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MEAP i Decision -Grade Audit Report Town of Hopkinton ~ , NH

The following report wa generated as part of the Municipal Energy Assistance Program

(MEAP). MEAP is made possible through the New Hampshire Public Utilities Commission and
the Greenhouse Gas Emissions Reductions Fund. The program is a collaborative effort to carry
out a sequese of greenhouse gas emissions inventories and energy audits for between 24 and 48
geographically diverse communities in New Hampshire, setting the stage for these communities
to perform renovations to selected buildings that would reduce energy consuamtio

greenhouse gas emissions. This report has been generated as a tlrestitiveh of Hopkinton

being selected to participate in this program.

To follow MEAP updates and activities please waitw.nhenergy.org

Additionally, this report would not be possible without the assistance and input provided by
municipal employeeand volunteersWe are grateful for #htime provided to us by thiewn of
Hopkinton

For questions regarding this report, please contact:

Tobias Marquette

SDES Group, LLC
603.866.1514

2 Washington St., Ste. 206
Dover, NH 03820
www.sdesgroup.com
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Introduction:

MEAP partners are pleased to provide this Decisioade Audit Report for th€own of
Hopkinton and the ihway Garagé her ei naf ter At he buil dingo).
findings and subsequent recommendations for energy efficiency improvements at the building.
Included within this report are details regarding the whtkbugh and explorain conducted in

the facility and examples that illustrate recommended building alterations and improvements that
can reduce energy costs and the buildingbds na
provide a set of options that can help achi@a energy savings and carbon dioxide reductions.
These recommendations should be viewed as initial avenues to participating in several State
level funding opportunities for municipal energy projects. These funds distributed under the
aegis of the ARRAAmerican Recovery and Reinvestment Act) are targeted specifically to

towns and cities.

Prior to the audit process beginning, each selected municipality must carry out the MEAP energy
inventory process. The inventory process is required in order to eemeignergy audit. This

report relied on those initial findings to help determine the most appropriate building to conduct
an energy audit for, with the intent of maximizing the potential energy savings.

The Audit

The first stage of any audit processimglerstanding the nature of the system and the objectives

of the audit. The wuse of the building and the
solid audit. In most cases, these objectives combine environmental and economicligdiaés.

cag of public buildings and facilities, comfort and safety are also primary concerns that help

guide our analysis and recommendations.

A decision grade audit involves an inventory of heating systems, quantification of energy usage
(electrical and heatingiél), and the process of coordinating this information with the goals and
objectives of the Town into a decision toddlnder MEAP we look to provide recommendations
that will, if carried out, help the Town achieve at least a 30% reduction in energy @iesum

The level of detail provided herein is meant to create the basis upon which investment grade
audits and decisions can be madée decision grade audit is meant to filter options and
expectations so that the Town can understand the fundament@hgysystem, how changes to

the system can result in economic and environmental benefits and how those changes can
interact with other policy and philosophical objectives.

The following information will describe the characteristics witnessed duringadhetirough

and those areas of the building complex where improvements may be hedebjective of
these recommendations is to create a series of options the Town can further explore.
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MEAP i Decision -Grade Audit Report Town of Hopkinton  , NH
Enerqgy Data Collection
Name of| Fuel | Area* | Energy | Energy | Total Site EPA NH
Building | Type(s)| (Sq. Use: Use: | Building | energy | Average | Average
Ft.) | Electricity | Heating | Energy | intensity Site Site
(million Fuel Use | (kBtu/sq | kBtu/sq | kBtu/sq
Btu) (million | (million ft)* ft ft
Btu) Btu) for for
building | building
type type
Highway| #2 QOil | 5000 102 359 461 91 77 62
Garage

* The above chart was extrapolated from the Lee Municipal Greenhouse Gas and Energy Use Baseline Report.
Energy use data generated by STOCC software; energy intensity data generated by Portfolio Manager softw
*Source Hopkinton Assessing Records

