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To inform our sustainability work going forward, The Green Engineer gathered operating 
performance metrics and conducted interviews with town staff for 21 public schools and 
libraries in Massachusetts with either Leadership in Energy and Environmental Design 
(LEED) certification or Collaborative for High Performance Schools (CHPS) certification. 
Energy use was the primary focus in this study of “high performing buildings” but other 
feedback was requested as well, such as water use, occupant well-being, commissioning 
effectiveness, problems encountered, and lessons learned.

The actual site Energy Use Intensity (EUI), the total amount of energy per unit area 
consumed in one year, was calculated for each building and compared to the predicted 
EUI from energy models and from the Energy Star Target Finder tool. Energy use intensity 
values vary widely in this study, actual EUI’s range from 31 to 96 kBtu/SF while predicted 
EUI values range from 22 to 63 kBtu/SF for projects with energy model results developed in 
a project’s design phase.

TGE found that the total amount of building energy consumed in a given year is higher than 
predicted most of the time in the Massachusetts high performing schools and libraries in 
the study. Energy models underpredict EUI by 15 kBtu/ SF on average. Limiting the sample 
to schools only, we found that energy models underpredict EUI by 17 kBtu/SF on average, 
while the Energy Star Target Finder tool underpredicts EUI by 24 kBtu/SF on average for 
these same schools. While energy models developed by the project team during the design 
phase appear to be slightly better predictors of EUI than Energy Star, more data points are 
needed to get better accuracy and confidence.

Actual water use savings varied widely from predicted and baseline savings. The design 
water use estimates showed water use savings ranging from 26% to 38% for the 11 
schools and libraries in our study with water data. However, when comparing actual annual 
water use to design estimates, 6 out of 11 projects actually experienced more water use 
than predicted. All libraries used more water in their operations than predicted in their 
water use savings calculations. In most school project cases however, actual annual water 
use was less than predicted and always lower than the baseline amounts. The schools’ 
predicted water savings ranged from 30% to 37% over baseline while actual savings 
ranged from 16% to 94% over baseline.

Executive Summary
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Many of the problems faced and lessons learned during the initial years of a school
or library’s operation were shared by the interviewees and summarized in this report. 
One overarching message was that high performing schools and libraries are complex 
buildings whose operators need to be properly trained and adequately supported to take 
full advantage of the efficiencies in their buildings’ design. This study did not identify any 
one common problem in poorly performing schools, however complicated air conditioning 
systems and schools occupied year-round were noted as explanations of high energy use.

Many of the insights and lessons learned after occupancy are best practices in the industry. 
However, this pilot study highlights and documents some of the problems encountered by 
those who actually are charged with operating public schools or overseeing public libraries.
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The Green Engineer is a sustainable consulting firm specializing in energy efficiency and 
sustainable design solutions for the built environment since 2005. To date, we’ve managed 
more than 200 LEED certified projects, including 15 LEED Platinum projects. Every year 
we release a summary of the impact our efforts have in making the built environment more 
sustainable. In our 2019 Roundup, we summarized this impact in meaningful categories 
such as: annualized energy cost and energy use savings, gallons of water saved, metric 
tons of carbon dioxide avoided, and total waste diverted.

However, many of these statistics are based on design projections that we compared 
to code-compliant baselines or LEED baselines developed during the LEED certification 
process. Thus, in an effort to improve our results and learn from past projects, in 2019 we 
began a pilot initiative to gather information on how well our built projects were performing. 
Hence the title of this study, “Circling Back after Getting the Plaque.” Energy was our 
primary focus, but we also wanted feedback on other things such as water use and 
occupant well-being. We will use these performance metrics to inform our sustainability 
work going forward.

For our pilot initiative, we decided to focus on two building types we have had a lot
of experience with: public schools and public libraries. By focusing on similar
building types, we hoped to identify specific trends and opportunities which could
be applied to future work. In addition, because all of these projects are publicly
funded, we had less concerns about data confidentiality.

After first checking in with the architects who led the design and construction teams, we 
have been collecting real data on building actual energy and water use, and interviewing 
facility directors, town and school business managers, sustainability coordinators, and 
library directors. To date, our firm has collected data on 21 projects (15 schools and 6 
libraries) and conducted 16 interviews. This report is a summary of our pilot initiative. The 
first section explains the building performance metrics we calculated. The second section 
summarizes the interviews we conducted, and the last section offers some conclusions.
Although these are public buildings, and thus access to this information is more readily
available, in this report we do not identify participating schools or libraries to their
operating results or lessons learned to maintain confidentiality. We conducted quality 
control on the data received; however troubleshooting any discrepancies between
the predicted and actual was beyond the scope of this study.

Introduction

http://www.thegreenengineerroundup.com
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Performance Metrics

Energy Use Savings

Approach
We asked 22 public K-12 schools or libraries in operation for at least 1 year, and for which
The Green Engineer was part of the design team, to share what they have learned. 
Only one school opted not to participate in the study. The schools and libraries that did 
participate began operations sometime between 2014 and 2018.

Of the 21 projects in this study, 15 received U.S. Green Building Council (USGBC) LEED for 
Schools or LEED for New Construction certification and 6 received Collaborative for High 
Performance Schools (CHPS) recognition. All of the projects are in Massachusetts.

The Green Engineer calculated Site Energy Use Intensity (EUI), the total amount of energy 
consumed per square foot in one year for each building, by dividing the total energy 
consumed by the total gross floor area of the building (kBtu/SF). The time period of data 
shared with TGE varied by building so we used the most recent 12 months of data available 
to us and compared this to the design and baseline estimates.
 
As part of the building design process and for LEED certification, energy models were 
developed to predict the expected annual building energy use in the design case, and to 
compare it to a baseline project built to Massachusetts energy code criteria. From these 
models, savings in energy use and cost could be estimated. Fourteen schools and libraries 
in our study had energy modeling results upon which to draw data. However, seven 
projects were designed to meet Advanced Building Core Performance that provides code 
prescriptive guidelines, and so there was no energy model developed. In these instances, 
Energy Star Portfolio Manager Target Finder was used to approximate baseline and design 
EUIs for the school. Energy Star does not have a similar database for libraries, and, as 
a result, only actual results were used in the analysis of the two libraries that used the 
prescriptive approach.

