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EXECUTIVE SUMMARY

This report presents results from a study conducted by GDS Associates, Inc. and Entech
Enginering (the "GDS Team") to as=ss the levd of energy efficdency in current commerciad
new congruction practices in New Hampshire ("NH"). Primary and secondary research activities
were peformed, consstent with the scope of work developed and commissioned by a "Study
Group' made up of two New Hampshire utilities (Granite State Electric Company and Public
Service Cltompany of New Hampshire) and the NH Governor's Office of Energy and Community
Services.

Research activities included plan and print reviews, field ingpections, basdine study reviews, and
interviews with a number of NH building code officids, architects, equipment suppliers and
desgn engineers. Throughout these activities the GDS Team was focused on determining
energy efficiency levels for each mgor equipment and congruction practice area addressed
within the current NH Commercial and Industrial Energy Code (structures greater than or equal
to 4,000 square feet in floor area) - revised 7/93, 4™ Editior?, induding;

Building Envelope (i.e, roofs, wadls, ceilings, windows, and foundations);
Electric Power (i.e., motors);

Heeting, Ventilation and Air Conditioning (HVAC);

Service (or domestic) Water Hesting;

Lighting and Lighting Contrals; and

Totd Energy Management Systems (EMS).

Where posshble, efforts were made to identify variations in current practice based on bulding
type and geographic location within the Sate.

Reaults were andlyzed to develop a st of tentative findings, conclusons and recommendations
that were tested and confirmed in a roundtable discusson group mesting held in Concord, New
Hampshire on March 22, 2000. Earlier, on October 14, 1999, the Study Group sponsored a focus
group with the New Hampshire chapter of the American Ingtitute of Architects for the purpose of
discussing current practices relating to the NH Commercid and Industrid Energy Code® The

L ECS share of funding for this study was provided through agrant from the U.S. Department of Energy.

2 The current New Hampshire Commercial and Industrial Energy Code, 4™ Edition - July, 1993 isbased on a
"National" code ASHRAE/IESNA Standard 90.1, published by the American Society of Heating, Refrigeration and
Air-Conditioning Engineers, Inc. (ASHRAE) and the Illuminating Engineering Society of North America (IESNA)

in 1989.

3 Although this focus group was conducted prior to implementation of the GDS Team's activities, results from the
October 14" meeti ng were carefully reviewed and have been incorporated into the findings presented in this report.
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findings from these surveys, Ste ingpections and roundtables reved important themes that are
highlighted in this report* In addition, they offer vauable indght into why certain building
practices may or may not be occurring. Examples of such themes are illustrated by responses
such as, but not limited to, the following:

Four out of the nine recorded responses from the GDS Team's building code officids
interviews indicated that they do not check for compliance with the energy code - and
none of the nine indicated that they have ever rgected a building for faling to meet
current energy code requirements.

Only one of the respondents from GDSs building code officids interviews described
their knowledge of NH's commercid energy code as "very good'. In addition, most
described their training on the code as being little to none.

Architects, desgn engineers, and equipment suppliers generaly indicated that NH's
exiging commercid energy code is had to follow, that the cdculaions are
complicated, time consuming and costly, and that it's difficult to assess compliance.

A cear desire was identified by focus group participants and interview respondents
for: 1) a methodology/computer program that would integrate the code from the start
of the desgn process, incorporate smple checks earlier in the designs, provide
flexibility, and smplify the process, and 2) not letting the code lag behind technology
quite so much.

NOTE: these findings relae only to New Hampshires Commercial Energy Code - not
Residential which, based on generd unsolicited feedback, seems to be better understood and
utilized. In addition, these findings relate only to newly condructed fecilities that are a lesst
4,000 square feet and maor remodeling projects that are at least 50% of the vaue of the origind
dructure - they do not generdly relae to the renovation market. Findly, these findings have
been verified and confirmed by the surveys and roundtables conducted as part of this study.

Following isamore detalled summary of key findings.
Code Utilization and Compliance- General Findings:

Discusson with design professonds reveded that they do not spare time to integrate
sysgems (as envisoned in New Hampshires commercid energy code) or to test for
compliance when developing plans and specifications for new buildings in the dae.
This is due in part to a lack of carity within the code that such integration and testing
IS required, excessve costs and associated time burden. In addition, athough the tools

* Intotal, the plans and prints of thirty buildings were reviewed, site inspections were conducted at twelve of them,
two focus groups were held, and interviews were conducted with five regional equipment suppliers, two design
engineering firms, and nine building code officials. Refer to Sections 1 and 2 for further discussion of objectives

and methodologies.
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that facilitate such tests are avalable, it appears that few design professonas have
these tools or know how to utilize them.

Building Code Officids sad they rdy dmost soledy on architect/desgn engineer
certifications to determine compliance with the Commercia Energy Code.

Man and print reviews and Ste vists showed that technological advances have
resulted in the specification and inddlation of equipment and practices that easly
meet and often exceed current code requirements for certan measures (i.e, lighting,
motors, HVAC heating unit efficiency).

Pan and print reviews and dte vigts dso showed that nearly hdf of the facilities
reviewed met or exceeded the code in al seventeen of the mgor categories for which
this sudy quantified compliance. Of the remaning fadlities, roughly hdf faled to
meet the code in only one mgor code category and the other half falled to meet the
code in just two maor code caegories. None of the facilities reviewed falled more
than two of the seventeen mgor categories. Failure to meet the code is occurring
most frequently in the heating sysem didribution insulation and service water pipe
insulation aress.

Assembly practices were identified by focus group participants as not being well
accommodated or taken into account under the current energy code.

Systems usng low cost fuels were found during Ste ingpections to be less likely to
meet code than those dependent on higher cost fuds (i.e, fossl fud/theemd systems
appear to be in compliance less often than dectricity consuming systems).

Architects complained that consumers do not recognize the long term benefits of
meseting or exceeding the energy code, and equipment suppliers surveyed sad that if
consumers do not ask for energy efficiency, the building community won't provide it.

Respondents indicated that additional traning on the energy code targeted at
achitects, desgn engineers, condruction contractors, and building code officids is
needed. They indicated if these entities were amed with a few key items (energy
code "rules of thumb") to address within each mgor building category, they would be
more likely to increase the use of more energy efficient practices when designing and
congructing new commercid buildingsin the state.

Code Utilization and Compliance-M easur e-Specific Findings:
A summay of measure-specific findings is presented in the table bdow. More deals are

presented in Sections 3 and 4 of this report dong with other generd observations and
suggestions for potentia code modifications.

® There remain other measures where thisis not true (e.g., piping insulation).
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Equipment or Building Practice Addressed Summary of Findingsfrom Plansand Prints
in NH Commercial Energy Code Reviewed and Sites | nspected

Building Envelope Most measures and practices were in
compliance

HVAC - Heating All unit efficiencies exceeded code

HVAC - Cooling Only 27% met code and 20% were below code

Electric Power/Motors All exceeded code

Lighting Fixtures Generally exceeded code

Lighting Controls Specified very infrequently

Energy Management Systems Found in mogt fadlities sampled, dthough
sophidication  vaied by dze  (modly
overridden to  solve immedige  comfort
problems)

Service Water Systems 24% did not meet code insulation requirements

Energy Recovery Practices/Energy Storage Not seen in fadilities reviewed

Definitions of Premium, Standard, and Code Efficiency Practices in NH Commercial
Congtruction:

The findings above should be interpreted within the context of working definitions for premium,
dandard, and code efficiency practices in NH's commercid new condruction.  Appendix A
presents a teble identifying efficiency practices for key types of commercid and industrid
building congruction measures (i.e, building enveope, €dectric power, HVAC equipment,
sarvice/domestic water heating, lighting fixtures and controls, and energy management systems).
Premium, standard and NH commercia energy code-required efficiency levels are presented for
esch specific condruction measure.  An initid verson of this table (presented in Appendices E1
and E-2) was developed based on an extensve review of secondary data sources and through
discusson with Study Group members, and was then tested and refined during interviews with
building code officas and equipment suppliers. Its purpose in this report is to provide key
definitions, based on a compilation of the above sources, so that comparisons and discussons
can take place gtarting from common ground.

Recommendationsfor Next Stepsand Further Actions.
The following recommendations have been grouped into three aress:.

1) Near-Term Actions:

Communicate findings (i.e, PUC filing, public release of report, presentations per
request at various trade group meetings, conferences, etc.).
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Pursue opportunities for training (identify rules of thumb & develop monthly sessions
around the date to increase code compliance and improve the awareness and energy
efficency practices of target audiences including architects design engineers and
building code officias).

Integrate the code with currently avalable software tools that dlow for design
professonasto more quickly and effectively meet or exceed code compliance.

2) Mid-Term Actions:

3)

Use findings to help utilities and private and public entities prioritize potentia follow-
up initigtives and to ad in the desgn of energy efficiency programs that will target
gpecific barriers to usng higher efficiency measures and practices in the congruction
of new commercid buildings. For example, this sudy found various bariers to the
use in new condruction of premium effidency building enveope messures, high
efidency HVAC cooling units more dficent lighting fixtures and control
technologies, and efficient EMS messures.

Longer-Term Actions:

Modify the energy code language to render it easer to understand and improve the
compliance process to a less cumbersome format. Congder, a a minimum, utilizing
the Internationa Energy Conservation Codes (IECC) verson of ASHRAE 90.1-
1989, which was written in a more understandable "code'-type format (the ASHRAE
90.1-1989 verson was not written in understandable code language), and consder
updating the code to ASHRAE/IESNA 90.1-1999, tha recognizes many of the
technological advances discussed throughout this report and is written in a more user-
friendly "code’ manner.? For other potentid measure-specific code modifications, see
section 4.3.

Report Overview:

Section 1 of this report provides some background information about this research project. A
discusson of the GDS Team's methodology is presented in Section 2, followed by a detaled
presentation of research results in Section 3. An overview of key findings, conclusons and
recommendations are discussed in Section 4 of the report.

® The U.S. Department of Energy (DOE) isin the process of reviewing ASHRAE/IESNA Standard 90.1-1999 and
the International Energy Conservation Code (IECC) and will likely be making a determination this summer that they
are more stringent than Standard 90.1-1989. States will then have two years to update their commercial standardsto
meet or exceed the new Standard 90.1.
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1.0 BACKGROUND and INTRODUCTION

The reationship between current practice and efficiency levels st through building energy codes
has been recognized in New Hampshire by the Public Utilittes Commisson in Order number
23,172 (DR 98-174), dated March 25, 1999, stating:

".... we agree with ECSs witness that a basdline study of current practices could asss in
determining whether the current commerciad building codes are ripe for upgrading to
promote more up-to-date efficiency practices.”

In response to this Order, a Study Group, made up of Granite State Electric Company (GSECo),
Public Service Company of New Hampshire (PSNH), and the Governor's Office of Energy and
Community Services (ECS) issued an RFP (dated September 28, 1999) for a basdline study on
commercial condruction practices to asSst in determining the level of adherence to New
Hampshires current commercial energy code and whether the code is ripe for upgrading to
promote more up-to-date practices. GDS Associates, Inc. and Entech Engineering (the "GDS
Team") were chosen through a competitive bidding process to perform al requested work.
Appendix B provides a copy of the GDS Team's scope of work for this project.

