs; The director of facilities was unsure
where those CTs fed

Notes

Table 9. First Floor Electrical Room-Lighting

Voltage 480/277 V, mislabeled as 108/277 V on panel front
Watt Node Serial #115311

Current Transformers (3) 100A Black

Pulse Serial #10283884

RX3000 Serial #10780957

Notes Tied in with Panel H1A2 (shown in Table 10)

Table 10. First Floor Electrical Room-Mechanical

Metered Location Panel H1A2 - Heat Tape and Lighting

Voltage 480/277 V, mislabeled as 108/277 V on panel front
Watt Node Serial #31677
Current Transformers (3) 100A Black
Pulse Serial #10226283
RX3000 Serial #10780957
Tied in with Panel L1A (shown in Table 9); spot readings showed roughly 5 Amps
Notes per leg (two legs) for first heat tape and < 0.5 Amps for the second heat tape. Only

one other load showed power draw, of about 1.5 Amps
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Panel H1A2 contains several heat trace circuits attached to SHW piping and another very small
miscellaneous load of about 1 kW. The panel’s load continually cycles every seven minutes from about
450 watts to over 12 kW. The cycling is very regular and continues 24/7 regardless of whether the
building is occupied. The average load on this panel during January was 4.3 kW (Figure 20).

Figure 20. Power Draw of Panel H1A2 Containing Several Heat Trace Circuits
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The two metered lighting panels are shown in Figure 21. The first-floor light circuits peak at 3 kW to

1/23/19 15:00
1/23/19 16:30
1/23/19 18:00
1/23/19 19:30
1/23/19 21:00
1/23/1922:30

4 kW and decrease between 9 p.m. and 10 p.m., then are nearly off from 10:30 p.m. until about

5:30 a.m. The second-floor lighting panel appears to turn on earlier, at about 4:30 a.m., and to shut off
much earlier, at about 2:30 p.m. These circuits draw little power, totaling roughly 6 kW during the day.
The lighting schedules appear to match reported schedules. To save more energy, it is possible to turn
on the lights slightly later and to turn off the first floor circuits slightly earlier. These savings would be
modest, however, on the order of 500 kWh per year.
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Figure 21. Power Draw of Lighting Panels LA1 and LA2
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Summary of Observations and Recommendations

The purpose of this study is to review how buildings delivered through the MSBA process are operated
and maintained, including energy performance. The information collected in the study of this building
will be combined with the findings from other schools to identify recommendations which can be made
for enhancement of the MSBA process.

Based on Cadmus’ review of the school, we offer the following observations and recommendations for
Auburn Middle School:

1. Recommendation: Because the boilers reach high efficiencies at partial load, we recommend
turning on the second boiler when the first boiler reaches 40% capacity. During the site visit it
was observed that higher efficiency could have been achieved if both boilers were operating at
33% of capacity. In fact, Lochinvar’s product literature refers to the Crest Cascade being set for
“efficiency optimization,” with each boiler firing at the same low Btu per hour input rate to
receive the benefits of the highest thermal efficiency. We recommend sequencing the
condensing boilers to bring the second boiler online when the first operating boiler reaches 40%
load.

2. Recommendation: We recommend working with the school controls company or mechanical
contractor to manage the outdoor air and supply water temperature curve to allow for heating
hot water RWTs below 128°F. A lower return water temperature will allow the condensing
boilers to operate more efficiently.

3. Observation: The school was originally constructed with water used for heating coils in RTUs.
Due to freezing issues this was changed to a glycol solution. Glycol should probably have been
originally specified for RTU hot water coil systems.

4. Recommendation: For circulating SHW systems, we recommend that schools shut circulating
pumps off during unoccupied periods to save electrical energy and to reduce heat loss from the
system. The system will need to be turned on to warm up at the beginning of each day. We also
recommend checking with the latest legionella disease guidance to make sure that they are
followed.

5. Recommendation: Auburn’s service hot water pipes have a heat trace circuit (which is
essentially electrical resistance heat tape) between the pipe’s exterior and the pipe insulation.
The purpose of this interior heat trace was unclear but was possibly set to ensure that the hot
water stayed hot, which is an unusual design since that is also the point of the circulating design.
As shown in the report, the cost of heating hot water using the tape was 2.5 times the cost of
generating the heat using the propane-fired heaters. We recommend checking with the
Designer whether the heat tape provides an anti-freezing function. If it does not, we
recommend checking the heat tape schedule and experimenting with shutting the tape off for
most periods, or alternately setting the tape’s thermostat to only turn on when freezing is a
concern.
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6. Recommendation: LED lighting systems and their controls appear to be an issue at this school.
We recommend examining the prevalence of issues with flicker and system failures, and work
with the provider of the system to explore what can be accomplished under warranty or a
service contract.