Mechanical systems ranged from gas boilers to ground source heat pumps to VRF (variable 
refrigerant flow) systems. Most projects used a combination of electricity and natural gas or 
propane to fuel their buildings. Three projects were all-electric buildings. Photovoltaic (PV) 
panels were installed in 4 of the projects over time but renewable energy offsets were not 
part of this study, and the projected and actual EUI’s analyzed in this study did not include 
on-site solar in the results.
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Findings
Tables 1 and 2 and Figures 1 - 4 show the results of our analysis. Table 1 and
Figure 1 compares the Actual EUI to Predicted design and Baseline EUI broken out
by electricity and gas. As shown in Table 1, the buildings are arranged by whether
they are LEED v3 (v2009) or LEED v4 projects or CHPS projects. The first 13
projects (P1 – 13) are LEED v3 certified, the next two (P14 -15) are LEED v4, and
the remaining 6 are CHPS certified (P16 – 21).

Table 1 shows the contributions by electricity and gas to the total EUI for the 3
scenarios for each project. The total annual EUIs for each project are summarized in
Figure 1. As shown in Figure 1, actual EUI is greater than design EUI 68% of the
time, or for 13 out of the 19 projects we have complete data (for actual, design and
baseline estimates). Actual EUI is less than or equal to design EUI 32% of the time
or for 6 buildings. There is a wide variation of energy use values, actual EUI’s
range from 31 to 96 while predicted EUI values range from 22 to 63 kBtu/sf/year.

Performance Metrics
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Rating  System   Project  ID Case Gas  EUI Electric  EUI EUI  

Baseline   50 26 76
Predicted   29 17 46
Actual   18 21 39

Baseline   43 36 79
Predicted   26 26 52
Actual   61 35 96

Baseline   55 26 81
Predicted   31 22 53
Actual   38 31 69

Baseline   21 29 50
Predicted   11 25 36
Actual   40 32 72

Baseline   45 27 72
Predicted   27 22 49
Actual   37 27 64

Baseline   29 27 56
Predicted   24 13 37
Actual   22 23 45

Baseline   70 33 103
Predicted   37 26 63
Actual   30 28 58

Baseline   21 34 55
Predicted   4 30 34
Actual   23 33 56

Baseline   25 49 74
Predicted   16 38 54
Actual   25 52 77

Baseline   0 0 0
Predicted   0 0 0
Actual   32 47 79

Baseline   0 0 0
Predicted   0 23 23
Actual   0 38 38

Baseline   0 50 50
Predicted   0 31 31
Actual   0 31 31

Baseline   0 31 31
Predicted   0 22 22
Actual   0 31 31

Baseline   45 28 73
Predicted   21 24 45
Actual   40 28 68

Baseline   63 31 94
Predicted   38 23 61
Actual   44 20 64

Baseline   29 29 58
Predicted   3 21 24
Actual   23 21 44

Baseline   0 0 0
Predicted   0 0 28
Actual   13 18 31

Baseline   0 0 0
Predicted   0 0 35
Actual   33 27 60

Baseline   39 32 71
Predicted   16 18 34
Actual   0 0 0

Baseline   0 0 0
Predicted   0 0 38
Actual   32 22 54

Baseline   0 0 0
Predicted   0 0 36
Actual   32 16 48

P-‐4

P-‐5

LEEDv3

LEEDv4

CHPS

P-‐17

P-‐18

P-‐19

P-‐20

P-‐21

P-‐6

P-‐14

P-‐15

P-‐1

P-‐2

P-‐16

P-‐3

P-‐7

P-‐8

P-‐9

P-‐10

P-‐11

P-‐12

P-‐13

Table 1EUI Summary by Energy Use

EUI (kBtu/SF-yr)
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FIGURE 2
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Performance Metrics

Findings (continued)
Figure 2, a scatter plot of predicted vs. actual EUI, show more projects above the red line, 
meaning that actual EUIs are generally higher than predicted EUI in this study. This red line 
plots what would be if all models precisely predicted the actual EUI. Figure 2 shows EUIs 
from only those projects that had energy models developed during their design phase 
(hence it was possible to compute projected energy use savings for them based on their 
design). All but 2 out of those 13 buildings have an Actual EUI higher than Predicted EUI 
with about an equal distribution of projects above and below the average EUI (7 above the 
blue line, 6 below).

Using simple regression analysis on this sample, one can say that the understatement 
of the EUI is fairly consistent across the range of EUIs in our data set. Although the blue 
regression line has a slope of slightly less than 1, the shift in the regression is approximately 
18 kBtu/SF which is comparable to the simple average.
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P-‐2
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P-‐7P-‐8

P-‐9
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Figure 2
Predicted vs. Actual EUI Comparison
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Findings (continued)
Figure 3 shows on average how much the Predicted EUI varied from the Actual EUI for 
the most recent year of energy use. It plots the average EUI and the prediction error of 1 
standard deviation for all 13 projects with models. Given this data set, one would expect, 
with 68.7% confidence, that the energy model would understate the actual EUI by 14.4 
kBtu/SF on the next project.

Performance Metrics

Figure 3
Predicted EUI vs. Actual EUI
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In Figure 4, we narrowed the data set to include only schools, as Energy Star
Portfolio Manager does not have target data for the library end-use type. We
compared the average predicted EUI using the energy model results to a
projected EUI using the Energy Star Target Finder for 8 schools. (For LEED v3
schools, we used an Energy Star design score of 85 and for LEED v4 schools we
used an Energy Star design score of 90.) Given this data set of 8 schools, one
would expect, with 67.8% confidence, that the next school would have an energy
model-predicted EUI that understates the actual EUI by 17.3 kBtu/SF.

