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This  energy audit has been prepared with the best of intentions to deliver a comprehensive and thoughtful 
document to assist the Town of Brattleboro  make informed decisions regarding energy improvements to 
their Municipals buildings.  Neither S.E.E.D.S. nor  Dynamic Integrations  make any warranty, express or 
implied, or assume any legal liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed.   

This report is copyrighted by the author. Permission is granted for re-printing as long as content is not edit-
ed and the source is given credit. 
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Executive Summary 

 

Understanding the fact that no one has a crystal ball on the future of anything, much less future energy costs 
or availability, the Energy Saving Measures (ESMs) recommended in this report are predicted to result in 
sound financial investments. Buildings have been inspected and assessed in therms of their historic energy 
usage, overall performance, and risks associated with long term durability.  Occupant comfort, maintenance, 
operations, and energy related carbon emissions have also been considered, though assigning dollar values 
to those factors can be an even greater challenge.   

It is within that assessment context, and to the best of our ability, we have proposed ‘improvement packag-
es’ which are designed to:  Reduce energy costs and carbon emissions; improve comfort; address immediate 
term capital needs and concerns about air quality or durability. Buildings function as dynamic systems. This 
means that changing one thing can impact everything else.  Therefore, even though the recommendations 
appear as individual line items, we encourage you to consider them as packages. In other words, it would be 
better to implement all improvements for one building, than spending the same amount of money ‘cherry 
picking’ from each list of all buildings.   

Recommendations are offered in the following areas:  

1. Upgrades to building envelopes.  The ‘envelope’ of a building is the barrier between inside conditioned 
space and outside weather and climate.  It consists of materials and assemblies designed to manage air, 
moisture, and heat transfer.  In Brattleboro’s cold and moist climate, the more effective the envelope, the 
less energy is needed for space heating. The amount of heating energy a building needs is also referred to as 
the ‘demand’ or ‘heating load’. Reducing a building’s demand or load therefore reduces the amount of ener-
gy needed to be supplied.  Components of the envelope which are at the end of their service life – such as a 
roof membrane or windows – represents an opportunity to address a capital need as part of a thoughtful 
energy analysis, thereby optimizing investment dollars over the long term. 

2. Mechanical equipment and controls.  This is often considered the ‘supply side’. The better the controls, 
the more efficient the equipment and distribution, the more efficiently energy sources will be used to meet 
the demand – also resulting in lower energy costs.  Equipment which will need to be replaced in the near 
future represents an opportunity to satisfy a capital need as part of a thoughtful energy analysis – thereby 
optimizing investment dollars over the long term. 

3. Converting to wood pellet heat.  Replacing oil fired boilers with wood pellet boilers as the primary heat-
ing source lowers heating costs while also reducing carbon emissions, reliance on foreign or domestic oil 
and supports local and regional industries. Thanks to funding incentives from the Windham Wood Heat 
Initiative, installing wood pellet boilers in six of the buildings in this study is predicted to be a fiscally wise 
investment at this time. 

A goal of this assessment process was to be as comprehensive a study as possible, examining all energy relat-
ed aspects of each building. There are, however, two energy uses which proved impractical to include in our 
recommendations: 

1. Lighting upgrades have been completed relatively recently, so further improvements have not been ex-
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plored. That said, LED technologies have advanced so quickly in the last few years that we recommend 
working with Efficiency Vermont and their lighting incentive program to re-visit all buildings except the 
parking garage at the Transportation Center. 

2. Most of the energy demand at water supply facilities has to do with pumping water. We recommend hir-
ing an electrical engineer – with funding support from Efficiency Vermont – to conduct an energy audit 
specific to electric motors and pumps in the Water Treatment Plant, Retreat Wells, and all pumping stations. 
Though waste water facilities were not included in the scope of this Study, consider including those in that 
audit. 

This executive summary includes a compilation of the recommendations summary in each building’s report.  
While this report as a whole is long and perhaps burdensome to read, considerable effort was put into mak-
ing the report summary’s concise.  Therefore, they have been collected in the next eight pages in order 
simply to be able re-print and distribute more easily. 

The chart below presents the project costs summary analysis for all buildings in one chart.   

To summarize in one sentence: investing 1.43 million dollars in energy saving measures is predicted to save 
$113,427 a year, yielding a 7.9% return on that investment, with a net present value payback of 11.9 years. 

Wood pellet heating conversions are recommended for six buildings. The project costs listed below include 
the incentives from Windham Wood Heat.  A more comprehensive explanation of project costs, including 
necessary capital expenses is presented on page 

The buildings are grouped according to  the Town’s budgeting process. 

Definitions of the column headings are on the next page. 

Building 
Pellet 

Heating Cost 
1st Yr 

Savings ROI % SIR NPV ($) 
NPV  

Payback 

Municipal Center Y $237,047 $17,788 8.0% 2.5 $360,748 10.7 
Brooks Memorial Library Y $235,691 $12,962 5.0% 2.5 $341,021 14.9 
Gibson-Aiken                           
Community  Center Y $357,710 $25,844 7.0% 1.9 $286,843 11.9 
Nelson Withington            
Skating Facility N $98,575 $7,643 8.0% 2.6 $158,931 12.3 

Public Works Garage Y $210,121 $12,814 6.0% 2.9 $394,460 13.8 

General Fund Total   $1,139,144 $77,051     6.8%     2.4 $1,542,003 12.7  

                

Transportation Center Y  $151,322 $10,995 7.0% 2.8 $279,575 11.7 

            

Water Treatment Plant Y $77,429 $15,178 20.0% 5.1 $315,830 4.7 
Retreat Wells N $25,761 $4,691 7.0% 3.6 $91,723 12.4 

Remote Pump Stations N $40,465 $5,512 13.6% 3.8 $159,694 3.9 

Public Works Total   $143,655 $25,381 17.7% 3.9 $567,247 4.5 

                 
Total All Buildings   $1,434,121 $113,427 7.9%   2.7 $2,388,825     11.9 
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 Costs shown reflect final cost to the Town and include, where indicated, 25% cost sharing from Windham 
Wood Heat Initiative for conversion to wood pellet heating.  Cost are based on estimates from con-
tractors and industry standards and do not reflect project quotes.  

ROI  Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR   Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will 
pay for itself over its life. An SIR of less than one is not cost effective unless externalities are con-
sidered. 

NPV  The savings for a measure over its life after it pays for itself plus interest at the discount rate. A  
NPV of 1 or above is considered a good investment and a negative NPV a poor investment. 

Payback - based on present value including maintenance, a discount factor, and escalation of energy costs, 
not simple payback.  

WWH Funding —Windham Wood Heat Initiative 

 

The chart  below presents more information than the audit analysis. The project costs and 1st year savings 
used in the cost benefit analysis are found in the last two columns below.  This summary is included in the 
Executive Summary with  hopes to prevent (not create) more confusion, while presenting total dollars 
needed for budgeting purposes. 

Buildings 
Project 
Costs 

Related  
Capital     

Expenses 

Known 
Incentives 

Budget 
Cost 

Avoided 
CI 

ESM  
Analysis 

Cost 

1st Year 
Savings 

Municipal Center $284,499   $47,452 $237,047   $237,047 $17,787 
Library $288,756 $61,703 $23,065 $327,394 $30,000 $235,691 $12,962 
Gibson Aiken $432,710 $75,725 $75,000 $433,435 $15,000 $357,710 $25,844 
Skating Rink $98,575   n/a $98,575   $98,575 $7,643 

DPW  $233,634   $23,513 $210,121   $210,121 $12,814 

General Fund 
Totals $1,338,174 $137,428 $169,030 $1,306,572 $45,000 $1,139,144 $77,050 
                

Transportation 
Center Totals $172,573 $0 $21,250 $151,323   $151,323 $10,995 

                
Pleasant Valley $115,781   $23,352 $92,429 $15,000 $77,429 $23,385 
Retreat Wells $25,761   $0 $25,761   $25,761 $4,691 

Pumping Stations $40,465 included $0 $40,465   $40,465 $5,516 

Water Plants 
Totals $182,007 $0 $23,352 $158,655 $15,000 $143,655 $33,592 

                       

Totals $1,692,754 $137,428 $213,632 $1,616,550 $60,000 $1,434,122 $121,637 
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Project costs refer to total ESM related expenses, before incentives. 

Related Capital Expenses refers to the cost of the roof replacement at Gibson Aiken and the Library. While 
insulation cannot be added without replacing the roof, it is considered a capital expense which is recom-
mended for building durability, but will not yield energy savings in itself.  Another example would be re-
moving the below grade oil tank at the library, however we do not have a cost estimate for this report. 
Uniquely, the cost to replace the roof at Retreat Wells Pumping Station is included in the ESM cost and 
benefit analysis. 

Incentives column gives a snapshot of known incentives from WWH and EV, valued at $213,632. 

The Budgeted Cost column reflects the actual cost to the Town of Brattleboro to complete all measures. 

Avoided Capital Investments is used in the ESM analysis, though doesn’t actually exist in the budget. It re-
flects costs that will need to be covered in the near future, but can be avoided due to the scope of the ESM 
projects. For example, the boilers in the Library and Pleasant Valley Plant will need to be replaced in the 
short term for safety and functionality.  If the ESM avoids the cost of replacement or repair, convention has 
it included in the cost benefit analysis of the measures. 

 

  
 

 

 

Summary of Recommendations for Each Building 

The five recommendations listed below include improvements to the thermal envelope, individual room 
heating controls, eliminating the issue of mold in the basement, and creating a pellet fired district heating 
plant to serve the Municipal Center and Brook Memorial Library.  EMS #5 targets one office suite for re-
placing its window air conditioners with a ductless mini split air source heat pump. 

A strategic window upgrade  - involving either  comprehensive air sealing or replacement—was considered 
but only proved cost effective when the building is heated by the existing two oil fired boilers. Converting 
to lower cost pellets reduces the financial benefit of doing anything to the windows, yet would not negate 
the values of improved comfort and functionality. 

Municipal Center 

ESM 
# Municipal Center Cost 

1st Year  
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

1 Replace Valves $15,675 $4,200 26.8% 4.6 $56,326 3.6 15 
2 Ceiling Plane $36,444 $3,727 10.2% 4.0 $109,131 9.0 30 
3 Wood Pellet Heating $142,355 $7,021 4.9% 1.9 $128,962 12.0 20 
4 Foundation Wall $23,763 $1,739 7.3% 1.7 $16,668 15.8 30 

5 Air Source Heat Pump $18,810 $1,100 5.9% 1.3 $4,982 19.2 25 
  Total All Measures $237,047 $17,787 8.0% 2.5 $360,748 10.7   
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ESM  
# 

Brooks Memorial       
Library Cost 

1st Year 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

1 Replace Air Handler $161,975 $4,228 3.0% 0.7 -$50,124 45.6 30 
2 Glass Upgrade $16,966 $4,077 24.0% 16.6 $264,992 4.1 50 
3 Municipal Pellet System $43,453 $3,591 8.0% 3.5 $106,570 8.2 20 

4 Roof Deck Insulation $13,297 $1,066 8.0% 2.5 $19,583 14.6 50 

  Totals All Measures $235,691 $12,962 5.0% 2.5 $341,021 14.9   

Brooks Memorial Library 

Integrating the findings of the 2007 CNA and the assessment conducted for this Energy Audit, the follow-
ing is recommended: 

Replace the air handler and air conditioning units; modify the multi zone distribution system, outdoor reset 
and relatively new control system as needed.  The new system also includes Demand Control Ventilation 
which will address air quality concerns, including mold or mildew, while also reducing air exchange when 
not needed.  Convert to a pellet fired boiler, either on site with its own silo, or through underground hot 
water pipes connected to a new pellet boiler plant in the Municipal Center (recommended). This will also 
allow for removal of the underground oil storage tank, which CNA recommended be removed or replaced 
in 2009. The liability risks associated with underground tanks makes removing this tank a high priority and 
excellent timing for replacing it with benign above ground pellet storage. Costs for tank removal are not in-
cluded in this report. Replace all single pane glazing on the Main Level. The analysis in this report indicates a 
relatively short payback for Main Level glazing replacement, though not for the upper two levels as long as 
the window quilts are drawn closed at night. Adjusting the outdoor reset for hydronic baseboards contrib-
utes to savings. The CNA suggested the roof was replaced in 2001 with an expected 20 year service life. 
While not in immediate need of replacement, proactively replacing it before it starts leaking will also allow 
for a substantial insulation upgrade and so has been recommended in this report.  

  

Cost effective envelope improvements are limited to general air sealing, improving the ceiling plane insula-
tion and replacing the gym windows. Upgrading roof insulation requires replacing the roof membrane 
which is a necessary capital expense. Since about half the windows were replaced in the Fall 2015, after the 
latest heating season, the building was modeled in its prior condition and their installation has been listed 
below as a “0” ESM and not included in the total costs or benefits of ESM’s 1-6.   

Three energy saving measures have been recommended for the kitchen: installing a demand control exhaust 
system, replacing the dish washer, and replacing several of the cooking pots with very efficient pots. This 
latter measure will mostly reduce propane usage, which the Town does not pay for directly, however it will 
also help relieve overheating in the basement and therefore cooling costs as well as improve comfort. The 
cost and resulting savings of a new dishwasher is not included in the energy model or analysis below. 

There are two approaches to energy reductions on the supply side: Either install thermostatic vents on the 
radiators and other control improvements, or convert from oil to primarily burning wood pellets and re-
place the distribution to forced hot water, (hydronic).   The WWH makes this an opportune time to mod-
ernize the heating system with far better thermostatic control than can be available from steam.    

Gibson-Aiken Community Center 
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The Nelson Withington Skating Facility is very efficiently operated. When we reported annual use to various 
consultants and suppliers most thought we must be talking about monthly use. The low energy use and low 
cost of LP gas makes large long term investments difficult to justify on strictly energy savings. 

In addition to improvements to the envelope and controls described below and in the report, we also rec-
ommend some system upgrades for ice rink operations, including ice production and cleaning.  We reviewed 
estimates from IB Storey's study of three years ago and obtained estimates from Cimco for similar renova-
tions. Major investments of $600,000 to $1,200,000 for conversions to ammonia or CO2 refrigerant are not 
currently cost effective based on energy savings. The projected savings for these measures will be further 
reduced if our recommendations are implemented as the total annual energy cost will be down to $40,000. 

The current refrigerant (R22) will not be manufactured for refrigeration after the next four years and the 
substitutes are not sustainable.  Though CO2 is the preferred refrigerant in terms of efficiency and safety it 
adds another $100,000 to $200,000 to the upgrade cost.  

Fifteen years ago, in a move toward ammonia capability, American Refrigeration replaced the failed Trane 
chiller with a flooded plate and frame exchanger. We recommend continuation of the move toward ammo-
nia with replacement of the condensers with evaporative condensers and other equipment as needed. When 
the conversion takes place it should cost less than $400,000. 

Nelson Withington Skating Facility 

ESM 
# 

Gibson-Aiken                    
Community Center Cost 

Yearly 
Savings 

ROI   
% SIR NPV ($) 

NPV 
Payback 

Life 
Yrs 

0 2015 Window Replacement $30,492 $1,870 6.1% 1.9 $26,204 14.6 25 

                  

1 Weatherstrip Doors $487 $424 87.2% 4.6 $1,729 1.1 5 
2 Kitchen Improvements $5,768 $2,268 39.3% 8.9 $45,736 2.5 20 
3 Improve Controls $7,336 $4,306 58.7% 6.4 $39,321 1.7 10 
4 Roof Insulation $21,297 $1,883 8.8% 3.3 $49,884 10.4 30 
5 Wood Pellet Heating $286,958 $15,351 5.3% 1.5 $139,756 14.5 20 

6 Replace Gym Windows $35,864 $1,612 4.0% 1.3 $10,417 28.5 40 

  Total All Measures $357,710 $25,844 7.0% 1.9 $286,843 11.9   

ESM 
# Skating Rink Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life in 
Yrs 

1 Night Setback $30 $257 856.3% 91.4 $2,711 0.1 10 
2 Air Sealing $2,179 $290 13.3% 4.8 $8,309 7.2 30 
3 Insulate lockers $47,832 $3,121 6.5% 3.3 $112,226 14.0 40 
4 Insulate Pipes and Ducts $1,378 $110 8.0% 2.9 $2,611 11.6 30 
5 Programmable Ice Controls $1,908 $249 13.1% 2.4 $2,595 8.0 20 
6 Control Lights $5,173 $602 11.6% 2.1 $5,698 9.0 20 
7 H20 Vortex Water Treatment $28,000 $2,595 9.0% 1.9 $26,347 10.5 20 

8 Insulate Warming Area Walls $12,076 $420 3.0% 1.8 $9,442 28.8 40 

  Totals All Measures $98,576 $7,644 8.0% 2.6 $158,931 12.3   
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  Public Works Garage 

The measures below include installing programmable thermostats with slightly reduced nighttime and 
weekend setbacks; installing two pellet boilers as primary heating equipment; insulating the exterior of all 
uninsulated CMU walls; removing the foil faced fiberglass batts in the ceiling joist bays; and weatherstrip-
ping all exterior windows and doors—including the overhead doors.  These measures are described in 
greater detail on pages 128-132.  Following envelope improvements, the last three bays would be heated 
entirely by waste oil in the existing burner. 

A lighting upgrade was completed in the last few years which reduced the costs of lighting. There is at least 
one garage bay, however, where the new light fixtures and lamps do not provide adequate task lighting. 
The solution has been to add high cost lamp lights to meet the need.  We recommend  that the Town hire 
a lighting engineer or technician to redesign lighting for individual bays as needed—using  high efficiency, 
long lasting LED’s.  

ESM 
# Public Works Garage Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life in 

Yrs 

1 Programmable Thermostats $2,466 $1,200 50.0% 23.1 $54,522 2.0 10 
2 Wood Pellet Conversion $70,538 $3,795 8.0% 2.8 $129,658 12.4 20 
3 Ceiling Upgrade $7,167 $400 6.0% 1.9 $6,956 19.7 40 
4 Insulate Walls $126,273 $6,944 5.0% 1.6 $75,769 22.0 40 

5 Weatherstripping $3,677 $475 13.0% 1.2 $717 8.3 10 

  Total all measures $210,121 $12,814 6.0% 2.9 $394,460 13.8   

Transportation Center 

ESMs for the Transportation Center include the substantial envelope upgrade of insulating the brick walls. 
Increasing insulation on the ceiling, with the special goal of eliminating thermal bridging, was explored but 
the cost could not be justified. If, however, there’s a turnover in occupancy, spraying an addition 3-4” of 
insulation across the entire ceiling plane, including concrete beams, is strongly recommended. It was the 
added cost of covering everything in the retail spaces that thwarted the cost benefit analysis.  Air sealing the 
wall/ceiling connection will have to suffice at this time. Installing window quilts is recommended for the 
glazing. 

Thanks to funding support from WHH, converting to wood pellet boiler has a favorable return, even at 
today’s low oil prices. This is in part due to the cost of the electric pump which circulates oil to and from 
the outdoor tank 24/7/365. Though the oil boiler still has some service life left, replacement is not entirely 
premature. 

The existing controls are essentially not functioning. Replacement is strongly recommended. 

  

 



 January 2016 Energy Audit  

11 

DYNAMIC INTEGRATIONS LLC 

Water Treatment Plant 

Envelope improvements recommended to reduce demand include air sealing doors and the ceiling to re-
duce infiltration and exfiltration and installing window quilts for nighttime use.  Upgrading the insulation 
above the ceiling is desired but not recommended at this time. In this building, with three large water tanks, 
heat loss to the cold water in winter is approximately the same as the heat loss to the outside through the 
walls, so insulating the tanks is also recommended. Note that John Highter indicated that even with antici-
pated equipment upgrades, the tanks have could continue to serve the facility for  20 years or more.  

Lowering indoor air temperature, particularly at night, is generally an excellent way to save energy and oper-
ational costs. Reducing temperatures only two degrees at night was modeled due to concerns around risk to 
operations from colder temperatures. 

Replace the existing oil boiler and piping system with a pellet boiler and back up high efficiency propane 
with cost sharing from the Windham Wood Initiative. Working with EV to hire an electrical engineer for 
analyzing water pump efficiency is recommended.      

ESM 
# Water Treatment Plant Cost 

Yearly 
Savings ROI % SIR NPV ($) 

Simple 
Payback 

1 Air Sealing $2,306 $3,056 132.5% 22.4 $49,288 0.7 
2 Reduce Temperatures $1,411 $1,560 110.6% 18.7 $24,924 0.9 
3 Insulate Filter Tanks $13,001 $2,525 19.4% 4.5 $46,055 4.9 
4 Wood Pellet Conversion $55,908 $7,631 13.6% 4.0 $169,481 6.3 

5 Install Window Quilts $4,803 $406 8.4% 1.4 $2,009 13.4 
                
  Totals All Measures $77,429 $15,178 20.0% 5.1 $315,830 4.7 

ESM 
# Transportation Center Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Yrs 

1 Air Sealing $2,514 $472 18.8% 3.2 $5,490 5.1 15 
2 Wood Pellet Heating $66,619 $4,544 6.8% 2.6 $106,915 9.9 20 
3 Replace Controls $15,257 $1,436 9.4% 1.2 $2,984 12.2 15 
4 Window Quilts $23,513 $2,490 10.6% 1.8 $17,989 10.4 20 

5 Insulate Masonry Walls $43,420 $2,053 4.7% 1.4 $17,175 29.2 50 

  Totals All Measures $151,323 $10,995 7.0% 2.8 $279,575 11.7   

 
Retreat Wells 

Envelope improvements include air sealing, most especially the ceiling over the lab and pump room area, 
insulating the foundation and re-insulating the ceiling. 

Improving controls and lowering thermostat settings will yield the most return when implemented. 

The gas boiler is quite old and seasonal, total system, efficiency is estimated between 60% and 66%, there-
fore it was assumed that replacing the boiler, and hot water heater, would prove cost effective. And yet, as 
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Water Supply Pumping Stations 

Eight water supply pumping stations were included in this audit contract. One of the eight is in the pro-
cess of being decommissioned at the time of this writing so an assessment was not completed. Three oth-
ers were assessed, however no cost effective energy saving measures were found to be practical. Those 
buildings are described on pages 148-152.  The remaining four buildings were found to have cost saving 
measures with favorable SIR’s.  The summary below presents all seven existing buildings in terms of their 
EUI, estimated annual heating costs, ESM costs and savings and resulting reduced EUI. It should be not-
ed that the energy required for pumping water greatly exceeds energy used for heating in most cases.  
Working with Efficiency Vermont to hire an electrical engineer for a comprehensive electric audit is rec-
ommended. Savings from increasing pump efficiency could be substantial, though would also likely re-
duce internal gains—which would impact the predicted savings  below. 

The energy modelling methodology used for these buildings was simpler than for the  other buildings in 
this study. It is described in the first analysis of the Retreat Wells Pumping Station. 

  

ESM 
# Retreat Wells Cost 

1st Year 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

1 Improve Controls $2,633 $1,377 50.8% 7.4 $19,416 1.9 15 
2 Air Sealing $806 $383 47.5% 6.8 $5,505 0.9 15 
3 Insulate Foundation $4,600 $1,233 26.8% 5.1 $23,342 3.6 20 
4 Re-Insulate Ceiling $17,722 $1,698 9.6% 2.5 $43,460 9.8 30 

  Totals All Measures $25,761 $4,691 7.0% 3.6 $91,723 12.4   

long as it is functioning safely and reliably, the energy model suggests that replacement is not warranted 
from a strictly energy saving perspective at this time. It could be warranted from a reliability standpoint. 