7. Recommendation: We recommend Auburn work with the controls contractor to use optimal
algorithms to start the building to meet the needs just by the occupied time. Using temperature
patterns and, where installed, carbon dioxide sensors can help to optimize the use of
ventilation.

8. Recommendation: Consider reviewing the benefits and disadvantages of white roofs. Staff at
several of the schools in the study complained of hazards where cold mist froze on the roof,
causing slip and fall hazards. In their opinion, black roofs would melt this thin layer of ice that
white roofs do not melt. Schools are lightly used during summers and the high levels of
insulation may render the energy benefit of the white roof to be very small.

a. District Recommendation: If the existing walking pad layouts do not provide
adequate cover for required access to roof top equipment, we recommend working
with the roofing contractor to add additional walking pads.

9. Recommendation: We recommend Auburn implement a process to track facility energy usage
over time and benchmark performance.

a. Tracking energy performance over time allows facility staff to identify potential
anomalies in performance and address them. Benchmarking allows the facility staff
to see how the school performs relative to other schools in the district and other
schools across the county. It appears that there is an ENERGY STAR Portfolio
Manager account for the school, however it is not up to date. We recommend
Auburn assign a designated resource to keep it up to date.

b. The ENERGY STAR screening used for this study resulted in a score of 74 which
indicates the building is close to qualifying to earn an ENERGY STAR designation. If
the score goes above 75 once data is trued up, Cadmus recommends applying for
the ENERGY STAR designation to receive recognition for its performance.
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Appendix A — District O&M Assessment Results

The full results of the assessment are provided in the table below. Data is presented for this site and the
average of all schools that participated in the MSBA Post Occupancy Evaluation Study. The study
included fourteen schools, including two elementary schools, six middle schools and six high schools (or
high school/middle school). Each general category has a summary including the average and the range
of the individual ratings. Overviews of the categories are discussed in the main report. This detailed data
is presented so the district can review and identify specific areas it may want to address. Items with
scores of 1 or 2 represent areas of opportunity for staff training or procedure updates. The assessment
was performed with an eye toward the district level approach to these items. As such, these assessment
values should not be viewed as an indication of performance for specific individuals at the districts or
facilities, but are intended to provide system level feedback. District reported satisfaction scores are
ranked from 1= Dissatisfied to 4=Very Satisfied.

Table 11. Detailed Assessment Results

Auburn Middle School All Schools in 2019 MSBA Study
Category Rating (1to 4)/ Average Rating (1to 4) /
Data Point Data Point

HVAC - O&M Staff Assessment

(5 Criteria)
Average 3.8 3.0
Max 4 3.9
Min 3 2.1
Demonstrate understanding of whole building 4 33
systems layout within the building. '
Demonstrate understanding of whole building
systems operating sequences and settings and 4 31
how components interact with each other, with ’
the building, its occupants, and the environment.
Organize and maintain library of documentation
and O&M manuals including as built drawings,
device specifications and sequence of operation, 4 3.0

vendor service manuals, instrumentation
calibration sheets, in-house service and
maintenance schedules.

Use in-house documentation and manuals to

troubleshoot including manufacturer’s

specifications, instrument calibration sheets, 3 2.2
service and maintenance schedules, sequence of

operation, and equipment reports.
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Auburn Middle School All Schools in 2019 MSBA Study
Category Rating (1to 4) / Average Rating (1 to 4) /
Data Point Data Point

Use in-house as-built documentation as an aid to
troubleshoot issues and monitor system
operation.

Specialized Maintenance

Routine Maintenance (filters, belts, etc.)

BMS - O&M Staff Assessment
(6 Criteria)
Average
Max
Min
Ability to access BMS and navigate system to
monitor building system performance.

Adjust HVAC time schedules to optimize facility
operation.

Operate HVAC system and adjust setpoints for
energy savings and occupant comfort.

Use building management system to set alarms
for out of parameter conditions, manage alarms,
and collect and analyze building performance
data.

Use building management system to set trends
and collect and analyze building performance
data.

Address issues openly and keep a log of
important communications.

Specialized Maintenance

Routine Maintenance (schedule changes,
setpoints, etc.)

Lighting Controls - O&M Staff Assessment
(5 Criteria)

Average
Max
Min
Demonstrate understanding of lighting systems

layout within the building.

Demonstrate understanding of lighting systems
operating sequences and settings and how
components interact with each other, with the
building, its occupants, and the environment.

Ability to access lighting controls and navigate
system to monitor building system performance.
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Outsourced

In house

3

Outsourced

In house

35

Outsourced = 14

Outsourced =1
In house = 13

2.8
31
1.8

3.1

3.1

3.2

3.2

2.0

2.5

Outsourced = 14

Outsourced =2
In house =12

2.9
3.2
2.6
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Auburn Middle School All Schools in 2019 MSBA Study
Category Rating (1to 4) / Average Rating (1 to 4) /
Data Point Data Point
3 3.1

operation.

