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1. EXECUTIVE SUMMARY

This report describes the results of a baseline energy consumption study of small and medium sized
commercial buildings built prior to the adoption of the Maine Uniform Building and Energy Codes.
The study was commissioned by the Efficiency Maine Trust on behalf of the Maine State Planning
Office and conducted by ERS during May and June of 2011. The study provides information
regarding baseline construction practices for commercial buildings started between 2006 and 2010
throughout the State of Maine.

The primary activities of the study included sample design and site selection, recruitment, building
plan and specification review, site visits, data collection, and building owner/operator interviews.
Data analysis involved code compliance and energy usage intensity comparisons.

1.1 Commercial Buildings Key Observations

The conclusion reached by this study is that standard construction practice is highly variable in
Maine and is, on average, considerably below current energy code levels adopted by the state. This is
not to say that the quality of construction is low. Of the buildings surveyed approximately 40% of
the buildings were constructed within 75% of the standards established by the current code. There
are clearly opportunities for training the building community not only on the benefits of higher
levels of insulation and energy efficiency in general, but also on proper installation techniques and
overall building science.

1.1.1 Envelope

Where we were able to accurately determine insulation levels, we found that approximately 40% of
the buildings surveyed were constructed with insulation levels that do not meet current code levels.
Many insulation levels were made more stringent with the 2009 IECC so a number of those
buildings would have met the Maine voluntary code in place at the time of construction. However,
it is clear that standard practice in Maine falls below current code levels in terms of insulation levels
as well as required installation protocol.

1.1.2 Mechanical Systems

Approximately 80% of air conditioning and heat pump units met current code levels and 93% of
service water heaters met the current efficiency levels. HVAC controls installed do not meet the
same high levels of compliance as the equipment efficiency levels and range from 18% to 80%

[

Efticiency Maine Trust



Commercial Bascline Study Final Report

depending on the control type. Our surveyors found that there was a high degree of compliance
with the current requirements of delivery system insulation.

1.1.3 Lighting Systems

With no mandatory code in place, 66% of the buildings surveyed had lighting power densities
(LPDs) at or below those allowed by the current code. This can be seen as a fairly positive result
and is associated with two intersecting factors: energy code lighting power allowances (LPAs) and
lighting technologies.

1.1.4 Lighting Controls

Ninety-six percent of the buildings surveyed met the basic requirement that a manual switch be
installed in each enclosed area, and 93% had controls on the exterior lighting. Outside of those two
measures, lighting control provisions were met in less than half of the buildings.

1.1.5 Code Compliance

1. Overall - Of the seventy-four buildings surveyed approximately 40% were constructed within
75% of the standards established by the current code. About 20% reached 50%-75% of code level,
20% fell within the 25%-50% range, and about 15% met less than 25% of energy code
provisions. We were unable to make an accurate determination on 5% of the buildings.

Of the buildings We were unable to make an accurate determination of 5% of the buildings.

2. By Building Type - Across most of the building types there is little variation as to the rate of
compliance with current code provisions. There are, however, two exceptions: grocery stores
and K-12 schools.

3. By Region - Compliance with envelope energy code provisions is the worst in Northern
Maine. This is especially unfortunate as it is also the area with the most severe climate. This is
somewhat offset by the fact that lighting and lighting controls were in compliance at a higher
rate than other regions.

It should be noted that with the state of the economy in Northern Maine over the past several
years, there has been little commercial new construction and therefore our sample of buildings
was very limited.

2 ers ) l:'ﬁ'lcicnc; Maine Trust
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2. SAMPLE DESIGN — SITE SURVEYS

The sample for this study was selected from a list of commercial buildings in Maine with
construction start dates between 2006 and 2010. This 5-year time period was chosen to provide a
large enough population of newly constructed commercial buildings from which a representative
sample of new commercial buildings built before the adoption of the Maine Uniform Building and
Energy Codes could be selected.

Commercial construction data for the years 2006 through 2010 was acquired from McGraw Hill’s
Dodge Database, a commercially available private sector data source that tracks commercial new
construction. The Dodge database is constructed from detailed building permit and construction
data. As buildings move from the permit phase through completion, the Dodge data is augmented
by additional survey information to determine construction completion, building size, value, and
other project details. McGraw Hill Dodge staff have built long-standing local relationships with
owners and the AEC community to enhance and verify the accuracy of the Dodge data.

Consistent with the goals established for this study by the Efficiency Maine Trust, the ERS Team
developed a statistically representative sample of small and medium commercial buildings built
between 2006 and 2010 for the following commercial building types:

Q Grocery store
Office building
Retail store
Warehouse
Hotel

Bank/financial institution

C00CO0O0O0ODo

K-12 school
QO Residence hall/dormitory

For the purposes of this study, small and medium commercial buildings were defined as follows:

O Small commercial buildings - less than 25,000 ft?
O Medium commercial buildings — greater than 25,000 ft? but less than 65,000 f?