Although it was recognized from the dart that the time and resources avalable for this study
were not adequate to do a datidicdly sgnificant andyss of commercid buildings, the Study
Group agreed that vauable insghts could gill be gained by assessng building characteristics to
identify the reationship between current code requirements and current energy  efficient
commercial new congtruction practice.

Research, andysds, and reporting activities performed by the GDS Team included:

developing a profile of the concentrations of commercid and industrid construction
activity in the state by location and building type;

desgning a sample sdection methodology for plan and print reviews and physcd ste
ingpections,

reviewing plans and prints from a sdected sample of building types to determine
basdine sandards for specification of commercia energy code-related equipment,
materids, and congtruction practices,

ingoecting a subset of the sample to determine what is actudly being condructed and
what equipment is actualy being inddled;

interviewing equipment suppliers and design enginesring firms to assess dandard
efficiencies of measures being purchased for ingalation;
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interviewing building code officids in jurisdictions where new condruction is most
active,

reviewing exigting studies, specific or gpplicable to New Hampshire;

gynthesizing results into a series of bulleted tentative findings about standard
commercial desgn and new construction practices in New Hampshire;

testing these finding in a roundtable discussion group setting; ” and
producing afina report.

The Study Group monitored the activities of the GDS Team, received periodic status reports, and
provided guidance to the Team, as necessary. Throughout these activities, the GDS Team was
focused on determining energy efficiency basdines for each mgor equipment and congruction
practice area addressed within the current NH Commercial and Industrial Energy Code
(structures greater than or equal to 4,000 square feet in floor area) - revised 7/93, 4" Edition.
This code is based on a "National" code ASHRAE/IESNA Standard 90.1, published by the
American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc. (ASHRAE)
and the llluminaing Enginering Society of North America (IESNA) in 1989
(“ASHRAE/IESNA Standard 90.1-1989”). Maor aress addressed within the current code
include:

Building Envelope (i.e, roofs, wals, ceilings, windows, and foundations);
Electric Power (i.e., motors);

Heseting, Ventilation and Air Conditioning (HVAC);

Service (or domestic) Water Hesting;;

Lighting and Lighting Controls, and

Totd Energy Management Systems (EMS).

Where possble, efforts were made to identify variaions in current practice based on building
type and geographic location within the Sate.

As a reault of these efforts, key energy efficient building congruction characteristics have been
identified dong with ther rdationship to New Hampshires current commercid energy code, and
the digribution of these characterigics throughout smdl and large buildings in the date. This
report presents results from the research and andysis activities performed by the GDS Team.

" Thiswas in addition to the Study Group's AlA focus group conducted on October 14, 1999.
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2.0 METHODOLOGY

This Section of the report describes the methodologies used by the GDS Team when performing
each of the research and analysis tasks identified in Section 1.

2.1 Profile of the Concentrations of Commercial and Industrial New
Construction Activities in New Hampshire (1997, 1998, and 1999)

The objective for this research activity was to develop a profile of the concentrations of
commercid and indudrid condruction activity in the date by location and building type. By
working off of locd services that track condruction activities in New Hampshire, and through
utilization of broad based services, an extensve lising of activities for 1999 was developed
aong with amilar listings for 1997 and 1998.

The mgor sources for information to compile these listls came from FW. Dodges Market
Andyss Group and commercid/indugtriad condruction activity records from the Study Group's
member utilities themselves. Additiond New Hampshire commercid and indudtrid  congtruction
project information was collected through review of other data sources where available
induding:

Construction Summary of NH and ME, Inc.;
Worksin Progress; ad
New England Construction News

Projects were sorted aphabeticdly, firs by County, then by Town. Information regarding
contract sSze, building type (§ze and usage) and type of condruction (new congruction,
dterations'renovations, addition, etc.) were dso provided where available. In addition, important
information regarding project owners, achitects, mechanicd and eectricdl engineers was
collected to hep identify potentid buildings for plan and print reviews and physcd dte
ingoections. Appendix C presents a summary of the Profile of Commercid and Indudtrid
Congruction Activities in the State of New Hampshire.

2.2 Sample Selection Methodology for Plan and Print Reviews

As specified in the GDS Teams Scope of Work, a sample of 30 buildings was proposed to be
sdected for plan and print review. The sample origindly included: 16 smal commercid, 8 large
commercid, 3 smdl indudrid, and 3 large indudtrid condruction projects. Adjustments to this
proposed sample were made during meetings and discussions with the Study Group as follows:

Totd sample sze for plan and print review remained 30



New Hampshire Commercial New Construction Study
GDS Associates, Inc. May, 2000

16 Smdl Commercid, incdluding:
- 1"chan"-typebuilding

9 Large Commercid, including:
2 large office buldings (1 owner occupied)
- 2schools
- 2hotels
- 1hospitd
- 1lagereal building, and
- 1large gpartment building

3 Smdl Indudtrid Buildings

2 Large Indudrid Buildings

The purpose of plan and print reviews was to asess the extent to which energy efficiency hes
been incorporated into each building's congruction and equipment specifications. Following is a
summary of the GDS Team's gpproach used to ultimately select the actud projects making up the
plan and print review sample. Appendix D presents a copy of the sample form used to collect
data when conducting plan and print reviews.

It is important to note that because of time and resource condraints, there was no intention on the
pat of the Study Group to sdlect a population that contained sufficient observations to draw
datigticadly vadid conclusons concerning adherence to the code or exceeding the code. As
envisoned in the origina scope of work for this project, the GDS Team's research is intended to
provide a sense of energy efficiency avareness as reflected in the practice of design based upon:
1) information collected from the plan and print reviews on a smdl sample of buildings 2)
findings from follow~up fied vidts from a subset of this sample and 3) interviews with various
members of the congruction community.

I nformation Resour ces and Salection Criteria

Based on results from the GDS Team's data collection and profile development activities, and
input from the Study Group, a sample of 30 buildings was ultimately sdected for plan and print
review. At find count, the NH Commercia Congruction Profile database contained over 2,900
individual projects (approximatdy 1,360 in 1997/1998 and over 1550 in 1999) that have
recently been, or are currently being, condructed or renovated here in New Hampshire. This data
was sorted by geographic location, size, building type, and use. Where available, the database
included information on the owner, lead architect, and mechanicadl and dectricd engineering
firms involved in the buildings design and construction. For the 1997/1998 data, over 500
records included data on the owner, architect, etc. As agreed to with the Study Group, the
1997/1998 population was used for a sample sdection base to maximize the likelihood of
congtruction completion (a prerequisite to physica Site ingpections).

10
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Three key categories were consdered by the GDS Team when developing a project sample for
plan and print review: geography, building type, and avalability. Following is a summary of
these selection criteria (filters) that were used to develop the sample:

1. Geography - To account for potentia regiona variations in standard practice, care was taken
to draw samples geographicdly. To the greastest extent possible, the sample was chosen to
indude buildings (with smilar uses) in multiple regions across the sate and within urban,
suburban, and rurd settings. The four distinct geographic areas chosen were southern,
Seacoast, western, and northern.

2. Buildng Type - It is reasondble to assume that the energy efficency infrasructure
soecifications will be largely a function of the intere and knowledge of the architects and
engineers.  However, building economics, which is largely a function of building use, will
play a mgor role in determining what actudly gets built. The following criteria were used to
filter the sample based on building type:

Small Commercial (retail, office, institutional - including municipal):

16 Proposed Plan and Print Reviews - Based on a detaled review of the NH
commercia congtruction profile database, it appeared that the most frequent type of
condruction is samdl commercid retall. Therefore, this type of congruction received
the most plan and print reviews and follow-up dte vidts. Through these reviews, the
GDS Team was looking to ascertain the architecturd specification of building shell,
and dectricd and mechanica devices, and to assess the level of energy efficiency
gpecified in the plans, compared with current NH energy code requirements. This
sanple sze may be lage enough to conduct some further segmentation. Where
possble, recently congructed smdl commercid facilities with amilar end uses were
sdected from different geographic regions. It was believed that schools offered the
greatest chance for evauating geographic ssgmentation. Specificdly excluded from
this selection was more than one building of any retall chain.

Large Commercial (retail, office, ingtitutional - including hospitals):

9 Proposed Plan and Print Reviews- The NH commercia construction profile
database identified a significant number of large commercid facilities. Given the
andler sze of this sample, it was difficult to dlow for regiond segmentation.
Nonetheless, identification of the architectura specification of the building shell and
eectrica and mechanical devices was ascertained by the GDS Team to assess levels
of energy efficiency specified in the plans.

Small Industrial (manufacturing/assembly):

3 Proposed Plan and Print Reviews - Based on this sample size, the @S Team's
ability to assess any geographic variations was not possble.  However, plan and print

11
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reviews and limited follown-up did dlow for an assessment of efficency leves
included in architecturd Specifications for building shdl, and dectricd and
mechanica devices. Implicit in the random sdection of the desgn and engineering
firms was the assumption that it is possble to examine trends from the sample and
condder their extrgpolation to the population of dl buildings condructed in this

category.

Largelndustrial (Includes manufacturing/assembly):

2 Proposed Plan and Print Reviews - As with the Smal Industrid section discussed
above, due to the small sample sze it was not possble to assess any geographic
variaions across this sector. Random sdection of the desgn and engineering firms
was based on the assumption that the GDS Team could consder conclusions across a
wider population regarding gpecification practices for comparison against code
requirements.

Operating under the assumptions that design and specification practices are largdy reflective of
the individua or the firm, it was agreed that the GDS Team would review no more than three
buildings from any one design firm.

3. Avaladlity - Ready access to criticd data was aso key when making sample sdections.
During review of the condruction profile data, careful attention was devoted to identifying
projects that met the following criteria:

Architectura/engineering conceptud plans are available;
Access to the site can be gained and the owner iswilling to cooperate; and

"As-built” plans are available.

Determination of whether or not afacility met this"availability” criteria was done through
direct phone cdlsto the architects, engineers, owners, or facility managers.

During our work, the GDS Team found it necessary to adjust dSrategies in order to ensure
access to the proper number of plans. Many phone cadls to design firms were not returned.

We beieve that these firms assumed our work was compliance based, and not merely
rescarch oriented. The team attempted to overcome this concern by passng dong the names
of Tom Coughlin (GSECo0) and Brad Parkhurst (PSNH) as reference checks. However only
one individual chose to contact these people to inquire as to the legitimecy of our work. If a
design professiond did not answer our letters, phone cals or faxes, the GDS Team decided it
was most expedient to get the necessary information on facilities identified by going to the
Building Depatments within the towns and cities where the buildings were beng
congtructed. This alowed usto obtain the information needed to complete our tasks.

12
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Application of these three "filters' to the NH Commercid Congruction Profile detabase yielded
a sample that met dl of the criteria specified by the Study Group. Table 1 provides a ligting of

the building types ultimately sdlected and utilized for plan and print reviews.