Converting to wood pellets with WWH’s incentive funding was analyzed and the results are presented, but 
proves to be an unviable expense. Lighting is primarily 4’ T8 32 watt lamps and considered the most effi-
cient upgrade until only recently. As with all the buildings, converting to LED’s is now proving a cost effec-
tive upgrade considering reduced energy use in addition to longevity. Electric usage is the most dominant 
load and is due primarily to pumping water and outside the scope of this audit. 

Pump Stations 
Heat 
EUI 

Annual 
Heat  
Costs 

ESM 
Costs 

First  Yr 
Savings 

SIR 
New 
Heat 
EUI 

Future 
Heat 
Costs 

Retreat Wells 52.8 $1,448 $15,428 $1,047 2.2 14.7 $401 
Ames Brook 67.7 $2,680 $10,402 $1,698 5.0 42.9 $982 
Mountain Home 125.4 $3,365 $14,275 $2,513 4.4 38.8 $852 
Common Wealth 47.1 $1,119 $360 $254 10.6 36.4 $865 
Pleasant Valley 84.5 $591 n/a n/a n/a n/a $591 
Signal Hill 263 $622 n/a n/a n/a n/a $622 

Sherwood Holler 302 $639 n/a n/a n/a n/a $639 

Totals   $10,464 $40,465 $5,512 3.8   $4,952 
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Introduction  

1. Report Goals 

The primary goal of a building energy audit is to describe energy saving measures (ESM) with enough sup-
portive data to offer confidence in the predicted results.  This report presents specific recommendations for 
a variety of ESMs that result in dollar savings from reduced energy consumption and maintenance costs, as 
well as improved comfort, building durability, indoor air quality, and a reduction of carbon emissions.  Me-
chanical audits used in this report were partially funded  by the Windham Wood Heat Initiative (WHH), a 
program of the Vermont Clean Energy Development Fund and Efficiency Vermont (EV). 

An additional goal is to present these findings along with a general description of each building. The build-
ing is described in terms of its historic energy usage, function and floor plan, thermal envelope, heating and 
cooling systems, and other unique concerns or issues.  Photos, diagrams, charts, and text are used to help 
decision makers foster an understanding of how the buildings work, as well as offer a visual guide for deci-
sion makers a way to talk about the building’s energy usage in a meaningful way.  

2. Audit Scope and Partners 

The analysis and recommendations in this report has been a collaborative team effort.   

The initial contract for eight municipal building audits was awarded to Margaret Dillon of S.E.E.D.S., with a 
primary focus to explore cost effective improvements to building envelopes in order to reduce demand of 
heating energy. This focus was specified as relatively recent audits and mechanical upgrades had been com-
pleted by Honeywell and lighting audit and upgrades completed by EV.  

Early discussions suggested the value of broadening the initial scope to include mechanical audits in order to 
evaluate existing controls and the feasibility of converting to wood pellets in one or more of the buildings in 
this study. With substantial funding from the Windham Wood Heat Initiative and following a preliminary 
feasibility study, Chris Hebb of Dynamic Integrations, LLC, was contracted to conduct mechanical audits 
for six of the eight buildings. As the project progresses, Chris had a lead role in the energy modeling and 
financial analysis of energy saving measures, while Margaret conducted the envelope and building assess-
ments, project coordination, and writing this report.   

Efficiency Vermont (EV), the State energy efficiency utility, is a consulting member of WWH. EV offers a 
range of efficiency programs that complement the core services offered by the WWH program. Among EV-
T’s current programs, the Pay for Performance Program provides public and commercial buildings with 
technical and performance-based financial assistance to complete upgrades to their building management 
systems (BMS) with the intent of better managing energy use. In addition, some insulation upgrades may be 
supported by EV’s Building Performance program. The WWH program will coordinate with EV to maxim-
ize these opportunities. If you have specific questions about how Efficiency Vermont may be able to pro-
vide technical or financial support in addition to WWH’s program, you may contact the local EV Energy 
Consultant, Gary Swindler, at gswindler@veic.org or by phone (802) 540-7758.  

Doug Waitt of Design Day Mechanicals was tasked with designing a new cooling and ventilation system for 
the Library.   

In addition to the engineering expertise above, this audit could not have been prepared without the coopera-
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tion and supportive efforts, including collection of data and anecdotal information, from Patrick Mooreland, 
Paul Cameron, Steve Barrett, Carol Lolatte, Jerry Carbone, John Highter, Paul Ethier, Scott Blodgett, Russ 
Brown, Doug Morse, Jeremy Butynski, and Callista Carbonell.  Invaluable contributions from Brattleboro’s 
Energy Committee: members include Michael Bosworth,  Bob Rueter, Tad Montgomery, Tom Finnell, 
Kathleen White, Ralph Meima, George Harvey, Milt Eaton, and Mary McLoughlin. 

We  also appreciate for the time given to estimating improvements by Jim Van Valkenburgh of Froling En-
ergy; Tim Jeffers of  Al Jeffers and Sons, Inc;  Bill Newell and Ted Dickerson of Newell  and Crathern 
Weatherization;  Steve Marazoff of The Melanson Company; Drew Gelefenbein of Specialty Coatings and 
Insulation; Jason of Friends of the Son; and  John Osterhout of Granite State Glass. 

3. Energy Usage and Benchmarking 

An increasingly used phrase for benchmarking buildings, ie evaluating or comparing energy use in or be-
tween buildings, is the Energy Utilization Index or EUI. This is calculated by the sum total of all Btu’s con-
sumed in a building in a year, divided by the floor area square footage. For example: 85KBtu/ft2 means the 
building uses 85,000 Btu’s per square foot.   

4. Modeling Methodology and Energy Costs 

The energy modeling methodology used to evaluate energy saving measures is described in detail in Appen-
dix A.   

Fuel prices used for each cost benefit analysis have been based on four year averages—that is: the past three 
years and the contracted prices for the 2015-2016 heating season.  For the purposes of this report: 

   Heating oil:  $2.83 / gallon                   
   Propane:  $1.97 / gallon                    
   Wood Pellets: $235 / ton 

The electric rates for each building as stated in monthly invoices have been analyzed by Gary Swindler of 
Efficiency Vermont and integrated into predicted energy savings.    

The chart on the next page converts the cost of a unit of an energy source into its effective heating cost.  
Every type of energy can be converted, or translated, into British Thermal Unit (Btu).  The Btu value of an 
energy source is constant, but as the price of energy changes, the effective heating cost of a particular energy 
source also changes based on 

1) The amount of thermal energy per unit 

2) The cost of that unit 

3) The efficiency of the equipment or system to deliver that unit  

This is important to understand when considering converting from one fuel source to another.  Gas fired 
equipment can be substantially more efficient than oil fired equipment, but oil has about 35% more btu’s 
per gallon than propane, so has more ’bang for the buck’ even if less efficient.   

Another example as shown on the previous page:  Electric resistance heating, found in room space heaters 
in several of Brattleboro’s municipal buildings, operates at 100% efficiency. That means they it delivers 
(close to) 100% of the 3,412 btu’s from each kWh consumed.  But considering that oil has about 138,680 
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Btu’s per gallon, even at only 85% efficiency, it takes 35kWhs to generate the same amount of heating en-
ergy as a gallon of oil which, at 16 cents a kWh equals $5.60. With oil priced at $2.83 a gallon, its about 
half the cost of heating by electric resistance. 

But a ground source heat pump (aka geothermal) can use electricity to deliver heating at over 330%, re-
ducing the cost to $1.69 for comparable heating.   So when comparing costs of different energy sources, 
its important to know the Btu value of the energy, the cost per unit, and the efficiency of the equipment. 
There are many interactive fuel comparison calculators on the web, which allow you to enter the cost of 
the fuel and the system efficiency to calculate the cost per million Btu of that energy source.  One such 
calculator can be found at    http://nepacrossroads.com/fuel-comparison-calculator.php 

The chart above has been modified to show only energy sources relevant to the buildings in this audit and 
also to include carbon emissions. It is included as a reference in the introduction instead as an appendix 
because the relevance to energy costs and the recommendations in this report. 

5. Carbon Emissions and Social Cost of Climate Change 

The basis for carbon emissions associated with heating fuels and electricity is described in Appendix B and 

Fuel Type 

Fuel 
Unit 

Fuel 
Price 
Per  
Unit 

(dollars) 

Fuel       
Heat       

Content  
Per Unit 

(Btu) 

Fuel 
Price 
Per       

Million 
Btu 

(dollars) 

Heating 
Appliance 

Type 

Type of 
Effi-

ciency      
Rating  

Approx. 
Efficiency 

(%) 

Heating 
Cost Per 
Million 

Btu 
(dollars) 

Lbs 
GHG 
per 

Mbtu 
  

Fuel Oil 
(#2) 

Gallon $2.83 138,690 $20.41 Standard 
Furnace or 

AFUE4 78% $26.16 161 
22.15 
Lbs 

          Energy Star   AFUE 85% $24.01     
                      

Propane  Gallon $1.97 91,333 $21.57 Standard 
Furnace or 

AFUE 78% $27.65 139 12.3 lbs 

          Energy Star   AFUE 85% $25.38     

                      

Wood 
(Pellets) 

Ton $235.00 16,500,000 $14.24 Boiler AFUE 85% $16.76 24 15% oil 

                      

Electricity 
Kilo-
watt-

$0.160 3,412 $46.89 Furnace or 
Boiler 

Esti-
mate 

95% $49.36 343 NH 

          
Air-Source 
Heat Pump 

HSPF 5 173% $27.11 69 VT 

          Geothermal 
Heat Pump 

COP6 330% $14.21 
266 

Maine 

          
Baseboard  

Esti-
mate 

100% $46.89 
402 

Mass 
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summarized below by energy source.  The values in the chart above are described as pounds per million 
Btu’s—not units of energy. 

    Heating Oil: 22.4  lbs per gallon     
    Propane:  12.7 lbs per gallon     
    Wood Pellets: 85% reduction from fossil fuels   
    Electricity:  0.0004 lbs per kWh   (Vermont) 

In State of the Union address on January 12th, President Obama stated a clear goal for the future:  

“Now we’ve got to accelerate the transition away from dirty energy. Rather than subsidize the past, we 

should invest in the future — especially in communities that rely on fossil fuels. That’s why I’m going to 

push to change the way we manage our oil and coal resources, so that they better reflect the costs they 

impose on taxpayers and our planet. “    

Understanding that addressing climate change remains a political issue, he also stated that debating 

whether to address it is a debate against “...our military, most of America’s business leaders, the majority 
of the American people, almost the entire scientific community, and 200 nations around the world who 

agree it’s a problem and intend to solve it.”  

Since most energy saving measures in this report should last at least 20 years, it seems reasonable to con-

sider the possibility that some sort of tax on carbon will occur at some point in that time period. There-

fore, to ’better reflect the costs on taxpayers and our planet”, a $37 per ton cost, as an associated ‘social 
cost of climate carbon’, is described on a separate chart from a current cost benefit analysis. The $37 is 

based on a 2013 assessment conducted by the Interagency Working Group on Social Cost of Carbon, 

United States Government.    

“The purpose of the ‘social cost of carbon’ (SCC) estimates presented here is to allow agencies to incor-

porate the social benefits of reducing carbon dioxide (CO2) emissions into cost-benefit analyses of regu-
latory actions that impact cumulative global emissions. The SCC is an estimate of the monetized damages 

associated with an incremental increase in carbon emissions in a given year. It is intended to include (but 

is not limited to) changes in net agricultural productivity, human health, property damages from increased 

flood risk, and the value of ecosystem services due to climate change.”                                                                                    

https://www.whitehouse.gov/sites/default/files/omb/inforeg_socialcost_of_carbon_ 2013_ update.pdf 

While this assessment will most likely be revised in the coming years—(a more recent study has already 
determined that $220 per ton is a more realistic number)- the SCC used in this audit is $37 per ton. 

 

6.  Supply Side VS Demand Side Strategies 

The envelope of a building refers to the assembly of materials which separate inside conditioned space 
from the outside. It is also called the  ‘thermal envelope’, ‘enclosure’, or ‘shell’.  It consists of layers of 

materials specifically intended to manage water, vapor, air, and heat transfer. The more effective these 

control layers, the less energy will be needed to provide a dry, comfortable, and durable building. Alter-



 January 2016 Energy Audit  

17 

DYNAMIC INTEGRATIONS LLC 

nately, the less effective—or lower performing– envelope, the more energy will be required for heating and 

cooling and there may be a greater likelihood for  issues around comfort, air quality, and durability. 

The demand for energy in a building is referred to as its “loads”. The heating load refers to how much ener-
gy is needed to maintain desired indoor temperature when its cold outside. This includes the amount of en-

ergy lost to the outside which needs to be replaced by heating equipment as well as the energy lost during 

any phase of the systems operations.  Conversely, a cooling load is measured by how much heat needs to be 

removed from the building at any time. 

Therefore, improving the envelope of a building is considered a demand side strategy to save energy be-
cause it reduces heat lost to the outside and therefore the need to replace that heat loss to achieve comfort 

for occupants, ie the heating demand. Several key things to consider in regards to the envelope: 

 1.  Buildings don’t need to breathe, but they do need to be able to dry if they get wet. In fact, man-

aging water and vapor must go hand in hand with energy conservation and efficiency in order to maintain a 

durable building with good air quality. 

 2.   Heat doesn’t rise.  Warm air rises, but heat moves to cold. To effectively slow the rate of heat 
loss, use effective levels of insulation and install it in contact with an air barrier on all six sides.   

 3. Windows are typically the weakest (poorest performing) part of the envelope. But they also typi-

cally represent the smallest amount of surface area and are the most expensive part to replace which means 

they usually have the longest ‘payback’ of any envelope improvement. There are many good reasons to re-

place a window, but saving money is typically not one of them. 

 4. Lowering temperature settings save energy and money. 

 5. Before replacing heating equipment, look for ways to reduce demand, then size the equipment 

for the reduced load. 

Supplying heat, through combustion appliances and distribution systems, for example, also impacts the 

amount of energy a building uses. Improving the efficiency of that equipment is said to be a supply side part 
of the equation.  

The difference is an issue of semantics to some degree, but it also represents a way of thinking about a 

building’s energy usage and can reflect the goals and timeframe of building owners or occupants. 

This report offers Energy Saving Measures (ESM’s) that reduce the demand for energy, improves the effi-

ciency of the supply, and may also changes the source of supply. The recommended measures have been 

developed to find a ‘sweet spot’ of cost vs benefit. Unless there is an alternate measure, best results will 
come from implementing all recommended measures. 

 

7. The Windham Wood Heat Initiative Collaboration  

 The Windham Wood Heat Initiative (WWH) is a collaborative effort to advance modern wood heat as an 
economic driver across Windham County. WWH aims to establish excellent demonstrations of modern 

wood pellet and woodchip technology at public buildings in Windham County, build capacity for wood heat 
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system design and installation, and raise public awareness about the value and viability of these heating sys-

tems. Local, renewable wood heat creates jobs in forestry, logging, and pellet manufacturing and retains 

wealth in our economy to circulate locally and bring greater economic benefits to this region. Additional 
information about modern wood heating systems and fuel is presented in Appendix A. Additional infor-

mation about WWH can be found at the following webpage:http://www.seon.info/seon-initiatives/

windham-wood-heat-initiatives/ 

While WWH focuses on the installation of wood heat boiler systems, even high performance boilers need to 

be integrated with all the other mechanical systems (e.g. distribution, controls, and ventilation) as well as the 

building enclosure. Only rarely is the modern wood heat system a simple “drop-in” project.  

8. Reading this Report 

While the reader is welcome to read this report from cover to cover, it has been organized for the more cas-
ual or specific interest.   

The introduction has been divided and labeled into topics relevant  to this specific report; topics which serve 
as contextual information for the whole of the report and recommendations. Appendices are offered to pro-

vide supplemental information relevant to all buildings in this study. 

Each building audit can stand on its own, with its own index, but within the context of the introduction and 

with support material found in the appendices.  The building reports have been customized to reflect the 

specific challenges and opportunities of that building, and yet in a consistent organizational pattern as the 

other buildings audit reports. 

The recommendations for each building are based largely on the integrated approach in order to optimize 

system performance and cost effectiveness. It is strongly recommended that they be implemented as a 
‘package’ project.  
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Municipal Center 

Building Description 

The Municipal Center is a three story (with full basement and an 
attic) brick building constructed in 1884.  It houses office suites 
for almost all Town Departments, including the Police Depart-
ment, as well several rental tenants.  

With the exception of the police department, which has offices 
open 24/7, most of the building is occupied on a fairly regular 8-
5PM weekday schedule. 

The 2007 Investment Grade Audit identified uncontrolled air 
leakage and “the chimney (or stack) effect” as a major source of 
heat loss and experienced discomfort. It recommended weatherstripping doors and caulking windows.  The 
windows are large double hung, metal framed, replacement windows from the 80’s or 90’s and are still 
found to leak a lot of air—both at the sash edges and the rough opening. Many windows are difficult or 
impossible to operate. While most of the attic floor is covered with at least six inches of insulating material, 
there are large voids and the floor does not constitute a continuous air barrier, which encourages the stack 
effect of a tall building. 

The building’s antiquated steam system was replaced during the 2007 Honeywell Project, by two oil fired 
boilers and a forced hot water distribution system.  One of the replacement goals was to improve comfort 
with individual heater controls.  The graph below offers a snap shot of temperature variations and overheat-
ing of the third floor over a 48 hour period in December.  Temperatures ranged from 70 to 80 degrees, with 
wide variations in each office area and no nighttime setbacks.  Windows are often opened to compensate 
for overheating.  We recognize there might be a hesitation to re-invest in new controls again, however, it is 
an important component of the building’s performance and energy usage. 
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Municipal Center 

Special Concerns: Bulk Water   

A specific request asked of this study was to address the mold growth on the foundation wall of the police 
department’s workout area. (See photos below).  We were told that the basement used to flood on a regular 
basis but not since the asphalt pavement had been “built up” along the exterior wall.  The arrows below 
attempt to show how a ridge has formed less than a foot from the wall, now forming a gulley where water 
can flow back to the wall instead of away from the building. Moss growing along the wall confirms a con-
sistent supply of moisture. Apparently, water again floods an area of the basement floor following even 
moderate rain fall. Mops, fans and dehumidifiers are used to help dry the area. 

The presence of mold is always a concern for healthy in-
door air quality but of special concern in this area used as a 
workout gym for police officers, and is at least one of the 
reasons re-locating the police department is being dis-
cussed. Therefore,  effective water control is an issue of 
health and safety, building occupancy (maintaining tenants), 
and building durability.  The recommendation is to exca-
vate along this wall to about two feet below grade, two to 
three feet from the building; install a water barrier and in-
stall a perforated drain, wrapped in washed stone and drain-
age cloth, and slope and connect to the drain located in the 
driveway. This will direct gravity driven water away from 
the building and into the existing drain system.  ESM #4 
discusses incorporating this strategy with an energy saving 
measure. 
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Municipal Center 

Summary of Recommended ESM’s 

ESM 
# Municipal Center Cost 

1st Year  
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

1 Replace Valves $15,675 $4,200 26.8% 4.6 $56,326 3.6 15 
2 Ceiling Plane $36,444 $3,727 10.2% 4.0 $109,131 9.0 30 
3 Wood Pellet Heating $142,355 $7,021 4.9% 1.9 $128,962 12.0 20 
4 Foundation Wall $23,763 $1,739 7.3% 1.7 $16,668 15.8 30 

5 Air Source Heat Pump $18,810 $1,100 5.9% 1.3 $4,982 19.2 25 

  
Total All Cost              
Effective Measures $237,047 $17,787 8.0% 2.5 $360,748 10.7   

  Only cost effective w/oil:               
6 Air Sealing $12,350 $934 7.6% 0.7 -$3,918 15.4 10 

7 Replace Windows $74,456 $2,619 4.0% 0.7 -$21,697 39.0 25 

  Total Measures 6 & 7 $86,806 $3,553 11.6% 1.4 -$25,615 54.4   

The cost for Wood Pellet Heating above is reduced by 25% funding from Windham Wood Heat Initiative.  

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet con-
versions save pellets. Therefore their economics do not look as attractive as if they were saving oil. 

The five recommendations listed below include improvements to the thermal envelope, individual room 
heating controls, eliminating the issue of mold in the basement, and creating a pellet fired district heating 
plant to serve the Municipal Center and Brook Memorial Library.  EMS #5 targets one office suite for re-
placing its window air conditioners with a ductless mini split air source heat pump. 

A strategic window upgrade  - involving either  comprehensive air sealing or replacement—was considered 
but only proved cost effective when the building is heated by the existing two oil fired boilers. Converting 
to lower cost pellets reduces the financial benefit of doing anything to the windows, yet would not negate 
the values of improved comfort or functionality. 
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Municipal Center 

First Cost Loan Rate Term (Years) Payment Gen. Inflation Rate  CPI% 
$237,048 3.00% 20 $15,933 2.10%   

Year One      
Oil       

Savings 
LPG        

Savings 
Elec           

Savings 
Pellet 
Costs 

Maintenance 
Costs 

Salvage Value 
at Year 20: $0 

$31,084 $0 $210 -$12,707 -$800 Year One 

5.70% 5.40% 3.20% 2.10% 2.10% Inflation Rates 

      

Year Oil Savings 
Electric  
Savings 

Pellet  
Expense 

Maintenance 
Expense 

Net Cash 
Flow 

1 $31,084  $210  ($12,707) ($800) $1,855  

2 $32,856  $217  ($12,974) ($817) $3,350  

3 $34,729  $224  ($13,246) ($834) $4,940  

4 $36,709  $231  ($13,524) ($851) $6,631  

5 $38,801  $239  ($13,808) ($869) $8,429  

6 $41,013  $246  ($14,098) ($888) $10,340  

7 $43,350  $254  ($14,394) ($906) $12,371  

8 $45,821  $262  ($14,697) ($925) $14,528  

9 $48,433  $271  ($15,005) ($945) $16,821  

10 $51,194  $279  ($15,320) ($965) $19,255  

11 $54,112  $288  ($15,642) ($985) $21,840  

12 $57,196  $297  ($15,970) ($1,005) $24,584  

13 $60,456  $307  ($16,306) ($1,027) $27,498  

14 $63,902  $317  ($16,648) ($1,048) $30,589  

15 $67,545  $327  ($16,998) ($1,070) $33,870  

16 $71,395  $337  ($17,355) ($1,093) $37,352  

17 $75,464  $348  ($17,719) ($1,116) $41,044  

18 $79,766  $359  ($18,091) ($1,139) $44,962  

19 $84,313  $371  ($18,471) ($1,163) $49,116  

20 $89,118  $383  ($18,859) ($1,187) $53,521  

      

Cash Flow for All Measures 

These measures are cost effective with fuel oil costs down to $1.75/gallon oil. 
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Municipal Center 

Energy and 
Units Quantity 

Site 
MMBtu 

Source 
MMBtu Costs 

Electric - kWh        245,476          837.6         1,826  $39,867 

Oil - Gallons 11,636 1,612 1,853 $36,223 

Totals   2,449 3,679 $76,090 

KBtu &                       38,000  64.5 96.8 $2.00  

Energy and 
Units Quantity 

Site 
MMBtu 

Source 
MMBtu Costs 

Electric - kWh        230,574          786.7         1,715  $37,447 

Oil - Gallons 11,336 1,570 1,806 $32,081 

Totals   2,357 3,521 $69,528 

KBtu &                      38,000  62.0 92.6 $1.83  

Usage above is based on an average of the last three years, while cost averages include the 2015-2016 price.     

Current Average Energy Usage 

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 1% of actual average usage. Note that occupancy behavior will impact end usage. 