Figure 4
Predicted EUI vs. Actual EUI
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Project #
Year began 
Operating

Site EUI 
for 90

Site EUI 
for 85

Model Predicted 
EUI

Actual  
EUI

P-‐1 2016 39 43.5 46 39
P-‐2 2015 39 43.5 52 96
P-‐3 2015 35.5 39.5 53 69
P-‐4 2010 39 43.5 36 72
P-‐5 2017 33.3 37.1 49 64
P-‐6 2016 41.4 43.5 37 45

P-‐14 2018 34.4 38.3 45 68
P-‐15 2018 33.3 37.1 61 64

Energy Star Predicted Site EUI for School Projects with Energy Star target scores 
of 85 or 90:

Findings (continued)
Using the building data in this study, we found that Energy Star underpredicts
EUI by 23.9 for this sample of schools. As shown in Table 2, Energy Star only
predicts Site EUIs within a narrow range between 33 and 43 kBtu/SF.

Some general conclusions can be made with this data set and rounding average
values to whole numbers. Energy Models underpredict EUI by approximately 15 kBtu/SF 
based on this sample of schools and libraries for the most recent year of energy use data 
collected. Energy Models underpredict EUI by approximately 17 for this sample of schools 
only. The Energy Star Target Finder tool underpredicts EUI by approximately 24 for these 
same schools. Energy Models appear to be slightly better predictors of EUI, however more 
data points are needed to get better accuracy and confidence.

Performance Metrics

Table 2
Energy Star Predicted Site EUI for Schools with Energy Star target scores of 85 or 90
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Water Use Savings

Approach
High performance buildings consume significantly less water than conventional 
construction. This is achieved by using native landscapes that eliminate the need for 
irrigation, installing water-efficient fixtures, and reusing wastewater for non-potable water 
needs. Fixtures that use 20% to 50% less water than code-required levels are now widely 
available.

For LEED projects, aggregate water consumption is required to be reduced by at least 20%
from the baseline. In LEED v4, all newly installed toilets, urinals and private lavatory faucets
and showerheads that are eligible for labeling must be US EPA WaterSense labeled.
Appliances, equipment and processes within the project scope must meet minimum
Energy Star or performance requirements. Schools and libraries may consume water for
kitchen cafeteria use, for heat rejection and cooling, and for cooling towers and evaporative
condensers depending on their mechanical system design.

Water use calculations for LEED and CHPS projects are based on the water-efficient
fixtures chosen and assumptions on occupancy, schedule, and type of use. The ‘design’
and ‘baseline’ water use estimates were arrived at using LEED and CHPS indoor and
outdoor water use calculators. There are some differences in assumptions for the two
rating systems. CHPS calculators do not include visitors and showers are assumed for all
students. LEED includes visitors in calculations and do not include showers for students.
This may lead to CHPS projected water performance being lower than LEED for a given
project but this was not verified during this study.
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Findings 
As shown in Table 3, we gathered actual water use data for 11 buildings (6 schools and 5
libraries). These projects included 8 LEED v3 certified projects, one LEED v4 and 2 CHPS
projects. The design water use estimates showed water use savings over baseline code
compliance ranging from 26% to 38% for a given project. However, when comparing
actual annual water use to design estimates, the water use savings varied widely, with 6 out
of 11 projects actually experiencing more water use than predicted. These “water hogs”
were library buildings except for 1 school case.

Figure 5 shows the actual as compared to the baseline and design water use in gallons for
the schools and Figure 6 shows the comparison for the libraries. Their water use data are
on separate charts with different scales, as public schools are larger buildings with higher
occupancy and use than public libraries.

In most school projects, (5 out of 6 projects or 83% of cases), actual annual water use (not
savings) was less than predicted and always lower than baseline amounts. The one case
where actual water use was a little higher may be due to the building’s new cooling system 
with two centrifugal chillers and two water cooling towers.

The schools predicted water savings ranging from 30% to 37% while actual savings ranged
from 16% to 94% over baseline. The schools with the greatest swings between predicted
and actual water use were the 2 CHPS schools.

Performance Metrics

Project Baseline Water Use (gals.) Predicted Water Use (gals.) Actual Water Use (gals.) 
A 1,497,750 960,990 1,263,871
B 1,128,670 724,580 315,304
C 1,561,519 983,689 423,771
D 3,527,145 2,338,754 217,952
E 473,260 302,790 259,000
F 526,032 367,002 315,304
G 120,690 83,120 185,517
H 43,070 29,840 169,000
I 65,390 48,210 349,316
J 16,000 9,910 41,000
K 34,750 23,250 43,377

Table 3 Water Use (gals.)
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On the other hand, actual library annual water use was higher than predicted in all 5
buildings. Design estimates ranged from 26% to 38% savings, while in reality the actual use
was much higher than even the ‘baseline’ in all cases. One library’s actual water use was
significantly higher than the predicted or baseline amounts (on the order of 7x). The Town
Sustainability Coordinator acknowledged that excessive water use was an issue they have 
been working to resolve. In FY 2017, total water consumption included 34% for domestic 
use and 66% for irrigation. The library continues to irrigate. The Town Sustainability 
Coordinator reported that:

“…we are coordinating with our Parks Department now to revise the watering schedule 
for the facility to reduce consumption. Additionally, we have also been working to evaluate 
whether the building’s chiller plant had been operating as efficiently as it was designed to. 
Having not identified any immediate issues with the unit’s operation with multiple HVAC 
service companies over the years, we brought in a manufacturer’s representative who was 
able to help us confirm that the unit was dumping an excessive amount of water and had 
likely not been configured properly when it was commissioned. We are working on rectifying 
this issue and hope that recent modifications will help significantly reduce the water 
consumption of the chiller plant.”

Reasons for library water use discrepancies could be irrigation in the first years of operation
to establish plants, actual occupancy use patterns and schedule assumptions being 
significantly different that projected, and mechanical system actual water consumption
being different than projected. Flow and fixture rates were based on the specifications 
provided by the manufacturers. Unfortunately, it is beyond the scope of this study to 
troubleshoot with school facility directors and library directors on why there may be these 
discrepancies.
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Findings (continued)
Of the 21 projects in this study (15 schools and 6 libraries), in addition to collecting
utility data, we were able to conduct 16 interviews with town staff in various
roles, depending on who was responsive to our inquiries, or who conducted the building
performance data collecting and reporting. Most interviews were with the Facilities
Director, but others were with the Finance Director, Town Energy Manager/
Sustainability Coordinator, Library Director or the Director of Technology and
Operations.