Operate lighting system and adjust setpoints for
energy savings and occupant comfort.

Specialized Maintenance

Routine Maintenance (schedule changes,
setpoints, etc.)

Lighting Controls System Type

Lighting Controls Daylighting Controls?

Lighting Controls integrated to BAS?

Preventive Maintenance Assessment
(2 Criteria)

Average
Max
Min
Read and interpret maintenance schedules,
manufacturer and as-built building system
specifications and follow recommendations for

preventative maintenance requirements.
Establish a preventive maintenance program.

Implement preventive maintenance program,
schedule and plan activities, and track
completion.

Ongoing training provided to O&M staff?

Ongoing training on building systems provided to
occupants?

Energy Management Assessment
(2 Criteria)

Average
Max
Min

Energy Manager assigned?

Auburn Middle School: MSBA Post-Occupancy Pilot Program

Outsourced

In house

Centralized

Yes

Yes

No

No

District

2.9

Outsourced =10
In house =4

Outsourced =4
In house = 10

Centralized = 14

Yes =13
No=1
Yes=2

No=12

3.2
3.2
3.1
3.2
3.3
Yes=4

No =10
Yes=2

No=12

1.5

1.6

1.4

Yes=4

None =10
32



Attachment "D"

CADMUS

Auburn Middle School All Schools in 2019 MSBA Study
Category Rating (1to 4) / Average Rating (1 to 4) /
Data Point Data Point

Collect and track energy use data using utility
bills, rate structures, utility meter data,
submeters, digital controls, and other operating
data. Provide this data to staff at the building.

Benchmark building performance and compare
the performance to other buildings and national
benchmarks. Provide this data to staff at the
building.

Energy management- submetering installed
Energy management- submetering used now

Energy management- ENERGY STAR Portfolio
Manager benchmarking tool set up?

Energy management- ENERGY STAR Portfolio
Manager benchmarking tool used regularly?
Commissioning Documentation

MSBA Commissioning Documentation available
at the site.

MSBA Commissioning Documentation used on
regular basis?

Project Turnover Training
Project Turnover Training Satisfaction

Staff trained at project turnover are still with
district

Training handouts were provided at project
turnover training.

Training handouts provided at turnover are still
used.

Project Turnover Training video provided.

Project Turnover Training video used now.

Satisfaction with New Building and Systems
Overall

HVAC

HVAC Controls

Lighting Controls

Building Envelope

Auburn Middle School: MSBA Post-Occupancy Pilot Program

3 1.5
3 14
Yes=6
No No=8
No No =14
Yes=1
No No=13
Yes=1
No No=13
Yes=6
Yes No = 8
Yes=1
No No = 13
2 2.4
Partial = 6
Partial Yes=4
No=4
Yes=7
Yes No=3
Unknown =4
Yes=5
No No=9
(assume Unknown = No)
Yes=7
No No=5
Unknown = 2
No=14

No
(assume Unknown = No)
4 3.9
3 3.4
2 3.0
2 2.7
4 3.4
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Auburn Middle School All Schools in 2019 MSBA Study

Category Rating (1to 4) / Average Rating (1 to 4) /
Data Point Data Point
2 2.4

Project Turnover Training
Roof Access 3 31
Roof Access Method Ships Ladder Varies

Auburn Middle School: MSBA Post-Occupancy Pilot Program 34



Attachment "E"

Anticipated Post-Occupancy Roll-out

Anticipated Post- First
Occupancy Post-Occ
Recommendation at Evaluation
April BOD Module 9 development, Staffing, IT development, Onboarding/start-up Vst
Mar Jul Sep Nov Jan
FY21 2021
Informational Transmit/present Establish Capital
Presentation at Reports from Pilot Planning Budget
Feb BOD Visits to at May Business
Participating Meeting
Districts
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Partner with Massachusetts
communities to support the
design and construction of

educationally-appropriate,
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cost-effective public school
facilities.
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Phase2 Summary

MSBA POE Study Objectives:
1. Establish a POE process, specific to MSBA-funded K-12 schools
2. Understand if the schools funded by the Authority are operating and performing as designed.

3. Measure the impact of design on site systems, building performance, and human experience metrics.

Process: This study was broken into two phases, Phase 1: Process Review and Phase 2: Pilot Review. Phase 1 consisted of a
deep dive into existing grant program submission requirements and evaluation of the potential for submittals to inform
a POE (See appendix for Phase 1 Report). Phase 2 evaluated MSBA's FY18 Post-Occupancy Survey Pilot and identified
opportunities to further develop the program.