Modeled Existing Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  Modeling this building was particularly challenging due to the multiple systems and diversity of cool-
ing equipment.  The unaccounted for electric usage (about 15K kWh) is mostly for window unit air condi-
tioners because adding that load to the model resulted in excessive heat gains. Still, while the  energy model 
cannot be as accurate as other buildings in this report, it is deemed to be useful in estimating savings from 
completed ESM’s.  

Energy and 
Units Quantity 

Site 
MMBtu 

Source 
MMBtu Costs 

Electric - kWh        231,559       790      1,722  $37,607 
Oil - Gallons 352  49   56 $996 

Pellets - Tons 54 866 935 $12,768 

Totals   1,704 2,713 $51,371 

KBtu & $ per          38,000  44.9 71.4 $1.35  
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Municipal Center 

The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a 
theoretical social cost, following each implemented measure.   

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include 
the previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

Condition 
Pellets       

Ton 
LPG     

Gallon 
Oil       

Gallon 
Elec     
kWh 

Annual 
Energy 

Cost 

CO 2  
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing 0 65 11336      230,574  $69,656 127.4 $4,714 

Replace Valves 0 65 9727      230,574  $65,102 109.4 $4,047 
Ceiling Plane 0 65 8285      231,318  $61,142 93.2 $3,449 
Wood Pellet Heat 61.9 65 403      232,087  $53,569 16.9 $627 

Foundation Wall 55.0 65 358      231,658  $51,744 15.1 $559 
Air Source Heat 
Pump 54.1 65 352      231,559  $51,499 14.9 $550 

Condition Pellets 
LPG 

(generator) Oil Electric 
Energy 
Total 

Social 
Cost 

Total 
Cost 

Existing $0 $128 $32,081 $37,447 $69,656 $4,714 $74,370 

2015 Windows $0 $128 $27,527 $37,447 $65,102 $4,047 $69,149 
Weatherstrip $0 $128 $23,447 $37,568 $61,142 $3,449 $64,591 
Kitchen Imp $14,608 $128 $1,140 $37,693 $53,569 $627 $54,196 

Controls Imp $12,980 $128 $1,013 $37,623 $51,744 $559 $52,303 
Roof Insulation $12,768 $128 $996 $37,607 $51,499 $550 $52,048 
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Municipal Center 

Alternate  

Municipal Center        
Oil Heating Only Cost 

1st Year  
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

Replace Valves $15,675 $4,200 26.8% 4.6 $56,326 3.6 15 
Ceiling Plane $36,444 $3,727 10.2% 4.0 $109,131 9.0 30 
Foundation Wall $23,763 $1,739 7.3% 1.7 $16,668 15.8 30 
Air Source Heat Pump $18,810 $1,100 5.9% 1.3 $4,982 19.2 25 
Air Sealing $12,350 $1,457 11.8% 1.3 $3,606 7.9 10 

Replace Windows $74,456 $3,895 5.0% 1.6 $43,457 16.8 25 

Total All Cost              
Effective Measures $181,498 $16,118 8.9% 2.3 $234,170 12.1   

Municipal Center Cost 
1st Year  
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

Replace Valves $15,675 $4,200 26.8% 4.6 $56,326 3.6 15 
Ceiling Plane $36,444 $3,727 10.2% 4.0 $109,131 9.0 30 
Wood Pellet Heating $142,355 $7,021 4.9% 1.9 $128,962 12.0 20 
Foundation Wall $23,763 $1,739 7.3% 1.7 $16,668 15.8 30 

Air Source Heat Pump $18,810 $1,100 5.9% 1.3 $4,982 19.2 25 

Total All Cost              
Effective Measures $237,047 $17,787 8.0% 2.5 $360,748 10.7   

Only cost effective w/oil:             
Air Sealing $12,350 $934 7.6% 0.7 -$3,918 15.4 10 

Replace Windows $74,456 $2,619 4.0% 0.7 -$21,697 39.0 25 

Total Measures 6 & 7 $86,806 $3,553 5.6% 0.7 -$25,615 54.4   
Total Measures   $323,853 $21,340 6.6% 1.6 $335,133 13.5   

If the decision is to not install a wood pellet district heating plant in the Municipal Center, then improving 
the windows—either through air sealing or replacing the windows—looks far more favorable when heat-
ing with oil only. Windows are discussed on pages 38-39.  The chart below shows modeling results after 
replacing wood pellet heating with two measures addressing windows.  If this alternate plan is chosen, then 
the recommendation is to install a pellet boiler with outdoor silo in the Library. (See Library for that alter-
nate). 

The chart below reflects the recommended five ESM’s and two measures which improve or replace the win-
dows of the buildings, in large part due to reducing air infiltration/exfiltration. These last two measures were 
considered not cost effective (SIR below “1”), so are not recommended at this time. 
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PD Gym 

E 

Cells 

Boiler Room 

28’x34’                
14’ ceiling 

Sprinkler 

Supplies 
Bike Room 

Locker Room 

Kitchen 
Area 

  

Training 

Raised 
Wood 
Floor 

Files 

 

Moisture issues from bulk 
water intrusion from park-
ing lot.    Evidence of mold 
on walls. Floor under carpet 
evidently dries.  

N 

Municipal Center 

  
Main Street 

Parking Lot 

  
 Exit        

Parking  

Dehumidifier 
runs 24/7 

Storage 
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Municipal Center 

First Floor 

Mitsubishi 
Wall hung 
cooling only 

Ceiling      
Registers H/C 

Window AC  

Cabinet 
Heater 

Elec        
Baseboard 

S Elec Space 
Heater 

F 
Floor 
fan 

19th c vent 

  

  

Friedrich HE  
floor AC 

LG 15KBtu                 

Stays in year 
round 
13.5KBtu 
EER 9.8 

9KBtu EER 9.8 

Carrier 

Quarter Mas-
ter ‘clothes 
room’ very 

PD 

Comfort Aire                  
10KBtu EER 9.8 

WC 

Ceiling hatch 
to see above 
entry 

#109        
Assessment  
8:30-5 M-F 

#108 
Clerk’s 

  

 

#105          
PD Clerk     
7-5 M-F 

  

WC 

Ginny’s 

computer 
Arctic King 5KBtu 
EER 9.7            
“replaced every 
year” 

Files 

WC WC 

Detectives  
8:30-4: Evidence 

(no access) 

Training 

Interview 
Captain’s 

Lt’s 

#104  Patrol 

Interview 

Sgt’s 

WC 

Dispatch 24/7     
“Too hot in winter 
Too cold in summer” 

  

#102 COLD! 
8:30-4:30 M-F 

 #111 Treasurer’s 
8-5 M-F 

8:30-5 M-F 

 

File        
Cabinets 

#101 8-6 M-F 

24/7

  

“VERY drafty windows” 

Chief’s 

12KBtu; 1355 Watts; 
R10A 11.8 amps Floor model, vented 

N 
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Municipal Center 

Second Floor 

Mitsubishi 
Wall hung 
cooling only 

Ceiling      
Registers H/C 

Window AC  

Cabinet 
Heater 

Elec        
Baseboard 

S Elec Space 
Heater 

F 
Floor 
fan 

19th c vent 

Leased to web company. 
No Access. Their own elec 
systems—pay all costs. 

♂ 

 

 

AC 

AC 

Vault 

File Storage 

#208            
8-6  M-F 

Select board Meeting Room  
 Room 212 

            “always cold in       
 winter” 

Suite 204 
Planning  
10-4 M-F 

AC 

AC 

There are two air 
handlers above the 
ceiling (cooling only) 
for the finance de-
partment and man-
ager's office—but 
have guessed  the 
duct layout/ zone 
boundaries.  

Crosley A/C 
unit—couldn’t 
read label—on 
24/7 8-9 
months of the 
year for server 

Server  Suite 201 
TV Station 

Ceiling fan 

♂ Elev 

♀

Suite 202              
8:30-5:30 M-F 

  “Hot in winter! 
No control” 

Window pane 
broken 

“Cold air         
through bricks” 

#211   Meetings         
throughout the  
day 8:30-5 M-F 

  

Lela  Numbers 

John         Patrick       Peter 

Finance 

#207   
8-8 M-F 

  

Copier Calista 

Haier 
8KBtu  
EER 

1993 model 

N 
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Municipal Center 

Third Floor 

Suite 306               
Emergency Planning  
7:45-4:30 M-F 

Shared 
Meeting 
Room 

Suite 303         
TV Studio   
Sporadic,      
includes       
nights till 9 

Suite 302 
Justice 

“Unconditioned” Attic 

Room 305            
Common Meeting 
sporadic, daytime  

Unitary 
Model 
#AHP48D
3XH21AH 

Elevator 
 Dropped floor 

sky-
light storage 

storage 

Explore 
with 
ladder 

electronics 

Suite 301               
Historic Society     
sporadic, days  

♀ 

♂ 

Mitsubis
hi Wall 
hung 

Ceiling      
Regis-

Window AC  

Cabinet 
Heater 

Elec        
Base-

Server / 
Copier 

S Elec Space 
Heater 

F 
Floor 
fan 

S 

S 

F 

19th c 
vent 

Mitsubishi 
Wall hung 
cooling only 

Ceiling      
Registers H/C 

Window AC  

Cabinet 
Heater 

Elec        
Baseboard 

S Elec Space 
Heater 

F 
Floor 
fan 

19th c 
vent 

 Suite 304 

John’s 

Comfort Aire 
Model RADS-51B 
5100KBtu       
Input 475 W      
EER 10.7  

GE Model AGF06LAG1     
Serial AF 064746  Date: 01/03 
5950 Btu/hr  550W  5amps      
R-22 

9-8 M-F 

N 
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1. Replace Valves 

Municipal Center 

Cost   Savings Energy Dollars     

Design $675 Pellets   $0 Measure Life 15 
Acquisition $10,600 LPG (Gal)  $0 Payback (Yr) 3.7 

Installation $4,400 Oil (Gal) 1609 $4,552 Present Value $56,326 

    Elec (kWh) -744  $      (352)   
Totals $15,675     $4,200   

Savings Estimate Variables Variable Original Improved 

Description         

Reduced Over-   Avg Occ. Temp 74.00 72.00 

Modulated boiler   Added Efficiency 0% 2% 
Night setback   Unocc. Setpoint 74.00 70.00 

          

Installation Cost: No. Materials Labor Total 

Replace Valves 52 $200 $50 $13,000 

Repair Mixing 1 $200 $1,300 $1,500 

Program HW reset 1     $500 

Totals    $400 $1,350 $15,000 

One possible option: 

The Honeywell energy management system serving the municipal building is very capable and user accessi-
ble. Though it is not current technology (web accessible), at this time there is insufficient  reason for up-
grading or replacing the controllers.  

The system cannot control the building because the temperature control valves have failed. Control is now 
achieved by manually opening and closing hot water valves resulting in severe overheating in some areas. 
The valves are the core of the building control system and would need replacement whether controlled by 
the energy management system or simple thermostats. 

Replacement of the valves will eliminate overheating and allow a night temperature setback of the building. 
In addition to replacing the terminal heating unit valves the boilers and the failed three way mixing valve in 
the boiler room need to be set up to provide temperature control of the hot water. Currently the plant pro-
vides heating water at about 175° regardless of what is needed.  Modulate the boiler water down to 140° F 
in mild weather and up to 210° in cold weather and for morning warm up. The terminal unit (fan coil) heat-
ing capacity appears to be marginal so very hot water will be needed to warm up the building. Set unoccu-
pied zones back to 50° or as low as possible even if warm up needs to start at midnight. 

Use the mixing valve to provide water below 140° at outside air temperatures above 40°. 
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2. Ceiling Plane 

Municipal Center 

Cost   Savings Energy Dollars     

Design $1,569 Pellets 0 $0 Measure Life 30 
Acquisition $25,371 LPG (Gal) 0 $0 Payback (Yr) 9.8 

Installation $9,504 Oil (Gal) 1442 $4,081 Present Value $109,131 

    Elec (kWh) -769  $      (354)   
Totals $36,444 Total   $3,727   

Savings Estimate Variables Variable Original Improved 

Description         

Ceiling Plane   R-Value 16 50 
Ceiling Plane   Air Leakage cfm 248 12 
Air Seal Skylight   Air Leakage cfm 29 0 
Insulate Skylight   R-Value 1 42 
Insulate Slopes   R-Value 4 20 
Attic Wall   R-Value 7 20 
Attic Wall   Air Leakage cfm 76 4 

Installation Cost:         
Ceiling Plane 8457 $3 $1 $34,875 

The insulation on the attic floor (3rd floor ceiling plane) consists of 
various thicknesses of fiberglass batts, mostly covered by 6-10” of 
cellulose.  While there is a lot of material, it does not form a contin-
uous insulation layer—or thermal barrier—and it is not in contact 
with a continuous air barrier. This lack of continuity results in con-
siderable heat loss into the attic—and also heat gain from the attic 
in summer.  

Unfortunately, establishing a continuous air barrier with continuous 
and effective levels of insulation, requires removing all the material 
that is there and essentially starting over.  This is especially neces-
sary in this attic because there is a single level deck, but a kind of 
‘jungle jim’ of added structure, dropped ceilings, and sloped walls 
under the insulation. For safety sake alone, pulling out all the exist-
ing insulation is needed. But it will also allow for a thorough in-
specting of the ’floors’, comprehensive air sealing, and blowing in 
an even, thicker, layer of cellulose, for optimal, and long lasting 
performance.  While more band aid spot sealing could have some 
benefit, this measure here is intended to be a ‘do it over, do it right, 
be done with it’ approach. 
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2. Ceiling Plane (Continued) 

Municipal Center 

This measure calls for removing all insulation material in the attic, except for under the floor decks of the 
lower level; spraying a 1-2” continuous of closed cell foam on the attic side of the ceiling plane and blowing 
in 14” of cellulose on all flat surfaces and densely filling enclosed slopes.  The skylight, vertical walls and 
exposed slopes are discussed on the following pages.  Bright areas below indicate heat loss into the attic. 
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2. Ceiling Plane (Continued): Vertical walls and exposed or open 

Municipal Center 

There are often multiple approaches to insulate 
an area. When the cost of installation is the driv-
ing factor, batts are placed in between wall studs 
or rafter bays.  However this does not allow for 
the kind of continuity—in slowing conductive 
heat losses or air– which proves more effective 
in reducing heat loss as shown in the IR images 
on the next few pages. Here, standing in the cold 
attic, heat loss shows as brighter colors. Inside 
the conditioned meeting room on the next page, 
heat loss shows as dark areas. 

For a high performing moisture, air, and thermal barri-
er, remove all existing material. Spray a one inch skim 
coat of closed cell foam in the cavity bays, then secure 
horizontal 2x4 strapping at 2’ intervals and cover with 
a vapor permeable, air impermeable, reinforced mem-
brane such as Solitex Mento Plus by Pro Clima, taping 
all seams in preparation for dense packing cellulose.      
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2. Ceiling Plane (Continued) 

Municipal Center 

The reinforced vapor open weather resistant barrier (WRB) or roof underlayment  for vented                               

roofs that can be used without exterior sheathing: 

• to cover insulation—as dense pack blow-in netting for cellulose etc. 

It has an actively vapor open, monolithic layer of TEEE film that is extremely waterproof – and outperforms per-

forated/stretched WRBs/under layments both in outward drying potential as well as air-tightness. It is much more 

vapor open then any sheathing, easier to apply and very durable – can also be used in pre-fab panels and as tempo-

rary weatherproofing. 

Specifications 

• Monolithic vapor open TEEE membrane, covered by two PP protection fleeces + reinforcement grid 

• High vapor permeability (38 perms per ASTM E96) – Stated-value 0.05m (DIN 12572). 

• Airtight/windproof ProClima system (TESCON VANA, gaskets etc) optimizes insulation and assembly perfor-

mance. 

• High thermo-stability 

The SOLITEX MENTO PLUS reinforced grid minimizes stretching during dense pack insulation directly behind 

it – its vapor open properties allows for unimpeded outward drying and for additional safety in high R-value walls 

and roofs for cold climate high performance/passivehouse construction. 

From Pro-Clima Website:  



 January 2016 Energy Audit  

36 

DYNAMIC INTEGRATIONS LLC 

2. Ceiling Plane (Continued): Skylight 

Municipal Center 

The skylight above the 3rd floor hall does 
let some natural light but not enough to 
eliminate the need for electric lights. At 
approximately 100 square feet, its energy 
penalty is considerable and it is difficult 
and time consuming to clean due to a 
lack of structural access.  This measure 
includes devising a structure to allow for  
safely burying the panels in cellulose. Al-
ternatively, the glazing panels could be 
replaced with plywood, air sealed, and 
insulated with cellulose. 

The skylight in the roof  plane does pro-
vide daylighting to the attic without an 
energy penalty. 

Bill Newell of Newell and Crathern, LLC, 
conducted a thorough inspection and 
after discussing various strategies, sub-
mitted an estimate—refer to next page. 

Chimney Chases 

There are four large chimney chases, ex-
tending from the basement to the roof. 
An old steam radiator in one suggests 
they were likely part of the heating and 
ventilation strategy in the past. Another 
abandoned fan and duct system runs 
from the boiler room into one of the 
chimneys—the floor of which is used for 
storage of broken toilers and other de-
bris. The only functional purpose they 
appear to serve now is a chase for wiring 
and some pipes.  They are mentioned 
here as part of the measure to effect an 
air barrier at the ceiling plane, though it 
also appears as if they may be sealed at 
the roof plane.  Further exploration by 
the air sealing and insulation firm hired 
for the attic is recommended. 
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Discussed on 
a following 
page. 

     - $15,000 (windows) 

       $34,875.00 
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3. Wood Pellet Heating 

Municipal Center 

Cost   Savings Energy Dollars     

Design $8,170 Pellets (Ton) -61.86  $  (14,537) Measure Life 20 
Acquisition $79,694 LPG (Gal) 0 $0 Payback (Yr) 20.3 

Installation $54,491 Oil (Gal) 7882 $22,307 Present Value $128,962 

    Elec (kWh) 429 $52   
    O&M    $      (800)   

Totals $142,355      $     7,022    

Savings Estimate Variables Variable Original Improved 

Fossil Fuel   Backup Fuel % 100% 5% 
Back Up Fuel Efficiency Efficiency 68% 70% 

Installation No Material Labor Total 

Pellet System 1 $127,146 $54,491 $181,637 

WWH Incentive       $  (47,452) 

End Cost       $134,185 

Wood Heating Plant $286,325 

Municipal Center Share $189,807 
WWH Incentive -$47,452 
Muni Cost $142,355 

    

Library Share $96,518 
WWH Incentive -$23,065 
Avoided Costs- Library -$30,000 
Library  Cost (for analysis) $43,453 

    

Total Project Cost $286,325 
Total WWH Incentives -$70,517 
EV Funding   

Total Brattleboro               $215,808 
 Total Cost used for   
Cost/Benefit Analysis $185,808 

Measure Overview 

This measure involves removing the old steam boiler 
(disconnected when the building was converted to hot water) 
and installing in its place one pellet boiler. The new system 
would serve as a heating plant for both the Municipal Center 
(MC) and the Brooks Memorial Library (BLM).  

The total cost of the Pellet Heating Plant, based on an esti-
mate from Froling Energy in Peterborough, NH, is $286,325.  
This cost includes excavation for running supply and return 
water pipes between the buildings. This cost does not include 
removing the underground oil tank at the Library, which is 
strongly recommended during the excavation work for this 
measure. 

We have assigned $189,807 as MC’s share and $96,518, as 
BML’s share, with respective WWH incentives, making the 
final investment for Brattleboro $185,808.   
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Municipal Center 

The configuration of the recommended pellet conversion is based on a proposal from Froling Energy as 
follows: 

 

 One Biomass boiler with 500,000 BTU (150 KW) output and large buffer tank installed in the Munici-
pal Center boiler room using space gained by removing the defunct old oil boiler 

 Install two stainless steel liners in current oil boiler chimney (one for oil and one for pellets)  

 Construct a wood framed 25 ton interior pellet silo in basement with flex auger material handling sys-
tem. Silo location to be in space now used by defunct fresh air system and adjacent unused boiler room 
area. 

 Rebuild existing oil boiler piping in boiler room, creating an injection loop system for all 3 boilers and 
for distribution of heat to both the Municipal Center and the Library.  

 Install underground heat pipes to the library by digging trenches in the parking lot and along the rear of 
the library to its boiler room  

 Remove Library’s boiler from service and rebuild distribution system to be able to utilize heat from all 
of the boilers in the Municipal Center. 

 Install new boiler control system so pellet boiler is primary and oil boilers are peaking/back-up. 

 Internet enabled visualization and fault alert system for biomass system (requires constant internet ac-
cess)  

 

The existing municipal boilers have the capacity to heat the library. The above cost and savings is for the 
municipal building only according  to a 66/34% cost allocation, based on fuel use, between the municipal 
building and library respectively. 

 

The library would be a zone on the municipal building boiler plant and it's circulator should be controlled 
on a call for heat from the library energy management system, not by outside air temperature or other indi-
rect method. 
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4. Foundation Wall 

Municipal Center 

Cost   Savings Energy Dollars     

Design $1,023 Pellets 6.83 $1,604 Measure Life 30 
Acquisition $14,240 LPG (Gal) 0 $0 Payback (Yr) 13.7 

Installation $8,500 Oil (Gal) 44 $126 Present Value $16,668 

    Elec (kWh) 99 $9   
Totals $23,763 Total   $1,739   

Savings Estimate Variables   Variable Original Improved 

Description         
Indoor Air Quality   Mold Growth 100% 0% 
Air Sealing   Air Leakage cfm 120 10 
Insulate to Grade   R-Value 2 14 
Insulate to 2' below Grade   R-Value 10 22 

Installation Cost No Material Labor Total 

Drainage and Moisture Control 320 $25 $22 $15,040 
Rim Joists to 2' Interior 1720 $3.00 $0.50  $     6,020  

Gym Walls - Exterior Insulation 240 $4.50 $2.50 $1,680 

Total        $22,740 

The first step of this recommendation involves excavating the macadam along the south wall; from the 
foundation out about three feet from the building, and down to at least two feet below grade.  While the 
measure includes the best way to insulate a foundation,  the primary reason to excavate is to effectively di-
rect gravity driven water away from the building.  

Once the foundation is exposed, establish a water barrier and insulation layer on the outside of the founda-
tion wall, then install an effective drain, sloped, and connected to the existing catch basin in the parking lot. 

There are several appropriate strategies for installing water, vapor, air, and thermal control layers on the 
outside of a brick wall and stone foundation. The estimate for this ESM is based on discussions with Fa-
cades Inc and involved a liquid applied water membrane and then spraying then three inches of closed cell 
foam, followed by a protective layer.  This will reduce heat loss from the basement while preventing water 
or vapor from migrating to the inside. Wrapping a drain pipe with washed gravel and a fabric cloth will di-
rect water into the existing storm water system, instead of entering the building below two feet. 

The previous strategy—of building up pavement against the side of the foundation—was evidently success-
ful for a number of years, but given the power and persistence of water, is not a long term solution. A water 
barrier on the foundation and re-directing water away from the building are long term strategies with the 
multiple benefits of reducing fuel use, improving comfort, air quality, and keeping the foundation wall warm 
and dry. 
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5. Air Source Heat  Pump 

Municipal Center 

Cost   Savings Energy Dollars     

Design $810 Pellets 0.96 $227 Measure Life 25 
Acquisition $15,000 LPG (Gal) 0 $0 Payback (Yr) 17.1 

Installation $3,000 Oil (Gal) 6 $18 Present Value $4,982 

    Elec (kWh) 3582  $       856    
Totals $18,810 Total   $1,101   

Savings Estimate Variables Variable Original Improved 

Description         
Cooling SEER   0 9.8 19 
Season performance (HSPF) 0% 1.0 2.8 
% Oil Heating   0% 100% 90% 
Capacity   0 0       60,000  

Installation Cost:         
Ductless Multi Split   $15,000 $3,000 $18,000 

A four zone heat pump is recommended for the TV Suite, 201. This area has a longer cooling season due 
to equipment loads combined with southern exposure. A heat pump system will allow removal of the four 
relatively inefficient window AC units and replace most of the heat in the TV Suite. 