During the interview, several questions were asked about energy/water use data
collection, availability and reporting; commissioning efficacy; how the buildings
were performing; and any problems they encountered post-occupancy or lessons
learned that they wanted to share. Not all interviewees were able to answer all
questions. The Appendix at the end of this report is a summary of their responses,
without attributing the comments to a specific project so as to protect their
confidentiality.

Project Interviews
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Conclusions

Metrics Results
We found that the total amount of building energy consumed in a given year is
higher than predicted most of the time in the Massachusetts high performing
schools and libraries in our study. Actual EUIs are generally higher than the design
case by about 15 EUI points on average, based on the most current utility data we
received for each project. Both project types, public schools and libraries, had
higher actual EUIs on average than their design cases though there were
exceptions, as shown in the tables and figures presented.

When comparing actual annual water use to design estimates, the water use
savings varied widely. In most school project cases; actual annual water use was
less than predicted and always lower than baseline amounts. On the other hand,
actual library annual water use was higher than predicted for every project studied.

Interview Findings 
Many of the problems faced and lessons learned during the first years of a school
or library’s operation were shared by the interviewees and summarized in the
Appendix. One overarching message was that high performing schools and
libraries are complex buildings whose operators need to be properly trained and
adequately supported to take full advantage of the efficiencies in their buildings’
design.

Specific suggestions ranged from having operators actively participate in
professional groups like the Massachusetts Facilities Administrators Association - to
having many onsite quality training opportunities - to having local service contracts
and places identified for replacement parts before buying equipment. To be
effective, small training sessions should be done quarterly under different climatic
conditions. One interviewee said it could take 3 to 5 years to get used to operating
a new building.

Proper staffing is key to the energy or building management systems (EMS/BMS)
running smoothly, libraries are especially challenged as they do not have dedicated
maintenance professionals. Facility Operators advised setting aside additional
monies in the first year’s operating budget to troubleshoot BMS problems.
Periodic resets are needed as the BMS is often not set up properly. When
different town buildings have different systems, there are communication
disconnects between them, and an additional training hurdle for the operators.
This study did not identify any one common problem in poor performing schools,
however complicated AC systems and schools occupied all year round were
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noted as explanations of high energy use. Poor performing schools, that is, those
with high EUIs (in the 60s and 70s) did not necessarily report having problems with
their building management systems. Facility managers who talked about having
BMS issues in the past, appeared to have been able to identify the problems and
made improvements, so the most recent year of operation had EUIs in the 38 to
55 EUI range.

Facility operators complained about lighting systems being overdesigned and too
complicated for the building, expensive to maintain, and not meeting life
expectancies. As part of the shakedown process, HVAC systems have to be
adjusted during start-up. Air conditioning adds a layer of complexity to running the
buildings. Servicing mechanicals on the roof, especially a white roof, has its
challenges. Engineering overdesign and using the latest expensive technology
were pitfalls to be avoided if the project is a modest one. Specific product issues,
like preferences for flooring and exterior door, are noted in the Appendix.

All but one of the 21 projects underwent an enhanced commissioning process with 
several having envelope commissioning as well. Five different commissioning companies 
were found to have provided services to these projects. While some operators said their 
buildings run well because of the commissioning process, others complained of issues not 
caught by the commissioning agent or that the training provided by them was not helpful. 
An operator noted that the commissioning process has improved over the years.

We found that if the specific commissioning agent assigned to the project was receptive 
to working closely with the building operator and amenable to investigating issues while 
providing effective training, the operator reported a favorable relationship.

Facility operators found HVAC and BMS systems maintenance costs often higher
than anticipated and recommended that projected ECM savings in utility incentive
programs should be verified after a few years of operation.

Most facility operators were busy running their high performing buildings and
addressing issues when they arose and had little time for reflection on trend data.
Metrics like monthly energy and water use were deemed important but not all
facility operators tracked the information themselves. The facility operators who
had the data readily available seemed to be most on top of how well the building
systems worked. If they did not personally track the data, they were in good
communication with the town administrative staff who did so.
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Interview Findings  (continued) 
Few interviewees were aware of their building’s LEED 5-year commitment to report
energy and water use to the USGBC, or the Commonwealth’s similar commitment
to report energy use if it was a designated a ‘Green Community’. Most had not
conducted formal thermal comfort surveys of occupants (though many projects had
promised to do so as part of the LEED certification), but informally listened to
complaints by staff and teachers and relied on temperature and humidity set points
to address comfort issues.

A post-occupancy charrette was recommended as a way to identify and address
problems and determine best strategies. After receiving an occupancy permit,
appropriate design and construction team members and town personnel should be
required to sit down on several occasions and practice the same level of teamwork
to solve issues as in the planning process for a LEED or CHPS certified high
performing public building like a school or library. Funds could be set aside for this
effort in the school construction budget.

Many of the insights and lessons learned after occupancy are best practices in the
industry, however this pilot study highlights and documents some of the problems
encountered by those who actually are charged with operating public schools or
overseeing public libraries.

Conclusions
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Summary of Interviews

Of the 21 projects in this study (15 schools and 6 libraries), in addition to collecting
the utility data, we were able to conduct 16 interviews with town staff in various
roles, depending on who was responsive to our inquiries or who did the building
performance data collecting and reporting.

Most interviews were with the Facilities Director (7), but others were with the
Finance Director (2), the Town Energy Manager/Sustainability Coordinator (3), the
Library Director (3) or the Director of Technology and Operations (1). This section
summarizes those interviews.

During the 20-minute interview, several questions were asked about energy/water
use data collection, availability and reporting; commissioning efficacy; how the
buildings were performing; and any problems they encountered post-occupancy or
lessons learned that they wanted to share. Not all interviewees were able to
answer all questions. Below is a summary of their responses without attributing the
comments to a specific project so as to protect their confidentiality. Interviews
were less quantitative and more qualitative, so graphs of findings as data points are
not presented as summaries.