2.1 Pilot Review \ 2.2 Template & Report
1. Evaluate building survey questions from FY18 Post- 1. Prepare a modified version of survey questions

Occupancy Pilot and criteria that would apply to a one-day, non-

) invasive School District meeting and building
2. Interview MSBA staff who conducted the FY18 Post-
] walk-through
Occupancy Pilot and document lessons learned
. 2. Develop a methodology for data management

3. Conduct a gap analysis to compare the current survey

with desired outcomes / 3. Create a standard summary report

. .
Perklns&Wl" Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Phase2 Summary

FY18 Post -Occupancy Pilot Evaluation:

A wide range of topics at multiple scales
were addressed

The one-day timeline with two MSBA staff
members seemed to be enough time to
conduct a site visit

Majority of the questions are for the district
and school leadership to answer, while some
were MSBA observations

The survey form was filled out by the MSBA
while on site or after the site visit concluded

Several of the questions were open-ended
making it difficult to fill out the information
while on site

It was sometimes difficult to get the
appropriate people to attend the site visit
(e.g. facilities, principal)

Perkins&Will

FY18 Post-Occupancy Gap Analysis:

Based on the study objectives the following opportunities hav
been identified for the updated POE survey:

Create a baseline: Collect data that documents design intent
to establish a point of comparison for post-occupancy and
gain understanding of whether schools funded by the
Authority are performing as designed.

Length: Reduce total number of questions for increased
response rates and reduced measurement error.

Multiple perspectives: Administer the survey to multiple

audiences (leadership, staff, students, parents) to gain a

comprehensive understanding of how the design is functioning.

Anonymous Survey: Structure the survey for anonymity to
increase response rate, improve accuracy of feedback, provide
unbiased data and create more actionable outcomes.

Rating scales: Implement rating scales on majority of questions
to collect more nuanced data that does not force an either-or

response.

Mixed Method: Divide the existing survey into multiple data
collection tactics to collect both quantitative and qualitative
data points and assure consistent data collection.
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POE Process Recommendations

o1

Create Module 9 to
include a Post
Occupancy Evaluation
as part of the standard
grant funding process
for all projects

04

02

Expand on the 2018 POE
Pilot process with
multiple data collection
tactics, including a site
visit, pre-visit form, and
an online survey

05

03

Capture data submitted
during Modules 1-8 as
part of the POE process
to compare actual
outcomes vs original
intent

Perkins&Will

Co-locate POE data for
all completed schools in
a central database with
an online dashboard for
comparison and
analysis of trends

Summarize POE findings
in a standard report
template that will be
used for each school
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POE Process Recommendations

Revised process

Modules 1-8 \
v

A

Online Survey Post Occupancy Evaluation
O ('%) O Central Database
+ Web-based Reporting —_— Actionable items and lessons
Pre-Visit Dashboard _— learned to improve future
. . MSBA projects
Questionnaire . Standard Building POE
Report
Site Visit

-,

Perkins&Will
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Data Collection Tactics Note: Number of questions and list of topics to be updated
following the final review of survey questions.

We recommend the following four data collection tactics.
Each is explained in greater detail in the following pages.
A full list of questions and documentation can be found in

the appendix.

Modules 1-8

Data from 2 modules
15 total questions

Topics covered:
Building performance
Square footage
Design enrollment
Budget
Program

Perkins&Will

Online Survey

5 respondent groups
35 total questions

Q survey sections:
Demographics
Site & Circulation
Safety & Security
Materials & Systems
Maintenance
Spaces
User - Teacher/Staff
User - Student
User — Parent

Pre-Visit
Questionnaire

4 respondent groups
84 total questions

Topics covered:

*  Grant information
*  Project team

*  Enrollment

*  Configuration

*  Programs

*  Parking

*  Maintenance

*  Building systems
*  Space utilization
*  Community uses
*  Operating costs
*+ Commissioning

Site Visit

1 day visit
2 MSBA employees

Topics covered:
Site & circulation
Site systems
Maintenance
Safety & security
Building performance
Space Utilization
Metering

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Modules 1-8

v

A

Recommendation — Capture data points already collected
during Modules1-8 and utilize themin the POE process to
measure the performance of the new building compared to
thedesignintent.

Tool — Develop aformthat collects specificdata points
already submitted in Modules1-8 and feeds into the central
POE database like the formusedin the FY18 POE Pilot.
Respondents — MSBA and Design Team.

Timeline— To be completed during Modules 3& 6.
Implementation — MSBAto provide the appropriate forms
tothe designteams andlog dataas itis submitted during
Modules3 & 6. Design teamto record data points about

projected building performance during Module 6.

Analysis — MSBA to log datain central POE database and
summarize findingsin the POE summary report.

Perkins&Will

Perkins&Will

Medules 1-8 Form Questions

question: 1
i throughout the sxisting MSBA grant program process.