The measure replaces four window air conditioning units with one ductless multi split to serve all of Suite 
201’s cooling needs and a portion of its heating needs.  Advantages include eliminating the need for win-
dow A/C units, including air leakage, window wear and tear, maintenance and/or seasonal chores of re-
moving and installing. But the primary advantage is providing greater control and comfort at over twice the 
energy efficiency.   

This is considered a cost effective improvement for Suite 201 due to the existing conditions and needs of 
that tenant.  This is described in detail on the next page. 

Mitsubishi, Fujitsu, and Daiken are three manufacturers of inverter driven multi split air source heap 
pumps (ASHP). Inverter driven indicates ability to provide heating at lower outdoor temperatures and 
higher efficiency.   

To the right is an image from Daiken’s web-
site showing one outdoor unit and five in-
door units. There are many options within 
each product line, and these are shown for 
example only. They are connected by a re-
frigerant line, though condensate lines to the 
outside are also necessary. 
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Air source heat pumps were considered for the whole building as an alternate to wood pellet conversion 
but were rejected due to GMP's high, ratcheted demand charge. The absence of this charge in residential 
rates is the reason heat pumps are cost effective for homes. 

Additionally, packaged heat pumps are not very amenable to ventilation. There is little or no mechanical 
ventilation in the municipal building beyond the bathroom exhausts. Nevertheless our CO2 testing 
showed that there is adequate natural ventilation in the occupied spaces possibly because the building is 
not densely populated and the large corridors allow natural circulation as outside doors bring in fresh air. 

Because we engineers and the building codes want ventilation to be done with big fans, a major heat 
pump conversion would probably involve rooftop air handlers and use of the old vent shafts for duct-
work. Such an extensive renovation would not pay for itself in energy savings. We suggest that the 
maintenance staff or health officer be equipped with a CO2 tester to do occasional spot checks in this and 
other municipal buildings for ventilation needs. If levels consistently rise above 1,200 ppm as a result of 
tightening the building or change of space use, solutions could be implemented as needed. Cracking a 
window usually solves the problem and does not undermine the weatherization program as by far most of 
the heating occurs during unoccupied hours. 
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Municipal Center HAC Equipment  

Suite 201 BCTV 

 The room temperature was measured between 44 and 55 during the separate three visits. No access to the 
Crosley’s AC information label, however due to its age, it is presumed to have  an EER rating less than 9.8. 

Suite 201 occupies 1375 square feet on the southeast corner of the 2nd floor. It consists of an interior room, 
three offices with exterior walls and a 12x16 exterior equipment room. Each office and the electronic room 
has its own window air conditioner unit, varying in age but the highest known EER is 9.8.  

Much of the equipment related to television 
broadcasting is stacked on a metal rack as 
shown in the photo to the right. A primary 
component is Telvue Digital Broadcaster, 
Model B3200.  

The air conditioner was running on high each 
of the three site visit days. Two of those days, 
the outdoor temperature was below 44 and 
the  hydronic heater was also on.  Cold  out-
side air was also infiltrating from gaps around 
the window unit—which remains in the win-
dow opening year round.  

Telvue Technical Support con-
firmed over the phone that the 
recommended room tempera-
ture for optimal performance is 
70°F. A ductless mini split will 
be able to efficiently provide 
heating or cooling as necessary 
to maintain 70°F. 
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Municipal Center 

Windows 

The windows in the Municipal Center are metal framed, double 
hung replacements, believed to have been installed in the 1990’s. 
Many no longer fit properly in the rough opening and most are 
difficult if not impossible to open. Uncontrolled air infiltration 
accounts for 30% of the envelope heat loss and the windows air 
leakage accounts for most of those losses as well as contributing 
to problems with comfort.   

 

Double hung       90” x 41”  

Many windows have hinged 
interior “storms” which pro-
vide some additional value but 
do not stop air infiltration. 

Medium         
solar                 
heat                  
gain 

Municipal Center Cost 
1st Year  
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Replace Valves $15,675 $4,200 26.8% 4.6 $56,326 3.6 
Ceiling Plane $36,444 $3,727 10.2% 4.0 $109,131 9.0 
Foundation Wall $23,763 $1,739 7.3% 1.7 $16,668 15.8 
ASHP $18,810 $1,100 5.9% 1.3 $4,982 19.2 
Air Sealing $12,350 $1,457 11.8% 1.3 $3,606 7.9 

Replace Windows $74,456 $3,895 5.0% 1.6 $43,457 16.8 
Total All  Cost              
Effective 
Measures $181,498 $16,118 8.9% 2.3 $234,170 10.7 
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Municipal Center 

Windows 

Metal clad wood 
(thermal break)        
Fixed  68” x 41”         
over 22” x 41” operable 

Low solar 
heat gain 
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Municipal Center HAC Equipment  

Second Floor 

Typical Cabinet heater with fan.  

Cooling equipment for 
planning Suite #204 
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Municipal Center HAC Equipment  

Suite 303 
“control room” 
window AC 

Third floor hall closet 
with Justice Suite new 
heating and cooling 
equipment. 

John’s office in 
suite 304 

Room 305                  
Common Meeting Room 

Electric resistance baseboard along 
attic wall. Only in Room 305. 
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Brooks Memorial Library 

Built in 1966, the Library maintains most of its original materials 
and mechanical systems. The building is constructed on a concrete 
slab, with a structural foundation wall on the west, north, and 
south sides. The walls are concrete with a brick façade. The east 
facing wall (above) is mostly original, single pane glass.  The roof is 
constructed of steel decking and asbestos concrete blend. There 
are two full floors and an open mezzanine level. 

Criterium Engineers submitted a Capital Needs Assessment (CNA) 
of the Library in December, 2007. The summary of their findings 
and recommended replacement years (parentheses), relevant to this 
study is copied as follows: 

 “Structurally, the building appears to be in good condition, 
with no significant deficiencies noted.  

 The boiler is in good condition at this time. (2021) However 
the heat distribution is in need of improvement. Underground 
oil storage tank removal/replacement (2009) 

 The air conditioning is original to the building and nearing the 
end of its serviceable life. (2012) 

 The air handler is original to the building. There has been 
some replacement of fan motors. However, more significant 
upgrading of the air handlers should be accomplished within 
the next few years. This should serve to improve the efficiency 
of the air handler and offer greater control of heating and 
cooling throughout the building. (2009) 

 The roof is in good condition at this time.  (2021) 

 The windows are original to the building. Upgrading should be 
considered.” 

  Mon Tue Wed Thu Fri Sat Sun 

Mid-               
1am               
2am               
3am               
4am               
5am               
6am               
7am               
8am               
9am               
10am               
11am               
Noon               
1PM               
2PM               
3PM               
4PM               
5PM               
6PM               
7PM               
8PM               
9PM               
10PM               
11PM               

92 hours occupied  

76 hours unoccupied 

56 hours open 
to the public 

  

Building Description 

Weekly Occupancy Schedule 
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Brooks Memorial Library 

Summary of Recommended ESM’s 

ESM 
# Description Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
in 

Yrs 

1 Replace Air Handler $161,975 $4,228 3.0% 0.7 -$50,124 45.6 30 
2 Glass Upgrade $16,966 $4,077 24.0% 16.6 $264,992 4.1 50 
3 Municipal Pellet System $43,453 $3,591 8.0% 3.5 $106,570 8.2 20 

4 Roof Deck Insulation $13,297 $1,066 8.0% 2.5 $19,583 14.6 50 

  Totals All Measures $235,691 $12,962 5.0% 2.5 $341,021 14.9   

The total cost of the Library’s share of the Municipal Pellet Plant is $96,518.  The cost above is reduced by 
25%  funding from Windham Wood Heat Initiative and the avoided cost of boiler replacement. 

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet conver-
sions save pellets. Therefore their economics do not look as attractive as if they were saving oil. 

Integrating the findings of the 2007 CNA and the assessment conducted for this Energy Audit, the follow-
ing is recommended: 

Replace the air handler and air conditioning units; modify the multi zone distribution system, outdoor reset 
and relatively new control system as needed.  A system design and cost estimate is included in this report.  
Drawings are available. The new system also includes Demand Control Ventilation which will address air 
quality concerns, including mold or mildew, while also reducing air exchange when not needed.  Convert to 
a pellet fired boiler, either on site with its own silo, or through underground hot water pipes connected to a 
new pellet boiler plant in the Municipal Center (recommended). This will also allow for removal of the un-
derground oil storage tank, which CNA recommended be removed or replaced in 2009. The liability risks 
associated with underground tanks makes removing this tank a high priority and excellent timing for replac-
ing it with benign above ground pellet storage. Costs for tank removal are not included in this report. 

Replace all single pane glazing on the Main Level. The analysis in this report indicates a relatively short pay-
back for Main Level glazing replacement, though not for the upper two levels as long as the window quilts 
are drawn closed at night. Adjusting the outdoor reset for hydronic baseboards contributes to savings. 

The CNA suggested the roof was replaced in 2001 with an expected 20 year service life. While not in imme-
diate need of replacement, proactively replacing it before it starts leaking will also allow for a substantial 
insulation upgrade and so has been recommended in this report.  
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Cash Flow for All Measures 

 

Brooks Memorial Library 

First Cost   Loan Rate 
Term  

(Years) 
Payment Gen. Inflation Rate  CPI% 

$235,721  3.00% 20 ($15,844) 2.10%   

Oil Sav-
ings 

LPG Sav-
ings 

Elec Sav-
ings 

Pellet Sav-
ings 

Maintenance 
Savings 

Salvage Value 
at Year 20: $0 

$16,763 $0 $3,393 -$7,465 $271 Year One 

5.70% 5.40% 3.20% 2.10% 2.10% Inflation Rates 

            

Year 
Oil      

Savings 
Elec     

Savings 
  Pellet 

Expense 
Maintenance 

Savings 
Net Cash 

Flow 

1 $16,763  $3,393  ($7,465) $271  $2,882  

2 $17,718  $3,501  ($7,622) $277  $1,970  

3 $18,728  $3,613  ($7,782) $282  $1,002  

4 $19,796  $3,729  ($7,945) $288  $24  

5 $20,924  $3,848  ($8,112) $294  $1,111  

6 $22,117  $3,972  ($8,282) $301  $2,262  

7 $23,378  $4,099  ($8,456) $307  $3,483  

8 $24,710  $4,230  ($8,634) $313  $4,775  

9 $26,119  $4,365  ($8,815) $320  $6,144  

10 $27,607  $4,505  ($9,000) $327  $7,594  

11 $29,181  $4,649  ($9,189) $333  $9,130  

12 $30,844  $4,798  ($9,382) $340  $10,756  

13 $32,602  $4,951  ($9,579) $348  $12,478  

14 $34,461  $5,110  ($9,780) $355  $14,301  

15 $36,425  $5,273  ($9,986) $362  $16,231  

16 $38,501  $5,442  ($10,196) $370  $18,273  

17 $40,696  $5,616  ($10,410) $378  $20,436  

18 $43,015  $5,796  ($10,628) $386  $22,724  

19 $45,467  $5,981  ($10,851) $394  $25,147  

20 $48,059  $6,173  ($11,079) $402  $27,710  

This measure is cost effective with fuel oil costs down to $1.20/gallon oil. 
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Brooks Memorial Library 

Usage above is based on an average of the last three years, while cost averages include the 2015-2016 price.     

Current Average Energy Usage 

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 1% of actual average usage. Note that occupancy behavior will impact end usage. 

Modeled Existing Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the  energy model 
cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  

Energy and 
Units Quantity 

Site              
MM Btu 

Source 
MMBtu Costs 

Electric - kWh 155,880  507,347,340  
 
1,106,017,201  $24,920 

Oil - Gallons 5,981 828,368,500 952,623,775 $16,926 

Totals   1,336 2,059 $41,846 
KBtu & $ per 
FT2 

        
17,094  78.1 120.4 $2.45  

Energy       
and Units Quantity 

Site              
MM Btu 

Source  
MMBtu Costs 

Electric - kWh     155,550   530,736,600   1,157,005,788  $24,359 

Oil - Gallons 5,923 820,335,500 943,385,825 $16,762 

Totals   1,351 2,100 $41,121 

KBtu &               
$ per FT2       17,094  79.0 122.9 $2.41  

Energy and 
Units Quantity 

Site              
MM Btu 

Source  
MMBtu Costs 

Electric - kWh     130,638   445,736,856     971,706,346  $20,458 

Pellets - Tons 29.5 472,000,000 542,800,000 $6,933 

Totals   918 1,515 $27,390 

KBtu &               
$ per FT2       17,094  53.7 88.6 $1.60  
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Brooks Memorial Library 

The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a 
theoretical social cost, following each implemented measure.   

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include 
the previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

Condition 
Pellets       

Ton 
Oil    

Gallon 
Elec 
kWh 

Annual 
Energy 

Cost 

CO 2 
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing 0 5923   155,550  $40,701 66.6 $2,466 
Replace Air Handler 0 5760   131,610  $37,274 64.8 $2,397 
Glass Upgrade 0 4525   129,407  $33,197 50.9 $1,885 
Municipal Pellet Plant 35.5 0   130,671  $28,900 7.2 $265 
Roof Deck Insulation 31.1 0   130,584  $27,855 6.3 $233 

              
Insulate Masonry Walls 24 0   130,379  $26,149 4.9 $182 

Condition Pellets Oil Elec 
Energy 
Total 

Social 
Cost 

Total 
Cost 

Existing $0 $16,762 $23,939 $40,701 $2,466 $43,167 
Replace Air Handler $0 $16,301 $20,973 $37,274 $2,397 $39,670 
Glass Upgrade $0 $12,806 $20,391 $33,197 $1,885 $35,081 
Municipal Pellet Plant $8,343 $0 $20,557 $28,900 $265 $29,164 
Roof Deck Insulation $7,309 $0 $20,546 $27,855 $233 $28,087 

              
Insulate Masonry Walls $5,640 $0 $20,509 $26,149 $182 $26,331 
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Brooks Memorial Library 

v 

First Floor—One HVAC Zone 
Schematic Floor Plan Below grade masonry walls 

Air 
Handler 

Boiler 

DHW 

Main Reading Room 
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Brooks Memorial Library 

v 

Mezzanine 

Director’s 

Research 

(Open to Below) 

Part of Main Zone 
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Brooks Memorial Library 

Second Floor 

 

Janitor WC 

WC WC 

WC 

Kitchen 

Meeting 
Room 

Staff Lounge 

Vestibule 

Tech Room 

Art Collection 

Children’s Library 

Elevator 

Four heating and cooling zones—currently a Multi Zone, allowing for simultaneous heating and 
cooling, controlled via t pneumatic dampers.    
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   1/R * Area 
  Btu’s/hr  
at 75°ΔT nighttime   

Component UA PHL w/ shades       420,300  

Walls       1,344       100,772         92,710  24% 
Glazing       1,296        97,193         29,032  24% 
Asbestos Panel          456        34,163         31,430  8% 
Doors          146        10,913         10,040  3% 
Floor/Slab          170       12,750         12,750  3% 
Roof          643        48,203         44,346  11% 

Air Leakage       1,460       109,496   100,736  27% 

Total s         5,604       420,300          321,043  100% 

est gallons   5607 4283   
Actual Gallons 5981 +6% +28%   

The above chart describes the envelope components in terms of their  UA, or u-value (u=1/R) times sur-
face area (u * A)  as an expression of the building’s heat loss coefficient during the coldest hour which oc-
curs more than 99.6% of hours a Brattleboro winter, “peak heat loss” (PHL). The preliminary Estimated 
Peak Heat Loss for the existing  Library is  420,300 Btu/hr  at a Design Temp of –5  (Delta T of 75 de-
grees).   The chart below reflects the hourly peak heat loss from each zone. 

Main Reading    220,502  W/ Mezzanine 

Children's Room      93,087  w/2nd floor Hall 

Staff Lounge      17,470    

Meeting Room      27,963  
w/closet and 
kitchen 

Tech Room      23,475  w/collections 

    
Stairwell      26,966    
Vestibule      10,837    
     
Total Peak Heat Loss    420,300    
at 75 degree delta T    

Brooks Memorial Library 

Envelope Heating Load 

Zone   Btu’s @ peak heat loss hour 

A building’s peak heat loss is an important factor in sizing heating equipment. In other words, the boiler and 
distribution system needs to have enough capacity to distribute 420,300 Btu’s per hour to the Library to off-
set that hour’s losses to the outside. Combustion and seasonal system efficiencies and distribution losses are 
other important factors.  Following all ESM’s the new PHL is expected to be 360,937 Btu’s/hr or a 15% 
reduction needed in boiler capacity. 
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Brooks Memorial Library 

Cost   Savings Energy Dollars     
Design $6,975 Pellets 0 $0 Measure Life 30 
Acquisition $108,000 Oil (Gal) 163 $462 Payback (Yr) 38 

Installation $47,000 Elec (kWh)     23,940  $2,966 Present Value -$50,124 

    O&M   $800   
Total  $161,975 Total   $4,228   
         
Measure   Variable Original Improved   
Zone and Coil Control   Grouped Multizone 100% 0%   
Night Setback   Unoccupied Temp 66 64   
CO2 Vent Control   % outside air 10% 4%   
Night Precool   AC reduction 0% 2%   
Cooling Efficiency   SEER/IEER 8 19/13   
Occupied Fan Time   % fan time 100% 60%   
Unoccupied Fan Time   % fan time 58% 10%   

1. Replace Air Handler, Zone Control and Air Conditioning Compressor 

The total HVAC system changes include using hot water from a new municipal pellet heating plant 

(Measure #3)  and providing appropriate additional zoning for the new rooms. Equally, if not more im-

portantly to the goal of reducing energy use and operational costs,  this measure includes replacing the old 
multi zone distribution system with five new multiple split system air handlers, each with its own  DX cool-

ing and hot water heating coils to deliver heating and cooling to the zones presently defined by the  existing 

single multi-zone air handler system.  

The air handlers that will serve areas with future additional zones will include damper systems and variable 

speed blowers with variable capacity outdoor compressor condensing units similar to the Carrier Infinity 
system.  This proposed system is described in greater detail, with drawings, at the end of this Library Report.  

Tim Jeffers (Al Jeffers and Son, Townsend) developed the cost estimate for budgeting purposes.  

Existing Johnson Zone Controls with Computer  Monitoring System 
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Brooks Memorial Library 

Existing Systems: 

From Doug Waitt of Design Day Mechanicals 

“The existing systems were designed in 1966. They are approaching a half a century old, approximately 2.5 
times the normal expected life cycle age of this equipment. The age of the underground fuel oil tank 
should be ascertained. If removal has been recommended, it should be a high priority. 

The heating energy source is a standard efficiency fuel oil boiler plant. The cooling energy source is a single 
nominal 40 ton compressor with outdoor condensing unit 

Terminal heating and cooling is delivered through ductwork to five separate zones with a single hot and 
cold deck, multi-zone air handler. Additional heating is delivered to the perimeter of the building with fin 
tube radiation and to entrance vestibules with hot water cabinet unit heaters. The perimeter water tempera-
ture and heat delivery was intended to be inversely controlled with outdoor air temperature with a three 
way modulating mixing valve.” 

 

 

 

 

 

 

 

 

 

From the 2007 CNA: “Cooling for these premises is provided by a split system air conditioning unit that 
consists of two basic elements: the condensing unit (rear of the building and lower right photo) and the 
evaporator coil, which is located in the air handler (above photo). A separate compressor exists in the utili-
ty room.” The motor and fan below left will both be replaced as part of the new system design. 
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Proposed HVAC Renovation Scope of Work 

Proposed Systems: 

New heating energy would be provided through insulated underground piping from a remote new wood 
pellet boiler plant serving perimeter radiation and five separate air handling units AH-1 through 5 to serve 
each of the five existing ducted zones of control. The numbering of the air handlers and their cooling units 
corresponds with the numbering of the existing zones. Adjustments will be made to some ductwork to ac-
commodate new proposed partition additions, along with some new separately controlled fin tube radiation. 

Each air handler will have cooling energy provide by separate outside compressor condensing units CCU-1 
through 5.                   

AH-1/ CCU-1 respectively, based on Magic Aire Model BMB 60 with hot water and DX cooling coil and 
economizer mixing box, minimum outdoor air volume for ventilation controlled by CO2 sensor and Carrier 
Model 38AUD16 nominal 15 ton cooling capacity / 6000 CFM                                                             

AH-2/ CCU-2 respectively, based on Magic Aire Model BVE 16 with hot water and DX cooling coil and 
outdoor air damper, minimum outdoor air volume for ventilation controlled by CO2 sensor and Carrier 
Model 

24ADA148 nominal 4 ton cooling capacity / 1600 CFM 

AH-3/ CCU-3 respectively, based on Magic Aire Model BVE 12 with hot water and DX cooling coil and 
outdoor air damper, minimum outdoor air volume for ventilation controlled by CO2 sensor and Carrier 
Model 24ADA136 nominal 3 ton cooling capacity / 1200 CFM 

AH-4/ CCU-4 based on Magic Aire Model BVE 20 with hot water and DX cooling coil and economizer 
mixing box, minimum outdoor air volume for ventilation controlled by CO2 sensor and Carrier Model 
24ADA160 nominal 5 ton cooling capacity / 1200 CFM 

AH-5/ CCU-5 based on Magic Aire Model BMB 40 with hot water and DX cooling coil and economizer 
mixing box, minimum outdoor air volume for ventilation controlled by CO2 sensor and Carrier Model 
38AUD12 nominal 10 ton cooling capacity / 4000 CFM 

New controls will integrate with the existing direct digital control (DDC) system. 

All new and existing air systems and new hydronic systems will be balanced to accommodate any changes to 
internal and envelope heating and cooling loads. 

New Electrical connections for new equipment. 

Budget $170,000 

Add Alternate for new high efficiency propane boiler plant with new outside propane tank (tank provided 
by propane supplier) in lieu of district heating pellet boiler.  Add $30,000 

 

Brooks Memorial Library 
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The existing multi-zone unit is obsolete and inefficient. Throughout the year each zone has a choice of hot 

air or cold air and it must take one or the other or a mix.  The result is that rooms continuously heat until 

they call for cooling and then cool until they call for heating.  

This can be seen in the cycling of temperatures above both during occupied times while temperatures are in 

the 70's and unoccupied times while temperatures are held in the 60's. Even a sophisticated digital control 

system cannot provide steady temperatures with this type of system.  The new system will allow accurate 
room temperature control without the inefficiency of continuous heating and cooling. 

Morning warm up is slow, taking as much as one hour per degree rise. Here it takes four hours to warm up 

the library.  The system, as operated, does not have the capacity to heat the building adequately resulting in 

the inability to implement an effective night setback.  

A two week log of the boiler in January found that the maximum it runs is 60% of the time. It is rated at 10 
gallons of oil per hour (GPH) but is fired at 6 GPH. At 60% operation it averages 3.6 GPH or about 
400MBtu/Hr. 