The ERS team contracted with McGraw Hill to extract from its Dodge Database all new small and
medium commercial construction projects in Maine for the period 2006 - 2010 that met the above
criteria. Commercial building additions and renovations were not included in our analysis. Sand and
salt storage buildings were also excluded because they use very little energy. The resulting
population of new construction projects from the Dodge database is shown in Table 2-1.

Efticiency Maine Trust - ) E— — =
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Table 2-1
Population - Number of Commercial New Construction Projects (2006-2010)
Building Size
Medium Small

Building Type Commercial [Commercial| Total
Bank/financial institution 47 47
Grocery store 7 2 9
Hotels and motel 8 3 1
K-12 school 11 13 24
Office building 4 63 67
Residence hall/dormitory 6 24 30
Restaurant 1 57 58
Retail store 7 82 89
Warehouse 5 41 46
Total 49 332 381

Source: Dodge Database (Excludes Salt/'Sand Storage Buildings)

Based on the above population of commercial new construction starts, it was determined that a
target sample size of fifty-seven would be required to meer a confidence level of 90% with a plus or
minus 10% margin of error. Because the trust indicated in its RFP that it may also be interested in
differences between geographic areas around the state, oversampling was conducted to assure the
best possible geographic coverage within the budget constraints and timeframe identified by the
Trust for this project. Table 2-2 below shows the mapping of counties in Maine to the five
geographic regions that were identified by the ERS Team for this study.

Table 2-2

Mapping of Maine Counties to Study Regions
Study Region County
East Hancock
East Penobscot
East Waldo
East Washington
Central Androscoggin
Central Kennebec
Central Knox
Central Lincoln
Central Sagadahoc
North Aroostook
South Cumberiand
South York
West Franklin
West Oxford
West Piscataquis
West Somerset

Table 2-3 below shows the number of commercial new construction projects from 2006 to 2010 by
building type and size for each of the Maine regions shown above.

5 s ' “ ];f:ﬁciany Maine Trust
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3 Table 2-3
(\ Population — Number of Commercial New Construction Projects (2006-2010)
by Region & Building Type ‘
BuildinTSize
| Region | Building Type Medium Commercial | Small Commercial | Total
Central | Banks/financial institution 12 12
Grocery store 3 3
Hotels and motels 1 1
K-12 school 5 7 12
Office building 2 ] 11
Residence hall/dormitory 2 3 5
Restaurant 13 13
Retail store 1 21 22
Warehouse 2 7 9
Total Central Region 16 72 88
East Banks/financial institution 7 7
Grocery store 1 1
Hotels and motels 2 2
K-12 school 1 1 2
Office building 3 3
Residence hall/dormitory 1 2 3
Restaurant 12 12
Retail store 2 13 15
Warehouse 1 11 12
Total East Region 7 50 57
North Banks/financial institution 1 1
Hotels and motels 1 1
I Office building 1 1
(V ' Restaurant 3 3
Warehouse 1 1
Total North Region 1 6 7
South Banks/financial institution 24 24
Grocery store 4 1 5
Hotels and motels 3 3 6
K-12 school 1 4 5
Office building 2 46 48
Residence hall/dormitory 2 16 18
Restaurant 1 29 30
Retail store 4 45 49
Warehouse 2 19 21
Total South Region 19 187 206
West Banks/financial institution 3 3
Hotels and motels 1 1
K-12 school 4 1 5
Office building 4 4
Residence hall/dormitory 1 3 4
Retail store 3 3
Warehouse 3 3
Total West Region 6 17 23
Total all regions 49 332 381

tn |
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2.1 Site Selection

A sample of fifty-seven survey sites was initially selected from the population of 381 new
commercial construction projects extracted from the Dodge Database. The following process was
used to select the initial target sample and the additional oversampling that was necessary to assure a
better representation of building types by region.

1. The population of 381 new commercial construction projects was sorted first by region, then
by business type and building size (sq ft). Every nth record, starting from a random point, was
then selected to be contacted, where is n is calculated by dividing the total population of
381by 57 (= 6.68). For example the random starting point between 0 and 6.88 (3.42) was
rounded up to 4 and the fourth record in the population database was selected as a target site.
The next step was to add 6.68 to 3.42 (= 10.1), which was rounded up to 11, and the
eleventh record was selected as a target survey site. This process was repeated resulting in a
sample of fifty-seven sites being selected. This simple systematic sampling technique is
frequently used to select a specified number of records, in this case fifty-seven, from a known
and finite population. The following table shows one section of the spreadsheet that contains
all 381 new commercial construction projects to help illustrate the process:

Table 24
Spreadsheet Sample Section

Project Title Project City Reglon Bullding Type Square Feet (000s) Buliding Size

cPort Credit Union Augusta Central Banks/Financial Institution 25 Small Commercial
Kennebec Federal Savings Bank Watenille  Central Banks/Financial Institution 3.0 Smalt Commercial
Damariscotta Bank & Trust Damariscotta Central Banks/Financial Institution 3.0 Small Commercial
KeyBank (Lewiston, ME) Lewiston Central Banks/Financial Institution 33 Small Commercial
Mechanics Savings Bank (Lewiston ME)  Lewiston Central Banks/Financial Institution 33 Small Commercial
Androscoggin Bank Jay Central Banks/Financial Institution 35 Small Commercial
Bank Branch Aubum Central Banks/Financial Institution 3.5 Small Commercial
Capital Area Federal Credit Union Augusta Central Banks/Financial Institution 36 Small Commercial
Bank/Parking Lot (Rockland, ME) Rockland Central Banks/Financial Institution 3.7 Small Commercial
Menilt Bank NEGOTIATED Watenille  Central Banks/Financial Institution 3.8 Small Commercial
Downeast Credit Union Topsham Central Banks/Financial Institution 4.2 Small Commercial

Record #4, KeyBank (Lewiston, ME) is the randomly selected starting point discussed above and
record #11, Downeast Credit Union, is the next target sample site selected.

2. The ERS Team then visually inspected the resulting sample for geographic coverage and
decided to oversample by adding twenty-three additional commercial new construction
projects to the original sample of fifty-seven. Adding these twenty-three to the sample resulted
in all regions having at least one targeted site survey for each building type and size category,
if applicable. Table 2-5 shows the resulting final target sample by building type and Table 2-6
shows how the sample distribution compares with the distribution of the entire population of
new commercial construction by building type. As can be seen in Table 2-6, the final target
sample his highly representative of the distribution of the entire population of new
commercial construction with any variations resulting from the judgmental oversampling that
was conducted to improve geographic representation.

Efficiency Maine Trust
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Table 2-5
Final Target by Building Type

Building Type Total

Bank/financial institution 8

Grocery store 2

Hotel and motel 6

K-12 school 7

Office building 12

Residence hall/dormitory 9

Restaurant 10

Retail store 16

Warehouse 10

Grand total 80

Table 2-6
Comparison of Sample and Population Distributions by Building Type

Building Type Sample | Popuiation
Bank/financial institution 10.0% 12.3%
Grocery store 2.5% 2.4%
Hotel and motel 7.5% 2.9%
K-12 school 8.8% 6.3%
Office building 15.0% 17.6%
Residence hall/dormitory 11.3% 7.9%
Restaurant 12.5% 15.2%
Retail store 20.0% 23.4%
Warehouse 12.5% 12.1%
Total 100.0% 100.0%

2.2 Recruiting Process

Once the sample was selected, building owners and operators were contacted by phone to secure their
permission to conduct an on-site survey of their building. The recruiting effort was undertaken by
several ERS Team members, with each individual assigned a section of new commercial construction
spreadsheet that is illustrated above in the “Site Selection” section. Each individual started by
contacting the building owner or operator associated with the first highlighted record in their section,
which was part of the original sample of fifty-seven. If that business was not interested in participating,
the caller moved to the next business on the list until a participant was recruited or the next
highlighted record was reached. At that point the process started again. Applying this segmented
calling process to a population that has been sorted by region, business type, and building size allowed
for a more accurate representation by building type and size within each region.

In addition, as previously discussed the ERS Team decided to oversample to improve the
geographic representation of the sample. Adding twenty-three target sites to the original sample of
fifty-seven assured that the final target sample would have at least one targeted site survey for each
building type and size category, if applicable. These additional twenty-three commercial new
construction projects were identified as “must gets” because in many cases there were no matching

Efficiency Maine Trust 7
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replacements. The ERS staff made every attempt to secure the permission of these additional target
sample sites to participate in the survey. If they did not agree to participate, then a matching
replacement (same region, building type and size) was contacted, if such a replacement existed.

2.3 Final Results

After completing the recruiting process the ERS Team was able to successfully recruit seventy-four
on-site survey participants. Table 2-7 shows the number of on-site surveys completed by building
type. Banks/financial Institutions, office buildings, retail stores, and warehouses represent 60.8% of
the on-site survey participants, which compares favorably to 65.4% of all new commercial
construction (2006-2010) for the same building types. Differences in other individual building
categories such as grocery stores, which represented 2.4% of the all new commercial construction
compared to 8.1% of completed on-site surveys, were ultimately driven by the willingness of
building owners and operators to participate in the survey and the decision to oversample to better

capture regional differences.