Existing Building Performance Metrics

The follawing if idd questions i Practice Repart
building parformance mtrics.

1Eun usage from (KBTU/year) [rumber]
Nate: We will calculats EUI using this and the responss to the total GSF.

2 = B total usage from pr [ Pl ] [rumber]
Utility Costs: Plecss provide any other utiities bill from the pravicus year. {natural gas, stc) [multiple choice - type]

[muttiple choice-units] [number]

Existing & Projected Enrollment Metrics

The following g being
submitted through the Enrcliment Certification.
4 whatis of I 1
5. Whatis the existing number of staff members wha work in the school? [number]
6 Whatie numbar of & 1

Existing Building Efficiency Metrics

The follawing q

-
7. What s the gross square footage (GSF) of of Template]
8 What s the net s g (NSF) of [mumber] (€73 of 5p Tempatz]
9. What s the factor? [number] [E90 of Template]

Module 6
Projectod Dasign Performance Matrics

The following quastions were identified s opportunitiss to ask the design team to submit final projacted building parformancs
metrics during the detailed design module.

10, UL What is sage of the new '
Pete: We will calaulate EUI using this and the response to the total GSF.

n ige: What is s0ge of the new g [rumber]

Projected Building Efficiency Metrics

‘The following question:
projected

12 What is the projected gross sq g the new g as P Template at
the end of Module 67 [number] [O28 of Space Summary Template]

Image: Example screen shot of Module 1-8 Form

New building as submitted in the Space Summary Template at
iy Tempiate]

ing s submitted in the Spacs Summory Templats at the end of
1

the design team to submit final projacted building costs during

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report



DRAFT

Online Survey

Recommendation — Collect subjective data frommultiple
perspectivesthroughan onlinesurveyto develop a

comprehensive understanding of how the facility is
functioning and measure effectiveness of the new building.

Tool — Utilize athird-party survey tool to streamline
survey administration and analysis.

Respondents — Multiplerespondentshave been
identified including: School and District leadership, facilities
personnel, teachers and staff, students, and parents. Each
audience will respondto a set of questionsthatis
appropriate for them.

Timeline— Thesurveyshould remain openfor a 2-week
period to assure participantshave ample time to respond.

Implementation — MSBAto schedule online survey
deployment with district, provide district with survey
communications, deploy online survey, monitorresponses,
andtroubleshoot any problems.

Analysis — MSBA to download raw survey data,

summarize overall findingsandinput those into the central
POE database and POE summary report.

Perkins&Will

Perkins&Will

MSBA Online Survey Questions

Survey | Overview

The survey was conl]
school name] a [ing
in the [insert school
have been divided
focus on collecting
quantitative informi

Sections

« Demographics
« Site & Circulatior
« Safety & Securit;

Survey | Site & Circulation

Highest satisfaction

oo 48%

with site circulation
while lowest
agreement score is

20%

58% s

that the site provides
them access to nature.

78% uvooe-

that delivery areas

function as needed

How satisfied are you with the following aspects of the school’s site?

Sitelighting g = =
Playground/Playfelds e - -
a Very dissatisfied
Parking 23 2 19 e
& Dissatisfied
Pick-up/drop-offocations e - N3 =Neural
Satisfied
Site accessbiity g = =

= Very satisfied
it
el 20 23 BT =NA
Site circulation

37 2 20 20
0% 2% 50% 75% 100%

How strongly do you agree or disagree with the following statements about the site?

The site provides students and staff
access to nature. ” 2 ] v (8]
Strongly disagree
The access roads are functioning as Somewhat disagree
ded

1 20 2 40 6

Neutral

The delivery/receiving areas are

Somewhat agree
functioning s needed 37/ 2 a8 20 |

# Strongly agree

0% 25% 50% 75%  100%

Image: Example screen shot of Online Survey questions
and Survey Summary Template

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Pre-Visit Questionnaire

Recommendation— Create aformthatcollects
informationfrom select individuals prior to the MSBA site
visit.

Tool — Develop aformthat collectsdataandfeedsinto
the central POE database like the formusedin the FY18 POE
Pilot.

Respondents — MSBA and School and District leadership.
Timeline— To be completed before thesite visit to
providethe MSBA with insight to how the building is

performing prior to being onssite.

Implementation — MSBAto send formto School. District
leadership and fill out the MSBA section of the form.

Analysis — MSBA to review contentsubmitted, note

anything importantto follow-up on during site visit, input
datainto central database and the POE summary report.

Perkins&Will

Perkins&Will

Pre-Visit Questionnaire

Note: There have been saveral adits and chang
CADMUS report. and MS8A fesdback

1 Procurement Type [multiple choice]
Substantial Comgistion Date [date]
Final Board Approved Tota F

Estimated Project Budget at Schematic De:

Final Total Project Costs [rumber]

14, Final Net Squars Footags [numbst]
. Boord Approvd Final TEG Amount [rumb:

18 survey.