Brooks Memorial Library 
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The system temperatures include the heating coil (HDS, hot deck sensor) that runs at 120F, the discharge air 

sensors which run at around 70 and 80F for the main library (Z1) and children's library (Z5). The coil con-

trol valve (not shown) opens at 6AM with a call for heat but the coil (HDS) does not reach 120 until around 
noon when the building warms up. Unfortunately, the hot water supply (HWS) to the baseboard radiation is 

not heated (running at 73F). The building appears to be heated entirely by the fan. Fans require three times 

as much energy for heating as do pumps. The technician (Guy Soucy) probably abandoned the perimeter 

radiation because he did not have time to develop a sequence of control where the radiation would not work 

against the cooling or it operates only at less than 10F outside air. 

 

Though the air handler coil is rated at 780 MBtu/hr, it is using  only about 400 so when the dampers open 
to the heating coils at 6AM it's temperature drops from 120 to 80F. The coil could be dirty or water flow 
inadequate.                      
The compressor serving the multi-zone system is a 40 ton re-
ciprocating machine that has one speed, 'on'.  

The normal electrical demand at the library is around 25 kW 
but it more than doubles to 58kW when the compressor comes 
on . The new system will have variable speed fans and compres-
sors significantly reducing demand. 

Brooks Memorial Library 
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With installation of the new air handling units we recommend spending the needed time and money to de-
velop an efficient sequence of control. The following notes are directed to the technician involved. 

 Occupied -  keep fans off unless there is a call for heat, vent (CO2),  or cooling.  Disallow simultane-
ous heating and mechanical cooling in the building - widen dead band settings as needed. Establish a 
perimeter hot water pump and temperature schedule starting at 120 ° F that will not overheat any zone 
with the fans off. 

 Unoccupied control at 50°F setpoint; keep fans off except for morning warm up or economizer pre-
cool.  

 Keep pumps and boiler off unless there is a call for heat or AHU mixed air temperature fall below 40F 
due to damper air leakage.  

 On a call for heat operate boiler and perimeter circulator as needed to satisfy sensor  

 Warm up - run maximum boiler water temperature in radiation until any zone is warm, then drop to 
scheduled temperature. Run maximum boiler water temperature in air handlers for warm up. 

 Optimized staged morning warm up for pellet boilers  

 Utilize the five zones and radiation to allow a staged warm up that will maintain buffer tank temperature 
and prevent the backup boiler from firing. (Demand control sequence)    

 Set midnight as the earliest start time.   

 Calculate warm up time. The preferred method is an AI learning routine that utilizes a weather service 
published low for the day similar to modern efficient Wi-Fi thermostats.   

 If calculated warm up time exceeds available time (7 hrs), raise the setback temperature as needed.   

 Coordinate sequence and points utilized with that of the pellet boiler controller to flatten the load on 
the pellet system and keep the back-up boiler off.  

 Provide economizer night cool down cycle based on projected or weather service forecasts. 

 

Brooks Memorial Library 
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Brooks Memorial Library 

2. Glass Upgrade 

Cost   Savings Energy Dollars 

Design $732 Pellets 0 $0 
Acquisition $14,659 Oil (Gal) 1,235 $3,495 

Installation $1,605 Elec (kWh) 2,203 $582 

Total  $16,996 Total   $4,077 

Measure Life 50 
Payback (Yr) 4.2 
Present Value $264,992 

Description   Variable Original Improved 

Replace Main Floor Windows $16,264 Reduced Infiltration 100% 0% 
    R-Value 1.7 3.45 
    Shading Coefficient 84% 44% 

1070 ft2 

Except for two units which broke and were replaced with double pane glazing, all glass in the Library is 
single pane in metal frames. At some point, low e films were applied which did improve the u-value (heat 
loss in winter) and reduce solar heat gain (cooling costs) in summer.  Tracked window quilts on the mezza-
nine and second floor windows also reduce  nighttime losses when drawn. However, even with these im-
provements, single pane glazing still accounts for nearly a quarter of the building’s heat loss. Single pane 
glass also impacts comfort due to lower surface temperatures.  This measure includes replacing the east 
facing glass on the Main Level, as described in the proposal on the next page. Swapping new south win-
dows for the two east double paned windows is also recommended. 

Large glass surface areas is a dominant feature of the Library, both from the street and the interior environ-
ment; but not without an energy penalty. 
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Brooks Memorial Library 
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Brooks Memorial Library 

Window Glass Performance 

55 Bristol Dr. South Easton, MA 02375 • TEL 508-238-0112 • FAX 508-238-0103 

EMAIL: sales@SolarSeal.com • WEB: www.SolarSeal.com 

Exterior Lite 1/4" Solar Ban 60 (2)  
1/2" Cavity Airspace 
Interior Lite 1/4" Clear  
 
Performance Characteristics  

 

  

  

  

Winter U-factor/U-value: 0.29 Visible Light Transmittance: 70% 

Summer U-factor/U-value: 0.27 Visible Light Reflectance (outside): 11% 

Solar Heat Gain Coefficient: 0.38 Visible Light Reflectance (inside): 12% 

Shading Coefficient: 0.44 Total Solar Transmittance: 33% 

Relative Heat Gain (Btu/hr-ft2): 92 Total Solar Reflectance (outside): 29% 

Light to Solar Gain: 1.84 Ultraviolet Transmittance: 19% 

Window quilts for the Main Floor were also explored for this study as the effective R-value when closed 

exceeds that of the best performing windows at a lower square foot cost. However, due to the size of win-

dows and a concern for safety, the additional framing and motorized operations increased the cost to be 
more than the recommended window replacements, which are an improvement 24/7 and without relying 

on human intervention. Also, window quilts can not be fully installed on the narrow south facing windows 

with operable awnings. The existing quilts on upper levels do save a considerable amount of energy when 

closed tightly—even if only during unoccupied hours.  
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Brooks Memorial Library 

3. Municipal Pellet Plant and System 

Cost   Savings Energy Dollars     

Design $2,460 Pellets (Ton) -36 -$8,520 Measure Life 20 
Acquisition $30,916 Oil (Gal) 4525 $12,806 Payback (Yr) 12.1 

Installation $10,077 Elec (kWh) -1263 -$166 Present Value $106,570 

    O&M   -$529   
Totals  $43,453 Total   $3,591   

Savings Description Variable Original Improved 

Fossil Fuel   Fuel % 100% 0% 
Wood Heat   Fuel % 0% 100% 
Elect to HP DWH Eff % 50% 200% 
Primary HWS Pump % hours on 0% 40% 

Installation Cost     
Pellet System  $94,718   
WWH Funding  -$23,065   
Heat Pump Water Heater $1,800   
Actual Cost  $73,453   
Avoided Boiler Replacement -$30,000   
Benefit Analysis Cost $43,453   

The 2007 CNA anticipated that with thorough annul cleanings and service, the Peerless boiler would have a 
service life till 2021. It appears that the boiler has declined faster than predicted and replacement is recom-
mended in the near future. The oil tank was scheduled for removal in 2009 and is a high priority.  

Several heating source options were considered as replacements for the 18 year old boiler.  

Heating System Alternates 

   

The shared Municipal pellet system is most attractive as it avoids otherwise required chimney work at the 

library and provision of a backup boiler. It also replaces more fossil fuel as a library located pellet system 
would have lower capacity;  and maintaining one plant will have lower maintenance costs than two plants. 

Description Cost  
Savings 
($/yr) ROI % SIR NPV  

NPV 
Payback 

Municipal Pellet System $43,453 $3,591 8% 3.5 $106,570 8.2 
Library Pellet System $49,608 $3,873 8% 2.9 $94,909 9.1 
Heat Pump w/LPG $46,428 $2,154 5% 2.1 $52,644 12.0 
Heat Pump with Pellets $62,328 $3,321 5% 2.0 $63,177 12.1 
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One Biomass boiler with 500,000 BTU output and big buffer tank installed in the Municipal Center boiler 

room using space gained by removing the defunct old oil boiler  

 Install two stainless steel liners in current tall oil boiler chimney (one for oil and one for pellets) 

 Construct a large, tall 25 ton interior pellet silo from wood framing in basement with flex auger mate-
rial handling system. Locate the Silo in space now used by defunct fresh air system and adjacent un-

used boiler room area.   

 Rebuild existing oil boiler piping in boiler room, creating an injection loop system for all 3 boilers and 
for distribution of heat to both the Municipal Center and the Library. 

 

NOTE:  Oil boilers in Municipal Center are not being utilized their full potential with 400,000 additional 

Btus possible in each. This additional 800,000 btu capacity is more than the library boiler is currently set 

up for—so the existing oil boilers in the Municipal Center could heat both buildings without the pellet 
boiler—a full back up. 

 Install underground heat pipes to the library by digging trenches in the parking lot and along the rear 

of the library to its boiler room 

 Remove Library’s boiler form service and rebuild distribution system to be able to utilize heat from all 

of the boilers in the Municipal Center.   

 Install new boiler control system so pellet boiler is primary and oil boilers are peaking/back-up.  In-
ternet enabled visualization and fault alert system for biomass system (requires constant internet ac-

cess) 

  

The following is the same description found in the Municipal Center wood heating measure. 

Brooks Memorial Library 
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The option of adding heat pump capacity to the new air handlers was analyzed both with LP gas and pellet 

backup. Though heat pumps are often less expensive to operate than pellet boilers GMP's rate 02 with de-

mand penalizes the user for adding demand and thus for heat pumps. The added winter demand charges 
would raise the per kWH cost from $.15 to about $.21/kWH. The pellet systems would be more attractive 

even without the WWH incentive. 

The proposed system configuration consists of a new 100 kW boiler at the municipal building and under-

ground piping to the library that would be brought in at the mechanical room. The library energy manage-

ment system would appear as an additional zone on the municipal system. The existing oil boilers at the 
municipal building will remain and are adequate to carry both buildings. 

In the event that the municipal building is not converted to pellets the library has an excellent opportunity 

to convert on its own. Even without the WWH incentive the pellets are economically superior to the heat 

pump option. 

 

 

 

 Brooks Memorial Library 

Wood Heating Plant $286,325 

Municipal Center Share $189,807 
WWH Incentive -$47,452 
Muni Cost $142,355 

Library Share $96,518 
WWH Incentive -$23,065 
Avoided Costs- Library -$30,000 
Library  Cost (for analysis) $43,453 

Total Project Cost $286,325 
Total WWH Incentives -$70,517 
EV Funding   
Total Brattleboro Investment $215,808 
 Oil Tank Removal   Not Available 
Total Cost for Analysis $185,808 

This measure also includes replacing the electric water 

heater at the library with a heat pump water heater.  A 

$400 rebate is available through Efficiency Vermont. 
Refer to Appendix F for a list of eligible products. 
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Brooks Memorial Library 

4. Roof Deck Insulation 

Cost   Savings Energy Dollars     

Design $573 Pellets 4.4 $1,055 Measure Life 50 
Acquisition $6,697 Oil (Gal) 0 $0 Payback (Yr) 12.5 

Installation $6,027 Elec (kWh) 87 $10 Present Value $19,583 

Total  $13,297 Total   $1,065   
         
Description   Variable Original Improved   
Roof Insulation $12,724 R-Value 10 40   

In October, 2015, Melanson Roofing Company took a core sample of the roof insulation and inspected the 
existing membrane (see next page).  

The roofer’s opinion was  that the membrane looks like its nearing its end of service life, but not as much of 
a priority as those at Gibson Aiken’s or Retreat Wells’ Pump house.    

The core sample revealed a pitch tar layer on the concrete which will add to the expense of re-roofing.  
Melanson’s did not offer a cost estimate for a new roof,  so the cost estimate above is based on the cost per 
ft2 for insulation at Gibson-Aiken.   

A total roof replacement  including removing the live pitch tar, is roughly estimated to be $75,000.  Only 
the $13,000 for the additional five inches of insulation is included in the above cost benefit analysis.   
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Brooks Memorial Library 

Core Roof Sampling           October 6, 2015   between 8am and 8:30am 

Kace from Melanson Roofing conducted a general in-
spection of the condition of the membrane before select-
ing a low spot for a core sample. 

Roof membranes have many seams and  pene-
trations which have been patched and sealed 
to be water tight. 

A two inch diameter ‘plug’ was removed showing layers from the top membrane down to the live pitch tar on the orig-
inal 4” + concrete deck. Found  two layers of insulation—1/2” old compressed polyisocyanurate and 1 1/2” inches of 
newer polyiso; insulation performance estimated between R-8 and R10. 

The insulation and cotton material stuffed into the hole. Then a rag with turpentine (about 2TBS total) was used  to clean                            
and dry the area around the hole. A TPO patch (same material) was applied over and a heat gun used to seal it in place. 

The heat gun is used in 
conjunction with a roller, 
with the last step sealing 
the exterior edge.   
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Brooks Memorial Library 

Insulate Masonry Walls:  Not recommended at this time; for information only. 

Cost   Savings Energy Dollars     
Design $2,344 Pellets 7.15 $1,715 Measure Life 50 
Acquisition $30,380 Oil (Gal) 0 $0 Payback (Yr)   31 

Installation $21,700 Elec (kWh) 205 $37 Present Value -$191 

Total  $54,424 Total   $1,752   
         
Description   Variable Original Improved   
Insulate 1197 Ft2  $52,080 R-Value 4 20   

The 2007 CNA suggested there was evidence of wall insulation, though except for limited areas of the 
north wall offices, neither the infra red scans during this study nor the 1966 architectural plans can support 
this opinion. (see below and the next page)  Insulating the exterior masonry walls with the Sto System with 
a new faux brick façade was explored in the energy model and found not cost effective. Just as with the 
CNA’s remarks about the single pane glazing: insulating the exterior walls is not recommended due to the 
long payback period, “however , as heating costs continue to rise, (wall insulation) may make economic 
sense at some point in the future.” 

It should also be noted that cold exterior surfaces can result in condensation and lead to air quality con-
cerns around mildew or mold. There was no evidence of this, however, there is no visual access behind the 
metal stacks along the walls. It is strongly advised to examine any exterior walls exposed during upcoming 
renovations and consider insulating on the interior at that time. 
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Some of the details from the 1966 drawings 
reveal no exterior insulation, except for a 
“cement asbestos insulating panel” under the 
roof overhang. 
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Proposed           
Renovations 
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 Replacement Lamps Inventory                            
information only 

Brooks Memorial Library 
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Brooks Memorial Library 

FY 2012 Gallons  Cost $ Per Gal 

Sept 9 737.60 $2,204.69 $2.989 

Feb 22 245.30 $733.20 $2.989 

Feb 22 2507.90 $7,496.11 $2.989 

March 22 1844.90 $5,514.41 $2.989 

May 31 632.50 $1,890.54 $2.989 

  5968.20 $17,838.95   

FY 2013       

Nov 30 31.10 $99.43 $3.197 

Jan 24 545.90 $1,745.24 $3.197 

Feb 25 1200.00 $3,836.40 $3.197 

March 14 1079.60 $3,451.48 $3.197 

March 26 1205.70 $3,855 $3.197 

May 21 799.00 $2,554.40 $3.197 

  4861.30 $15,541.57   

FY 2014       

Oct 27 2030.40 $6,414.30 $3.159 

Dec 31 1214.50 $3,836.61 $3.159 

Jan 20 1221.80 $3,859.67 $3.159 

March 6 1514.00 $4,721.81 $3.159 

  5980.70 $18,832.39   

LIBRARY Electricity Oil   
  kWh Cost Gallons Cost 

2013 144,872 $24,966  6,698 $20,022  
2014 145,333 $24,205  4,824 $15,425  
2015 155,880 $25,588  5,981 $18,894  

3 yr Averages 148,695 $24,920  5,834 $18,114  
2013 cost per   0.1723   $2.99  
2014 cost per   0.1665   $3.20  
2015 cost per   0.1642   $3.16  
2016 contract       $1.97  
4 year average   $0.1677   $2.83 

Energy Usage Data 
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Gibson-Aiken Community Center 

207 Main Street 

Energy Audit 
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Built in 1922 as an armory, the Gibson Aiken Recreation 
and Senior Center now functions as multi purposed brick 
building. The original drawings reflect the existing floor 
plans, except for the basement and addition of an elevator. 
There are four floors, including the basement, and two 
gymnasiums.   

The basement, with approximately 1/3 above grade walls,  
serves as a senior center with commercial kitchen.  Upper 
floors have a mix of offices, restrooms, recreational 
rooms, and storage areas. Parts of the building are occupied 
from 8am to 9PM, M-F, with occasional Saturday activities. 

Total floor area of the  four floors (including basement and 
two gyms) is about 30,000 square feet. 

Annual oil consumption averages  about  12,000 gallons.  
There are considerable comfort complaints as the basement 
is frequently too hot and other rooms too cold. Air condi-
tioning serves  the basement only, which houses the senior 
center and commercial kitchen, which serves 70-100 meals 
each weekday.   

Foundation walls are made of 26” thick concrete with 
brick facing above grade. The remaining walls are brick, 
ranging from 16” to 12” on the 3rd floor and attic 
crawlspace above. Walls have no insulation. 

Windows were replaced in the 1990’s with 1/8” double pane glazing in aluminum frames with no thermal 
break. Many windows have been difficult if not impossible to open, but once opened, difficult to close 
tightly. Windows on the first floor and lower gymnasium were replaced in the Fall of 2015 with double 
hung, vinyl framed, thermal pane windows. Window labels indicated they are made by Therma Windows 
and Doors, Series 5000, however there is no performance data available, nor NRFC labels.  Operable win-
dows on the top were also replaced.  The remaining windows are scheduled to also be replaced with the 
same units when budget allows. 

There are two roofs. One above the gymnasiums is gently sloped away from a center ridge and the wood 
deck is exposed to the gym below.  The roof membrane is failing and needs to be replaced soon. The other 
roof is nearly flat, with a small ladder access from the attic crawlspace. The membrane failed about 10 years 
ago, but without funds to replace it, a coating was applied. It too has now failed and leaks are fairly com-
mon as evidenced by several buckets placed on the attic floor. 

While a full PV analysis is outside the scope of this report, note that once re-roofed, both roofs offer an 
excellent opportunity for a PV array to add solar generation to the group or community meter. 

Building Description 
 

Gibson-Aiken Community Center 
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Gibson-Aiken Community 
Summary of Recommended ESM’s 

* The total cost of a new roof is $75,725. The cost above is for six inches of new insulation.                      
** The total cost of Wood pellet heating is $368,358. The cost above is reduced by $75,000 funding from 
Windham Wood Heat Initiative and $6,400  avoided cost of the controls in ESM #3. 

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet con-

Cost effective envelope improvements are limited to general air sealing, improving the ceiling plane insula-
tion and replacing the gym windows. Upgrading roof insulation requires replacing the roof membrane 
which is a necessary capital expense. Since about half the windows were replaced in the Fall 2015, after the 
latest heating season, the building was modeled in its prior condition and their installation has been listed 
below as a “0” ESM and not included in the total costs or benefits of ESM’s 1-6.   

Three energy saving measures have been recommended for the kitchen: installing a demand control exhaust 
system, replacing the dish washer, and replacing several of the cooking pots with very efficient pots. This 
latter measure will mostly reduce propane usage, which the Town does not pay for directly, however it will 
also help relieve overheating in the basement and therefore cooling costs as well as improve comfort. The 
cost and resulting savings of a new dishwasher is not included in the energy model or analysis below. 

There are two approaches to energy reductions on the supply side: Either install thermostatic vents on the 
radiators and other control improvements, or convert from oil to primarily burning wood pellets and re-
place the distribution to forced hot water, (hydronic).   The WWH makes this an opportune time to mod-
ernize the heating system with far better thermostatic control than can be available from steam.    

ESM # Description Cost 
Yearly 

Savings 
ROI   

% SIR NPV ($) 
NPV 

Payback 
Years 
of Life 

0 2015 Window Repla. $30,492 $1,870 6.1% 1.9 $26,204 14.6 25 

1 Weatherstrip Doors $487 $424 87.2% 4.6 $1,729 1.1 5 
2 Kitchen Improvements $5,768 $2,268 39.3% 8.9 $45,736 2.5 20 
3 Improve Controls $7,336 $4,306 58.7% 6.4 $39,321 1.7 10 
4 Roof Insulation (Only)* $21,297 $1,883 8.8% 3.3 $49,884 10.4 30 
5 Wood Pellet Heating** $286,958 $15,351 5.3% 1.5 $139,756 14.5 20 

6 Replace Gym Windows $35,864 $1,612 4.0% 1.3 $10,417 28.5 40 

  Total All Measures $357,710 $25,844 7.0% 1.9 $286,843 11.9   

n/a Insulate Gym Walls $178,068 $4,871 3.0% 0.8 -$38,263 56.8 40 
n/a Insulate Other Walls $87,174 $2,187 3.0% 0.7 -$24,447 65.0 40 

  Total Wall Insulation $265,242 $7,058 3.0% -0.2 -$62,710 57.0   
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First Cost Loan Rate 
Term 

(Years) 
Payment Gen. Inflation Rate CPI%   

$357,710 3.00% 20 -$24,044 2.10%     

Oil Savings 
LPG Sav-

ings 
Elec Sav-

ings 
Pellet Sav-

ings 
Maintenance 

Costs 
Salvage Value 
at Year 20: $0 

  

$33,107 $364 $208 -$8,835 $1,000 Year One   
5.70% 5.40% 3.20% 2.10% 2.10% Inflation Rate   

       

Year 
Oil Sav-

ings 
LPG Sav-

ings 
Elec Sav-

ings 
Pellet Costs 

Maintenance         
Costs 

Net Cash 
Flow 

1 $33,107  $364  $208  ($8,835) $1,000  $1,800  

2 $34,994  $384  $215  ($9,020) $1,021  $3,548  

3 $36,988  $404  $221  ($9,210) $1,042  $5,403  

4 $39,097  $426  $228  ($9,403) $1,064  $7,368  

5 $41,325  $449  $236  ($9,601) $1,087  $9,452  

6 $43,681  $473  $243  ($9,802) $1,110  $11,661  

7 $46,170  $499  $251  ($10,008) $1,133  $14,001  

8 $48,802  $526  $259  ($10,218) $1,157  $16,482  

9 $51,584  $554  $267  ($10,433) $1,181  $19,110  

10 $54,524  $584  $276  ($10,652) $1,206  $21,894  

11 $57,632  $616  $285  ($10,876) $1,231  $24,844  

12 $60,917  $649  $294  ($11,104) $1,257  $27,969  

13 $64,389  $684  $303  ($11,337) $1,283  $31,279  

14 $68,059  $721  $313  ($11,575) $1,310  $34,784  

15 $71,939  $760  $323  ($11,819) $1,338  $38,497  

16 $76,039  $801  $333  ($12,067) $1,366  $42,429  

17 $80,374  $844  $344  ($12,320) $1,394  $46,592  

18 $84,955  $890  $355  ($12,579) $1,424  $51,001  

19 $89,797  $938  $366  ($12,843) $1,454  $55,668  

20 $94,916  $988  $378  ($13,113) $1,484  $60,610  

Cash Flow for All Measures 
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Gibson-Aiken Community Center 

Current Average Energy Usage 

Usage above is based on an average of the last three years, while cost averages include the 2015-2016 price.     

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 

Modeled Existing Usage  

Energy & 
Units 

3 yr      
Average 

Site  
MMBtu 

Source  
MMBtu  Cost 

Electric - kWh      87,858        299.8            654  $15,814 
Oil      11,526     1,596.4         1,836  $32,619 

Propane - Gal        1,687       154.0           177  $3,323 

Totals          2,050         2,666  $55,271 

KBtu and $ 
Cost per FT2      25,900         79.2         103.0  $2.13  

Energy & 
Units Model 

Site  
MMBtu 

Source  
MMBtu  Cost 

Electric - kWh      87,686        299.2            652  $15,783 
Oil      11,768     1,629.9       1,874.3  $33,303 

Propane - Gal         1,687        154.0            177  $3,323 

Totals          2,083         2,704  $52,410 

KBtu and $ 
Cost per FT2      25,900         80.4         104.4  $2.02  

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 2% of actual average usage. Note that occupancy behavior will impact end usage. 