Table 2-7
Final Count of On-Site Survey Participants by Building Type
Number of

On-Site Percent of

Survey Total
Building Type Participants Participants
Bank/financial institution 8 10.8%
Grocery store 6 8.1%
Hotel and motel 5 6.8%
K-12 school 6 8.1%
Office building 14 18.9%
Residence hall/dormitory 7 9.5%
Restaurant 5 6.8%
Retail store 12 16.2%
Warehouse 11 14.9%
Totals 74 100.0%

Table 2-8 shows how the distribution of completed on-site surveys by region compares with the
overall population of new construction. As can be seen our oversampling did result in a reasonable
representation of regional levels of new construction, but again it was affected by the willingness of

building owners and operators to participate.
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Table 2-8
Number of On-Site Survey Participants by Region

Percent
of Total
Number of On-Site On-Site | Percent of
Region | Survey Participants | Surveys | Population

South 32 43% 54%
East 16 22% 15%
Central 15 20% 23%
West 7 9% 6%
North 4 5% 2%
Total 74 100% 100%

Table 2-9 shows the breakdown of on-site surveys by building size. The large percentage (72%) of
on-site surveys that were conducted in small commercial buildings (less than 25,000 ft*) is
representative of the dominance of small commercial buildings in Maine.

Table 2-9
Number of On-Site Survey Participants by Building Size
Number of On-Site
Building Size Survey Participants
Small commercial 53
Medium commercial 21
Total 74

Efficiency Maine Trust i — E — 2
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3. DATA ENTRY AND QUALITY CONTROL P

In an effort to provide consistent data collection procedures and ensure high levels of data accuracy
training was conducted with all staff associated with the study. All documentation and survey forms
were reviewed and questions were answered regarding possible obstacles to obtaining accurate
information while on-site. To insure that procedures were followed, site survey personnel were
required to submit completed data collection sheets within 48 hours of completing the site survey.
This allowed project management staff to review forms for completeness and consistency.

Upon completion of the on-site survey all documents were reviewed for accuracy and
understanding. Once it was determined that the survey was accurate and complete the data was
entered into a custom designed database with oversight provided by the project management staff to
ensure consistency of data input and ultimately analysis.

Once all seventy-four surveys were entered into the database the resulting information was again
reviewed for accuracy and consistency.

10 - _l:fﬁcic;c_\- Niainc T_rzm
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4. STANDARD PRACTICE AND IECC REVIEW

This section presents the results of our comprehensive baseline survey and a comparison between
current standard practice for commercial new construction and the provisions of the 2009 IECC
which became, by reference, the energy code for the construction of commercial buildings as of June
1, 2010 (an extension from the original January 1, 2010 deadline). In addition to comparisons
involving overall construction practices, we have analyzed the collected data and are able to reach
conclusions regarding various building types and also geographical differences across the state.

The commercial buildings that were assessed for this study were not constructed under a statewide
mandatory energy code or building code. Instead, Maine has had in place a voluntary “model code”
that designers and contractors are encouraged to follow and local jurisdictions may adopt. As a
result, this study provides valuable information as to the veracity of voluntary codes and the
performance of buildings constructed with such codes in place.

4.1 Overview of Maine Commercial & Energy Code

In March 2004 Maine adopted the Maine Model Building Code (MMBC) for both residential and
commercial construction. The debate over adopting the MMBC dates as far back as 1979 when the
State Office of Energy Resources developed a model energy code and promoted statewide codes as
an energy conservation measure. In 1980 the legislature adopted the provisions as a voluntary code.
With the 2004 MMBC, municipalities could adopt the updated model code, amending it with
stricter provisions if they chose, or they could continue to allow construction with only the
mandated life safety codes in place at the time. Although approximately forty municipalities have
adopted the voluntary model code, this study and others suggest that energy code provisions are not
consistently followed regardless of model code adoption, as knowledge of the code is not
widespread and limited resources are focused on life-safety code provisions.

During the legislative session of 2008, provisions were passed to adopt a mandatory statewide building
code, which would include the energy provisions of the 2009 International Energy Conservation Code.
Adoption of this code brings Maine into compliance with the provisions of ARRA funding for energy
efficiency projects and also aligns Maine with the other Northeast states. As this study was being
completed, a bill passed the legislature (and currently awaits the Governor’s signature) that would
exempt municipalities with populations of less than 4,000 residents from mandatory compliance with
the code, allowing them to continue with voluntary code compliance.

4.1.1 Study Methodology

Determining new construction practices for completed buildings is not a trivial task. Many elements
such as construction materials, equipment, and practices are no longer discernable once the building
is completed. Although construction documents (plans and specifications) are often available for
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review, they may not represent the final “a5-built” specifications, and it’s not always certain that
contractors followed all details as specified.