Perkins8Will

nroliment? [number]

rent grade configuration? [multiple choice]

Perkins&Will

s amesonAN

o STRTOR Rl
« sonfl
P
3 During peck usage how fullis the parkir:
. o
o measEn
+ avesonm
. SRRl
o oKl
« oo

4

20. OPM [east]

21, Commissioning Consultant [tex]

24. MEP/F Enginae [1ex]

asystems
e

5. Water Usage

10 Utiy Costs:

[muliple cheice-units] fvumber]

13 Communi . .101,108]

* Ubrory/Media Center

+ Cafeteria

No Che

oy o Caner + Computerlob + GeneralClossooms  + Music

Image: Example screen shot of Pre-Visit Questionnaire

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Site Visit

CA“B
Recommendation — Continue to conduct oneday non-
invasivessite visit with two MSBA employees. Oneto ask the

district questions and take necessary photosandthe other to
loginformationin thesite visit formon a tablet.

Tool — Edit the existing FY18 POE Pilot application with the
revised site visit questions.

Respondents — MSBA

Timeline— To be conducted after the online survey is
administered and the pre-visit questionnaireisreceived. Any
spaces or topicsthat might have had low scoresfromthe
survey can be followed up on during thesite visit.

Implementation — MSBAto schedulesite visit with district,
fill out form and documentfindings while on site.

Analysis — MSBA to save form and any supporting

photographsfromthe visit, input datainto central database
and summarize findingsin the POE summary report.

Perkins&Will

Image:

Perkins &Will

Site Visit Questions

e

of the questions ware idsntifid from the pravious FYIB |

‘Site & Girculation

Perkins&Will

Maintenance

. 45] Inotes]

Perkins8Will

substantial completion?

NoChanges ~ Siight Changss

Uibrary/Miedia Canter

Cafeteria

[roted]

Example screen shot of Site Visit questions

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Data Tables and Fields

Module 1-8

Building ID

SF

Design enrollment
Budget

Program

+/- 30 fields

Perkins&Will

Online Survey

Building ID

Demographics

Site & Circulation
Safety & Security
Materials & Systems
Maintenance
Spaces

User - Teacher/Staff
User - Student

User — Parent

+/- 30 fields

Pre-Visit
Questionnaire

Building ID

Grant information
Enroliment

Project team
Enroliment
Configuration
Programs

Parking

Building performance
Space modifications
Community uses
Operating costs

+/- 30 fields

Datasets
linked based
on Building ID

Site Visit

Building ID

Site & Circulation
Site Systems
Maintenance

Safety & Security
Building Performance
Space Utilization
Metering

+/- 30 fields

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Example Data Table

Square Year Design

Building ID Budget

Enrolilment

Footage Completed
Building 1

Building 2
Building 3
Building 4

Building 5

Example Form Each building
Forms isarowinthe

Building ID:
Square Footage:
Year Completed:
Budget:

Design Enrollment:  _________
Additional Fields (see appendix)

_________ populate table
_________ each row of
————————— the table

o o
Perklns&W"I Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report 16
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Online Survey

The online survey will be
summarized before loading into
the central database

Raw data:

100’s of responses
x 30 questions

Raw data
archived
separately

Perkins&Will

Processing functions
to calculate averages
and totals - e.g.
overall teacher
satisfaction

Averages and totals loaded
into central database.

Each school gets a single
average or total value for
each question

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Database Relationship Diagram

thi_Modules_1-8

D
1 schoolio

Note: The image below shows a mockup of the relational structure
of the database. Live files are provided separately for reference.

tbl_School_IDs

thl_Online_Survey

Perkins&Will

23

1 School ID
Respondents_Total
Respondents_District_Leadership
Respondents_School_Leadership
Respondents Administrative Support
Respondents_Facilities_Maintenance
Respondents_Licensed_Professional
Respondents_Paraprofessional
Respondents_Students
Respondents_Parents
Respondents_Other
Avg_Tenure_of Respondents
Satisfaction_Site_Circulation
Satisfaction_Site_Signage
Satisfaction_Site_Accessibility
Satisfaction_Pickup_Dropoff
Satisfaction_Parking
Satisfaction_Playgrounds_Fields
Satisfaction_Site_Lighting
Satisfaction_Drainage
Satisfaction_Outdoor_Leaming_Spaces
Delivery_Receiving_Functionality
Access_Roads_Functionality
Access_to_Nature
satisfaction_Security_Systems
Satisfaction_Camera_Coverage
Satisfaction_Visual_Access_Approach
Satisfaction_Building_Entry
Full_Time_Security_Staff
Part_Time_Security_Staff
Other_Security_Staff_Notes
Ease_of Supervision
Performance_Roof
Performance_Exterior_Windows
Performance_Exterior_Walls
Performance_Floors
Performance_Ceiling
Performance_interior_Windows.
Durability_Roof
Durability Exterior_Windows
Durability_Exterior_Walls
Durability_Floors
Durability_Ceiling
Durability_Interior_Walls
Satisfaction_Access