Confidentiality

Based on discussons with the architectura and engineering community, confidentidity was
identified as being of utmost importance. As is common practice in research activities of this
type, the identity of specific buildings or desgn/enginesring firms is not included or published in
this report. Assurances of this confidentiaity have been communicated to al parties participating
in this effort and a coding mechanism was used to ensure anonymity while gathering and
disseminating data and results. Any compromise of this sandard would have endangered the

GDS Team's ahility to complete thiswork.

-TABLE 1-

BUILDING-TYPE LIST FOR PLAN AND PRINT REVIEWS

Commercial/Industrial Building Type

Number of Building
Plansfor Review

Counties Covered

Small Commercial (<2000 square feet) 16°

- Schools 4’ Rockingham, Hillsborough,
Hillsborough/Cheshire,

Merrimack

- Reall 6 (3 different chains) Hillsborough (6)

- Office 1 Grafton

- Municipd 5 Merrimack, Hillsborough (2),

Stratford, Coos

- Other 1 Hillsborough

L arge Commer cial (>2000 square feet) 9

- Apartment complexes 1 Hillsborough

- Hospitds 1 Rockingham

- Hotds 1 Hillsborough

- Large Offices (Owner Occupied) 1 Grafton

- Large Offices (Non-Owner Occupied) 1 Grafton

- Other 1 Grafton

- Retall Egablishments 1 Grafton

- Schools 2 Cheshire, Hillsborough

Small Industrial 3 Hillsborough (2), Grafton

Large Indudtrial 2 Rockingham, Grafton

8 Although 16 were specified, 17 actual reviews were conducted.
° No plan/print reviews were conducted on schools in Coos county. However, northern climate was important and
attempts were made to review the same building type in regions representative of northern climates.
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2.3  Sample Selection Methodology for Physical Site Inspections
As specified in the GDS Team's Scope of Work, based on results from the plan and print review
activities, a subsst of 12 buildings was proposed to be sdlected for on-sSte ingpection/review.
This subset origindly included: 6 smdl commercid, 3 large commercid, and 3 indudrid dtes
Adjustments to this proposed sample were made during meetings and discussons with the Study
Group asfollows

Totd sample size for on-site ingpections remained 12

6 Smdl Commerad Buildings

4 Large Commercid Buildings

2 Indugtrid Facilities

Table 2 presents aligt of the building types and locations for actua physicd ste ingpections.

-TABLE 2-

BUILDING-TYPE & LOCATION LIST FOR PHYSICAL SITE INSPECTIONS

Small Commercial Large Commercial Indugtrial
Education -- Rockingham Education -- Hillsborough Hillsborough
Retail/Chain -- Hillsorough Hotel -- Hillsborough Hillsborough
Retail/Chain -- Hillshorough Non Owner Occupied -- Grafton
Municipd -- Merrimack Retal -- Grafton
Municipd -- Hillsborough
Municipa -- Rockingham

The purpose of the Ste ingpections was to determine what was actudly constructed and ingtaled
in contragt (if any) to wha was origindly specified in the plangprints. In addition, physica dte
ingoections dlowed for identification and verification of ingdlation practices that exceed current
energy code requirements. The GDS Team worked with companes and ther
architecturd/engineering firms who have kept ther proposed drawings and as-builts
Discrepancies in the actual vs proposed materids and equipment were noted, where identified,
induding: building shel, lighting, heeting, ventilaion, refrigeration and process operations (if
goplicable). Aspects of condruction that were not in compliance with or which exceeded the
energy code, and which varied from the origind plans on file, were dso noted dong with the
reasons behind such variances.
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2.4  Equipment Supplier, Design Engineer, and Building Official
Interviews

In pardld with the plan and print reviews and physcd dte ingpection activities, five regiond
equipment suppliers and two desgn enginesring firms were  successfully  recruited  and
interviewed to assess the standard efficiencies of messures that these experts identified as being
goecified and purchased for inddlaion in New Hampshire commercid/indugtriad new
congruction and renovation projects. Smilar efforts were undertaken to ultimatey interview
nine building code officids in jurisdictions within New Hampshire where new condruction has
been most active,

Two separate interview guides/questionnaires were developed for use in peforming these
goproximately one hour telephone interviews (one for the Equipment SuppliersDesign
Engineers, and a different guide for the Building Code Officids). Materids, equipment and
building practices assessad through these interviews include:

Building Envelope;

Electric Power;

HVAC;

Service Water Hesting;

Lighting and Lighting Controls, and

Energy Management Systems.

Additiona questions were asked to solicit opinions regarding each interviewees definition of
premium and Sandard efficiency leves for gpecific equipment, and to assess ther current
understanding of the New Hampshire Commercial Energy Code, compliance approaches,
traning needs and other relaed items. Appendix E includes both sets of interview guides. In
certain cases, and to dlow for the most complete and time efficient responses, copies of the
actua quedtionnaires were faxed to potentiad interviewees and follow-up time dots were
scheduled for reviewing responses and probing more deeply into areas of specid interest or
expertise.

Table 3 identifies the number of equipment supplier/desgn engineers who made up the GDS
Team's recruiting pool. Care was taken to recruit at least one expert from each of the mgor
categories. Regarding the Building Officid interviews, care was taken to recruit interviewees
from a town, within each county, that had been identified through the Commercid and Indudtrid
Congruction Profile research as having one of the highest levels of congdruction activity. Table 4
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presents a list of towns, within each county, identified by the GDS Team's research as having
high levels of condruction activity in 1999. This lig formed the recruiting pool for dl Building

Officid interviews.

- TABLE 3-

EQUIPMENT SUPPLIER/DESIGN ENGINEER INTERVIEWEE RECRUITING POOL

Equipment/Supplies Category
1 - Building Envelope

2 - Electric Power (Didribution Systems, Transformers, and Motors)
3 - Systems and Equipment for Auxiliaries (Transportation Systems, Freeze Protection, Retall

Food and Restaurant Refrigeration)

4 - Heating, Ventilating, and Air-Conditioning (HVAC Systems and/or Equipment)

5 - Service Water Hegting
6 - Lighting and Lighting Controls
7 - Energy Management

Equipment Supplier/Designer Number

Equipment Supply/Design Category

Building Envelope

-1 1
-2 1
-3 1
-4 1
-5 1
Electrical

-1 2,6
-2 2,6
-3 2,6
Electrical -- Lighting

-1 6
-2 6
-3 6
-4 6
-5 6
-6 2,6
Engineers-- Electrical

-1 2,6,7
-2 2,6
-3 2,6
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Equipment Supplier/Designer Number

Equipment Supply/Design Category

-4 2,6
-5 2,6
-6 2,6,7
Engineers -- M echanical

-1 3,457
-2 3,457
-3 3,457
-4 3,457
M echanical

-1 45
-2 34,7
-3 4,7
-4 4,7
-5 4,5
-6 34,7
-7 4,5
-8 4,7
-9 4,5

- 10 4,5
-11 34,7
-12 4,5

- 13 34,7
- 14 34,7
- 15 4,7
Energy Management

-1 7
-2 7
-3 7
-4 4,57
-5 7
-6 7
-7 7
-8 7
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-TABLE 4-

BUILDING OFFICIALSINTERVIEWEE RECRUITING POOL

TOWNSWITH HIGHEST COMMERCIAL NEW CONSTRUCTION ACTIVITY

IN 1999
-BY COUNTY -
County and Townswith Highest Activity Estimated Number of Commer cial
(i.e., greater than 10 projects) Congtruction Projectsin 1999*

Belknap County 41
- Laconia 15
Carroll County 44
- Conway/North Conway 17
Cheshire County 99
- Keene 63
Coos County 23
- Balin 7
Grafton County 109
- Lebanon/West Lebanon 39
- Hanover 24
Hillsbor ough County 512
- Manchester 187
- Nashua 119
- Bedford 35
- Merrimack 33
Merrimack County 183
- Concord 112
Rockingham County 369
- Portsmouth 100
- Sdem 62
- Londonderry 31
- Derry 24
- Exeter 23
Strafford County 142
- Rochester 45
- Durham 41
- Dover 33
Sullivan County 31
- Claremont 11

Total 1999 1,553

* |ncludes mgor renovations
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2.5 Review of Existing Studies

As specified in the Study Group's origind scope of work, the GDS Team reviewed the
Northmark Focus Group Study: "Findings of the Commercial and Industrial Lighting Market in
New Hampshire" conducted for the PUC's Energy Efficiency Working Group in April, 1999, and
the Northeast Energy Efficiency Partnerships (NEEP) "Northeast Regional Building Energy
Codes Impact Analysis', June 1999. In addition, GDS reviewed its own extensive database of
dudies and, through discusson with key members of NEEP and other knowledgesble
gakeholders in the Northeast Region, identified other related studies that may be gpplicable to
New Hampshire. Results from these research and review efforts are summarized in Section 3.4
of thisreport.

2.6  Tentative Findings Development and Roundtable Discussion Group

Based on results from the research, dte vidts and interviews performed during this study, a set of
10 tentative findings were developed and presented to the Study Group as a bulleted list. These
findings rdaed manly to specific equipment, inddlaion and condruction practices identified
within each of the mgor categories addressed by the current New Hampshire Commercid and
Industria Energy Code and compared those code requirements to commerciad new congruction
and equipment ingtdlation practices currently being seen in the Sate.

These tentative findings were tested in a roundtable discussion group held in Concord, New
Hampshire on March 22, 2000. Participants at the roundtable were drawn from a large and
knowledgesble group of desgn enginering firms, equipment suppliers and  building code
officids from across the state. A copy of the moderator's guide and tentative findings tested at
the roundtable are included as Appendix F to this report. Please refer to Section 3.5 for more
detalls on the tentative findings and roundtable sesson.

The Study Group aso hosted a roundtable on October 14, 1999 that was attended by members of
the American Inditute of Architects (AIA) - NH Environmentd Guild. The purpose of this focus
group was to discuss current practices relative to the New Hampshire Commercid and Industrid
Energy Code. A copy of the moderator's guide and transcripts from the event are included as
Appendix G to this report. Results from the AIA roundtable were used by the Study Group to
help guide devdopment of the scope of work for this commercid new congtruction research
project. In addition, comments from AIA roundtable participants were reviewed, and consistently
supported the findings presented in this report.
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3.0 DATA COLLECTION RESULTS
3.1 Commercial New Construction Activities Profile

Appendix C presents results from the GDS Team's research leading to development of a profile
of commercia and industrid condruction activities in the State of New Hampshire for the years
1999 and 1997/1998. In summary, this research identified over 1,500 smdl and large
commercid/indugtrial  condruction projects in various stages of desgn or completion during
1999 (and nearly 1,400 projects in 1997/1998 combined). Over one third of the 1999 projects
were being planned for condruction in the following ten towns (i.e, the town in each county
having the highest level of commercia condtruction activity):

-TABLE 5-

1999 CONSTRUCTION ACTIVITY BY COUNTY & HIGHEST TOWN

County/Town # of Projects
Town Total

Belknap - Laconia 15 41
Carroll - Conway/N. Conway 17 44
Cheshire - Keene 63 99
Coos - Balin 7 23
Grafton - Lebanon/W. Lebanon 39 109
Hillshorough - Manchester 187 512
Merrimack - Concord 112 183
Rockingham - Portsmouth 100 369
Strafford - Rochester 45 142
Sullivan - Claremont 11 31

Total | 596 1,553
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Based on the information collected and summarized in Table 6 below, it appears that adight
mgjority of congtruction activity isfdling in the smal commercid area. Thisfinding holds true

in a least haf the regions of the Sate.