Tracking  

All tracked their whole building energy use data through bills from their utilities but
only nine buildings had whole building water use data available to share with The Green 
Engineer.

Towns generally used Energy Star Portfolio Manager or the Massachusetts Energy
Insight (MEI) software to track their utility data. Public schools and libraries have
their data reported to the Commonwealth of Massachusetts Department of Energy
Resources (DOER) if their towns/cities are designated a ‘Green Community’ (16
are, 5 are not); although only a few knew whether they were using MEI, the state
online tracking tool. MEI is the method advocated by the MA DOER for preparing
annual Green Community reports.

Most towns tracked data in excel spreadsheets, 4 towns said they used Energy
Star Portfolio Manager. The two towns that reported they used MEI had their Town Energy 
Manager or Sustainability Coordinator being interviewed and providing the data.
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Tracking (continued)
Most interviewees did not know whether their building data went to USGBC. LEED 
projects are required to send whole building energy and water data to USGBC for 5 years if 
available. Of the 12 LEED projects, 8 of them received one LEED point in
their LEED certification process for ‘Measurement and Verification’ for stating that
they would make energy and water use data available to USGBC via Portfolio
Manager.

Checking the USGBC project database GBIG online, USGBC was “awaiting
performance data” for all of the projects except one library. This likely means that the
projects are not linked to the Arc program. Arc is a USGBC online digital platform
that uses data to help measure and improve sustainability performance across the
built environment. Arc’s data-centric approach connects actions and tracks
progress through a performance score that allows projects to track and benchmark
progress.

The one library linked to Arc shows a score of 10 (up to 10 base score points
can be received by pursuing specific LEED credits during the LEED certification
process). None of the interviewees wanted to link up to the Arc program when
asked during the interviews, but several wanted some information sent to them
on Arc to learn more about the program.

Similarly, out of the 12 LEED certified projects, 4 received one LEED point for
committing to conduct a thermal comfort survey of their occupants within 10
months of startup. Schools certified under the Collaborative for High Performance
Schools (CHPS) program do not have this as an optional point in their rating
system. Only one project, a library, said that it conducted a thermal comfort
survey, though many received this point for LEED certification and submitted a draft
survey template during the LEED documentation process. Several said they
informally conducted a user survey and concluded that occupants were satisfied
with the temperature and humidity in the building. Many said they relied on set
points to achieve the temperatures they perceived as necessary for thermal
comfort. There seemed to be a disconnect as to who would actually administer the
survey vs. whose name was on the LEED form as the person responsible for
administering it.
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Commissioning Comments
Five commissioning companies provided commissioning services to the 16 projects
interviewed in the study. When asked if commissioning was helpful, 5 projects
provided positive comments and 6 gave negative remarks. All but one project,
a library, undertook an Enhanced Commissioning process with several doing
Envelope Commissioning as well.

Specific commissioning comments were:

• Head custodian was glad to have received training on the building 
management system (BMS). Commissioning Agent did a good job and 
custodian feels comfortable with the equipment.

• Building runs well due to the commissioning process.
• Commissioning was helpful for the school as the process pushed some 

issues to the forefront.
• Commissioning was helpful, a big team came and solved the noise problem.
• Wondered if LEED buildings call for re-commissioning of buildings over time.
• Commissioning Agent was fantastic and provided great support.
• Commissioning Agent questioned things that were not running properly.
• MSBA requires and reimburses commissioning, which is great, but wish it 

would pay for 100% of the tasks.
• Commissioning process led to false operating results as it incorrectly 

simulated a cold climate. Really need to go through a winter to experience 
frozen coils.

• They went through several Commissioning Agents for this project; it had to be 
re-commissioned.

• Commissioning process was different and not as intense 6 years ago as 
compared to today.

• Training by Commissioning Agent not helpful.
• CxA made mistakes.
• CxA should have caught some issues but they were not energy related.
• Training by Commissioning Agent was not thorough.
• Commissioning Agent was not that helpful as they were not approachable.

Lessons learned are that the building operator had to work closely with the commissioning 
company, and the assigned commissioning agent had to be receptive to investigating 
specific issues as they arose and to providing consistent support for a good relationship to 
be experienced. Training by the commissioning agent was very helpful when done correctly. 
Envelope Commissioning was considered effective.
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Problems Reported

Many schools and libraries reported problems during startup/shakedown and in the
first year of operation. Below are some of the mechanical and operating problems
experienced by the building personnel organized by type of problem.

Start Up / Shakedown
• Usual kinks in startup – mostly in tweaking the lighting system and rooftop units.
• Expect startup /shakedown issues; for example, internal room controls had to be 

adjusted.
• After occupancy, the heating and AC did not work properly, the system blew out and 

could not switch from one mode to the other. The entire ceiling had to be replaced. 
Ceiling slats started falling and the clips were not properly designed and installed. 
Controls and lighting had to be upgraded. The roof leaked especially around skylights. 
A lawsuit resulted in a settlement.

Building Management System
• Energy management system (EMS) software was not able to identify certain problems.  

The building has 2 compressors; but one was locked out.  One building wing was 
always HOT before resolving HVAC issues.

• Sensitive school population called for close monitoring of humidity.
• Original software system had to be revamped; scrapped a generic brand from a local 

company to Automatic Logic.
• Company who installed the energy management system (EMS) was unresponsive when 

asked to address problems.  The lighting and heating systems do not work as they 
should, and the school cannot access the lighting system in order to shut it off.

• Different heating and cooling BMS systems has led to operating complications.  
• BMS does not manage AC units properly.  BMS does not control radiant floor in 2 

rooms.  Lots of issues and work after closeout had to be addressed but operating okay 
now.

• About 4 months of energy use aberrations recently, the EMS setting was not set up 
properly, running at night etc. so it was reset and now works well.   

• Each municipal building has a different BMS system which leads to a communication 
disconnect.  Town does not have one person overseeing the discussion or selection of 
systems.