2007 2008
Meter: Electricity Meter
Building:Highway Crew Shed Meter: Electricity Meter
May 15, 2010 03:09:58 PM Building: Highway Crew Shed
May 15, 20106 03:09:58 PM
Fuel TypeElectricity, Grid Purchase (kWh (thousand \Ataitirs))
Space(s): Entire Facility Fuel TypeElectricity, Grid Purchase (kWh (thousand \Afaitirs))
Space(s): Entire Facility

Start Date End Date Erergy Use Cost- US Dollars Start Date End Date | Energy Use| Cost-US Dollars
12/17/2007 1/16/2008 2,760.00 $376.00 11/18/2008 | 12/31/2008 4,200.00 $623.00
11/16/2007 12/17/2007 2,664.00 $374.00 10/18/2008 | 11/17/2008 2,136.00 $338.00
10/16/2007 11/16/2007 2,424.00 $330.00 9/18/2008 | 10/17/2008 2,196.00 $323.00
9/17/2007 10/16/2007 1,740.00 $248.00 8/18/2008 9/17/2008 1,920.00 $295.00
8/15/2007 | 9/17/2007 2,112.00 $295.00 7/18/2008 |  8/17/2008 1,872.00 $298.00
7/17/2007 | 8/15/2007 1,824.® $265.00 6/18/2008 | 7/17/2008 1,500.00 $246.00
6/15/2007 7/17/2007 1,848.00 $260.00 5/18/2008 6/17/2008 1,884.00 $303.00
5/16/2007 |  6/15/2007 1,860.00 $292.00 4/18/2008 | 5/17/2008 | 2,040.00 $305.00
4/18/2007 |  5/16/2007 2,124.00 $312.00 3718/2008 | 4/17/2008 | 2,640.00 $375.00
3/15/2007 4/18/2007 3,204.00 $419.00 2/15/2008 3/17/2008 3.192.00 $437.00
2/13/2007 3/15/2007 2,904.00 $390.00 1/16/2008 >/15/2008 3.192.00 $460.00

1/18/2007 2/13/2007 2,520.00 $343.33

*Note: The presen}ed data was egtrgpole}tevd from energy )
AYTF2NNIOAZ2Y SYUSNBR Ayuz2 0KS 9t! Qa t2NIuFT2ftA2

! site energy inteni = amount of energy expended per square doatiteto heat, cool, and electrify the area. This
measure relates to
how much is being used on site and fluctuates directly with how much lighting is being used, how thermostats are

kept, etc.
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2007- 2008 Electric Usage
Comparison by Month

3500
3000
2500 —
2000
1500
1000
500
0

kWh

Jan | Feb | Mar | April | May | June| July | Aug | Sept| Oct | Nov | Dec
m2008| 3192 | 3192 | 2640 | 2040 | 1884 | 1500 | 1872 | 1920 2196 | 2136| 2100 | 2100
2007| 2520 | 2904 | 3204 | 2124 | 1860 | 1848 | 1824 | 2112 | 1740 | 2424 | 2664 | 2760

* Graph generated based on data retrieved from the EPA Portfolio Manager account for Hopkinton, NH.

Approximate Cost Per kWh Delivered
2007/2008
0.18
0.16 e — —
0.14
s 012
E 0.1
S 008
O
0.06
0.04
0.02
0
Jan | Feb | Mar | April | May | June| July | Aug | Sept| Oct | Nov | Dec
===2007|0.136/0.134{0.131/0.147/0.157/0.141/ 0.145| 0.14 |0.143|0.136| 0.14 |0.136
—2008|0.144(0.137/0.142| 0.15|0.161/0.164/0.159/0.154/0.147|0.158/0.148|0.148

* Graph generated based on data retriexeu the EPA Portfolio Manager account for Hopkinton, NH.