Because of these uncertainties, this study followed a methodical and comprehensive approach to
collecting and verifying as much data as possible in regard to actual design and construction
practices. The steps followed are summarized as follows:

O Contact both building owners and the design team to seek cooperation.

O Communicate a desire to obtain valuable information regarding the state of commercial
construction practices in Maine in order to target future Efficiency Maine efforts.

» “Code compliance” was not communicated as a goal, as the Maine code was not
mandatory when these buildings were constructed.

O Offer to provide information about Efficiency Maine programs at the time of the study site
visit. This assists in obtaining excellent building owner cooperation rates.

O Request that all design documents be made available at the time of the study site visit.

O Schedule the site visit and request that 2-4 hours be made available depending upon the size of
the project.

O Visit the site to perform the following:
» Conduct interviews with owner and design team member(s).
» Review plan documents and record data on survey forms.

» Tour the building and record actual construction practices and any deviations from the
plans/specifications.

» Note any measures that cannot be field verified and discuss with owner/designer

recording results.
Review the data collection form and upload it.
Enter all data in a custom database.

Review each building for design and construction practices in relation to IECC 2009.

000D

Rate/score compliance relative to IECC 2009 for each of the following areas:
» Building envelope

» Mechanical systems

v

Lighting systems

A\

Lighting controls

v

Overall performance in relation to code

12 - ers | - Efﬁ;i;ncs Ma-in_e Tmsf



Commercial Bascline Study Final Report

Q' Utilizing billing data, assign an Energy Use Intensity (EUI) to each building.
O Analyze the data for the following:
» Relationship of actual building performance to code compliance in terms of the EUI
» Construction practices across building types
» Construction practices across geographic regions
>

Individual measures or groups of measures that were recorded to have high or low rates
of compliance

\4

Trends regarding standard practice from 2006-2010

» Relationship of standard practice to IECC 2009 across measure categories

4.2 Summary of Standard Practice in Relation to IECC 2009

With no mandatory state-wide building code in place during the time period that the studied
buildings were constructed, Efficiency Maine Trust is very eager to learn how actual commercial
construction practices across the state relate to the energy efficiency provisions of IECC 2009 that
were adopted as a portion of the state-wide building code that went into effect this past January.

The conclusion reached by this study is that standard construction practice is highly variable in
Maine and is, on average, considerably below current energy code levels adopted by the state. This is
not to say that the quality of construction is low. Although it was not a focus of the study, we found
construction quality to be high. However, as the following sections will detail, many measures that
the code addresses need to be substantially improved to bring Maine’s recent standard practices up
to code-compliant levels.

Of the buildings surveyed approximately 40% were constructed within 75% of the standards established
by the current code. About 20% reached 50%-75% of code level, 20% fell within the 25%-50% range,
and about 15% met less than 25% of energy code provisions. We were unable to make an accurate
determination of 5% of the buildings. See Figure 4-1 for a plot of overall compliance.
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Figure 4-1
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4.3 Building Envelope Practices

The building envelope practices covered by the energy code fall into four categories:

1. Air sealing

2. Above grade opaque assembly insulation levels and techniques
3. Below grade insulation levels and techniques
4

Fenestration performance

Maine’s climate and predominant reliance on fuel oil as a heating source make building envelope
performance a critical aspect in energy usage and operating expense. Table 4-1 shows that approximately
30% of the buildings surveyed complied with 75% or more of current envelope provisions.
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(’“ Table 4-1
. Building Envelope Compliance
Bank/ Grocery K-12 | Office |Residential Hall/ Retail Grand
Financial Institute | Store |Hotel|School{Building] Dormitory Restaurant| Store { Warehouse| Total
0 1 1 2
0-25% Most Provisions Not Met 1 1 3 7
25-50% Limited code compliance 2 2 1 S 1 5 2 18
50-75% Slgnificant code compliance 3 3 3 1 5 1 3 3 1 23
75-100% Most or all Provision Met 2 1 6 6 5 1 1 2 24
Grand Total 7 4 5 8 17 6 6 12 9 74

4.3.1 Procedure

Envelope compliance represents greater challenges than the other categories in determining installed
practice after construction has been completed. In states with mandatory building codes, the building
envelope is inspected during construction in order to observe installed materials and procedures for
compliance. This study did not allow that option, so the following procedure was applied:

O Review plans and specifications for envelope provisions, methodically following the survey forms.
Q Tour the building verifying that envelope details were in accordance with plans.
» Measure wall thicknesses and remove electrical box covers.
» Investigate attic/plenum spaces.
( \ » Check interior and exterior of foundation surfaces for insulation.
» Record model numbers and/or NFC #s of windows and doors.
» Check penetrations for sealing.
0 Interview the building owner regarding details that could not be field verified.

O Make a final judgment based on all of the above.