Satisfaction_interior_Circulation
saticfaction_adjustability
Satisfaction_Cleanability
Satisfaction_Temperature_Control
Satisfaction_Lighting_Control

o
1 schoolJD

thl_Site_Visit

tbi_POE_Form

(2}

Sehaol D

Procurement_Type
Substantial_Completion
Total_Project_Cost
Board_Approved_Facilities_Total_Grant_Date
Project_Scope
Gross_Square_Footage
Net_Square_Footage
Year_School_Opened
Board_Approved_Final_TFG_aAmount
Address_Proposed_Address
School_Type
Design_Grade_Configuration
Dresign_Enrcliment
Commissianing_Complete

oPM

Commissianing_Consultant

Designer
District_Mame_Change_Since_SOI
School_Name_Change_Since_SOI
District_Superintendent_Change_Since_S01
School_Principal_Change_Since_SO1
School_Facilities_Director_Change_Since_SOI
Current_Grade_Configuration
Current_Enrollment
Peak_Pariing_Usage_Time
Average_Parking_Fill_Rate
Peak_Parking_Fill_Rate
Parking_Usage_Notes

EUI

‘Water Usage

Utility_Type

Wtility Cost

Community_Use

Community Use Library Media Center
Community_Use_Cafeteria
Community_Use_Stage
Community Use Computer_Lab
Community_Use_Gymnasium
Community_Use_Auditorium
Community_Use_Administrative
Community Use_General Classrooms

Community_Use _Science_Labs
Community_Use_Special Education
Community_Use_Art

Community_Use_Music
Community_Use_Vocational_Classrooms
Community_Use Vocational Shops
Community_Use_Non_Traditicnal_Classrooms
Community_Uise_Storage

12}

School_ID
Avg_Wait_Time_Drop_Off

Avg Wait_Time_Pick Up
Traffic_Flow

Pain_Points
Drop_Off_Pick_Up_Notes
Site_Drainage

Site_Signage

Site_Lighting

Site_Safety
Site_Maintenance_General Observations
Building_Maintenance_General_Observations
Maintenance_Procedure_Changes
Emergency_Vehicle_Access
Survellance_Camera_Coverage
Intrusion_alarm_System

Vestibule

Metal Detector
Credential_System
Functionality_Student_Entry
Functionality_Staff_Entry
Functionality_Vistor_Entry
Other_Entry_Motes
Modifications_Glare_Control
Modifications_Lighting_Control
Moadifications_Acoustic
Modifications_Temperature
Glare_Control_lssues
Glare_Control_ Motes

Lighting Control Issues
Lighting_Contral_Notes
Sound_Transmission
Sound_Transmission_Notes
Temperature_Control_lssues
Temperature_Contro|_Notes
Utilzation_Library_Media_Center
Utilization_Cafeteria
Utilization_Stage
Utilization_Computer_Lab
Utilization_Gymnasium
Utilization_auditorium
Utilization_administrative
Utilization_General_Classrooms
Utilzation_Science_Labs
Utilization_Special_Education
Unilization_Art

Utilization_Music
Utilization_Vecational_Classrooms
Utilization_Vocational_Shops
utilization_Non_Traditional_Classrooms
Utilzation_Storage
Modifications_Library Media_Center
Modifications_Cafeteria
Maodifications_Stage

Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Dashboard Mockup

We recommend an interactive web-based dashboard MSBA PhstOFcuganty Evahiation | Stimpiagy
to view summarized data from the POE database. s o Gross saure
POE's Footage uth
The example mockups shown here are created in 10 950K T e
Power Bl and can be implemented using Excel as the :
underlying database, with a real-time live link st Aot "
between the database and the dashboard. $3bn  $300M
L ]
Each page can be filtered to include results from all e hessoniens”
schools, or specific schools. $2bn 3200
School Type Project Scope Procurement Type School Name

Create a page for each major category of the POE:
e.g. maintenance, square footage, etc.
MSBA Post Occupancy Evaluation / Sustainability MSBA Post Occupancy Evaluation / Overall Satisfaction

TR a—— - st Gae s Average Satisfaction Rating - District Overall Satisfaction with the Learning Environment

r QIRUE Average Satisfaction Rating - Teachers | |
) Water Usage z 100 2 |
;:’ : Average Satisfaction Rating - Students I
|||||I| \\\\\\ EEEEEEEEE EEEEEEEEEE

0 o ] \! School Type Project Scope Procurement Type School Name School Type Project Scope Procurement Type School Name
Images: Example screen shot of dashboard mockup
Perkins&Wi" Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report 20
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Standard Building POE Report Template

A standard building POE report template has been
developed in PowerPoint for the MSBA can utilize for
all POEs moving forward.