• Thermal comfort survey administered in the Spring showed everyone was cold.  Now 
they have occupant control, so staff has the ability to raise the temperature.
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Flooring and Roofing
• The rolled linoleum floor, considered to be a green floor, is a problem.  It requires heavy 

scrubbing to lift the dirt that gets ground in because there is no wax protection. A 
natural cleaner is used for 4 nights/week and on the 5th night they use a detergent.  
Problem is that this floor requires 30% more time in labor and maintenance (vs. annual 
waxing) which translates to extra costs. They do not expect the floor life will be as long 
as initially estimated.

• Floor now requires waxing.
• Roof was leaking.  Wind-driven rain goes into building.
• In some areas where the plumbing vents come through the roof, they are too close to 

the fresh air intake of the roof top units and will pull in smells.

Staffing
• Staff is comprised of mostly janitors, whereas the need is for maintenance 

professionals.  
• Had to hire a facility professional to manage the building. 
• Existing staff were not able to operate the new high performing building, so additional 

personnel were hired and trained. 
• The Library Director spent considerable time initially programming and reprogramming 

systems.  A lot of institutional knowledge is now held by the Library Director, who had 
at least 12 trainings on the mechanical systems and electric panels.  

• Employee turnover is an issue.  When people leave, the town loses institutional 
memory.  

• Facilities people in Town work on the school buildings and not on the library.
• Building employee turnover was a problem.  Comfort of staff was not viewed as 

important as there were a lot of building problems to first resolve including humidity. 
• Library Director is responsible for fixing the building operations, however that person is 

not qualified or a trained engineer.  
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Problems Reported

Lighting
• The Lighting system was overdesigned for the school and is expensive to maintain and 

complicated.
• Three zones of light controls with dimmers that no one uses, however the EMS does 

allow for flexibility.  
• The system cannot be operated remotely, it would need to be cloud-based which is 

difficult for schools.  
• Purchased systems that were not well supported in terms of getting parts or service, 

such as the lighting system and boiler parts.  You cannot buy the lighting components 
on the web.

• The drivers for the LED lights (ballasts) are from China.  The LEDs last forever but the 
ballasts do not,  they had to replace 3 or 4 already.

• Lights on all the time in the first year as they did not know how to use the systems.
• Had to replace all the lights in Teens and Periodical Rooms; light bulbs/ballasts do not 

last as long as expected.

HVAC System
• Rooftop units (RTU’s) experienced motor burnout and some wiring issues. 

Manufacturer’s representative had to reset the variable frequency drives (VFD’s). 
• Adjustments had to be made as RTU’s alarms would go off during low temperatures. 
• Minimal training by HVAC manufacturer and installer; service calls are very expensive. 
• Town does not have its own HVAC technician so have mechanical service contracts 

for representatives to come out and fix. One call cost $500. Calls needed for RTF and 
wiring burnouts.

• Having to accept lowest bidder for supplier of mechanical parts is an issue. 
• Bought emergency generator from regional manufacturer, which was a problem when it 

needed servicing , but now have local service contract.    
• Air filters on the roof need to be periodically replaced, takes 40-60 hours to change so 

that is not a priority in the winter.
• The 3 boilers and pumps were running out of sequence, so they were corrected right 

before the building was occupied in early 2015.  
• Building operator believes that no municipal building should have what this one school 

does:  AC, centrifugal chillers and two water cooling systems, as that type of system 
is too costly to maintain.  With air cooled chilling, only have to clean coils and change 
filter. 

• Cooling tower requires chemicals training.  Possibly this design was recommended as 
it may be more efficient because it is a large building, but a premium is being paid for 
electricity use. 
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• Lots of  mechanicals on the school’s white roof including cooling towers pose a danger 
as white roofs do not melt thin layer of ice in winter.  Snow blind when you get up there 
but can’t afford to slip.  Black roof heats faster so snow melts right away.

• Many HVAC issues and climate control problems have led to the need to monitor the 
HVAC system daily through the school’s web-control system. In summer, the building is 
too warm.  Dehumidification system thinks it’s an AC space and only took humidity out 
of the classrooms.

• The Town does not have a maintenance or HVAC person, per se and relies on a town 
volunteer.

• Humidity caused wood to be popped off walls and ceiling. 
• AC issues initially.
• Difficulty accessing filters that needed to be changed.
• Library is a big open space so trying to heat and cool can be difficult. Tall ceilings do 

lead to some cold air forming in pockets.  Building is performing well but staff always 
working to maintain comfort.

Maintenance and Repairs
• Preventative maintenance is expensive (replacement of belts, oils, filters).  
• Heavy-duty doors were specified, but they have light-duty doors that create a 

maintenance issue.  
• Many lengthy operating manuals were written for the library, but they are not that 

helpful. 

Energy Use
• Energy use is higher than anticipated, compared to the old school … Systems in the 

old school ran all the time or not at all (half did not work). Now, the systems are on a 
schedule.  So maybe now there is more energy usage.  The RTU’s are bigger and more 
of them.  Lighting is now on a schedule to stay on until 11 pm and then shut down.  In 
old days, they were turned off when school ended. 
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Problems Reported

Contractor Issues
• Over time they are finding issues that should have been caught during commissioning, 

but not particularly energy related. For example, gym walls have mats installed into 
sheetrock not studs. Concrete floor underneath has cracks where they needed 
expansion joints.  The floor is not level, out 1.5 inches in 20 ft. 

• Unique situation as the Contractor went out of business during the project so there 
were many problems and delays. The library lighting system was problematic. The 
networked lighting system should have been integrated with the HVAC system. The 
company that did the controls went out of business. The ballasts did not hold up.  
Emergency lighting did not work. LED lighting upstairs was not wired in properly.  
Wiring for the parking lot lights were too close to the surface so the cable broke which 
was difficult to find.  Discarded unused lights were found on the project site later, the 
Contractor installed different decorative ones.

• Public construction laws require low bidder to be chosen.  Prevailing wage required so 
no local companies could handle working on the library.