Energy 
&Units 

After All 
Measures 

Site 
MMBtu 

Source 
MMBtu Cost 

Electric - kWh      85,921        293.2            639  $15,466 
Pellets          36.8        588.8            618  $8,648 

Propane Gal         1,503        137.2            158  $2,961 

Totals           1,019          1,415  $27,075 
KBtu and $ 
Cost per FT2      25,900         39.4           54.6  $1.05  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the GA energy mod-
el cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  
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Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include the 
previous measures on the list.   

Condition 
Pellets       

Ton 
LPG    

Gallon 
Oil       

Gallon 
Elec    
kWh 

Annual 
Energy 

Cost 

CO 2 
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing 0 1687 12354    54,792  $48,148 149.2 $5,520 
2015 Windows 0 1687 11698    54,792  $46,291 141.8 $5,248 
Weatherstrip 0 1687 11550    54,629  $45,843 140.2 $5,187 
Kitchen Imp 0 1157 11169    54,596  $43,715 132.5 $4,904 
Controls Imp 0 1157 9657    53,100  $39,167 115.6 $4,278 
Roof Insulation 0 1157 8998    52,828  $37,253 108.2 $4,005 
Pellet Conversion 42.9 1560 0    52,664  $22,634 18.3 $678 
Replace Gym Win. 38.8 1503 0    52,855  $21,593 17.2 $636 
                  
Insulate Gym Walls 18.3 1329 0    52,509  $16,370 12.1 $448 
Insulate Walls 10 1251 0    51,627  $14,107 10.0 $370 

Condition Pellets LPG Oil Elec 
Energy 
Total 

Social 
Cost 

Total 
Cost 

Existing   $3,323 $34,962 $9,863 $48,148 $5,520 $53,668 
2015 Windows   $3,323 $33,105 $9,863 $46,291 $5,248 $51,539 
Weatherstrip   $3,323 $32,687 $9,833 $45,843 $5,187 $51,030 
Kitchen Imp   $2,279 $31,608 $9,827 $43,715 $4,904 $48,619 
Controls Imp   $2,279 $27,329 $9,558 $39,167 $4,278 $43,444 
Roof Insulation   $2,279 $25,464 $9,509 $37,253 $4,005 $41,257 
Pellet Conversion $10,082 $3,073 $0 $9,480 $22,634 $678 $23,313 
Replace Gym Win. $9,118 $2,961 $0 $9,514 $21,593 $636 $22,228 
                
Insulate Gym Walls $4,301 $2,618 $0 $9,452 $16,370 $448 $16,818 
Insulate Walls $2,350 $2,464 $0 $9,293 $14,107 $370 $14,477 

Gibson-Aiken Community Center 

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a theo-
retical social cost, following each implemented measure.  The measures below the red line are not consid-
ered cost effective so are not recommended at this time; at least not if all preceding measures are imple-
mented. If it is decided not to convert from an oil fired steam system to a wood pellet hydronic system, then 
the return for insulating the walls becomes somewhat more palpable. This is explored further on page 60.   
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Gibson-Aiken Community Center 

2nd 
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Basement 

Zone 1 

Gibson-Aiken Community Center 

Cafeteria 

Kitchen 

Storage Stairwell 

Arts and Crafts 

Gift Shop 
Sitting Room 

Game Room 

Boiler  
Office 

Office 

Storage 

Stairwell 

Mechanical 

Kitchen:  
5:30-1:30    
M-F 

Mini split air source 
heat pump for cooling  
each office            
Mitsubishi model 
MS29A13115EA 

A ‘split’ system has an 
indoor and an outdoor 
component.   



 January 2016 Energy Audit  

87 

DYNAMIC INTEGRATIONS LLC 

Gibson-Aiken Community Center 

First Floor Gymnastics 

Suspended ceiling              
under 15’4 ceiling 

Zone 2 
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Gibson-Aiken Community Center 

Second Floor Gym 

 

Zone 3  12 single pane glazing 
units on west wall and 
12 on east wall. Each is 
25 ft2 for 600ft2 total. 

14 of this style 

3 cast iron 
12 section 

Window openings filled in on east wall 
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Typical basement, first and second 
floors with approximately  35 single 
pipe radiators of various sizes.            
Cafeteria radiation below. 

Most common cast iron radiator. 

Gibson-Aiken Community Center 
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First and second level 
exercise room and 
gymnasium with  ap-
proximately 28 SP 
radiators as shown. 
Stairwell has 2-4 
more.  

Gibson-Aiken Community Center 
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Gibson-Aiken Community Center 

1. 2015 Window Replacement      
Cost   Savings Energy Dollars     
Design $0 Pellets  $0   
Acquisition $17,556 LPG (Gal)  $0 Measure Life 25 
Installation $12,936 Oil (Gal) 655 $1,854 Payback (Yr) 16.3 
    Elec (kWh) 163 $16 Present Value $26,204 

    O&M   $0    

Total  $30,492 Total   $3,056     

         
Measure   Variable Original Improved   

924FT2   $30,492 R Value 2 3   
    % exist cfm 100% 10%   

The 2015 window replacement project was nearly completed 
when this audit assessment began. There is no doubt that the 
1990’s windows that were replaced were barely functioning, rat-
tling the window from air leakage, and an eye sore. The decision 
to replace only half of them was due to budget constraints, with 
a plan of replacing the remaining windows in the near future. 
There is also no doubt that the replacements have reduced drafts 
and are easier to open and close. The actual impact on reducing 
fuel usage has yet to determined but we modeled what could be 
anticipated from an effective installation.  The images on the 
next page were taken after installation, but prior to the contrac-
tor returning to conduct more air sealing of the rough opening 

and window adjustments. Two 
points here: 1) Replacing windows 
has the highest per square foot 
expense of all envelope upgrades 
and energy savings rarely make the 
measure cost effective. There are 
many good reasons to replace win-
dows—such as comfort, operabil-
ity, aesthetics, safety—energy savings alone is rarely in that list. 2) With long 
‘pay back’ periods, it is prudent to select a window that will last at least as 
long 3) The quality of installation is very important to the energy perfor-
mance. Reducing air leakage usually offers the greatest savings and im-
provement and air leakage around the rough opening needs to be ad-
dressed. 

1990’s windows in 2nd floor locker. 

Note more 
air leakage 
from wall fan 

Center double hung replaced, 
leaving 1990’2 fixed side lites. 
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Gibson-Aiken Community Center 

IR images taken on Octo-
ber 27th shortly after re-
placement windows were 
installed. They show con-
siderable air leakage at the 
rough openings and be-
tween the sashes. Carol 
was shown the air leakage 
and she called the con-
tractor who responded 
very quickly, assuring her 
that the windows would 
be resealed. We will revisit 
in January to  re-check the 
tightness. 

Darker areas indicate 
cooler temperatures. The 
“fingered” dark areas in 
the images to the right 
show outside cold air 
infiltrating through gaps 
and cracks at the win-
dow’s rough opening or 
through the window 
frame itself. 



 January 2016 Energy Audit  

93 

DYNAMIC INTEGRATIONS LLC 

Gibson-Aiken Community Center 

The IR images on this page were 
taken at the end of February, several 
weeks after the installation company 
completed a follow up air sealing. 
While the replacement windows are 
assuredly an improvement, the air 
leakage between the sashes and at 
the rough opening (where the win-
dow unit fits in the brick opening) is 
far greater than what is expected 
from a new window (not to ex-
ceed .03cfm per square foot). 

Leakage at the sashes (circled) typi-
cally indicate a lower quality window 
unit and or installation and leakage 
at the rough opening has to do with 
how it was installed within the rough 
opening. Relying on caulk for the 
seal means it will have to be re-
applied every few years and may still 
not completely prevent air leakage. 

This level of air leakage was found 
in approxi-
mately 65% 
of the win-
dows in-
stalled in 
the Fall. 

Follow Up IR scan:          
February 29, 2016 
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Gibson-Aiken Community Center 

2. Weatherstrip Doors      
Cost   Savings Energy Dollars     

Design $21 Pellets  $0 Salv Value $0.00 
Acquisition $295 LPG (Gal)  $0 Measure Life 5 
Installation $171 Oil (Gal) 149 $421 Payback (Yr) 1.1 
  $487 Elec (kWh) 33 $3 Present Value $1,729 

    O&M   $0    

Total  $974 Total   $424     

         
Measure   Variable Original Improved   

Weatherstrip $466  % of exist cfm 100% 40%   

Doors can never be made perfectly air tight so will always contribute to infiltra-
tion and heat loss more than other elements. Older doors in particular often need 
to be adjusted so that they close properly on their own. The old wood doors at 
GA need such attention as well as adding  commercial grade weather-stripping.  
Newer doors may also need adjusting but replacing weather-stripping will reduce 
infiltration on these relatively unused doors  

This measure includes using sili-
cone sealant around other open-
ings near the door, such as win-
dows or opaque panels above the 
doors in the lower gym. 
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Gibson-Aiken Community Center 

3. Kitchen Improvements      
Cost   Savings Energy Dollars     
Design $168 Pellets  $0 Salv Value $0.00 
Acquisition $4,100 LPG (Gal) 530 $1,045 Measure Life 20 
Installation $1,500 Oil (Gal) 380 $1,076 Payback (Yr) 2.5 
    Elec (kWh) 1496 $147 Present Value $45,736 

    O&M   $0    

Totals $5,768 Total   $2,268     

         
Measure   Variable Original Improved   
Replace Pots $600 2-12 Qt LPG 1012 694   

Control $5,000 2-6 Qt LPG 675 463   
    % Existing speed 100% 30%   
Total $5,600         

From http://www.turbopot.com/Issue.html 

“Cooking using a combustion heat source is the most basic and simplest way to cook. However, the energy 
efficiency in this cooking process using normal cookware on a gas range is poor, typically utilizing only 30% 
of the energy generated by the flame. This is mainly because the convection heat transfer from the flame to 
the cookware is inefficient; the hot gas escapes over the side of the pot. This is the technical reason for the 
idiom “A watched pot never boils”. “ 

For an improvement in cooking efficiency replace frequently used pans with Turbo Cookware, a very effi-
cient pot design for gas stoves available from www.centralrestaurant.com.   
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Gibson-Aiken Community Center 

 

Commercial kitchen hoods are designed to meet the maximum cook-
ing load that could be expected for a specific size of hood (8-foot, 12-
foot, 16-foot in length, etc.) or in regards to the types of cooking ap-
pliances specified for a particular commercial kitchen (e.g, gas range, 
electric oven, griddle, deep fryer).  Kitchen hoods are designed and 
engineered to exhaust the maximum heat and smoke output expected 
from any particular hood.  Additionally, due to the large amounts of 
air required to be exhausted there is often a make-up air fan system 
included in the design to help provide the bulk of this air used to 
simply exhaust excessive heat and fumes from the hood.  Oftentimes, 
these make-up air units include heating elements or furnaces that “pre
-heat” the supply air to avoid kitchen comfort issues and ice build-up 
on the supply ductwork.  In short, commercial hoods, at their maxi-
mum design intent, lead to a large amount of energy to exhaust kitchen 
heat and fumes and provide conditioned make up air at the same time. 

While it is a requirement to design a hood system for the highest and 
greatest use of any particular kitchen, in reality a typical kitchen rarely 
experiences this maximum cooking load design condition within their 
daily and weekly operating schedules.  For this reason, installing kitch-
en hood controls, also referred to as Demand Controlled Ventilation 
(DCV), can offer significant energy savings to most kitchens.  The best 
DCV hood systems include both heat and smoke sensors, variable speed drives at both the exhaust fan and 
make-up air fan motors, and a control “brain” linking the sensors over the cooking area to both fan motors.  
This “brain” can be programmed in a variety of ways, but most systems are programmed to ramp down 
both fans speed in a linear fashion based on the heat (and smoke) output of the cooking area.  If the kitchen 
has only a pot of soup simmering on a stove than the brain will sense this very low heat and negligible 
smoke output and ramp down both fan motors to the lowest speed possible.  Alternatively, if the kitchen is 
in the height of preparing a luncheon and has all cooking appliances firing at the maximum rate, the “brain” 
will ramp up the two fans to meet this extreme condition..  The point being is that having a brain take con-
trol over the exhaust air needs of a commercial kitchen is an optimum way of ensuring the kitchen environ-
ment receives only the amount of ventilation and conditioned make-up air needed at any one point in time 
of a kitchen’s operating day. 

DCV kitchen hood systems vary in cost, but usually the expense is based on hood size and complexity of 
controls required.  That said, for kitchens that have only on/off controls of their kitchen hood system,  
most owners of kitchen hoods will find the cost justifies the energy saved in exhausting conditioned air, con-
ditioning make-up air, and running fan motors at maximum speed regardless of the need for ventilation. 

Demand Control Ventilation 

Thanks goes to Gary Swindler for assessing the existing kitchen hood and offering the following descrip-
tion for this measure. 



 January 2016 Energy Audit  

97 

DYNAMIC INTEGRATIONS LLC 

New Dishwasher 

Gary Swindler of Efficiency Vermont explored two cost benefit analyses for replacing the Kitchen’s 
dishwasher—the oldest appliance in the facility.  Neither replacement was included in the energy model 
so this measure remains uniquely separate from the other ESM’s.  However, his reports are included here 
for your information. Please note the EVT Incentive offered and contact Gary directly for any questions 
on how to proceed. 
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Gibson-Aiken Community Center 

4. Improve Controls       
Cost   Savings Energy Dollars     
Design $316 Pellets (Ton) 0 $0   
Acquisition $6,150 LPG (Gal) 0 $0 Measure Life 10 
Installation $870 Oil (Gal) 1512 $4,279 Payback (Yr) 1.7 
    Elec (kWh) 272 $27 Present Value $39,321 

Totals $7,336 Total   $4,306     

         
Measure   Variable Original Improved   

Thermostatic Vent $6,400 Se at 50°F 74 72   
Improve Setback $420 Unoccupied    72 68   
Water Heater Timer $200  Temp         

This measure is a less effective and less expensive alternate to the recommended hot water heat conver-

sion. 

Gibson Aiken is heated by a one zone, single pipe, steam system with adjustable radiator vent valves and a 

Heat Timer control for the boiler. The Heat Timer cycles the boiler at various programmable intervals 

based on outside air temperature and one indoor sensor. It also provides a slight night setback. The radia-

tor vent valves limit how fast the air in the system escapes allowing some automatic control of individual 

radiators. The vent valve delays the arrival of the steam to shorten the heating cycle in rooms that don't 
require as much heat. The Heat Timer shuts off the boiler before rooms are satisfied to prevent tempera-

ture over-shoot. Due to their mass, cast iron radiators keep heating long after the boiler shuts down. This 

effect is exacerbated when the heat load is reduced by addition of roof insulation and improved windows 

resulting in oversized radiators. 

Though the Heat Timer and adjustable vent valves improve control there is still no thermostatic control of 

rooms so they may be cold on cloudy or windy days and overheat when the sun shines or there are many 

occupants. Gibson Aiken tends to overheat on the first and second floors and be cold on upper floors. 

Installation of thermostatic vent valves is suggested as an alternative to hot water heat conversion. These 

are non-electric thermostatic valves that stop the air leaving the radiator as long as the room temperature is 

satisfactory. They are an improvement over automatic vent valves but do not provide the control that hot 

water heating does. They cannot bring on the heat when it is needed and cannot compensate for over-

shoot.  

Thermostatic vent valves are recommended for about half the radiators. Rooms that tend to overheat 

should be equipped with these valves. Their installation is simple requiring unscrewing the automatic vent 

valve and screwing the new valve into place. 

Secondly, reprogram the Heat Timer to keep the boiler off when there is no call for steam. Currently it is 

maintaining a minimum temperature. 
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At the same time program the Heat Timer for an effective night setback. This will require some persever-

ance with trial and error. The morning startup time will need to be earlier and individual radiator valves ad-

justed to assure comfortable room temperatures. 

Finally, the oil fired domestic hot water heater is losing over half its heat in standby losses. 

The chart above shows the oil burner firing during unoccupied hours and represents standby loss that con-

tinues through the days and weekends. It results in an overall efficiency of about 38% for the water heater. 

Though losses during the day are difficult to control, the night use can be reduced by adding a 7 day timer 
that keeps the water heater off during unoccupied hours. Unless people are taking showers in the building it 

should be possible to turn off the 50 gallon water heater after the kitchen shuts down. 

The water heater should be replaced with the pellet conversion. 
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Gibson-Aiken Community Center 

5. Ceiling Plane Insulation      
Cost   Savings Energy Dollars     
Design $917 Pellets (Ton) 0 $0 Salv Value $0.00 
Acquisition $10,800 LPG (Gal) 0 $0 Measure Life 30 
Installation $9,580 Oil (Gal) 660 $1,867 Payback ( Yr) 6.5 
    Elec (kWh) 164 $16 Present Value $49,884 

    O&M   $900    

Totals $21,297 Total   $2,783     

         
ESM Description          Cost Variable Original Improved   
Attic wall                 
insulation $4,800 R-Value 2.76 14   
    % Existing CFM 100% 1%   
Roof Insulation* $15,580 R-Value 15 35   
Total Cost $20,380         

A narrow stairwell leads from the 4th floor to a 2500 FT2 “attic” area over the front part of the building. It 
has a ceiling height of just under four feet and exposed floor joists.  Just as for all the walls, the brick walls 
are uninsulated, but serve as exposed surface area in contact with the roof deck, which has the only insula-
tion in the building.  Note the relatively warmer attic floor in the IR image below (arrow) as compared to the 
colder walls. This indicates the transfer of heat from the conditioned space below into the attic. Roof insula-
tion slows heat loss through the roof deck, more so than through the walls.  

This measure includes insulating the three outside walls with two inches of closed cell foam to form a con-
tinuous air and thermal barrier from the ceiling to the roof—thereby significantly reducing heat loss to the 
outside from this attic. The warmer the attic, the less heat loss from the spaces below.  This measure makes 
most sense when done in conjunction with replacing both roof membranes and insulation layers (total 7900 
FT2) as shown on the next page.  * Cost is for installing insulation only as estimated by Melanson Company.   

*Re-Roof Budget as    
prepared by Melanson 
Roofing Company: 

Gym Roof:  $49,825 

West Roof:  $25,900 

TOTAL:      $75,725 
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Two different roof membranes, both in need of replacement in the immediate future. Two layers of rigid 
foam board totaling up to 2.5” is likely compromised in many areas.  Estimated at maximum R10 overall.  

Recommending installing  tapered insulation 
from eight to four inches to achieve an aver-
age R35. 
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Gibson-Aiken Community Center 

6.  Convert to Hydronic Heating & Wood Pellets       
Cost   Savings Energy Dollars     

Design $8,358 Pellets (Ton) -43 -$10,300   
Acquisition $178,600 LPG (Gal) -403 -$794 Measure Life 20 
Installation $100,000 Oil (Gal) 8998 $25,463 Payback (Yr) 18.7 
    Elec (kWh) 192 -$19 Present Value $139,756 

    O&M*  $1,000    

Totals $286,958 Total   $15,350     

Savings Description Variable Original Improved 

Fossil Fuel Backup fuel % 100% 5% 
Back up fuel Eff Efficiency 54% 75% 
Change Backup fuel Energy Source Oil LPG 
Total Cost       

    
Installation Cost Material Labor Total 

Pellet System $260,000 $100,000 $360,000 
WWH Incentive $75,000   -$75,000 
Alt to #4 Controls Imp. $6,400   -$6,400 

The existing steam boiler was replaced in 
2007 through the Honeywell project, along 
with a new control system which doesn't 
seem to be working effectively.  Steam sys-
tems are notoriously difficult to control, es-
pecially in a building like this with signifi-
cantly different loads and occupancy sched-
ules throughout the building.  In this case, 
the basement and other areas run hot, with 
no way to control except open windows. At 
that time, it was determined that it was not 
cost effective to convert to a hydronic, or 
hot water,  system.  

However, factoring in a conversion to wood pellets and back up propane, and the cost sharing incentive 
from WWH, this would be a favorable time to make the conversion to a hydronic system, which allows for 
optimal thermostatic control.   

 The cost estimate on the next page was provided by Tim Jeffers of Al Jeffers & Sons in Townsend, Vt. It 
is not a quote.   
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For Budget purposes, I have figured 800' of Sterling 14" commercial radiation, less the gym. For the gym i 
have included 10 runtal RF10 10', 24 zones, 2 Grundfos 100 gpm lead/lag alternate pumps. To start at 
buffer tanks and include all demo of old system and removal, less oil tank/piping. Installation of all pipe, 
valves, fittings, controls, pipe insulation, less power wiring. ($197,913.)  

The pellet plant will include 
 
· One Biomass boiler with 500,000 BTU output and big buffer tank installed in place of existing oil boiler. 

· Stainless steel liner in current oil boiler chimney 

· A 28 ton steel exterior pellet silo with flex auger material handling system. Silo location: rear of building 

in area near to boiler room 

· One or Two new high efficiency, direct vent Propane condensing Boilers – 700,000 BTU total output 

installed in room adjacent to boiler room (oil tanks now there) 

· Removing and replacing all piping in boiler room, creating an injection loop system for all new boilers 

· Install new variable speed, high efficiency distribution pumps 

· Install new boiler control system so pellet boiler is primary and propane boilers are peaking/back-up. 

   Internet enabled visualization and fault alert system for biomass system (requires 

constant internet access) 

 
There may be overlap in these estimates that would reduce costs by $20,000 or so. 
 
O&M reflects $800 for increased pellet maintenance and the savings from "Improve Controls" alternate 
above. Maintenance is primarily removal of ash which will average 15 to 18 lbs/wk.  
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Gibson-Aiken Community Center 

 

The windows of the upper gym are iron framed single pane glass with a center section hinged for opening. 
Many of these windows cannot be opened, or closed properly.  This measure examines the existing plan to 
replace these glazing units with the vinyl operable double hung sashes as was completed in the Fall of 2015 
for the lower gym.  However, constructing new well sealed wood frames is advised. 

By investing in better windows (wood, metal clad with triple pane glazing and a u-value of 0.17), the cost 
would increase to $36,450 and savings would increase $275 a year with the modern wood heating system. 
Savings would be substantially higher with the existing steam system, so if the conversion does not take place 
before window replacement, better windows are strongly recommended. 

Replacing the rest of the windows did not show a favorable payback.  The plastic film found applied on win-
dows in December will yield similar savings as would full replacement with 2015 replacements. 

7. Replace Gym Windows      
Cost   Savings Gallon Dollars     
Design $927 Pellets (Ton) 6 $1,465 Salv Value $0.00 
Acquisition $11,856 LPG (Gal) 57 $113 Measure Life 40 
Installation $8,736 Oil (Gal) 0 $0 Payback (Yr) 13.4 

    Elec (kWh) 346 $34 Present Value $24,762 

Totals $21,519 Total   $1,612     

          
Savings          
Description   Variable Original Improved    
624 FT2 Window $21,519 R-Value 1.00 3    
Replacement   %  CFM 100% 20%    
Total Cost $21,519           
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Insulate Gym Walls       
Cost   Savings Energy Dollars     
Design $7,668 Pellets (Ton) 19 $4,442 Measure Life 40 
Acquisition $85,200 LPG (Gal) 174 $342 Payback ( Yr) 36.6 

Installation $85,200 Elec (kWh) 882 $87 Present Value -$38,263 

Totals $178,068 Total   $4,871   
         
ESM  Description    Cost Variable Original Improved   
Insulate Gym Walls $170,400 R-Value 4.00 26   
Infiltration   % Existing CFM 100% 0%   
Total Cost $170,400         

Insulate Rest of Walls           

Cost   Savings Gallon Dollars     
Design $3,754 Pellets (Ton) 9 $2,002 Measure Life 40 
Acquisition $41,710 LPG (Gal) 78 $154 Payback ( Yr) 39.9 

Installation $41,710 Elec (kWh) 307 $30 Present Value -$24,447 

Totals $87,174 Total   $2,186   
       

ESM Description  Cost Variable Original Improved   
Insulate Walls $83,420 R-Value 4.00 26   
Infiltration   % Existing CFM 100% 1%   
Total Cost $83,420         

We explored a cost benefit analysis for insulating the exterior of the building with a Sto System, consisting 
of an air barrier, drainage plane, and two to four inches of EPS insulation, with a brick look-like exterior.  