4.3.2 Insulation Levels

Where we were able to accurately determine insulation levels, we found that approximately 40% of
the buildings surveyed were constructed with insulation levels that do not meet current code levels.
Many insulation levels were made more stringent with the 2009 IECC so a number of those

buildings would have met the Maine voluntary code in place at the time of construction. However,
it is clear that standard practice in Maine falls below current code levels in terms of insulation levels.

Particular areas of concern include:

Q Continuous insulation not installed in addition to cavity insulation in metal-frame
construction (critical for thermal break)

O Continuous insulation not installed in addition to cavity insulation in wood-frame construction

Efficiency Maine Trust ) _ SEmaas - =



Commercial Baseline Study Final Report

0 No below-grade insulation installed
O Slab edge insulation not protected against UV and physical damage

4.3.3 Air Sealing

Although it was impossible to determine if proper air sealing procedures associated with doors and
windows were performed, it was possible to observe other penetrations such as vents, pipes, and
electrical entrances. In almost all cases, we found that envelope penetrations had been properly sealed.

4.3.4 Fenestration Performance

It was particularly difficult to ascertain whether or not the windows installed met current code levels
for both air leakage and thermal performance. It is now mandated that windows and doors have
permanent NFC codes imprinted on the product. However this was not a mandate when these
buildings were constructed, and temporary paper labels had been removed following building
completion. Where possible, we recorded window and door model numbers and consulted
manufacturer catalogue data to determine performance.

In most cases doors installed meet current code values. Approximately 50% of the windows installed
meet code thermal performance (U-factor). There is not enough data to determine either infiltration
or solar heat gain cocfficient (SHGC). It can be argued that SHGC is inconsequential in Maine’s
heating dominant climate zone.

4.3.5 Opportunities for Training

Clearly the Maine construction industry would benefit from outreach and training regarding
building envelope measures. Solid building science has formed the basis of the current code
provisions regarding envelope performance, and proper techniques not only ensure good energy
performance, but also building longevity. Opportunities include:

QO Building science training on how air, moisture, and heat travel through buildings, materials,
and assemblies. As codes mandate higher levels of insulation and air sealing, it is critical that
designers and builders have a background in basic building science.

U Informational outreach and training on the NFC rating system. It is equally important that
this training be delivered to distributors of windows and doors as well as to design
professionals and contractors.

U Training on the use of current insulating materials, especially as they are utilized for below-
grade insulation and for continuous insulation to provide thermal breaks.
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4.4 Building Mechanical System Practices

Building mechanical systems covered by the energy code include heating, ventilation, and air
conditioning systems (HVAC). Other mechanical systems such as commercial refrigeration or
motor-driven process systems are not covered by the energy code, but in some cases are included in
federal standards. Table 4-2 shows the breakdown of code compliance by building type. Key
elements covered by the code include:

Q Sizing of HVAC systems

QO Equipment efficiency levels
O Controls for simple and complex systems
U Demand and variable control of ventilation
QO Heat/energy recovery
QO Insulation and sealing of distribution systems
Table 4-2
HVAC Compliance
Bank/ Grocery K-12 | Office |Residential Hali/ Retall Grand
Financial Institute | Store |Hotel|School|Building| Dormitory Restaurant| Store | Warehouse| Total
0 1 1 1 3
0-25% Most Provisions Not Met 1 2 1 4
25-50% Limited code compliance 3 2 1 2 5 2 15
50-75% Significant code compliance 2 1 3 1 2 2 3 14
75-100% Most or all Provision Met S 3 1 8 9 4 2 4 2 38
Grand Tota! 7 4 5 8 17 6 6 12 9 74

4.4.1 Procedure

Because much of mechanical systems remain visible following the completion of construction, it is
much easier to gauge efficiency levels and the state of standard practice in relation to current code
levels. As with envelope measures we started with a review of the plans and specifications in order to
record equipment model numbers and efficiency levels, identify controls, and look for
specifications/documentation for ventilations rates, system sizing, distribution insulation, etc. This
was followed by a physical inspection of the systems, verifying that they were installed according to
plan and noting any discrepancies. An interview with the owner and/or design team provided any
discrepancies or items that could not be otherwise determined.

The results of the site visit were uploaded to the database, and all measures were evaluated in
comparison with current code provisions.

4.4.2 HVAC System Sizing

The code stipulates that HVAC systems must be sized according to ASHRAE accepted practice and
cannot be oversized. Because most system sizing is done with the assistance of computer software, it
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was beyond the scope of this study to review sizing procedures. However, given the range of system
sizes in comparison to building types/sizes it is fair to say that a fair percentage of systems are sized
by “rules of thumb” and are then somewhat oversized to compensate for any unforeseen
circumstances and to avoid callbacks due to inadequate heating or cooling. This is also common
outside of Maine, especially with smaller commercial buildings that are rarely modeled.