Miscellaneous Operating Issues
• Students clogged toilets with inappropriate items like paper towels.
• White boards require Expo markers that emit VOCs. 
• The size of the formed seats in the gym bleachers are not made for full size adults.
• Additional plug use occurs as some teachers bring their own dehumidifiers and 

coffeemakers.  
• In the new building, electricity usage has dropped in kilowatt hours, but costs have 

gone up (due to unit cost increase).  LED’s, VFD’s, and more efficient pumps have 
decreased energy costs. Also program goal was to cool building 365 days/year 
(summer school, sports camp needs). 

• Water closet issues - Problem is 2-ply vs. 1-ply toilet paper.  With low flow toilets, 2-ply 
clogs toilet.  One month after school, they had a major blockage due to toilet paper 
type used.

• Exterior doors will have to be replaced after only 6 years.  Twenty years ago, doors 
would have had a mid-rail and would still operate fine today.  Now the doors have full 
glass, but they need to be adjusted all the time, and its weather-stripping does not work 
properly.

• The beautiful design led to all pipes being hidden so hard to find problems.  
• Steep learning curve for locals that are maintaining the building. 
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Lessons Learned

Lighting
• Link lighting schedule to anticipated occupant use, not just when school ends as in old 

school.  
• Recognize LED lighting has ballasts that need to be replaced periodically which may 

have to be from overseas.
• Three schools converted to LED lighting in past 3 years.  Used to spend a lot of time 

changing ballasts and lights every week, not rarely have to change lighting with new 
system.

• New light bulbs and ballasts in some library spaces did not last as long as expected.  
• All lighting should be LED (especially in high areas like the gym).

Servicing Systems
• Find local companies capable of servicing new complicated units and find out how 

parts can be ordered via internet or locally before purchasing. Some parts cannot be 
ordered on the web.

• Equipment repairs are more expensive than projected.
• Advocate for the Massachusetts Building Authority (MSBA) to pay for an HVAC 

technician to be available across the state to troubleshoot school operating problems.
• Do not pay 100% of the project’s costs until all issues are addressed.  
• Use School Dude for facilities and maintenance scheduling.  Log in daily and check on 

buildings. School Dude can be accessed by principals, custodians, facility personnel.  
All can put in work orders for light bulbs and preventative maintenance – belt, oil, filters.  

• If there is not a town-wide HVAC technician, have a number of mechanical service 
contracts to address building issues over time.

Staffing
• Hire a facility professional to manage building. 
• Have a designated HVAC person for municipal buildings on the town budget and make 

sure they take advantage of the trainings available to them.
• Employee retention is a common town issue.  Make every effort to retain facility 

operations personnel, and make sure you learn what they know about how to operate 
specific building systems before they leave.

• Encourage town staff to get a Buildings Operators Certificate.
• Recognize the huge disparity between expert technicians and local capabilities.
• Have clear lines of communication and responsibilities as to who maintains the various 

municipal buildings and resolves issues.
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Lessons Learned

Design Insights
• Require that building supervisors have input in the design process and are listened to, 

they should be informed in the Schematic Design Phase that this is the plan and then 
be involved in its revision after commissioning reviews.

• Be wary of engineering overdesign and using the latest technology if the building project 
is a modest one. For example, RTU’s are state of the art and high performing, but if they 
are expensive to fix, how much does the town really save?  

• Energy conservation measures (ECM) analyses in utility incentive programs should be 
more realistic on costs and savings and do some cost verifications after the fact.  

• Have energy efficiency drive the project design first, then backfill with other priorities.
• Include Envelope Commissioning.
• Solar PV may not be feasible, especially if the town has a municipal light department.
• Communicate with project team throughout the project. The town building committee 

met for 10 years monthly and held weekly job meetings.
• Install displacement ventilation.  Each classroom has two grates for high volume/low 

flow warm or cool air.  Particulates and CO2 go out through the roof.  Limited cooling is 
possible and dehumidification with two ground chillers. Meets facility director’s goals of 
“clean, safe, warm and dry” seven days per week year-round.  

• Partner with National Grid and Eversource for design/build of mechanical systems.  
Utility engineers review a school’s plans.  At one school, the utility wanted to upgrade 
the design to find additional savings and its engineers would not sign off until they 
looked at the trends from the web software. The school used that process to their 
advantage to get an improved design.

• Specify heavy-duty doors and make sure they are used as they have found light-duty 
doors create a maintenance issue.  

• Use vinyl composition floor tile (VCT flooring) with some terrazzo and carpet in the 
administrative  space. One school’s negative experience with a rolled linoleum floor has 
led  them to specify VCT flooring on their next project.

• Research new exterior doors carefully.  One school found their new exterior full glass 
doors will have to be replaced after only six years (as opposed to older ones with a mid-
rail), with frequent adjustments needed and with weather stripping that does not work 
properly.

• Radiant heating does not make perceptible difference over rugs in comfort of pre-k 
students.

• Invite the Town Energy Manager or Sustainability Coordinator (if there is one) to be part 
of the discussions or selection of systems.
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• Ensure that a Facilities Director has adequate support on his/her team and invite that 
person to be on the building committee when new projects are being planned and 
carried out.

• Design an orchestra pit carefully as it can be too time consuming to pull one in and out.
• Concrete walkways, though aesthetically pleasing,  are an issue in the winter as all ice 

melts will eat away the concrete and pit it. Asphalt works better. 
• Concession stands and out-buildings that are seasonal should have the ability to be 

drained completely so they do not need to be heated to prevent freeze up in the winter.
• When schools are built with interior courtyards, they should have a glass roof for year-

round use instead of only a couple months/year.

Construction Insights
• Learn from your mistakes on various town building projects and take companies off the 

bidders list due to poor performance.
• When selecting Contractors or Commissioning Agents, do not use lowest bidder.  Do 

selection process in two stages.  First qualify the firms, then do the lowest bidder.  Most 
important is the QC.  (One library had its contractor go bankrupt before the project 
ended). 

• Solve problems/issues during the QC process as identified by the Commissioning 
Agent.  

Training
• Join the Massachusetts Facilities Administrators’ Association.  The group meets every 

month and has conferences.  Great to share experiences with other facility personnel.
• Join a Facility Managers’ Association locally to share information on building operations.
• Participate in a MSBA pilot program where MSBA visits the site and meets with the 

Head Custodian to learn how the mechanical systems were performing, how the 
building was operating, and if there were any issues. CxA can provide helpful training to 
customer on equipment.