Total kWh used in 2007 26,160kWh Total kWh used in 2008 26,142kWh
Total Cost of Electricity in 2007- $3,904.33| Total Cost of Electricity in 2008- $4,003.00
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MEAP 1 Decision -Grade Audit Report Town of Hopkinton  , NH
Meter: Heatng Oil Meter
Building: Highway Crew Shed
May 15, 2010 03:11:03 PM
Fuel TypeFuel Qil (No. 2), No fuel generation method associated wit
fuel type (Gallons)
Space(s): Entire Facility
Start Date End Date Energy Use Cost- US Dollars
12/1/2008 12/31/2008 271 $1,127.00
11/1/2008 11/30/2008 161 $665.80
10/1/2008 10/31/2008 0 $0.00
9/1/2008 9/30/2008 0 $0.00
8/1/2008 8/31/2008 63.6 $192.80
7/1/2008 7/31/2008 0 $0.00
6/1/2008 6/30/2008 0 $0.00
5/1/2008 5/31/2008 81.2 $182.30
4/1/2008 4/30/2008 259.2 $581.90
3/1/2008 3/31/2008 250.1 $561.50
2/1/2008 2/29/2008 683.4 $1,534.00
1/1/2008 1/31/2008 819.8 $1,840.00
*Note: The presented data was extrapolated from energy
information entered into the EPAO&s Portfolio
2008 Cost Per Gallon By Delive
4.5
4 f——
35 /
® 3 /
£ 25 ,/
é’ 2
1.5
1
0.5
0
Jan Feb | March| April | May | Aug | Nov | Dec
—Costin$ 224 | 224 | 224 | 224 | 224 | 3.03 | 413 | 4.15

* Graph generated based on data retrieved from the EPA Portfolio Manager account for Hopkinton, NH.

Total Gallons of oil Purchasedn 200871 2,589.3 gallons
Cost of Gallons Deliveredn 2008- $6,685.30
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Basics of Heat Loss:

Though we are typically used measuring heat in temperature, it can be measured in a variety

of units. For the purpose of measuring how much heat is produced to condition a space, and how
we measure the rate at which heat leaves a structure, we measure in British Thermal Units

( B TdY @One BTU is about the same amount of heat produced from a kitchen match. Another
good reference to have is that there aite abo
During the winter months, we cngs Haawaksgeep BTU
to cold, or, areas of high pressure are always trying to go to areas of low pressure. What we can
do is try to slow the process. We do this by usingiabarrier andinsulation at the building

envelope to create a thermal barrier.

u
0

Heat moves through and leaves a building by three different me@anssction, conduction, and
radiation. One way to think ofonvectiveheat loss is by air movement into and out of a
structure. One of the fokcesffeatisdbng this to

Thestack effectlescribes, on a macro level, the natural way in

A A which air moves through a building. As warmed air leaves

vt through the upper levels of a building, cold air infiltrates
through the lower sections. In masises, this pulls afrom
less thardesirable areas of a building, suchhasementscrawl
spaces and mechanical rooms, which are often damp and

A O unmaintained. These spaces can be the source of exhaust

- ™ fumes from heating equipment, mold and mildew, as well as a
number of otheair contaminants such as radon. Without an
effective air barrier between the conditioned space and the attic, warm air will exit the building.
For every 1 cubic foot of air that leaves a building, 1 cubic foot of air will infiltrate at a different
locaion. Gaining control of the air movement through a building not only has a positive effect
on efficiency, but contributes to increased comfort and improved indoor air quality.