The analysis above suggests that, after all other measures, the total cost of $261,488 would yield annual sav-
ings of $7,057 from pellets and a hydronic system, with a payback of over 35 years and so considered not 
cost effective. 

However, if the walls were insulated without converting from the oil fired steam system, the predicted sav-
ings would be $18,509 a year with a payback of less than 13 years.  

This kind of envelope upgrade would mean a substantially smaller load, requiring  a smaller boiler and less 
radiation, decreasing the cost of a subsequent conversion.    

Description Cost Savings ROI SIR NPV ($) 
NPV 

Payback 

Insulate Gym Walls $178,068 $12,710 7% 3.9 $515,087 12.7 

Insulate Rest of Walls $87,174 $5,799 7% 3.6 $229,089 13.5 

Project Total $265,242 $18,509 7% 3.8 $744,176 12.9 
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Oct-
April 

Sept– 
Nov 1 

Occupancy Schedule is based on spreadsheets from Carol for 
scheduled activities from October to Mid April—Monday 
through Thursday only, Friday and Sat times for open gym 
and game room as displaced on  sign.  The white areas indi-
cate hours the space is presumably not occupied. We under-
stand that the building is used more often but could only 
guest-i-mate occupancy hours for the energy model. 

Occupancy Schedules 
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Mechanical Equipment Inventory 

Heating Plant 

Controls installed by 
Honeywell. 

Cooling—basement only 
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Gibson-Aiken Community Center 

Cooktop:  Eight year old Vulcan, propane, 
six burner with pilots.  Model number un-
known.  

Ovens: (Two) Zephaire, Blodget ovens.   
Uses one a lot. (2) A.O. Smith 1/3 hp motor 

Type CXM 

 

Grill: Rankin-Delux 
Model GT24; 
12KBtu/hr.            

Kitchen appliances and operations at the Senior Center.  Kitchen operates from 5:30AM -1:30PM, five days 
a week, serving 70-100 meals a day: Lunch 5x /week; breakfast 2x/week; meals on wheels 5x/week.. 

Marie, head cook, turns all kitchen lights (13 fixtures with (2) 32 Watt T8’s) on when she arrives at 5:30am 
and turns them all off when she leaves at 1:30. Stoves and appliances, however, she turns on only as they are 
needed and turned off when finished (unlike some kitchens when everything gets turned on first thing for 
the duration). 

The two pot sizes shown 
above (8” high and 11” 
across at the lid) are the most 
frequently used. Marie has 
three of each. Usually used 
as above, though sometimes 
inside the pot to the right as 
a double boiler. She mostly 
cooks with the lids on. Rare-
ly uses a steamer. 

Kitchen Equipment Survey 
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Gibson-Aiken Community Center 

Refrigeration 

Milk Cooler: Norlake, 
Energy Star Model 
AR162SSS/O 

True freezer, Model T-49F 

Four Traulsen Units 

Freezer Model G22000            
Serial T54619103         
115 V   Hz60   PH 1    
Total Current  14.9A  
Refrigerant 404A 

Refrigerator Model G2000               
Serial T5489103                               
8.5 Amps                     
Refrigerant 134 A 

Freezer         
Model G12010 
Serial T9567010J  
9.5 Amp     123H 

OLD 
Traulsen—no 
plate info seen; 
can’t keep temp  
Replace? 

Kitchen Equipment 
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Gibson-Aiken Community Center 

Motor 
plate  
illegible 

Hobart dishwasher with 
hot water booster—
estimated to be over 39 
years old. 

Used daily 4-5 hours 

Two oldest workhorses 

Hobart Mixer 

Stands over three feet high—used daily 
one to two hours each day. 

Model A-200F 

Serial No 11-194-276 

ML 19212   115 Volts   60 Hz     1PH  
RPM 1725    1/3 HP      8.2AMP    
Temp 40°C cont. 
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Gibson-Aiken Community Center 

Other   

Duke Steam Table  Model # E304 M                    
Serial #05 112040    V 208 Hz 50/50      3000 Watts 

ACP Amana Microwave Faucet dripping 
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Nelson Withington Skating Facility 

61 Guilford Street 

Energy Audit 
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Nelson Withington Skating Rink 

Originally built in 1976 with an enclosed  concession stand and 
warming area, the rink it self was open to the outdoors. At some 
point, the rink was enclosed, locker rooms constructed, and specific 
areas conditioned via and oil boiler and propane infra red heater. A 
wood framed office was constructed above the ceiling of the con-
cession area.  

Despite this ‘piece-meal’ development over time, no, or minimal, 
insulation levels, the age of equipment and lack of automatic con-
trols, the Nelson Withington Skating Facility is very efficiently op-
erated. When we reported annual use to various consultants and 
suppliers most thought we must be talking about monthly use. The 
low energy use and low cost of LP gas makes large long term in-
vestments difficult to justify on strictly energy savings. 

This is particularly impressive considering that an ice rink presents 
a unique set of conditions and energy loads. As a brief overview, 
below is an excerpt from a Master of Science Thesis titled Measure-
ment and Modeling of Ice Rink Heat Loads. From the KTH 
School of Industrial Engineering and Management, SE-100 44 Stockholm.  The Munter’s website offers an 
excellent description of the humidification system, included on the next page to complete a brief primer on 
operating an ice rink. 

Building Description 

2.1 Ice rink energy systems 

An ice rink energy system is comprised of several energy  systems, indicated (in the pie chart to the right), 
because there are various demands in the ice rinks. What makes the ice rinks unique in comparison with 
other public buildings is the wide range of demands. For example, there is a permanent need for cooling 
and heating to provide temperatures rang-
ing from –4°C (ice) to around 60°C 
(Domestic Hot Water) in the ice rinks, 
simultaneously and in a stable condition. 
There is a second difficulty as well: there 
are very few internal partitions to separate 
these energy system targets. 

The energy systems that every ice rink 
should have are: refrigeration, heating, 
ventilation, dehumidification, and lighting. 
The first three require distribution systems 
as well, which are powered by pumps and 
fans for mass and energy transfer. 
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Nelson Withington Skating Rink 

Summary of Recommended ESM’s 

*The cost of Wood pellet heating above is reduced  25% from Windham Wood Heat Initiative.   

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them.   

ESM 
# Description Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

1 Night Setback $30 $257 856.3% 91.4 $2,711 0.1 
2 Air Sealing $2,179 $290 13.3% 4.8 $8,309 7.2 
3 Insulate lockers $47,832 $3,121 6.5% 3.3 $112,226 14.0 
4 Insulate Pipes and Ducts $1,378 $110 8.0% 2.9 $2,611 11.6 
5 Programmable Ice Controls $1,908 $249 13.1% 2.4 $2,595 8.0 
6 Control Lights $5,173 $602 11.6% 2.1 $5,698 9.0 
7 H20 Vortex Water Treatment $28,000 $2,595 9.0% 1.9 $26,347 10.5 

8 Insulate Warming Area Walls $12,076 $420 3.0% 1.8 $9,442 28.8 

  Totals All Measures $98,576 $7,644 8.0% 2.6 $158,931 12.3 

   Replace Zamboni $140,000 $2,419 2.0% 0.6 -$57,992 57.9 
  Wood Pellet Heating* $46,503 -$51 0.0% 0.4 -$28,896 -913.8 

In addition to improvements to the envelope and controls described below and in the report, we also recom-
mend some system upgrades for ice rink operations, including ice production and cleaning.  We reviewed 
estimates from IB Storey's study of three years ago and obtained estimates from Cimco for similar renova-
tions. Major investments of $600,000 to $1,200,000 for conversions to ammonia or CO2 refrigerant are not 
currently cost effective based on energy savings. The projected savings for these measures will be further 
reduced if our recommendations are implemented as the total annual energy cost will be down to $40,000. 

The current refrigerant (R22) will not be manufactured for refrigeration after the next four years and the 
substitutes are not sustainable.  Though CO2 is the preferred refrigerant in terms of efficiency and safety it 
adds another $100,000 to $200,000 to the upgrade cost.  

Fifteen years ago, in a move toward ammonia capability, American Refrigeration replaced the failed Trane 
chiller with a flooded plate and frame exchanger. We recommend continuation of the move toward ammo-
nia with replacement of the condensers with evaporative condensers and other equipment as needed. When 
the conversion takes place it should cost less than $400,000. 
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First Cost Loan Rate Term (Years) Payment Gen. Inflation  Rate CPI% 
$98,575 3.00% 20 ($6,626) 2.1%     

Year One       

LP Savings 
Elec        

Savings 
 Maintenance 

Savings 
Salvage Value at Year 
20 

in Year 20 $0  

$5,824 $1,820  $0 Year One       
5.40% 3.20%  2.10%  Inflation Rate     

Year 
LPG        

Savings 
Elec Savings 

Maint. 
Savings 

Net Cash 
Flow 

1 $5,824  $1,820  $0  $1,018  

2 $6,138  $1,878  $0  $1,390  

3 $6,469  $1,938  $0  $1,782  

4 $6,819  $2,000  $0  $2,193  

5 $7,187  $2,064  $0  $2,625  

6 $7,575  $2,130  $0  $3,080  

7 $7,984  $2,198  $0  $3,557  

8 $8,415  $2,269  $0  $4,058  

9 $8,870  $2,341  $0  $4,585  

10 $9,349  $2,416  $0  $5,139  

11 $9,854  $2,494  $0  $5,721  

12 $10,386  $2,573  $0  $6,333  

13 $10,946  $2,656  $0  $6,976  

14 $11,538  $2,741  $0  $7,653  

15 $12,161  $2,828  $0  $8,363  

16 $12,817  $2,919  $0  $9,110  

17 $13,509  $3,012  $0  $9,896  

18 $14,239  $3,109  $0  $10,722  

19 $15,008  $3,208  $0  $11,590  

20 $15,818  $3,311  $0  $12,503  

Cash Flow for All Measures 
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Nelson Withington Skating Rink 

Usage above is based on an average of the last three years, while cost averages include the 2015-2016 price.     

Energy and 
Units 

FY 2014 
Quantity 

Site  
MMBtu 

Source 
MMBtu Cost 

Electric - kWh      177,393              605         1,319  $43,133 

Propane - Gal         11,021           1,006         1,157  $21,711 

Totals               1,611         2,477  $64,844 

KBtu and $ 
Cost per FT2  23,160             69.6         106.9  $2.80  

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 2% of actual average usage. Note that occupancy behavior will impact end usage. 

Current Average Energy Usage 

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 

Modeled Existing Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the  energy model 
cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  

Energy and 
Units 

Modeled 
Existing 

Site  
MMBtu 

Source 
MMBtu Cost 

Electric - kWh      177,591              606         1,321  $31,576 

Propane - Gal         12,508            1,142         1,313  $16,260 

Totals               1,748         2,634  $47,836 

KBtu and $ 
Cost per FT2  23,160             75.5          113.7  $2.07  

Energy and 
Units 

After All 
Measures 

Site    
MMBtu 

Source 
MMBtu Cost 

Electric - kWh      160,171              547         1,191  $29,756 

Propane - Gal          8,028              733            843  $10,436 

Totals               1,279         2,034  $40,192 

KBtu and $ 
Cost per FT2  23,160             55.2           87.8  $1.74  
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Condition LP Gals 
Elec   
kWh 

Annual 
Energy 

Cost 

CO 2 
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing   12,508     177,591  $47,836 79.8 $2,952 
Nighttime Setback   12,310     177,591  $47,579 78.5 $2,905 
Air Sealing   12,087     177,591  $47,289 77.1 $2,853 
Insulate Lockers     9,687     177,591  $44,168 61.9 $2,289 
Insulate Pipes and Ducts     9,602     177,591  $44,058 61.3 $2,269 
Programmable Ice Controls     9,602     176,286  $43,809 61.3 $2,269 
Control Lights     9,602     172,839  $43,207 61.3 $2,269 
H2OVortext Water Treatment     8,351     160,171  $40,612 53.3 $1,974 
Insulate Warming Area Walls     8,028     160,171  $40,192 51.3 $1,898 

Condition Propane Elec 
Energy 
Total 

Social 
Cost 

Total 
Cost 

Existing $16,260 $31,576 $47,836 $2,952 $50,788 
Nighttime Setback $16,003 $31,576 $47,579 $2,905 $50,484 
Air Sealing $15,713 $31,576 $47,289 $2,853 $50,142 
Insulate Lockers $12,592 $31,576 $44,168 $2,289 $46,457 
Insulate Pipes and Ducts $12,482 $31,576 $44,058 $2,269 $46,327 
Programmable Ice Controls $12,482 $31,327 $43,809 $2,269 $46,078 
Control Lights $12,482 $30,725 $43,207 $2,269 $45,476 
H2OVortext Water Treatment $10,856 $29,756 $40,612 $1,974 $42,586 
Insulate Warming Area Walls $10,436 $29,756 $40,192 $1,898 $42,090 

The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a theo-
retical social cost, following each implemented measure.   

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include the 
previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 
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Nelson Withington Skating Rink 

Cur

2014-
2015 

Electric            
Consumption 

(kWh)  Cost 

Nov 31,656 $5,256.13  

Dec  35,133 $5,638.83  

Jan 22,773 $4,592.34  

Feb 23,969 $4,708.41  

March 6,528 $2,875.74  

April 2,890 $2,114.72  

May 2,850 $2,114.62  

June 2,509 $2,085.73  

July 3,743 $2,284.75  

Aug 3,085 $2,135.77  

Sept 3,245 $3,061.67  

Oct 39,012 $6,264.53  

Totals 177,393 $43,133  

2014 

LP              
Deliveries 
(gallons)  Cost 

January 2205.50 $4,300.73  

February 2547.30 $4,967.24  

March 1228.60 $2,395.77  

April 506.10 $986.90  

May 0.00 $0.00  

June 0.00 $0.00  

July 0.00 $0.00  

August 0.00 $0.00  

September 428.80 $836.10  

October 0.00 $0.00  

November 2023.40 $3,986.00  

December 2081.10 $4,099.76  

Totals 11,021 $21,573  

Be-
low 
is a 

Energy and 
Units 

FY 2011 
Quantity Site Btu Source Btu 

at 2014 
Prices   

Electric - kWh           204,886         699,071,032       1,523,974,850  $49,818 
Oil -                6,400         886,400,000       1,019,360,000  $20,442 
Propane - Gallons               4,800         438,240,000          503,976,000  $9,396 

Totals         2,023,711,032       3,047,310,850  $79,655 

MMBtu's   
                  

2,024  
                   

3,047    
KBtu and  $Cost    
per FT2  23,160  

                    
87.4  

                   
131.6  $3.44  

Historic usage from 2011 
and 2013—prior to con-
version from oil to pro-
pane for hot water heating.  
Note the EUI has de-
creased from 87.4KBtu/
FT2 to FY 2014’s 
69.6KBtu/FT2.  Analysis 
limited to available data. 
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Nelson Withington Skating Rink 

Locker Room Zone                      
Lobby & Restrooms                        
Unit Heater in Zamboni Room      
Hot Water Coil in Melt Pit           
Rinnai Hot Water Heaters (2)           
Infra Red Heater over Bleachers 
Munters Dehumidification  on 2nd 
level 

Heated Office on 2nd level 

Radiant Tubing in slab to prevent 
icing outside rink             
Burnham LP Condensing Boilers (2) 

FY 2015 collected $391.25 from coin operated IR 
heater.  That’s 1,565 quarters at  

Propane use prior to replacing the oil boiler 
ranged from 1400-1600 gallons, presumably for 
IR heater and dehumidification. 

Which suggests that hot water heating now uses 
9400-9600 gallons, or about 867MMBtu’s—
replacing the  average 7600 gallons oil, or 1,054 
MMBtu’s used by the former oil fired system, for 
an increased efficiency of 18%. 

Mechanical 

                
Zamboni 

               
Restrooms 

 

Lobby 

 

 

Concession 
Bleachers 

  Lockers 
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1. Night Setback       
Cost   Savings Energy Dollars     
Design $0 LPG (Gal) 198 $257 Measure Life 10 
Acquisition $0 Elec (kWh) 33 $5 Payback (Yr) 0.1 

Installation $30 O&M   $0 Present Value $2,711 

Total  $30 Total   $262      

         
Measure   Variable Original Improved   
Warming Area    Set at 50F 65 60   

Nelson Withington Skating Facility 

 
A night setback to 50° F is recommended for the warming area. The Locker rooms have marginal heating 
capacity raising temperatures 2° F  per hour when outside temperatures are 34° so cannot be effectively set 
back until they are insulated.  



 January 2016 Energy Audit  

125 

DYNAMIC INTEGRATIONS LLC 

Nelson Withington Skating Facility 

2. Air Sealing       
Cost   Savings Gallon Dollars     

Design $0 LPG (Gal) 223 $290 Measure Life 30 
Acquisition $1,369 Elec (kWh) 0 $0 Payback (Yr) 7.5 

Installation $810 O&M  0 $0 Present Value $8,309 

Total   Total   $290      

         
Description   Variable Original Improved   
Foam ceiling perimeter   Air Leak cfm 100% 75%   
Weatherstripping   Air Leak cfm 100% 50%   
Office inner windows   Air Leak cfm 100% 60%   
Office windows   R-Value 2.8 3.5   
Ceiling insulation improve R-Value 15.0 25.0   
Overhead Door   Air Leak cfm 100% 50%   
Installation Cost           

Description No. Material Labor Total    
Foam ceiling perimeter 2020 $0.00 $0.00 $1,010   
Weatherstripping 543 $0.55 $0.45 $543   
Office inner windows 28 $10.00 $1.00 $311   
Overhead door 121 $1.50 $1.10 $315   

These air sealing measures focus specifically on the warming area, concession stand, office above the ceil-
ing, and the overhead door for the Zamboni room. 

While a more comprehensive upgrade would yield better results, this is designed to improve the continuity 
of insulation and air barrier at the wall openings (weatherstripping doors and windows) and foam seal the 
wall / ceiling connection (above right).  A foam seal at the perimeter of the ceiling will reduce air leakage 
thereby improving the insulating value of the insulation material without actually adding more insulation. 

The most cost effective upgrade to the office windows would be to install removable ’inner’ glazing panels. 

Commercial grade weatherstripping for garage doors is recommended for the Zamboni Room. 

Please refer to the photos on the next page for more information.   
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Nelson Withington Skating Facility 

3. Insulate Lockers       
Cost   Savings Energy Dollars     

Design & Inspection $2,060 LPG (Gal) 2400 $3,121 Measure Life 40 
Acquisition $22,886 Elec (kWh) 0 $0 Payback (Yr) 15.3 

Installation $22,886 O&M  0 $0 Present Value $112,226 

Totals $47,832 Total   $3,121      

        
Savings Estimates Variables             
Description   Variable Original Improved   
Rigid exterior on locker walls R-Value 3 24   
Rink Side locker walls   R-Value 3 24   
Ceiling insulation     R-Value 20 40   
        
Installation Costs           
Description No. Material Labor Total    
Wall insulation 3546 $6.00 $6.00 $45,552   
Ceiling insulation   1610 $1.00 $1.00 $3,220   

Inside locker      outside locker wall                      
wall 

Heating duct 

This measure involves excavating a small trench 
along the bottom of the block wall and after ap-
plying a water membrane and insulation to the 
slab, filling the trench with washed stone. There 
are several ways to Insulate the exterior of the 
block walls successfully—either with 4” spray 
foam or rigid foam and a protective stucco fin-
ished surface. Continuity and water control are 
the key factors. 
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Nelson Withington Skating Facility 

4. Insulate Pipes and Ducts      
Cost   Savings Energy Dollars     
Design & In-
spection $59 LPG (Gal) 85 $110 Measure Life 30 
Acquisition $660 Elec (kWh) 0 $0 Payback (Yr) 12.5 

Installation $660 O&M  0 $0 Present Value $2,611 

Totals $1,379 Total   $110      

        
Savings Estimates Variables             
Description   Variable Original Improved   
Insulate pipes 
and ducts   Reduce losses       
        
Installation 
Costs           
Description No. Material Labor Total    
Insulate hot 
water pipe 97 $1.00 $1.00 $94   
Re-insulate 
ducts 225 $2.50 $2.50 $1,125   

Hot water supply and return pipes run about 
97 feet the top of the wall, from the boiler 
room, to the air handler in the middle locker. 
They do have insulation wrapped around them, 
but considering that they are in contact with a 
metal outside wall and also exposed to the rink 
side air temperatures, increasing their insula-
tion, even boxing them in, will reduce losses. 

  

The ducts which run along the floor of the 
‘mezzanine’ are technically “outside” and the 
insulation is in very poor condition. We recom-
mend removing all existing insulation, mastic 
sealing all joints and re-insulating with mini-
mum R8 wrap—taping all seams. Also be care-
ful not to store objects on them. 
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Nelson Withington Skating Facility 

5. Programmable Ice Controls      
Cost   Savings Energy Dollars     
Design &           
Inspection $108 LPG (Gal) 0 $0 Measure Life 20 
Acquisition $800 Elec (kWh) 13-5 $249 Payback (Yr) 8.0 

Installation $1,000 O&M  0 $0 Present Value $2,595 

Totals $1,908 Total   $249      

Savings Estimates Variables             
Description   Variable Original Improved   
Raise Ice Temper-
ature   Chiller Savings 0% 2%   
    Hrs/wk ar 22 168 55   
    Hrs/wk ar 25 0 53   
    Hrs/wk ar 30 0 60   
Installation Costs           
Description No. Material Labor Total    
Installation   1 $800.00 $1,000.00 $1,800   

Keeping the temperature of the ice as high as possible reduces refrigeration loads. Increasing the ice tem-
perature one degree can save 6% annually in refrigeration costs. With a programmable controller ice tem-
peratures could be scheduled to rise to 25 ° outside of hockey time and float to 30° during unoccupied 
times.   

The cost estimate is based on a simple programmable temperature controller such as the Honeywell T775. 
If an inexpensive system that includes a computer interface can be found, similar to the space heating ther-
mostats, it will be more likely to succeed and provide valuable data. 

Some trial and error will be needed to adjust the schedule of the controller to the temperature lag of the ice. 
Higher ice temperature may extend time needed to resurface but the use of cold water will reduce freezing 
times. 

Verify that the compressors are operating at the lowest possible head pressure. Manually set the condenser pressure 
control low enough so the condenser never cycles off while compressors are operating. Any additional condenser fan 
power is more than offset by reduced com-
pressor power.  