• If considered a high performing building, then the HVAC systems contract should 
contain a clause to provide a series of classes on complicated systems.  

• Chillers, RTUs and lighting system are very complicated, so training needs to be 
comprehensive.

• Need more effective onsite training. Expect that it could take three to five years to get 
used to operating a new building.  

• From facilities standpoint, make sure people operating the building are knowledgeable 
about the systems and the monitoring process – cooling towers, chillers, lighting, 
security system.  
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Lessons Learned

Training (continued)
• Attend MSBA seminars like the May 2019 “Story of a Building- Operation Matters: 

Understanding Your New Building Equipment and Systems”, a case study on the 
Auburn Middle School.  

• Advocate early for additional facility personnel to be hired and/or trained to operate a 
high performing new school with its more complicated building systems. 

• Recognize how quality training by the CxA  is so very important. Break learning units 
into smaller training sessions, best done by quarter. 

• If your town is a MA Green Community, have town staff attend the MA DOER 
meetings twice/year for Green Community Energy Managers.  Town Energy Managers 
interviewed said these are  very helpful and that they learn from others with similar 
problems. 

Testing
• Take advantage of free IAQ testing by MA Department of Public Health who provides a 

written report and explains how to address any IAQ issues in the future.

Operating Insights
• Check the BMS system around the clock (including when home) if the system has 

remote capability.
• Save on electricity costs by being in a demand reduction program and cut use in 

summer and evenings when asked.
• Keep your own metrics.
• Get recommendations for EMS and lighting companies to make sure they are 

responsive to your issues after installation.  
• Make sure your school is in the queue for MSBA to visit and do a QC on the D&C 

process.  
• Involve MSBA.  As part of its wrap up, MSBA put monitors on chillers and sets up trend 

data, tested the windows and roof for leaks and did a postmortem of the mechanical 
systems.  

• Do not choose an overly complicated cooling system for a municipal building as it will 
be too  costly to maintain. For example, school has air conditioning, centrifugal chillers 
and water-cooling towers. Air-cooled chilling only requires cleaning coils and changing 
filters, but a cooling tower requires chemicals training.  

• Use set points for heating and cooling to ensure occupant comfort, more valuable than 
surveying occupants.  
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• Building runs well because of the commissioning process.  CxA questioned things that 
were not running properly.  The three boilers and pumps were running out of sequence, 
so they were corrected right before the building occupancy.

• Water closet issues are often a result of user error. Use 1-ply toilet paper so as not to 
clog low flow toilets.  One school had a major backup soon after opening because of 
clogging the sewage system.

• Use hand dryers so no paper towels have to be disposed.
• Need to schedule adequate time to periodically replace air filters and get IAQ tested. 
• Address plug use and redundancy.  For example, personal dehumidifiers and 

coffeemakers.
• When analyzing energy use and cost trends, take into account the new building’s GSF, 

change in use, and hours of operations compared to the old building.
• Push to have one operating system in all schools. One town had rebid 4 schools to 

have the same BMS system.  Contractors challenged the Facility Director as it was a 
proprietary system, but he was able to get it installed in all buildings and has received 
trainings on the proprietary system.

• Monitor HVAC system on a daily basis through the school’s web-control system.  
• Educate teachers and students on when to open windows so as not to confuse the 

dehumidification system during the warmer months.
• Regularly change MERV 13 filters and track relative humidity using the BMS if sensitive 

populations in school.
• Beware of how the commissioning process may lead to false operating results as it 

simulates a cold climate.  Really need to go through a winter to experience frozen coils.
• Advocate for a commissioning process that lasts for one year.  
• Expect to find issues over time that should have been caught during commissioning, 

but not particularly energy related. Have the OPM do a walk through with facility staff so 
it will be helpful for the town’s next building project.

• Building is extremely efficient for its size and controlled well.  Savings due to good 
envelope, good insulation and building built efficiently with high efficiency small boilers 
and water heaters.

• Use single building management system for heating and air conditioning.  One school 
used mixed systems and experienced lots of issues and work after closeout.

• Use school as an emergency shelter for the town if installing an emergency generator 
for the kitchen.

• Apply for annual grants and incentives to make improvements through utility programs 
and the DOER Green Communities program.  Conduct building energy audits. 
Calculate all of the municipal building EUIs to identify energy hogs and help prioritize 
improvements needed.
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Lessons Learned

Operating Insights (continued)
• Investigate recommissioning of buildings when appropriate.
• Recognize that after occupancy permit is obtained, everybody runs away. Several 

times after receiving the occupancy permit, appropriate D&C team members and town 
personnel should be required to sit down and practice the same level of teamwork to 
solve issues as in the planning process.  One Library Director reports of having only 
strings of emails on issues.  Should have money reserved in funding process for these 2 
or 3 building meetings after occupancy.

• Make sure filters can be accessed to be changed.
• Clothes dryers should have an automatic on-switch based on temperature to turn on 

roof fans.
• Vent boiler rooms of excess heat carefully as this is always an issue in new buildings. 
• With all of the equipment on the roof, WIFI should be added so the BMS system can be 

used on the roof to troubleshoot.
• Install MDF rooms with stringent sprinkler systems as all of the equipment could be lost 

in a fire with a regular system.
• Acid neutralization room and equipment – regardless of amount of chemical use, 

schools still have to maintain all of the equipment for the life of the school and have it 
calibrated on a regular basis.

• Auditorium control booth should run off its own split with a heat pump or its own RTU, 
or be connected to the auditorium unit, so that an entire area does not need to be run 
during an event. 

Occupant Comfort
• Let the teachers control the thermal comfort in classrooms. Install thermostats in each 

room and allow teachers to change temperature up to +- 2 degrees.  Facility Director 
can see the changes in his office,  99% of the people are comfortable.  

• Do not have multiple individual offices share one thermostat. This creates heating and 
cooling issues in the other offices and people complain as the one person with the 
t-stat controls their temperature.
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