Conduction is the foremost way in which heat travels through a solid bgldiaterial. At any

point in the building envelope where there is a solid building material and no insulation, what is
k n o wntheanal briigingd  wi | | occur . For example, a 2x6
has an Rvalue, or insulative value, of abt R7, while the 5.5 ' o

inch fiberglass insulation in the wall cavity is rated et ®R
Solid material in the exterior wall of a typical structure built
with 2 inch stock, 16 inches on center (O.C.) will usually
make up 225% of the wall surface area. ighin
combination with all of the doors and windows, means that
significant percentage of the building envelope has-aalke | ' i I

of less than 10. Even a wall with a highv&Rlue cavity .
insulation such as spray foam is subject to these weak poirg * =

thethermal boundary. Employing methods to reduce or . ' ‘ " I '
eliminate thermal bridging in our new and existing buildings. ' =
will dramatically reduce energy costs and emissions over the

long term as we move towards a new generation of energy and environmental ekalleng

(]’

fazm
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Radiant heat loss describes how heat waves, or infrared
radiation, pass through space from one surface to another within
its view. For example, the heat from a hot cooper pipe will
radiate towards cooler surfaces around it, like an exterior wall.
The heat can then conduct through building materials to the
exterior.

With regards to the building envelogmining control of
convective heat loss is the main _

priority, and usually the easiest : SR
to address through air sealing -
After this is done, inci&sing
insulation levels, or Ralue, of the building envelope is the next
step to gain better control of conductive heat loss. In many cas
a |l arge amount of a structur
with added insulation, either to ceilinggdts, walls, ductwork, or
piping. Treating the whole building as a system, and addressir
all the issues of heat loss will produce optimum savings and
comfort.

heat

Basics of Moisture Control:

The issue of moisture control in buildings is very complexessgntial to maintaining structural
durability and occupant health. The mismanagement of moisture can lead to a multitude of
negative effects. Some of these are mold growth, poor indoor air quality, early materials and
equipment degradation, and largagative health impacts on the people who live and work in
our buildings.

The two basic forms of moisture in need of managing are bulk moisture (fluid), and water vapor.
Two important ways to manage bulk moisture are to keep rain and ground water famgent

our buildings, and to quickly fix any water leaks from sources within our buildings such as
leaking pipes.

Managing relative humidity and water vapor is a challenge. At some points of the year,
occupants want more humidity in the air to maintaamfort, and less in other times. For

example, in the winter months we want more humidity indoors because it helps occupants
experience greater comfort. In many situations, we increase the relative humidity mechanically
with humidifiers. When indoor ais too dry during the winter, we feel colder, develop dry skin,
and our upper respiratory can become dry causing discomfort.

Conversely, in the summer we want the air to be dry. Just as hot goes to cold, wet goes to dry.
We cool ourselves by persjpig. As we produce this moisture on our skin, it evaporates into the
air, drawing heat away from our bodies. The temperature of a room may not be very high, but if
the relative humidity is high, we will feel hot because our perspiration is evaporasirsjoaver
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rate. Much of the comfort we achieve from using an air conditioning system (AC) is by
removing the moisture from the air, allowing our skin to dry more quickly.

In the winter, there will always be some level of moisture in a heated and et syeice. We

want this moisture, or water vapor, to stay within the occupied space for many reasons. Two of
the most important reasons are to help occupants feel more comfortable, and to keep the water
vapor from causing damage within the building enpelo

Just as BTW conduct through solid materials, water vapor diffuses through solid materials.

Some materials are more resistant to vapor diffusion, such as polyethylene, and so we use these
to try and form a vapor barrier on the inside of the thebmahdary in an attempt to slow the

amount of vapor diffusion. Small amounts of vapor
traveling through a properly constructed building
envelope will diffuse all the way to the exterior, and not
cause any damageéf a large amount of vapor is
allowed to enter a wall cavity, the molecules will
condense on the nearest cold surfac&Vhen this
happens, moisture can build up on the inside of the
exterior wall sheathing, or on other surfaces. This will
cause a number of problems including long term dama
to insulation and structural components, as well as the
promotion of mold growth.

It is important to try and identify any current moisture problems, and address them properly.
This is always done by first finding and controlling the source of the moisBameetimes it can

be quite difficult to see moisture damage, as it may be buried inside of wall cavities. It is also
important to know that by making changes to a structure and its envelope, we can change the
way, sometimes negatively, in which moistufieets the building.
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Building Description:

The Hopkinton Highway Garage wasilb in
1986. It is an approximatelp00Qt2

wooden structurevith five large garage bay
doors. The building serves as a home bas
for the managementof tfieo wn é's, r
andservice station f

runs the entire length of the nostiue of the F
structure, and a second floor lavatory,dire |
room, and office on the easnd.