4.4.3 System Efficiency Levels

Model numbers and efficiency levels were recorded for all relevant mechanical systems. Efficiency
levels were at or above current code levels for most mechanical equipment. In fact, nearly all boilers
and furnaces met the current efficiency levels. Approximately 80% of air conditioning and heat pump
units met current code levels, and 93% of service water heaters met the current efficiency levels.

The high levels of compliance with current code efficiency levels can be attributed to several factors:

O The Efficiency Maine Business Program successfully promotes high efficiency equipment.
O Manufacturers supply equipment nationwide and are compelled to meet national model codes.

O Distributors that stock equipment for the region and New York, Massachusetts, and
Connecticut have enforced energy codes for over a decade.

O Mechanical system designers and market actors promote efficient equipment especially for
space heating.

O Mechanical system manufactures have lobbied hard to keep ASHRAE standard-based codes at
efficiency levels that all manufacturers are able to meet with standard equipment lines. In
many equipment categories, equipment significantly more efficient than code levels dictate 1s
readily available.

4.4.4 HVAC Controls and Heat/Energy Recovery

HVAC controls installed do not meet the same high levels of compliance as equipment efficiency
levels and range from 18% to 80% depending on the control type (see Table 4-3).
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Table 4-3
HVAC Compliance Rates
Control Compliance Rate*
Programmable electronic thermostats 80%
Heat pump electric heat lockout 60%
Air side economizing 57%
Simultaneous heating and cooling lockout 76%
Balancing valves/terminals 75%
VFD fan motor control 38%
Pumping system temperature reset 50%
VFD control of heat rejection fans 38%
Heat/energy recovery for outside air supply 73%
Condenser heat recovery for service DHW 18%

* Note that the requirements listed vary based on building/system size and
usage. The compliance percentage applics only to those applications.

4.4.5 Duct and Delivery Piping Insulation and Sealing

Our surveyors found that there was a high degree of compliance with the current requirements of
delivery system insulation. Proper duct sealing was performed in over 90% of the buildings. Likewise,
88% of ducts, 79% of circulation piping, and 72% of service hot water piping was insulated.

4.4.6 Opportunities for Training Regarding Mechanical System Performance

A clear opportunity for training exists in two areas related to mechanical systems:

1. System Sizing/Design - It is understandable that oversized HVAC systems are selected when
there is any doubt as to what size system is needed to handle a particular building. Learning
the tools, techniques, and resources involved in properly sizing systems would reap significant
benefits.

2. System Controls ~ There is a stark contrast between the practice of selecting high efficiency
equipment and installing proper controls to make the most of that equipment. Controls training
and outreach would result in large savings through improved control systems.

4.5 Lighting Systems

For the analysis and reporting of our findings, we have decided to divide lighting and lighting
controls into two distinct categories. This section will cover lighting systems only, and the next
section will cover controls. We have done this because there is a large difference between compliance
rates and because the code takes two different approaches to these provisions.

Lighting system provisions are not technology based. For the most part, one can comply with the
code by incorporating any lighting technology available in today’s marketplace. Instead, lighting
provisions are performance based. Lighting power density (LPD) is the predominant factor in
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determining lighting system compliance. LPD is simply the amount of power, in watts, dedicated to
space lighting, per square feet of building area. The maximum LPD allowed by code is termed the
lighting power allowance (LPA). In most cases, the code is blind to lamp and ballast technologies.

In general we found lighting power density levels to be at or better than code levels in more than
half of the buildings, or 66% (see Table 4-4).

Table 4-4
Lighting Compliance

Bank/ Grocery K-12 | Office |Residential Hall/ Retail Grand

Finandial Institute | Store |Hotel|School|Building]| Dormitory  |Restaurant| Store | Wan h Totai
0 1 1
0-25% Most Provisions Not Met 2 1 5 2 3 16
25-50% Limited code compliance 1 1 2 2 1 7
50-75% Significant code compliance 2 1 2 1 4 1 11
75-100% Most or all Provision Met 2 3 2 7 8 6 6 5 39
Grand Total 7 4 5 8 17 6 6 12 9 74

4.5.1 Procedure

LPD s often calculated incorrectly. This is the result of a misunderstanding regarding the difference
between nominal wattage and rated wattage, as light fixtures typically consume less or more than
the nominal wattage of their lamps indicates. In addition, lamp and ballast wattage are often
mistakenly added together, when the true wattage is the rated wattage of the ballast with the
installed lamp configuration.

For this reason, we did not base our LPD calculations on the fixture wattages listed on the project

plans. Instead we adhered to the following procedure:

O Identify at least two areas - or include the entire building - for LPD calculations.
Record the space types.
Identify the rated wattage of the fixtures based on installed lamps/ballasts.