-TABLE 6 -
1999 CONSTRUCTION ACTIVITY BY COUNTY & BUILDING SIZE*
County Small (< 20,000 gq. ft.) Large (>=20,000 59. ft.)

Belknap 2 4
Carroll 6 2
Cheshire 8 14
Coos 1 2
Grafton 21 18
Hillsborough 63 63
Merrimack 27 20
Rockingham 60 63
Strafford 23 10
Sullivan 6 3

Total 217 199

* Note: Information on building Size was not available on dl projects identified in the 1999
commercid and industrial congtruction activities profile database.

Concerning building types, congiruction activities can be grouped into the following categories:

-TABLE 7 -
1999 CONSTRUCTION ACTIVITY BY COUNTY & BUILDING TYPE*
County Assembly [ Hospital | Housing Manuf- Office Retail School Warehouse
acturing
Belknap 5 - 4 4 3 3 7 -
Carrall 10 - 8 - 2 7 5 2
Cheshire 16 4 6 3 11 12 8 9
Coos 8 - 1 - 2 2 2 -
Grafton 21 6 12 3 30 11 16 2
Hillsborough 95 9 35 16 94 73 o/ 21
Merrimack 29 2 16 4 25 27 16 9
Rockingham 50 8 34 14 57 59 23 29
Strafford 24 4 13 6 12 8 16 7
Sllivan 6 - 3 1 6 3 - 1
Total | 224 33 132 ol 242 205 153 80

* Note: information on building type was not available on dl projects identified in the 1999
commercid and indudtria congtruction activities profile database.
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3.2 Plan/Print Reviews and Physical Building Inspections

Data collected during plan and print reviews and physica dte ingpections were summarized and
andyzed usng a number of charts as discussed in more detall below. Each figure is presented on
a separate page immediately following this discusson. Note that al references to "Code', below
and throughout this report, relate to the New Hampshire Commercial and Industrial Energ%/
Code (structures greater than or equal to 4,000 square feet in floor area) - revised 7/93, 4

Edition. Also note that these findings are based on the smdl sample sizes identified previoudy in
Section 2 which, dthough not gdatigicdly vdid, can provide important information on energy
efficient technology trends and new commercial consiruction practices across the Sate.

Discussion of Charts;

Figure 1 - Motor, Lighting, and Lighting Control Practices: condss of individud chats A, B
and C as described in some detail below:

A. Motor Efficiency
Efficiency or Compliance Determination: Efficiency percentage rating per plan
and specification review and Site ingpection.
Findings: All motors specified exceeded code.
Discussion: Motors indaled today generdly must exceed code due to federd
laws that mandated an improvement in efficiency beginning in 1997. We did not
find any buildings in our sudy that had motors specified that were below code.
Rdating this to what has been defined as Exceeds Standard Efficiency/Standard
Efficdency/Bdow Standard Efficiency shows that the mgority of motors exceed
the federal EPAct standard that went into effect in 1997.

B. Lighting Efficency
Efficiency or Compliance Determination: Waitssquare foot per plan and
Specification review and Ste ingpection.
Findings. Lighting ingtalled generaly exceeds code.
Discussion: The advent of T8 lamps is replacing the specification of 12 lamps.
This, and the increased use of CFLs in lieu of incandescent lamps, has lowered
the watts per square foot required to achieve a desired illumination level. Relating
this to wha has been defined as Exceeds Standard Efficiency/Standard
Efficiency/Bdow Standard Efficiency shows that the mgority of buildings meet
or exceed standard efficiency.

As an adjunct review, the GDS Team noted the type of exit lamp fixtures
gpecified, as it is a good example of the changes in technology since the current
code was adopted. Incandescent exit lamps (30 to 45 watts) had been the standard
used up until about ten years ago, when they were replaced by fluorescent bulbs
(8 watts), which now have been replaced by LEDs (2 watts). This, coupled with
the tenfold increee in the life of the illumination device, has resulted in a
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paradigm shift, making LEDs the new standard. This new standard was found to
be met in nearly al cases observed by the GDS Team.

C. Lighting Controls
Efficiency or Compliance Determination: Plans and specification review and dte
ingoection.
Findings: Autométic lighting controls are specified very infrequently.
Discussion: Four possble lighting control practices were noted: Multileve
switching, occupancy sensors, daylight dimming, and photosensor control. Of
these, only photosensor control is actudly required by code. Photosensor control
is practiced throughout the facilities reviewed, unlike the other control
technologies One architect who had gpecified an autodimming daylighting
control desgn relayed that the owner could not justify the added expense for the
projected savings and thus had that option eiminated.

Figure 2 - Heating/Cooling Unit Efficiency Practices: consss of individud charts D, E, and F
as described in some detall below:

D. Coaling Unit Efficency

Efficiency or Compliance Determination: EER typicdly, though COP, IPLV, and
SEER are dternate determination methods per plan and specification review and
gte ingpection.

Findings: A surprisng twenty percent of cooling units were beow efficiencies
required by code, and only twenty seven percent of the units specified met code.
Discussion: Subgtantid increases in efficiencies have been made since the code
was adopted. This led the GDS Team to believe that we would find most cooling
units far exceeding code. However, we found forty-seven percent of the units
gpecified not utilizing the improvements made in cooling unit efficdencies. Ffty-
three percent were categorized as exceeding the code (i.e., defined for this report
as cooling units having efficiency ratings at least 5% grester than current code
requirements).

The range of efficiency increases is very lage and requires the designer and
owner to undertake a cost/benefit andyss to determine the optimum unit that
should be sdected. The GDS Team is puzzled by the finding that 20% of the
sample size was bdow code. Mog units in the sudy sample were within the
specifications of NH Energy Code Table 10-1, Unitary Air Conditioners - Air
Cooled (i.e, the minimum code peformance réting in these cases is specified
between an EER of 89 and a SEER of 10). However, we found units ingtdled
with an EER rating of 8.5, which met the code previous to January 1, 1992, but do
not meet the code as of the date of our work. Note: the American Refrigeration
Indtitute (ARI, partid source of the raings), or the manufacturer, may have
derated some of the units that have been inddled, lowering their EER &fter they
wereingaled.
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E. Hesting Unit Efficiency

Efficiency or Compliance Determination: AFUE rating, nameplae or
specification rating per plan and specification and Site ingpection.

Findings. All heating units exceeded code requirements.

Discussion: Increases in fossl fud device efficdency have been in andler
percentage increases than for cooling devices. However, we did not find any units
that did not a least have an AFUE efficiency rating of 80%. The code requires a
minimum AFUE of 78%.

F. Unit Heater Unit Efficiency

Efficiency or Compliance Determination: Nameplate or specification rating per
plan and specification and Ste ingpection.

Findings: All heating units exceeded code requirements.

Discussion: Thee ae units that combust fossl fud in open amaospheric
conditions, releasing the heat to the working/living space in the form d warm air.
Mogt units have increased their efficiency from the code-required 78% to 80% by
converting the pilot flame to a spark ignited flame, thus reducing standby |osses.

Figure 3 - Heating/Cooling Distribution Practices. condss of individud charts G, H, I, J and

K as described in some detail below:

G. Hydronic Heseting Digtribution Power Efficiency

Efficiency or Compliance Determination: Plan and specification review.

Findings. All sampled buildings that were subject to this code were found to bein
compliance.

Discussion: Energy efficient ddivery of fluid for a hydronic hedting sysem can
be accomplished in severa ways. The two most popular appear to be control of
the circulating pump and/or control of the hydronic fluid temperature (boiler
reset) based upon outsde temperature. The assumption is that as outsde air
temperature rises, the hydronic fluid temperature can decresse, as less energy is
needed to mantan a facility's temperature. Control of the circulating pump can
be accomplished through use of a vaiable speed drive that receives its dgnd
based upon the temperature of the return, zone or outsde ar. The GDS Team
determined compliance based upon the following outcomes:

Case A. B. C. D.
Required | Ingdled | Pass Fal

1. Variable pumping, no boiler reset Yes Yes Yes

2. Vaiable pumping & boiler reset No Yes Yes

3. No pumping control & no boiler | Yes No Yes

reset

4. Boiler rest & no vaiable| No No NA NA

pumping
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We fdt the “Below, Meets or Exceeds Code’ rating would not effectivey
communicate the results. A facility that does not use boiler reset needs to use
vaiable pumping (Case 1). However, it is dso posshle that a facility may have
both types of controls, boiler reset and variable pumping (Case 2). This exceeds
code. The only failure to meet code is when there is no control of the pump and
there is no boiler reset (Case 3). This is beow code. A facility that uses boiler
reset does not need to use variable pumping (Case 4). This meets code. The bar
chat used in Figure 3 dlows a determination to be made as long as it is
understood that Case 4 is not included in the data.

H. Hydronic Heating Didiribution Insulation
Efficiency or Compliance Determination: Plan and specification review for
overdl R-vaue.
Findings: It appears that the specifications do not aways meet code. We found
twenty-nine percent of the facilities below code in this area.
Discussion: Review of specifications and prints showed that approximately one
quarter of the hydronic systems sampled had insulation levels that appeared to not
meet code. Compliance with code typicaly requires two pieces of information:
thermd conductivity and thickness. This information together will determine the
more-often used R-vaue raiing. The GDS Team's determindion that the
insulation levels did not meet code was based upon the observation that the
insulation conductivity ratings met code, but the insulation thickness was below
requirements. It is possble that in-fiedd insulation had a higher conductivity than
specified, thereby dlowing the insulation to not be as thick as code required.
However, this would have required removing insulaion from the facilities during
our dte vidts to confirm this posshility. In generd, the workmanship found in
the ingdlation of the insulation was quite good.

|. Congtant Air Volume Digtribution Power Efficiency
Efficiency or Compliance Determination: CFM/Watt per plan and specification
review.
Findings. Improvement in fan, duct and motor efficiencies has resulted in amost
all facilities exceeding code.
Discussion: The efficiency of an ar didribution desgn is a messurement of the
flow of ar volume per unit time with respect to the power required to move the
volume of ar. Improvements in duct design, motor efficiency and fan design
have increased the efficiency of moving air. All but one system exceeded code.

J Variable Air Volume Didribution Power Efficiency
Efficiency or Compliance Determination: CFM/Watt per plan and specification
review.
Findings and Discussion: Thefinding and discussonissmilar to | above.
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K. Forced Air Digribution Insulation
Efficiency or Compliance Determination: Plan and specification review and ste
inspection.
Findings: A high percentage of facilities comply with code.
Discussion: As shown on Chart K, a large number of the facilities reviewed meet
code. This chart, however, should be reviewed carefully with regard to the
requirements of the code. Code does not require insulation on ductwork that is in
conditioned space. Therefore, for many unitary rooftop units, no insuldion is
required. This explains the large number of facilities that met code Also, the
advent of pre-insulated ductwork contributed to the number of facilities that met
or exceeded the code.