The template will allow the MSBA to report back to the
districts after POE efforts are completed.

Design enroliment
Budget
Program

The report incorporates the findings from the four
data collection tactics and summarizes findings in the
beginning of the report.

See appendix for the complete template.

Massachusetts School Building Authority

Data Collection Tactics

Online 0®00
Survey %

Topics: T°P|CS

Demographics Grant information

Site & Circulation Project team

Safety & Security Enroliment

Materials & Systems Configuration

Maintenance Programs

Spaces +  Parking

User — Teacher/Staff «  Maintenance

gser =S Building systems

eI Parent Space utilization

Community uses
Operating costs
Commissioning

Note: Nothing to fill out on this page,
this is a standard introduction.

Site Visit
Topics:
Site & circulation
+ Site systems
* Maintenance
« Safety & security
+  Building performance
+  Space Utilization
+ Metering

Post Occupancy Evaluation Template 5

Note: This is an example of how this page
could be populated

. . Survey
Key Findings 85% very good Teachers, Staff, Leadership, District
a Educatlonally e Flexible e Sustainable Rate how each specified aspect is currently performing in the new A
. learning environment Score
Appropriate 0, 0% 20% 40% 60% 80% 100% (out of 5)
The new learning environment supports the Teachers and leadership reported that the The new facility has achieved LEED Gold 0 agree that Accass fo natural light 4
school's curriculum. Parents reported that new learning environment responds to the and s performing better that projected, - i ‘ess to natural lig
the new learning environment supports their  curriculum. The new learning environment is decreasing the buildings impact on the they are satisfied with the Access to views to the outside
child’s learning needs and teachers reported flexible allows occupants to control the environment. overall new learning Visual comfort of lighting
it supports their productivty. temperature and lighting qualities as needed. environment. Air qualit
EUI (BTULast year) " el
Adtificial lighting

82%, 63%,

Lighting control is very good

78%0 54 85%

Temperature control s very good

Actual
Projected
Existing

e User Satisfaction

Supports child's Supports Respondsto 1" o)
learning needs productivity the curriculum
o Cost Efficient
The new building met the overall  Water Usage (gallasflyear)

project budget. The cost per square
footis **, which is below the
average MSBA project. The new
efficient building systems are
helping the district reduce overall
operating costs.

Final Cost per SF

Electricity Usage (kBTU/year)

Actual
Projected
Existing

Massachusetts School Building Authority

Actual

Projcies |

Existing |

9

Overall, users are satisfied with the new learning environment
Teachers reported that the new environment supports productivity

and a sense of community. 75% of students like their classroom.

‘ 5%’ 7%’ \ 5%) 3 5%’

Teacher/Staff Leadersmpu).smcn Parent of students like
Satisfaction Satisfaction Satisfaction their classroom
Post Occupancy Evaluation Template 7

Images: Example screen shot of Standard Building POE Report Template

Perkins&Will

46% s

that the new learning
environment supports
productivity.

Lighting Control
Daylight dimming
Thermal Comfort

Temperature Control
Noise Levels

Sound Transmission
Classroom technology

Very poor Poor =Neutral =Good ®Very Good

How strongly do you agree or disagree with the following statements

Satisfaction with new

Responds to the Supports
leaming environment curriculum productivity

Supports the culture and
identity of the school

Supports health
and well-being

@ 67%’ 54%’ @ 90%

9% agreement

LR O e A A

Promotes a sense
of community

79%

Massachusetts School Building Authority

Post Occupancy Evaluation Template 21
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Conclusion & Next Steps
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Conclusion

Post Occupancy Evaluations provide critical
feedback to inform educationally appropriate,

flexible, sustainable, and cost-effective buildings.

Forthe MSBA to accomplish this the following steps must be taken:

O1 02 03

Approve and Develop toolsto Capture data
implement implement the submitted during
Module 9@ four data Modules1-8 as
collection tactics part of the POE
process

o N
PerklnS&WI" Massachusetts School Building Authority Post-Occupancy Evaluation Study Phase 2 Report
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Create a central
database with
online dashboard
for trend
comparison

24



Next Steps

O

ll
.

Determine IT integration
. Approvalof the process
. Refine the procurementstrategy
. Approvalof Module9

. Select a survey platform

o O A WO D

. Develop online survey from the questions
provided

7. Develop the summary calculationsto
summarize the raw survey data

Perkins&Will
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