Record the square footage of the spaces and the installed wartage.

OO0 0O

Upload to a database.

O Calculate LPD and compare with code LPA for the appropriate space type.

4.5.2 Lighting System Performance

With no mandatory code in place, 66% of the buildings surveyed had LPDs at or lower than those
allowed by the current code. This can be seen as a fairly positive result and is associated with two
intersecting factors: energy code LPAs and lighting technologies.
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O Energy Code LPAs - The LPAs allow lighting designers to meet recommended lighting
levels by utilizing modern efficient lighting technologies in standard practice layouts for the
space type. Therefore, in most commercial spaces, if efficient fixtures with T8 lamps and
clectronic ballasts are installed in standard spacing patterns, code LPDs are met. If those
fixtures are less efficient, thereby requiring more lamps (four-lamp fixtures instead of three-
lamp fixtures for example), code level LPDs would not be met.

O Lighting Technologies - The lighting programs of the Efficiency Maine Business Programs have
been aggressive over the past several years. Efficiency Maine was the first program in the
Northeast to eliminate incentives for standard T8 systems, promoting only the higher efficiency
(HPT8) lamp and ballast systems. This helped to transform stocking practices amongst the
lighting distributors in the state, providing a significant spillover (free ridership) effect.

4.5.3 Lighting Opportunities

Lighting technology is advancing faster than any other area that is touched by energy codes. Fluorescent
systems keep advancing with high efficacy (lumens per watt) T8 and T5 systems being introduced nearly
every year. In addition, solid state lighting such as LED lighting is advancing at an alarming rate, prices
are coming down, quality is improving, and the variety of fixture styles and applications is growing. For
the foreseeable future there are opportunities to encourage market actors, designers, and building owners
to adopt advancing strategies to lower LPDs in commercial buildings.

4.6 Lighting Controls

Unfortunately, there is no free ridership to be had with lighting controls, as there is no functional
need to have any more lighting control than the ability to turn the lights on and off. The code
handles lighting controls in the following ways:

O Individual enclosed areas must have at least a manual on/off switch.

U Any areas that are required to have a manual on/off switch must also have bi-level switching,
occupancy sensing, daylight dimming, or timer control of the lighting.

U Most outdoor lighting must be controlled by either a timer system or photo-sensing daylight
dusk/dawn control.

Q' Buildings over 5,000 ft? in area must have an automatic control to turn off all non-emergency
lighting after normal business hours.

Q' A new provision of the code calls for separate control of day lit zones.

Table 4-5 shows the levels of lighting controls compliance by building type.
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Table 4-5
Lighting Controls Compliance
Bank/ Grocery K-12 | Office |Residential Hall/ Retail Grand
Financial Institute | Store |Hotel|School|Building Dormitory Restaurant| Store | Warehouse| Total
0 1 1
0-25% Most Provisions Not Met 1 1 1 1 1 1 1 2 3 12
25-50% Limited code compliance 4 1 1 5 3 6 2 24
50-75% Significant code compliance 1 2 2 4 1 1 1 12
75-100% Most or all Provision Met 2 2 1 4 7 3 1 3 2 25
|Grand Total 7 4 5 8 17 6 6 12 9 74

4.6.1 Procedure

From the lighting schedule, or electrical control schedule, we recorded the controls that were
intended for installation. During the tour of the building, we noted the controls that were actually
installed. If discrepancies were found, we interviewed the owner to determine if changes had been
made after construction was completed.

4.6.2 Lighting Controls Performance

Ninety-six percent of the buildings surveyed met the basic requirement that a manual switch be
installed in each enclosed area, and 93% had controls on the exterior lighting. Outside of those two
measures, lighting control provisions were met in less than half of the buildings:

O Thirty-seven percent of buildings over 5,000 ft* had automatic control of lighting systems.
Twenty-two percent had bi-level switching in enclosed offices.

No buildings had separated control of day-lit zones.

Nine percent of the buildings incorporated daylight dimming in some areas.

Forty-one percent of the buildings had occupancy sensing controls in some areas.

0O 0000

Thirty-four percent of the buildings had timers installed in some areas (this provision was found
in many of the same buildings as occupancy sensing, but incorporated in different areas).

4.6.3 Lighting Controls Opportunities

It is clear that there is a major opportunity for lighting control upgrades in new construction.
Unfortunately lighting controls are often the first item eliminated when trimming the budget for
new construction. With less than half the newly constructed buildings incorporating automatic
lighting controls, the new-construction community would benefit from training and technical

assistance in this area.

With the IECC 2009 code, individual control of day-lit areas is included for the first time. This
coincides with improved window performance and a desire to bring more natural light into
workspaces. Daylighting is a major training opportunity.