Figure 4 - Other Important Practices: condsts of individua charts L, M, N and O as described
in some detail beow:

L. Service Water Systemn Insulation

Efficiency or Compliance Determination: Plan and specification review and Ste
ingpection.

Findings. A farly high number of faclities sampled (twenty-four percent) did not
meet code. The findings ae condgent with H for hydronic heatiing system
insulation.

Discussion: Determination of compliance with the code faces the same chdlenges
as that exiging for forced hot ar and hydronic digtribution sysem insulation.
Two vaiables are required: thermd conductivity and thickness of the insulation.
The GDS Team found that the thermd conductivity (k) vaues cited in the
specifications closdly followed the code, while specified thickness were below,
met and exceeded the code. On-dte ingpections verified that thickness did not
meet code in dl cases, though it is possble that the conductivity exceeded the
gpecifications and code, resulting in an overdl R-vaue that met or surpassed

code.

M. Service Water System Pumping Control

Efficiency or Compliance Determination: Plan and specification review and Ste
ingpection.

Findings. All sampled facilities had pump controls that were required.

Discussion: Circulating service weter systems provide hot water upon demand to
the fixture in a short period of time which diminaes water being wasted while
waiting for hot water to arrive a the fixture. Circulating service hot water sysems
require a control device that will essentidly stop the unnecessary circulation of
water when demand for hot water is reduced or non-existent. There are severd
ways the control can be accomplished. Pumps can be controlled by a time clock
for buildings that are used less than 24 hours a day and have a known schedule. It
is more common to control the pump by use of a temperature sensng device that
turns the pump off once the water in the loop reaches a specified temperature.
The assumption is that once the temperature is reached, demand for service water
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has been curtailed and it is no longer necessary to circulate service water. It is
important that the sensor be placed properly for this control strategy to work.

N. Building Envelope
Efficiency or Compliance Determination: Plan and specification review. Use of
procedure outlined in Code Table 8A-32.
Findings: Mog facilities sampled were found to be in compliance with building
envelope requirements usng the modified Prescriptive Methodology we
employed.
Discussion: A gpecification and print review does not lend itsdf wdl to
determining compliance with the code. A subdantid amount of information is
required in order to determine the levd of compliance The GDS Team
goproached determination of compliance in two areas. Fenedration and Other
Criteria  Other Criteria is rdaivey smple to determine if the gpecifications
include information on the foundation, wall and roof assemblies.

Fenedration is much more time consuming and difficult to determine.  Allowable
fenedtration percentage is essntidly a trade off between wadl insulaion unit
characteritics and fenedration unit characterisicss.  The range of dlowable
tradeoffs are a function of the interna dectricd load dendty, which we
determined using review of the lighting desgn and Code Table 8.4. Compliance
determination can be samplified if the buildings are not of unusud enveope
desgn with great expanses of windows, unusud skin materid and skylights. None
of the buildings we included in determining compliance were atypica. Therefore,
by assuming average vaues for projection and shading factors and fenedtration
assembly, the GDS Team was able to estimate compliance.

The following assumptions were made:
Projection Factor: 0to 0.249
Shading Factor: 0.37
Fenestration Assembly: 0.45t0 0.29
Heat Capacity a)>= 10; b)>= 15 use HC g = 12.5

Examination of Code Table 8A-32 shows insengtivity between dlowable
fenedration and interior insulation for any given Internd Load Densty.
Therefore, as long as the facility has insulation levels noted in Other Criteria, and
can be assumed to be of a typicd dedgn, it will usudly meet the trade-off
requirements between fenesiration percentage and wall assembly.

O. Suggested Energy Recovery Practices
Efficiency or Compliance Determination: Plan and specification review.
Findings. Energy recovery or energy Storage was not seen in the facilities
reviewed by the GDS Team.
Discussion: Suggested energy recovery practices were inventoried as part of our
print and specification review process. Three categories were eva uated:
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Condensate Recovery,
Therma Storage (Cooling), and
Ventilation Heat Recovery.

Condensate and Ventilation Recovery captures and utilizes heat that would
otherwise be wasted. We interpreted Therma Storage to mean cooling storage,
which dlows for a low temperature medium to be stored and then utilized a some
later time to provide cooling. Thermd Storage is not a true energy recovery
practice. It is an economic practice dictated by the difference in the cost of
providing cooling on demand versus a sored medium. The savings of providing
cooling from the stored medium is a function of dectric utility time differentiated
rates. The GDS Team's experience in the Northeast shows that most utilities do
not have time differentiated rates conducive to therma dorage. In New
Hampshire, the GDS Team did not find any cooling storage systems in the sample
studied.

Condensate Recovery captures the hest from flashing steam from high to low
pressure that ordinarily is logt. Typicaly this heat is captured and used to hest
sarvice water. Steams systems are common in indudtrid facilities, however, they
are not common in commercid facilities. The GDS Team did not find any steam
gsystems in the buildings reviewed and therefore did not find any condensate heet
recovery.

Ventilation Heat Recovery captures the hest in ar that is being exhausted from a
faclity and typicadly uses it to preheat outsde (meke-up) ar that is a a lower
temperature.  This drategy displaces the use of energy to increase the temperature
of the outdde ar to the desred levd. Exhaugted ar is usudly a a low
temperaure, typicaly 65 to 85 F. Heat whed or high surface area unmixed air-to-
ar heat exchangers are utilized. It is possble to have much higher exhaugt air
temperatures from an indudrid facility and utilize this energy stream to prehest
make-up ar or sarvice water. However, the GDS Team did not find any facilities
doing this dthough one facility in the sample was udng exhaust to preheat
combugtion air for an industria process.

Figure5 - Suggested Ener gy M anagement Pr actices: condsts of individua chart P as
described in some detail below:

P. Suggested Energy Management Practices

Efficiency or Compliance Determination: Plan and specification review.

Findings. Energy Management Systems, though not mandated, were found to be
inddled in dmos dl sampled fadlities dthough the sophidication of the
systems varied by the sze of the facility, and building operators were often over-
riding controls to solve immediate comfort problems.

Discussion: Energy Management Systems control energy consuming devices in a
way that does not, when operating properly, affect the comfort of those in a

28



New Hampshire Commercial New Construction Study
GDS Associates, Inc. May, 2000

facility. Implicit is that the control provides energy cost savings and may provide
energy saving. Energy Management aso indicates a process of gethering data that
will dlow review and andyss. Hopefully the process is dynamic, dlowing for
continua improvement of the facility to lower its energy codis.

There ae many types of energy management sysems. A programmable
thermostat could be consdered such a sysem, dbet very limited, and unable to
accomplish the vast mgority of operations suggested by the code. Cooling
sysems have evolved to where they have energy management abilities integra to
their controls package. While the energy management control &bilities are not
centralized into a central unit, nonetheless they do practice some of the suggested
energy management practices (HVAC on/off, HVAC Optimization, and HVAC
Monitoring and Verification).

It should be noted that Energy Management systems are not required in NH's
current energy code. The code only specifies that buildings over 40,000 square
feet consider the use of energy management ystems. The code suggests a number
of control and information gathering processes as pat of the energy management
drategy. However, the GDS Team could not find any energy management system
described in the specifications that gathered al the suggested data.  In particular,
the code included a dearth of information on the energy management system’s
aoility to gather data on fossl fud use The code suggested that fossl fud
consumption data be gathered on a daily and weekly bass, though the GDS Team
did not find this suggestion implemented in any of the plans and prints reviewed
or buildings that were inspected.
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PLACEHOLDER FOR FIGURE 1 - MOTOR, LIGHTING, AND LIGHTING CONTROL
PRACTICES

SEE "Figure 1-5xIs
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FIGURE 1

Motor Efficiency
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PLACEHOLDER FOR FIGURE 2 - HEATING/COOLING UNIT EFFICIENCY
PRACTICES

SEE "Fgure 1-5xIs’
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FIGURE 2

Cooling Unit Efficiency
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PLACEHOLDER FOR FIGURE 3 - HEATING/COOLING DISTRIBUTION AND
INSULATION PRACTICES

SEE "Fgure 1-5xIs’
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FIGURE 3

Hydronic Heating Distribution Power Efficiency
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PLACEHOLDER FOR FIGURE 4 - OTHER IMPORTANT PRACTICES

SEE "Fgure 1-5xIs’
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FIGURE 4
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PLACEHOLDER FOR FIGURE 5 - SUGGESTED ENERGY MANAGEMENT
PRACTICES

SEE "Fgure 1-5xIs’



FIGURE 5

ENERGY MANAGEMENT PRACTICES
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3.3 Equipment Supplier/Design Engineer and Building Official Interviews
As discused previoudy in Section 24, a mgor objective of the equipment supplier/design
engineer and building officid interviews was to assess the sandard efficiencies of measures tha
these expets identified as being specified, purchased and indaled in New Hampshire
commercid/industirid  new condruction and renovetion projects. Additiond questions were
aked to solicit opinions regarding the interviewees definitions of premium and <andard

efficdency levels for spedific equipment’® and to assess current understanding of the NH
Commercia Energy Code, compliance approaches, training needs and other related items.

Figure 6 summarizes the findings from these interviews. Results are presented firg through a
series of symbols to identify the percentage of measures, on average, that the experts believed
ae being specified, purchased, and ingaled in commercid new congruction projects in New
Hampshire a levels that meet or exceed high efficiency raings. The following chat key was
used to summarize results:

Blank Cdl = Lessthan 10% of measures are at or above the high efficiency level

O = Between 10% and 29% of measures are a or above the high efficiency level

D= Between 30% and 49% of measures are a or above the high efficiency leve

& =  Between 50% and 69% of messures are at or above the high efficiency level

@ = Atleast 70% of measures are at or above the high efficiency level
Interviewees were aso asked for ther experienced judgement regarding avalability of energy
efficient equipment. A numeric raing scde (averaging responses from dl interviewees) is used
in Figure 6 to summarize these reaults.

1= Sgnificantly lessavailable/utilized

2= Somewhat less avalable/utilized

3= About aseasy to obtairn/utilize

For alist of interviewees responses to other key questions, please refer to Appendix H.