North
1 Y
Unheated Storage Mech. Unheated Storage 12' 6 5/8"
Iy
- 88 8" >
2nd Floor
Lavatory,
Garage Area Breakroom
62' 5/8" Office |
4892.5 Feet 2 47' 6"
13" 10" -»
¥ L J
- 105' >
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Foundation:

The building sits on a concrete slab foundation. There is one section of the slab that has radiant
heat, and it is unknown to us whetligs or any other section of this slab has any insulation
beneth.

Experts say that insulating around a slab sare 10%20% on heating costnsulating the slab
would require digging a-fbot deep trench alongside the building and appl inches of foam
board with an exterior finish. This is an effective wayvhich to slow the heat loss from around
the perimeter of the slab, though somewhat controversial. In some cases where this insulation
method has been used, pestgh as anthave found their way into the foam board and made
nests. Given this, it igery important to create a strong barrier between the foam and any
potential infestation. A thick cement scratch coat with a lime based plaster appliatrthe e
depth of the foam ian ideal solution to this potential problem.

Recommendatian

1 Insuate around the exterior perimeter of the concrete slab. This shoyldedbne
after all thehigher priority recommendations have been carried out.

Exterior Walls:

The exterior stud wall appears to have been constructed with 2x8 inch stock. Tioe bate
plywood panel siding. The interibas a poly vapor barrier with-lach OSB, sometimesalled
waferboard, fastened to the inside of the studse Whll cavities have been inged with

fiberglass batt insulation, though it is uncertain whatkiess fiberglass was used/ith a stud

depth of 7.25 inches, the best fit for fibergl@ssulation would have been &inchroll, giving

the cavity an Rralue of 25 if it was installed well. If fiberglass rolls of a greater thickness were
used, the te@d Rvalue woulddecreaseas the fiberglass would be compresseé-iAchroll

would leave air gaps either in the interior, or most likely, on the exterior of the wall. This would
be unfavorable as this could lead to a host of problems, including leosgilsture condensation

on the inside of the board siding.

Figure 1 shows an example of how the tops of tfi€
walls have been finished. This gap is allowing 3
and vapoto moveinto the top of the walls and
the attic spaceSealing these gaps will honly
positively affect the thermal performance of the
building, but alsopromote structural durability.

Figurel
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Recommendatian

1 Seal any penetrations that may have punctured the vapor lirathermain fields of the
exterior walls.

1 Seal along théop and bottonof theexteriorwalls where they meet the metal ceilisugd
slah

Ceilings:

This building has a truss rafter system with a metal rdbe ceiling above the conditioned
space was constructed with the same kind of metal roofing mat@matiop of themetal roof, in
the attic, are 3¥%nchfiberglass rolls, with several inches of loose fill fiberglass blowrtop

All along the perimeter, the fiberglass rolls are out of place, and the blown insulation stops well
short of theedge, asesn in Figure 2 Figure 3shows how the metal has been darkened around
the edges of the ceiling where there is little or no insulation above. Though we inspected this
building on a warm day, we believe this darkeningdsurring in the cold months asesult of
condensation due to the lack of insulation

Figure2 Figure3

We pulled the fiberglass away in many locations
to examine conditiongsnderneath What we
found throughout the entire attic wesotmixed
in with the fiberglass See Figure 4This is most
likely coming from the vehicle exhaust. Sheet
metal serves as a great air and vapor barrier. The
probdem here is that none of the s&sof the

metal roofing lave been sealed where they
ovelap. Fiberglass insulation does little to
impedeairflow. Manywould describe fiberglass
insulation as a glorified air filter, and in fact, that
is just what it is serving as here. Figure4
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