10 See Question 8 in the Equipment Supplier Interview Guide and Question 15 in the Building Officials Interview
Guided presented in Appendix E of this report, which presentstheinitial premium, standard and code level
efficiencies for teeing up and testing. These ratings were further tested and modified, where appropriate, during the
March 22, 2000 roundtable (See Table 1 in the Roundtable M oderator's Guide presented in Appendix F of this
report). Thefinal premium, standard and code level ratings presented in Appendix A represent the culmination of
these interview and feedback efforts.
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PLACEHOLDER FOR PAGE 1 OF FIGURE 6 - EQUIPMENT SUPPLIER/BUILDING
OFFICIAL INTERVIEW SUMMARY

SEE "Figure 6.doc”
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PLACEHOLDER FOR PAGE 2 OF FIGURE 6 - EQUIPMENT SUPPLIER/BUILDING
OFFICIAL INTERVIEW SUMMARY

SEE "Figure 6.doc”
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PLACEHOLDER FOR PAGE 3 OF FIGURE 6 - EQUIPMENT SUPPLIER/BUILDING
OFFICIAL INTERVIEW SUMMARY

SEE "Figure 6.doc”
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- FIGURE 6 -

EQUIPMENT SUPPLIER/ BUILDING OFFICIAL INTERVIEWSEFFICIENT PRACTICES SUMMARY

Page 1 of 3

Equipment
Suppliers & Building
Commercial Building Construction Measure Design Eng. Officials Comments

Building Envelope 2.67 2.33
(] Roof materials D D
[] wall materials @ D
] Doors D DA)
1 Windows o o
[] Glazing— reflective, tinted, Low E, Low SC o o
(] Foundations/Floors/Slabs

Wall ) o

Slab D D

Floor D D

N/A = No knowledge or opinion on practices associated with the measure's fficiency leve

= Lessthan 10% of measures are a or above the high efficiency leve

Between 10% and 29% of measures are at or above the high efficiency level
Between 30% and 49% of measures are at or above the high efficiency leve
Between 50% and 69% of measures are at or above the high efficiency leve
At least 70% of measures are a or above the high efficiency leve

Sonificantly less available/utilized 2= Somewhat less available/utilized 3

About as easy to obtain/utilize




EQUIPMENT SUPPLIER/ BUILDING OFFICIAL INTERVIEWSEFFICIENT PRACTICES SUMMARY

- FIGURE 6 -

Commercial Building Construction Measure

Equipment
Suppliers &
Design Eng.

Building
Officials

Comments

Electric Power

3.00

2.33

] Motors

o

1to10hp
11to 75 hp
76 to 200 hp

HVAC Equipment

N
)
N
(o)
o

[_] Economizers (for "free" cooling)

Building Officials aren't seeing as much in field as suppliers say

] Reset controls

LUl BN

L] Air furnaces (heating)

[ Hydronic boilers (heating)

[ Cooling equipment

| Automatic thermostat control

[] Variable air volume systems

Olw@wS

L] HVAC air heat recovery

Building Officias see 60% in schoals (not offices), linked to size

[] Heat Recovery High Temp

[] Heat Recovery Fluid/Gas

] Duct & piping equipment and insulation

ClOS OO0 S S 0w

] Thermal storage (cooling)

Building Officials aren't seeing as much in field as suppliers say

Service Water Heating

w
(@)
N
D
o

[ Service water heating equip.

[] Service wtr. Heating controls

[ ] Water heating tank insul.

IR DU

00000 v

[] Servicewtr. htg pipeinsul.

Page2 of 3

N/A = No knowledge or opinion on practices associated with the measure's fficiency leve
= Lessthan 10% of measures are a or above the high efficiency leve
= Between 10% and 29% of measures are at or above the high efficiency leve
= Between 30% and 49% of measures are at or above the high efficiency level
=  Between 50% and 69% of measures are a or above the high efficiency leve
= Atleast 70% of measures are at or above the high efficiency leve

1= Sgnificantly less avalable/utilized 2= Somewhat less avalable/utilized

3

About as easy to obtain/utilize




EQUIPMENT SUPPLIER/ BUILDING OFFICIAL INTERVIEWSEFFICIENT PRACTICES SUMMARY

- FIGURE 6 -

Equipment
Suppliers& Building
Commercial Building Construction Measure Design Eng. Officials Comments
Lighting Fixtures 3.00 2.67
[] 4 ft./8ft. Fluorescents (T-12, T-8, T-10, T-5) [ o
] HID (hp sodium/mercury/metal halide) [ o
] Ballasts (magnetic/electronic) [ ] o
[] Compact fluorescents @ D
(] LED Exit Signs ® [
Lighting Controls 2.75 2.50
[] Localized switching o o
|:| Multi-level switching ) O Building Officials aren't seeing as much in field as suppliers say
|:| Occupancy sensors < O Building Officials aren't seeing as much in field as suppliers say
|:| M otion sensors/outdoor Itng < @) Building Officias aren't seeing as much in field as suppliers say
|:| Daylighting controls [ [ Building Officias aren't seeing as much in field as suppliers say
[] Automatic exterior lighting controls o o
(photocells/timeclocks)
Energy Management Systems 3.00 2.00
[] Process/system controls O )
[] Total building energy management controls ) O

Page 3 of 3

N/A = No knowledge or opinion on practices associated with the measure's fficiency leve

Lessthan 10% of measures are a or above the high efficiency level
Between 10% and 29% of measures are at or above the high efficiency level
Between 30% and 49% of measures are at or above the high efficiency leve
Between 50% and 69% of measures are at or above the high efficiency leve
At least 70% of measures are a or above the high efficiency leve

Somewhat |ess available/utilized 3

Sonificantly less available/utilized 2=

About as easy to obtain/utilize
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3.4 Review of Existing Studies

As discused in Section 2.5, the GDS Team compiled and reviewed an extensve number of
dudies and other documents of interest relating to commercid corstruction practices and energy
code issues of potentid relevance to New Hampshire. Much of this information was provided by
and shared with members of the Study Group and proved quite useful to the GDS Team as a
resource during the performance of specific tasks in this sudy. Following is a complete liging of
al documents reviewed and compiled during this project. Although many of these reports are a
bit dated, they can provide excdlent background information for those who want a snapshot of
energy code issues and activitiesin New England and other areas of the country.

Inventory of Studies and Energy Code-Related Documents:

1.

NH Commercial & Industrial Energy Code (Structures greater than or Equal to 4,000
Square Feet in Floor Area) - Revised 7/93, 4™ Edition

The Commercial & Industrial Lighting Market In New Hampshire - Focus Group
Research Conducted for: NH Energy Efficiency Working Group, prepared by The
Northmark Group, 4/30/99
Northeast Regional Building Energy Codes Impact Analysis - Prepared for NEEP,
prepared by Battelle, Pacific Northwest Division, 6/11/99

Other Related Studies That May Be Applicable To New Hampshire

American Institute of Architects Environmental Guild - NH: Focus Group, prepared by
NH Commercid Energy Code Basdline Study Group, 10/14/99

NH Baseline Sudy - Background and Direction, prepared by New Buildings Ingtitute,
8/20/99

Energy Code for Commercial and High-Rise Residential New Construction (780 CMR
13) AEE/ASHRAE Presentation, prepared by David Wietz and Eric Noble, 12/8/99

Energy Code Compliance Study - Honolulu and Hawaii Counties, prepared by ELEY
Associates, January 3, 2000

California Non-Residential Construction Baseline Report, prepared for Pacific Gas &
Electric Company and Southern Cdifornia Edison, by RLW Analytics, October 17, 1997

New England C& I Lighting Market Transformation and Baseline Sudy, Final Report,
prepared by Easton Consultants and Shel Feldman Management Consulting, July, 1997
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Compliance with the 1994 Washington State Nonresidential Energy Code, prepared by
ECOTOPE & Pecific Energy Associates, 4/97

The Washington State Energy Code: The Role of Evaluation in Washington Sate's Non-
Residential Energy Code, prepared by Tony Usibdli, Washington State University -
Cooperative Extension Energy Program, January, 1997

Various Papers on Washington State Non-Residential Energy Code
"A New Modd For Code Development”, Kevin Madison, Tony Usibdli, Jeffrey
Harris

- "Quality Assurance Program Results’, David Baylon, Kevin Madison

- "Compliance with the 1994 Non Residentid Washington State Energy Code’, Kevin
Madison, David Baylon

- "How Wdl is Our Code Working?', Im Perich- Anderson, Linda Dethonin

- "1994 Washington State Non-Residential Energy Code Follow-up Awareness
Survey", 5/97, Utility Code Group

Energy Code Compliance in Commercial Buildings in Washington and Oregon, prepared
by ECOTOPE & Clark's Energy Services, 5/22/92

Final Report - Project to Demonstrate Commercial Lighting Standards Implementation -
Minnesota Department of Public Service, Bruce Nelson, 11/94

Lighting Code Compliance in New Small Commercial Construction in Minnesota, Laurie
Czeschin, Michadl Sachi, Martha Hewett, David VVavricka, Patrick McKéelips

Common Practice Survey Results - Code Related Issues, Prepared by Doug Baston,
Northesst by Northwest, 2/15/96

Common Practice Survey Results (Update #1), prepared by Doug Baston, Northeast by
Northwest, 12/27/95

Energy Codes and Market Transformation in the Northwest: A Fresh Look, prepared by
Jeff Harris, Northwest Energy Efficiency Alliance and Doug Mahone, Heschong-Mahone
Group, presented at ACEEE '98 Summer Study

Commercial Buildings Energy Consumption Survey (CBECS) - Summary Memo, written
by Eric Noble, 1/29/98

NH-Wide Database of Dodge Reports on municipa building activity complete through
1993
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3.5 Tentative Findings and Roundtable

Reaults identified in Sections 3.1 through 3.3, were used to develop a bulleted ligt of ten tentative
findings. This lig was presented to the Study Group for review and comment and formed the
basis for testing during a roundtable conducted in Concord, New Hampshire on March 22, 2000.
Please refer to Appendix F for a copy of the Roundtable Moderator's Guide and Tentative
Findings Lig.

All comments recalved during the roundtable were incorporated into a set of find findings and
recommendations which are presented in Section 4.
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4.0 KEY FINDINGS and RECOMMENDATIONS

41 Overview

A dgnificant amount of data was collected and andyzed by the GDS Team during the
commercid condruction profile development, plan and print reviews, Ste ingpections, architects,
equipment supplier, design engineer and building officid interviews, review of exiging dudies,
and roundtable activities performed as part of this project. In the following sections, a summary
of key findings is presented, followed by some general observations and recommendations. It is
important to note that these findings relate only to New Hampshirés Commercial Energy Code -
not Residential which, based on generd unsolicited feedback, seems to be better understood and
utilized.

These findings reved important themes and responses that have been highlighted throughout this
report. In addition, they offer vauable insght into why certain building practices may or may not
be occurring. Examples of such themes are illustrated by responses such as, but not limited to,
the fallowing:

Four out of the nine recorded responses from the GDS Team's building code officids
interviews indicated that they do not check for compliance with the energy code - and
none of the nine indicated that they have ever rgected a building for faling to meet
current energy code requirements.

Only one of the respondents from GDSs building code officids interviews described
their knowledge of NH's commercia energy code as "very good'. In addition, most
described their training on the code as being little to none.

Architects, desgn engineers, and equipment suppliers generdly indicated that NH's
exiging commercid energy code is hard to follow, the cdculations are complicated,
time consuming and cogtly, and that it's difficult to assess compliance.

A clear desire was identified by focus group participants and interview respondents
for: 1) a methodology/computer program that would integrate the code from he start
of the desgn process, incorporate smple checks earlier in the designs, provide
flexibility, and smplify what is trying to be achieved, and 2) not letting the code lag
behind technology quite so much.

Section 4.2 presents amore detailed summary of key findings.
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4.2  Summary of Findings

Code Utilization and Compliance-General Findings.

Discusson with design professonds reveded that they do not spare time to integrate
sysems (as envisoned in New Hampshirés commercid energy code) or to test for
compliance when developing plans and specifications for new buildings in the dae.
This is due in part to a lack of darity within the code that such integration and testing
IS required, excessve costs and associated time burden. In addition, athough the tools
that facilitate such tests are avalable, it appears that few design professonas have
these tools or know how to utilize them.

Building Code Officids sad they rdy dmost soldy on architect/design engineer
certifications to determine compliance with the Commercid Energy Code.

Plan and print reviews and dte vidts showed that technologicd advances have
resulted in the specification and inddlaion of equipment and practices that easly
meet and often exceed current code requiremerts for certain meesures (i.e, lighting,
motors, HVAC heating unit efficiency).*

Assembly practices were identified by focus group participants as not being well
accommodated or taken into account under the current energy code.

Sygems usng low cog fuels were found during Ste ingpections to be less likdy to
meet code than those dependent on higher cost fuds (i.e, fossl fud/therma systems
appear to be in compliance less often than ectricity consuming systems).

Architects complained that consumers do not recognize the long term benefits of
meseting or exceeding the energy code and equipment suppliers surveyed said that if
consumers do not ask for energy efficiency, the building community won't provideit.

Respondents indicated that additiond traning on the energy code targeted at
architects, desgn engineers, condruction contractors, and building code officids is
needed. They indicated that if these entities were armed with a few key items (energy
code "rules of thumb") to address within each mgor building category, they would be
more likely to increase the use of more energy efficient practices when designing and
condructing new commercid buildingsin the Sate.

1 There remain other measures where thisis not true (e.g., piping insulation).
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Code Utilization and Compliance- M easur e-Specific Findings:

Bwldlng Envelope:
Premium levels of roof and wadl insulation were found to be normd practice only in
Northern New Hampshire (not esawhere in the state). Commercid buildings in New
Hampshires southern tier often utilize masonry-flat roof condruction with resulting
lower R-values.

Roof and wadl insulation was identified as often being specified incorrectly or
misapplied during field ingalation.

Commercid roofs, wadls, doors and foundations were seen typicdly specified and
inddled a dandard rating levels and limited in ther leves of efficency due to
desgn and economic condraints (i.e, truss roof/doped roof with fiberglass
insulation; flat roof/doped roof with rigid insulation; stud wal with fiberglass
insulaion; masonry wall with rigid insulaion).

Premium windows (i.e, double pane, low e-glazing and Argon gas) appear to have
become standard practice in commercia construction.

Mgor bariers preventing higher use of premium efficent building enveope
measures were identified to include cost (both product and indalation costs); split
incentives (building owners vs. tenants); education/awareness of product avallability
and associated benefits; and current energy code requirements.

HVAC - Heating:
- Efficdency rétings tend to vay by sSze of equipment and were found not to be an
important factor in equipment sdection.

Vey high efficiency eguipment was identified as having had performance problems
in the recent past, causing the building industry to reconsider their overal desirability.

Unit heaters, having a very narrow range of avalable efficiencies (i.e, 0.79 - 0.82),
were found to offer little choice based upon efficiency characterigtics.

Forced ar and hydronic heating/cooling system insulation thickness was often found
to be specified below code levels.

HVAC - Cooling:
Twenty percent of the commercid cooling equipment specified and ingdled were
found to be below code efficiency levels.

Cost- benefit assessments of more efficient units are usudly not being done.
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Maor barriers to usng high efficency HVAC units were identified to incdude lack
of cost/benefit analyses being conducted; budget congraints (i.e, high first cost); lack
of product hidory/experience with newer, more efficent equipment; limited
avalability of "premium efficdency” commercd split sysems and rooftops units, and
desigr/build method.

Electric Power/Motors:
- When directly addressed in plans, premium efficiency motors were found to amost
always be specified and ultimately ingtalled.

Even when not specified, typical commercia congruction practice appears to include
the ingalation of motors that are above current code levds.

The differences in efficiency raings between standard, high and premium efficient
motors were found not to be well understood.

nghtlng Fixtures:
T-8 were commonly specified and inddled in commercid building fluorescent
lighting designs (vs. T-12s).

Compact Huorescent Lamps (CFLS) were seen to be increasingly specified (vs.
incandescent lamps).

Electronic balasts appear to have become standard practice.
Light Emitting Diode (LED) exit signs were found to be standard practice.

Conventiona Parabolic  Reflectors (PARS) and other less efficient incandescent
lighting technologies 4ill seem to be favored over CFL fixtures for accent lighting or
hazardous aress.

Bariers to more efficient lighting fixture utilization in the condruction of new
commercid buildings were identified to indude lighting qudity concerns and lack of
awareness of CFL dternatives (e.g., dimmable CFLs with good warm tones).

nghtlng Controls:
Daylight dimming and occupancy sensors were infrequently used or specified.

Multi-level switching wiring was seen to be much more common than daylighting or
occupancy Sensors.

Bariers to more efficient lighting control technology utilization in the condruction of
new commercid buildings were identified to include: the perception that wiring to
dlow the use of lighting control technology is expensve (i.e, high firs cost) and that
the new technologies cause problems or limit functiondity.
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Energy Management Systems (EMYS):
Sophisticated EMS were not seen to be specified or used in small commercid
fadlities — they were limited to programmable thermogats and sdlf-contained controls
for optimizing HVAC.

The mgority of the larger facilities were usng some form of sophisticated EMS (eg.,
centralized energy management controls with data collection and dynamic review and
andyds features to monitor and optimize facility energy system operations).

Building operaiors were often over-riding controls to solve immediate comfort
problems.

Bariers to additiond use and specification of efficient EMS mesasures in commercid
buildings were identified to include the need for more traned daff within facilities
that are able to maintain and troubleshoot EM S ingtdlations.

Service Water Systems
Twenty-four percent of facilities sampled did not meet the code's requirements for
service water system insulation.

All sampled facilities had pump controls thet were required.

Energy Recovery Practices
Energy recovery / storage was not seen in any of the facilities reviewed.

Other General Observations:

Estimated number of new commercial and industrial buildings constructed each year
in New Hampshire: Based on the congruction profiles developed as part of this
project, the GDS Team has identified over 1,500 new commercia and indudtrid
condruction projects in various dages of deveopment in New Hampshire during
1999 and an additional 1,300 on the books for development in 1997/1998 combined.
Appendix C provides a detailed listing of these projects. Tables 5, 6 and 7 presented
in Section 3.1, show a breskdown of New Hampshire's 1999 commercid congtruction
and magjor renovation activities sorted by county, building size, and building type.

Percentage of those buildings that meet or exceed the requirements of the state's
current commercial energy code: Of those sampled, the mgority of commercia and
indugtrid buildings being planned and congructed in New Hampshire are designed to
meet or exceed the dta€e's current energy code in nearly al mgor code categories.
This study has quantified compliance with seventeen categories.  Forty-seven percent
of the facilities reviewed met or exceeded code in dl of these categories. Of the
remaining fadlities, roughly hdf faled to meet the code in only one mgor caegory
and the other hdf faled to meet the code in just two categories (Note: none of the
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facilities reviewed had more than two falures out of the seventeen maor categories).
Failure to meet the code, where observed, is occurring most frequently in the heating
system digribution insulation and service waer pipe insulaion aess'?  The
following graph shows compliance as measured.

NUMBER OF FAILURES FOR SEVENTEEN
COMPLIANCE MEASUREMENTS WITHIN A BUILDING

14

12

10

None had greater
than two failures

Observation Number

ANANANANANAN

Q % v > ™ 15} ©
Number of Failures per Building

Please refer to Figures 1 through 5 in Section 3.2, for detalled information on the
levels of efficdency being gpecified and built in this projects sample of New
Hampshires current flest of commercid and industrid facilities. Specific examples of
equipment and congtruction practices that exceed code or are coming up short are
presented earlier in this Section (4.2).

Degree to which compliance or exceedance of the code varies by building type:

Given the smdl sample sizes required within this project, it has been difficult to make
any globad conclusons regarding variations between building types. However, based on
the planvprint reviews physcd dte ingpections, equipment supplier/desgn engineer, and
building officid interviews and roundtable activities conducted by the GDS Team, little
to no variation between building types was identified or encountered.

12 Although no more than two failures were observed in any one building, these were not the only two areas where
code failures were observed (i.e., non-fenestration related building envel ope problems and below code cooling unit
efficiencies were also observed, and less frequent issues in the areas of lighting efficiency, building envelope
fenestration, constant air volume flow rates, and economizer controls were also identified) .
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Degree to which compliance or exceedance of the code is influenced by owner
occupancy: The fact that some buildings are owned by entities who do not occupy
those buildings (i.e, owner vs. renter) has often been identified as a mgor barier to
higher efficient equipment and building practices. This was confirmed by the GDS
Team on numerous occasions during discussons with  building code  officids,
equipment suppliers, architects, design engineers and building owners throughout this
project, who indicated that owner occupants involved in new congtruction projects are
more inclined to inquire about and incorporate energy efficiency measures that
exceed code.

Degree to which geographical factors influence compliance or exceedance: As noted
under Building Enveope findings above, climate issues in northern New Hampshire
(i.e, Coos County) appear to have caused greater focus on premium efficient building
insulation practices. However, the project's limited sample sze makes it difficult for
the GDS Team to confirm or identify alegitimate trend.

Definitions of Premium, Standard, and Code Efficiency Practices in NH New Commercial
Congruction:

The findings above should be interpreted within the context of working definitions for premium,
dandard, and code efficiency practices in NH's commercid new condruction. Appendix A
presents a table identifying efficiency practices for key types of commercd and indudrid
building congruction measures (i.e, building enveope, €dectric power, HVAC equipment,
sarvice/ldomestic water heating, lighting fixtures and controls, and energy management systems).
Premium, standard and NH commercia energy code-required efficiency levels are presented for
each specific congruction measure.  An initia verson of this table (presented in Appendices E1
and E-2) was developed based on an extensve review of secondary data sources and through
discusson with Study Group members, and was then tested and refined during interviews with
building code officids and equipment suppliers. Its purpose in this report is to provide key
definitions, based on a compilation of the above sources, so that comparisons and discussons
can take place garting from common ground.

4.3 Potential Code Modifications

The findings above indicate that there is room for improving the clarity of certan aress in the
current New Hampshire Commercid and Indudstria Energy Code. In addition, there are a
number of areas where standard practices appear to be exceeding the current code requirement
(eg., lignting, HVAC - hedting, windows insulation).  Therefore, there may wdl be
opportunities for upgrading cetan items and sections within  New Hampshires current
Commercid and Indudrid Energy Code. For informationa purposes, following is a ligt of
potentid code modifications, both general and measure-specific, based on suggestions made by
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focus group participants, interviewees, the GDS Team, and / or Study Group members, aong
with one source citing for each suggestion:

General:

Change "Code suggested” practices to "Code mandated’ requirements, where
gppropriate and consgstent with the "Nationd" code and any updates thereto (i.e,
Energy Management Systems are not currently mandated.). - Roundtable participants

Stay with the utilization of the Federd Code as the basis for any code modifications
but consder updating the code to a verson such as ASHRAE 90.1 - 1999, or, at a
minimum, condder utilizing the International Energy Consarvation Codes verson of
ASHRAE 90.1 1989, which was written in a more understandable "code'-type format
(the ASHRAE 90.1-89 verson was not written in understandable code language). -
Study Group

Eliminate Table 8A-32 of the current code and replace it with specifications for
building envelope components (i.e, doors, windows, walls, foundations, dabs, and
roofs). Condder thinking of these as three separate sysems. 1) Foundation
(foundation, dab); 2) Wal (wall, door, window), and 3) Roof (roof, skylight). There
doesn't seem to be a need to trade off among the three systems. However, an architect
or enginer can trade off with materias, layout, efc. within a sysem. This will dlow a
"whole building" andysis to be utilized within a system (i.e, the component gpproach
should dill dlow for credivity in playing off fenedration with opague wal
assemblies). - ArchitectsDesign Engineers

Condder adding a commissioning (or recommissoning certification) requirement to
ensure that sysems including Energy Management Systems, are indaled properly
and continue to function effectively. - Roundtable Participants

M easur e-Specific:

Mesasure lighting dendgty on a waits per square-foot bass for function of the area. -
ArchitectsDesign Engineers

Require lighting fixtures (in aress recelving daylighting) to be wired so that daylight
dimming can be inddled a the time of condruction or more easly in the future (or
dlow multi-level switching based on daylight sensing). - ArchitectsDesign Engineers

Eliminate credits for lighting controls if the facility is to operate more than just during
daylight hours. — GDS Team

Mandate occupancy sensors for very low use rooms (store rooms, basements, one
shift operation areas, etc.). — GDS Team
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Base code-required heating and cooling ddivery sysem insulation levels on an
effective R-value. The current code does a good job of conveying the code
gpecification. — GDS Team

Update CFM/watts requirement to recognize that ventilation sysem technology has
surpassed the current code. — GDS Team

Soedify a minimum R-value for water heating (dorage tanks) and continue the
requirement for insulation and control. — GDS Team

4.4 Recommendations for Next Steps and Further Actions

Based on the ressarch and andyss conducted, and discusson with numerous participants
throughout this project, the Study Group suggests the following recommendations regarding next

steps:

1

2)

3)

Near-Term Actions:
Communicate findings (i.e, PUC filing, public release of report, presentations per
request at various trade group meetings, conferences, etc.).

Pursue opportunities for training (identify rules of thumb & develop monthly sessons
around the date to increase code compliance and improve the awareness and energy
efficiency practices of target audiences including architects desgn engineers and
building code officias).

Integrate the code with currently avalable software tools that dlow for design
professondas to more quickly and effectively meet or exceed code compliance.

Mid-Term Actions:

Use findings to help utilities and private and public entities prioritize potentia follow-
up initiatives and to ad in the dedgn of energy efficency programs that will target
gpecific barriers to using higher efficiency measures and practices in the condruction
of new commercid buildings. For example, this sudy found various bariers to the
ue in new condruction of premium efficiency building envelope measures, high
eficency HVAC cooling units more efficent lighting fixtures and control
technologies, and efficient EMS measures.

Longer-Term Actions:

Modify the energy code language to render it esser to undersand and improve the
compliance process to a less cumbersome format. Congder, a a minimum, utilizing
the International Energy Conservation Codes (IECC) verson of ASHRAE 90.1-
1989, which was written in a more understandable "code'-type format (the ASHRAE
90.1-1989 verson was not written in understandable code language), and consider
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updating the code to ASHRAE/IESNA 90.1-1999, that recognizes many of the
technological advances discussed throughout this report and is written in a more user-
friendly "code' manner!® For other potentid measure-specific code modifications,
See section 4.3.

45 Estimated Savings Associated with Codifying Currently Practiced
Technological Advances

An atempt has been made to determine the percentage gain in efficiency that could be redized
through the sysemdic use of farly dandard energy efficient technology and commercid new
condruction practices in New Hampshire. The following graph summarizes improvements by
some of the mgor energy consumption categories:
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Updating New Hampshires current commercid and indudtria energy code to require the
use of wha is now farly standard, higher efficiency equipment would help secure these
esimated savings and avoid the risk of future commercia condruction in the state being
built to lesser (but ill legd) standards.

13 The U.S. Department of Energy (DOE) isin the process of reviewing ASHRAE/IESNA Standard 90.1-1999 and
the International Energy Conservation Code (IECC) and will likely be making a determination this summer that they
are more stringent than Standard 90.1-1989. States will then have two yearsto update their commercial standardsto
meet or exceed the new Standard 90.1.
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- APPENDIX A -

PREMIUM, STANDARD, & CODE EFFICIENCY PRACTICESIN NEW HAMPSHIRE

NEW COMMERCIAL CONSTRUCTION

Commercial and Indugtrial Building Premium Standard NH Commercial
Construction Measure Efficiency Efficiency Energy Code
Practice Practice Requirement (1)
Building Envelope
[ | Roof materias (2) U=.02-.032 U=0.033 U=.05
(R30 - R38) (R-30) (R=20)
[ ] wal maerids (2) U=.045 U=.053 .08-.11
(R19-R22) | (R=19) (R=9-12.5)
| Doors U=0.30 U=0.35 NA
[ ] Windows Double Pane | DoublePane | NA
Plus
|| Glazing — reflective, tinted, Low E, Yes No NA
Low Shading Coefficient (SC)
[ ] Foundations/Floors/Slabs
- wal R-19 R-10 R-4-11
- Sab R-30 R-19 R=11-18
- Floor R-30 R-19 R=20
Electric Power
[ ] Motors EPAct
- 1to10hp 89.4% avg approx. 2% 78.5%-84%
- 1lto75hp 93.5% avg lower (82.5% | 85.5%-90%
- 76t0200hp 95.6% avg to 95.0%) 90%-92.5%
HVAC Equipment
(] Economizers (for "free" cooling) Fixed Temp (Dry Yes
(Humidity Bulb)
control)
[ ] Reset controls Yes Already Yes
Standard
| Air furnaces (heating) AFUE=85% | AFUE=80% | AFUE=78%
[ Unit Heaters AFUE =85% | AFUE=80%- | AFUE =78% -
82% 81%
|| Hydronic bailers (heating) AFUE=85% | AFUE=83% | AFUE 78%-81%
[_] Cooling equipment
>=65t0 < 135 kBTU/hr EER > 10.8 EER > 10.3 EER >=8.9
>= 13510 < 240 kBTU/hr EER > 10.2 EER >9.7 EER >=85
> 240 kBTU/hr EER>9.9 EER > 9.5 EER >= 8.3
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Commercial and Indugtrial Building Premium Standard NH Commercial
Construction Measure Efficiency Efficiency Energy Code
Practice Practice Requirement (1)
| Automatic thermostat control Yes Yes Yes
[ | Vaiadle air volume systems (3) Yes No Recommended
| HVAC air hest recovery (3) Yes No Recommended
[ ] Heat Recovery High Temp Yes No Recommended
|| Heat Recovery Fluid/Gas Yes No Recommended
[ ] Duct & piping equipment insulaion K<.23 K=.23-.34 | Thickness=05"-
hydronic hydronic 3.5" depending on
pipe diameter and
_ R =33.-5 :reg]nrs)sroa;tturrr?egl;a No
R>5ar ar sysgem insulation required
for interior ducts.
[ | Thermd storage (cooling) Yes No Recommended
Service (Domestic)Water Heating
[ Service water heating equip. 85% fud/dze | 80% Not Specified
.60 EF non S8 EF non
elec. elec. Bdow
95+ for elec. | .95for €.
|| Service water heating controls Yes Yes Yes
] Water heting tank insulation Yes Yes Yes
[ | Service water heat pipe insulation Yes Yes Yes
NH
Commer cial Building Congtruction High Standard Commercial
Measure Efficiency Efficiency Energy Code
Practice Practice Requirement
Lighting Fixtures
[] 4 ft./8ft. Fluorescent (T-12, T-8, T- T-8 T-8/T-12 NA, Wattg/ft2,
10, T-5) T-12s used
mogly
| HID (high pressure Pulse Start Metal Hdide, | NA, Mercury
sodiumymercury/metd haide) MH, HP, LP | HP Sodium used mostly
Sodium
|| Ballasts (magnetic/électronic) Electronic Magnetic NA
[ | Compact fluorescents (CFLS) Yes No NA
|| LED Exit Signs Yes Fluorescent Mostly
I ncandescent
Lighting Controls
|| Locdlized switching Yes Yes Yes
[ | Multi-level switching Yes Yes Recommended
|| Occupancy sensors Yes No Recommended
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NH
Commercial Building Congtruction High Standard Commercial
Measure Efficiency Efficiency Energy Code
Practice Practice Requirement
| Motion sensors/outdoor lighting Yes No Recommended
[ | Daylighting controls Yes No Recommended
| Automatic exterior lighting controls Yes Yes Yes
(photocdlls/timeclocks)
Energy Management Systems
|| Process'system controls Yes Yes Yes
[ ] Tota building energy management Yes Yes Yes

controls

(1) Vadues may be actud code vaues or estimates made to facilitate comparisons. (For example,
see Lighting Fixtures. There is no code specification on type of lamp required. The codeis
based upon awaitt per square foot power consumption. We have cited lamp types based upon
the available lamp technology &t the time the code was implemented).

(2) Premium and Standard R- Vaues will vary based on the type of congtruction:

Trussroof with fiberglassinsulation in aitic
Soped roof with fiberglass insulation

Hat roof with rigid insulation
Soped roof with rigid insulation
Stud wall with fiberglassinsulation
Masonry wall with rigid insulaion

Standard Practice

R-38
R-30
R-20
R-20
R-19
R-12

(3) Code "recommendation” gpplies only in certain circumstances




New Hampshire Commercial New Construction Study
GDS Associates, Inc. May, 2000

- APPENDIX B -

GDSTEAM: SCOPE OF WORK
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- APPENDIX C -

PROFILE OF COMMERCIAL AND INDUSTRIAL CONSTRUCTION ACTIVITIES

INTHE

STATE OF NEW HAMPSHIRE
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- APPENDIX D -

SAMPLE FORM USED TO COLLECT DATA

WHEN CONDUCTING

PLAN AND PRINT REVIEWS
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- APPENDIX E -

SAMPLE INTERVIEW GUIDESQUESTIONNAIRES
FOR
EQUIPMENT SUPPLIER/DESIGN ENGINEER
AND

BUILDING OFFICIAL TELEPHONE INTERVIEWS
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- APPENDIX F -

ROUNDTABLE MODERATOR'S GUIDE

AND

TENTATIVE FINDINGSLIST
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- APPENDIX G -

AlA ENVIRONMENTAL GUILD

NH FOCUS GROUP REPORT
(OCTOBER 14, 1999)
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- APPENDIX H -

EQUIPMENT SUPPLIER/ BUILDING OFFICIAL INTERVIEWS

SUMMARY OF RESPONSESTO KEY QUESTIONS