In addition to ice temperature there are 
potential savings for reduced ventila-
tion. Investigate automating the outside 
air setpoint on the Munters dehumidifi-
er. The current full open position is 
adequate for 200 people. The ability to 
schedule ventilation for ice resurfacing 
and high use hours would be beneficial. 
Currently the dehumidifier runs on a 
humidity setpoint that results in opera-
tion during half the occupied hours. 
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Nelson Withington Skating Facility 

6. Control Lights       
Cost   Savings Energy Dollars     

Design & Inspection $223 LPG (Gal) 0 $0 Measure Life 20 
Acquisition $2,700 Elec (kWh) 0 $0 Payback (Yr) 8.6 

Installation $2,250 O&M         3,447  $602 Present Value $5,698 

Totals $5,173 Total   $602      

        
Savings Estimates Variables             
Description   Variable Original Improved   
Reduced Load   % of existing 100% 89%   
        
Installation Costs           
Description No. Material Labor Total    
Wall insulation 18 $150 $125 $4,950   

Lighting levels in the rink could be lowered outside of hockey use, about 20% of the skating time. The 
lighting renovation by Efficiency Vermont does not allow level control so a remotely controlled relay in 
each fixture is needed for switching half the ballasts. This could be done with wireless or power line carrier 
controls. 

Savings accrue both from reduced lighting poser and reduced radiation heat load on the ice.  
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Nelson Withington Skating Facility 

7. H2OVortex Water Treatment      
Cost   Savings Energy Dollars     
Design &       
Inspection $0 LPG (Gal) 

       1,251  
$1,626 Measure Life 20 

Acquisition $27,500 Elec (kWh)      12,668  $969 Payback (Yr) 10.8 

Installation $500 O&M  0 $0 Present Value $26,347 

Totals $28,000 Total   $2,595      

        
Savings Estimates Variables             
Description   Variable Original Improved   
Lower flooding temperature Water Temp 120° 50°   
        
Installation 
Costs           
Description No. Material Labor Total    
H2OVortext 
Water Treat-
ment   $27,500 $500 $28,000   

The Realice H2OVortex is a water treatment system that de-aerates the Zamboni water so it does not need 
to be heated. Though some of the Zambonin water is provided by reclaimed heat it is estimated that this 
treatment will save 1,251 gallons of gas and over 12,000 kWH in chiller energy.  

The two foot long device is made of food grade plastic in a 3D printer. Causes water to swirl around which 
de-aerates and can cause minerals to precipitate out. The ice may need scraping after the initial rebuild. 

An alternative to this treatment is demineralization. This also allows use of cold water for resurfacing. 
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8. Insulate Warming Area Walls      
Cost   Savings Energy Dollars     
Design &      
Inspection $520 LPG (Gal) 323 $420 Measure Life 40 
Acquisition $5,778 Elec (kWh) 0 $0 Payback (Yr) 28.8 

Installation $5,778 O&M  0 $0 Present Value $9,442 

Totals $12,076 Total   $420      

        
Savings Estimates Variables             
Description   Variable Original Improved   
4" SPF on inside of exterior wall R-Value 7 24   
Rigid/stucco on rink side of wall R-Value 3 24   
        
Installation 
Costs           
Description No. Material Labor Total    
Wall insulation 963 $6.00 $6.00 $11,556   

Nelson Withington Skating Facility 

Images on the next page show interior warming room walls. Due to the metal siding, insulating these walls 
on the interior makes most sense, though they will need a very durable surface.  Same target of R24 as with 
the locker room walls, though this is expected to cost more due to the vulnerable location. 
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“Bib” fiberglass batts appeared to have been originally installed on some areas 
to the inside of the metal—and between the concrete block and metal in condi-
tioned areas.   Hole in siding in the back of the building  - near the overhead 
door—gives a little window where one can touch the insulation, though it 
doesn’t show up in this photo. 

 

Thermographic scans of the locker rooms show the 
pattern of heat loss through a hollow block outside 
wall (darker colors indicate cooler surface tempera-
tures) where as the separating wall between condi-
tioned locker rooms shows not heat loss patter. 

Below, the lobby’s exterior wall suggests some insula-
tion (bibb fiberglass) in between the block and metal, 
though also suggests the impact of waterlogging and 
loss of insulating properties. It also could be simply do 
to distributing warm air being blocked in those are-
as—but the existence of bib fiberglass raises the possi-
bility and concern of water damage and issues. 

Nelson Withington Skating Rink 
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Nelson Withington Skating Facility 

Replace Zamboni       
Cost   Savings Energy Dollars     
Design & Inspection $0 LPG (Gal) 1456 $1,892 Measure Life 30 
Acquisition $140,000 Elec (kWh) 1627 $527 Payback (Yr) 57.9 
Installation $0 O&M  0 $0 Present Value -$57,992 

Totals $140,000 Total   $2,419      

Savings Estimates Variables             
Description   Variable Original Improved   
Reduced exhaust operation % of existing 100% 40%   
Rink Side locker walls   R-Value 3 24   
Ceiling insulation     R-Value 20 40   
Installation Costs           
Description No. Material Labor Total    
Purchase 1 $140,000.00 $0.00 $140,000   
Sell existing Zamboni  Possible     -$10,000   

Wood Pellet Heating             
Cost   Savings Gallon Dollars     
Design $2,003 Pellets (Ton) -14 -$3,204 Measure Life 20 
Acquisition $19,500 LPG (Gal) 2432 $3,162 Payback (Yr) none 
Installation $25,000 Elec (kWh) -58 -$9 Present Value -$26,896 

        -$51      

Savings Description   Variable Original Improved     
Fossil Fuel   Back up Fuel 100% 15%     

Installation Cost No Material Labor Total     
Pellet System 1 $35,000 $25,000 $60,000     
Wire Back to Circ/Blr -1 $15,500.0 $0 -$15,500     

Though the Zamboni is around 20 years old it has been well maintained and has seen only around 2,500 
hours use. Replacement of the gasoline driven machine with an electric one would substantially reduce the 
requirement for ventilation and thus dehumidification. Unfortunately the savings do not offset the cost of a 
new Zamboni.  

A better approach will be to make a summer project of converting the existing machine to electric. See 
http://www.evalbum.com/576 

The wood pellet option show a negative return because the current cost of LP Gas at the rink ($1.30/G) is 
less than pellets. At a cost of 1.80/G for gas the system becomes cost effective. This assumes the system 
can be installed inside the building up with the dehumidifier. Verification of the building structural capabil-
ity would be needed as part of design. 

A complicating factor in assessing wood pellets is that the facility's long term options include renovations 
where heat reclaim could cover all heating requirements between October and February while the chiller is 
running. 
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Pricing and consulting 
 
Benoit Rodier, P.Eng 
Director of Business Development 
Cimco Refrigeration 
 
Giuseppe Digiallonardo 
American Refrigeration Company  
149 River Street Suite 3  
Andover , Massachusetts 01810 
 
 
Frank J. Zamboni & Co., Inc. 
15714 Colorado Ave. 
Paramount, CA USA 90723-4211 
Phone 562.633.075 
 
 
Munters Corporation 
79 Monroe St. 
Amesbury, MA 01913 
 
 
I. B. Storey Inc.  
51 University Ave., Ste. 302  
Charlottetown, PE C1A 4K8  
Phone: 902-367-3545 
Email: info@ibstorey.ca  
Website: www.ibstorey.ca 
 
 
ARC Mechanical 
P.O. Box 724 
Bradford, VT  05033 
1-802-222-9255 
 
 
Joshua King 
J King Electric Inc  
112 Hardwood Way 
Brattleboro, VT 05301 
Phone: (802) 257-7415 
 
 
Tom Smolarek, President  
Cypress, Ltd.  
4801 W. 5001St.  
Edina, MN 55424 
855 892 3861  
e-mail: support@realice.us   
Web: www.cypress-ltd.com 
 
 
Froling Energy 
590 Hancock Road 
Peterborough, NH     
603-924-1001      
www.FrolingEnergy.com 
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Nelson Withington Skating Rink 

Available Energy Data  

Electric usage with read dates 

 Date Gallons Cost $ Per Gal 

2013       

Sept 0     

Oct     1,256.0  $2,444.21 $1.95 

Nov     2,384.8  $4,660.28 $1.95 

Dec     2,310.1  $4,504.71 $1.95 

2013 Partial        5,951  $11,609 $1.95 

2014      

Jan     2,205.5  $4,300.73 $1.95 

Feb     2,547.3  $4,967.24 $1.95 

March     1,228.6  $2,395.77 $1.95 

April        506.1  $986.90 $1.95 

Sept        428.8  $836.10 $1.95 

Oct              -    $0.00   

Nov     2,023.4  $3,986 $1.97 

Dec     2,081.1  $4,099.76 $1.97 

2014 Total      11,021  $21,573 $1.96 

2015       

Jan     3,398.8  $6,695.64 $1.97 

Feb     1,991.8  $3,923.84 $1.97 

March        849.5  $1,673.52 $1.97 

April     1,109.9  $2,186.50 $1.97 

2015 Partial        7,350  $14,480   

Start Date End Date Days Cost kWh 

10/2/2015 11/2/2015 31 $6,264.53         39,012  

9/2/2015 10/2/2015 30 $3,061.67           3,245  

8/3/2015 9/2/2015 30 $2,135.77           3,085  

7/4/2015 8/3/2015 30 $2,284.75           3,743  

6/2/2015 7/4/2015 32 $2,085.73           2,509  

5/3/2015 6/2/2015 30 $2,114.62           2,850  

4/1/2015 5/3/2015 32 $2,114.72           2,890  

3/3/2015 4/1/2015 29 $2,875.74           6,528  

2/2/2015 3/3/2015 29 $4,708.41         23,969  

1/4/2015 2/2/2015 29 $4,592.34         22,773  

12/1/2014 1/4/2015 34 $5,638.83         35,133  

11/2/2014 12/1/2014 29 $5,256.13         31,656  

12 month total 365 $43,133.24       177,393  

Propane usage data from Oct 2013, when 
converted from oil,  to the present 

Energy and 
Units 

FY 2011 
Quantity Site Btu Source Btu 

at 2014 
Prices   

Electric - kWh           204,886         699,071,032       1,523,974,850  $49,818 
Oil -                6,400         886,400,000       1,019,360,000  $20,442 
Propane - Gallons               4,800         438,240,000          503,976,000  $9,396 

Totals         2,023,711,032       3,047,310,850  $79,655 

MMBtu's   
                  

2,024  
                   

3,047    
KBtu and  $Cost    
per FT2  23,160  

                    
87.4  

                   
131.6  $3.44  

Historic usage from 2011 
and 2013—prior to con-
version from oil to pro-
pane for hot water heating.  
Note the EUI has de-
creased from 87.4KBtu/
FT2 to FY 2014’s 
69.6KBtu/FT2.  Analysis 
limited to available data. 
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Historic Fuel Usage Prior to Boiler Conversion   FY 2011 Electric Consumption 

Date 
LP       

Gallons   Date 
Oil      

Gallons   FY 2011 
Total 
kWh 

KW 
Peak 

Off 
Peak 

8/31/2011 111.4   10/6/2011 433.9   August       5,431       3,466       1,965  

10/7/2011 239.9   10/31/2011 616.9   Sept       5,009       3,029       1,980  

10/28/2011 500.8   11/23/2011 705   Oct     24,871     13,314     11,557  

11/11/2011 405.2   12/16/2011 789.7   Nov     40,131     19,139     20,992  

11/23/2011 308.1   1/3/2012 691.5   3,237  Dec     35,871     19,919     15,952  

12/8/2011 484   1/20/2012 719.8   Jan     31,186     16,579     14,607  

12/23/2011 637.2   2/8/2012 783.2   Feb     36,354     19,673     16,681  

1/5/2012 553.2   2/27/2012 775.7   March     11,121       6,252       4,869  

1/19/2012 311.8   4/9/2012 904   April       3,324       1,845       1,479  

1/19/2012 200.1 3751.7     May       3,783       2,532       1,251  

2/1/2012 405       June       2,907       1,958          949  

2/15/2012 542       July       4,898       3,631       1,267  

2/29/2012 299               

Totals       4,998              6,420    Totals   204,886    111,337     93,549  

FY 2011             

8/12/2012 261   11/1/2012 905.9        

10/10/2012 195   11/26/2012 839        

10/17/2012 194   12/31/2012 728.1        

11/4/2012 343            

11/14/2012 199            

11/29/2012 400            

12/13/2012 420            

12/30/2012 514            

1/7/2013 206            

1/24/2013 549             

FY 2012       3,281              2,473            

Nelson Withington Skating Rink 
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Quarters collected for FY2015 = $391.25 or 1565 quarters.  At four minutes of heating each quarter, 
that’s 6,260 minutes or 104.3 hours.  Each Reznor has a normal input of 100,000Btu’s per hour and 
propane is typically estimated to have 91,300 Btu’s per gallon.     

  104.3 x 100,000 divided by 91,300 = 114 gallons 

The cost of propane for FY2016 is $1.35 per gallon. Based on last year’s usage, the cost for heating the 
bleachers is estimated at $154, for a potential “profit” of  $237.25.    

Bleachers are heated by two, coin operated,  Reznor Infrared heaters, model VR100. 

Nelson Withington Skating Rink 
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Nelson Withington Skating Rink 
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Public Works Garage 

Building Description 

lunch 

Offices 

Maintenance 
Office 

Roads Water 

Water Testing 

Modine Heater      
Acme exhaust fan       
Insulated garage door   
window               
Ext door Existing boiler room 

Proposed silo and pellet boiler   

The concrete building was constructed in 1957, presumably with 13 truck bays and an 
office area. Later, a wood framed office ‘addition’, lunch room, and three more truck 
bays were added.  

Regular hours are 7am-3PM, Monday through Friday. However, during a storm or 
other emergencies, the building can be occupied at any hour. 

Concrete block walls are painted, but not insulated. The newer offices and lunch 
room have fiberglass insulation in the wall cavities. Six inch foil faced fiberglass batts 
lay between ceiling rafters, exposed to the spaces below. The rafters are decked with 
boards and the original roof is crushed stone over a membrane. Windows are mostly 
double pane, with the exception of single pane glazing on the newest bays. 

Heating is provided by Modine ceiling heaters served by two Buderus oil boil-
ers, installed in 2012, and a waste oil heater supplementing the three north bays. 

A propane fired rooftop unit serves the offices with ducted 
cooling and heating, though hydronic coils off the boilers 
have been added to the air handler. The lunch room has a 
window mounted AC unit which is only turned on during 
lunch hour on very hot days.  

Acme exhaust fans in each bay are used as needed. Several 
bays have dedicated truck exhaust systems. 

Despite the number of large overhead doors and exhaust 
only ventilation, the large surface area of uninsulated walls are responsible for the most heat loss, with air 
exchange coming next.  Therefore insulating the walls and air sealing are a priority from a demand side per-
spective of energy conservation.   
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Public Works Garage 

Summary of Recommended ESM’s 

The estimated total cost of installing two wood pellet heating boilers and silo is $94.050.  The cost above is 
reduced by 25%  funding from Windham Wood Heat Initiative. 

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet con-
versions save pellets. Therefore their economics do not look as attractive as if they were saving oil.  

The chart below shows the economics from envelope upgrades only—ie without converting to wood pellet 
heating. Note that the ceiling upgrade is a far more comprehensive strategy: removing all fiberglass 
and spraying 6: closed cell foam with thermal barrier. 

  

The measures below include installing programmable thermostats with slightly reduced nighttime and week-
end setbacks; installing two pellet boilers as primary heating equipment; insulating the exterior of all uninsu-
lated CMU walls; removing the foil faced fiberglass batts in the ceiling joist bays; and weatherstripping all 
exterior windows and doors—including the overhead doors.  These measures are described in greater detail 
on pages 128-132.  Following envelope improvements, the last three bays would be heated entirely by waste 
oil in the existing burner. 

ESM 
# Description Cost 

Yearly 
Savings ROI % SIR 

NPV 
Payback 

Service 
Life 

2 Insulate Walls $126,273 $9,232 6.0% 4.1 12.4 40 
3 Ceiling Upgrade $80,282 $3,431 3.0% 2.3 18.6 40 

4 Weatherstripping $3,677 $558 11.0% 1.6 6.3 10 

  Total all measures $210,232 $13,221 6.0% 3.6 14.3   

ESM 
# Description Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Measure 

1 Programmable Thermostats $2,466 $1,200 50.0% 23.1 $54,522 2.0 10 
2 Wood Pellet Conversion $70,538 $3,795 8.0% 2.8 $129,658 12.4 20 
3 Ceiling Upgrade $7,167 $400 6.0% 1.9 $6,956 19.7 40 
4 Insulate Walls $126,273 $6,944 5.0% 1.6 $75,769 22.0 40 

5 Weatherstripping $3,677 $475 13.0% 1.2 $717 8.3 10 

  Total all measures $210,121 $12,814 6.0% 2.9 $394,460 13.8   
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The different inflation rates reflect historic trends. Together, these measures are cost 
effective down to $1.90/Gal fuel oil cost. 

Cash Flow for All Measures 

Public Works Garage 

First Cost Loan Rate 
Term 

(Years) 
Payment Gen. Inflation Rate CPI%   

$210,120 3.00% 20 -$14,123 2.10%     

Oil Savings 
LPG   

Savings 
Elec    

Savings 
Pellet     
Costs 

Maintenance 
Expense 

Salvage Value 
at Year 20: $0 

  

$16,345 $193 $392 -$3,316 -$800 Year One   

5.70% 5.40% 3.20% 2.10% 2.10% Inflation Rate   

       

Year 
Oil        

Savings 
LPG   

Savings       
Elec        

Savings 
Pellet         
Costs 

Maintenance 
Expenses         

Net Cash 
Flow 

1 $16,345  $193  $392  ($3,316) ($800) $1,309  

2 $17,277  $204  $404  ($3,385) ($817) $441  

3 $18,261  $215  $417  ($3,457) ($834) $479  

4 $19,302  $226  $431  ($3,529) ($851) $1,455  

5 $20,402  $239  $444  ($3,603) ($869) $2,489  

6 $21,565  $251  $459  ($3,679) ($888) $3,586  

7 $22,795  $265  $473  ($3,756) ($906) $4,747  

8 $24,094  $279  $488  ($3,835) ($925) $5,978  

9 $25,467  $294  $504  ($3,916) ($945) $7,282  

10 $26,919  $310  $520  ($3,998) ($965) $8,664  

11 $28,453  $327  $537  ($4,082) ($985) $10,127  

12 $30,075  $345  $554  ($4,167) ($1,005) $11,678  

13 $31,789  $363  $572  ($4,255) ($1,027) $13,320  

14 $33,601  $383  $590  ($4,344) ($1,048) $15,059  

15 $35,517  $404  $609  ($4,436) ($1,070) $16,900  

16 $37,541  $426  $628  ($4,529) ($1,093) $18,850  

17 $39,681  $449  $648  ($4,624) ($1,116) $20,915  

18 $41,943  $473  $669  ($4,721) ($1,139) $23,101  

19 $44,334  $498  $691  ($4,820) ($1,163) $25,416  

20 $46,861  $525  $713  ($4,921) ($1,187) $27,866  
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Public Works Garage 

Data from Green Mountain Power and fuel companies is included at the end of this building report.    

Energy & 
Units 

3 yr        
average 

Site MM 
Btu 

Source   
MMBtu Costs 

Electric - kWh 
     

57,795  
              

197.2  
                

430  $10,147 
Oil - Gal  5,922 820 943 $16,759 
Propane - Gal  524 48 55 $1,032 
Used Oil N/A  N/A  N/A $0  

Totals   1,065 1,428 $27,939 

KBtu $ /FT2 14,462  73.6 98.8 $1.93  

Current Average Energy Usage 

Usage below is based on an average of the last three years, while cost averages include the 2015-2016 price.     

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 
When available, waste oil generated by the Department’s vehicles is burned  to heat the last three bays. How-
ever the number of gallons is not tracked so presented as information ‘not available’ (N/A). This does not 
impact cost, but does present an incomplete picture in terms of energy utilization and carbon emissions. 
Waste oil is included in the model and predicted outcomes after all measures have been implemented. 

Modeled Current Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the DPW energy 
model cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  
The model also estimates waste oil use for the last three bays which increases the EUI from the incomplete 
73.6KBtu per ft2 to 85.6KBtu/ft2. 

Energy & 
Units 

Model of 
Existing 

Site MM 
Btu 

Source   
MMBtu Costs 

Electric - kWh            57,146             195              425  $10,035 

Oil - Gal  5,971 828 952 $16,915 

Propane - Gal  626 57 66 $1,233 

Used Oil 1,140 158 182 $0 

Totals   1,238 1,624 $28,183 

KBtu & $ /FT2             85.6 112.3 $1.95  
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The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a 
theoretical social cost, following each implemented measure.   

  

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include 
the previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 1% of actual average usage. Note that occupancy behavior will impact end usage. 

Public Works Garage 

Condition 
Pellets       

Ton 
LPG    

Gallon 
Oil       

Gallon 
Elec    
kWh 

Annual 
Energy 

Cost 

CO 2 
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing 0 566 6750  57,409  $30,551 79.3 $2,934 
Programmed T 0 566 6319  57,409  $29,331 74.5 $2,756 
Wood Pellets 42.8 1687 316  57,136  $24,560 22.7 $839 
Ceiling Upgrade 41.6 515 271  67,121  $14,838 14.5 $537 
Insulate Walls 15.7 1157 76  57,086  $16,459 11.4 $420 
Weatherstripping 14.1 490 92  57,218  $14,838 7.0 $259 

Condition Pellets LPG Oil Elec 
Energy 
Total 

Social 
Cost 

Total 
Cost 

Existing $0 $1,115 $19,103 $10,334 $30,551 $2,934 $33,486 
Programmed T $0 $1,115 $17,883 $10,334 $29,331 $2,756 $32,087 
Wood Pellets $10,058 $3,323 $894 $10,284 $24,560 $839 $25,399 
Ceiling Upgrade $9,776 $1,015 $767 $12,082 $23,639 $537 $24,176 
Insulate Walls $3,690 $2,279 $215 $10,275 $16,459 $420 $16,880 
Weatherstripping $3,314 $965 $260 $10,299 $14,838 $259 $15,097 

Energy & 
Units Model 

Site MM 
Btu 

Source   
MMBtu Costs 

Electric - kWh      64,649          220.6              481  $11,352 

Oil - Gal  92 13 15 $260 

Pellets - Ton 14.1 225.6 248.2 $3,314 

Propane - Gal  490 45 51 $965 

Used Oil 337 47 54 $0 

Totals   550 849 $15,892 

KBtu & $ /FT2       14,462  38.1 58.7 $1.10  
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Public Works Garage 

1. Programmable Thermostats 

The costs for this measure include replacing thermostats and programming them for nighttime setbacks of 

eight degrees in the Office and Lunch room and ten degrees in all bay areas.  This is a reduction of three 

and two degrees, respectively.  Two programmable thermostats are pictured below as examples. The unit on 
the left  is capable of wi-fi  and is recommended to be able to monitor remotely. The budget includes run-

ning power to the thermostats as needed. 

Replace all thermostats with a programmable model capable of 7 day control. Consider using the Filtrete 
3M-50 or similar model for eight locations as it has wifi capability (Honeywell makes a similar line.) This 
communication ability allows all thermostats to be programmed from one computer as well as remote moni-
toring, alarming and setpoint control. This thermostat costs about $100 and requires added wiring (a 24V 
supply). It adds some of the benefits of an energy management system at a fraction of the cost. With logging 
software it can tell what the temperatures are at night, how long each area takes to heat up, whether there 
are problems, and how to optimize control.  

Cost   1st Yr Savings Energy Dollars 

Design $106 Pellets 0 $0 
Acquisition $2,000 LPG (Gal) 24 $47 

Installation $360 Oil (Gal) 400 $1,112 

    Elec (kWh) 252 $40 

Total  $2,466 Total   $1,200 

Measure Life (yr) 10 
Payback (Yr) 2.1 
Present Value $10,479 

Measure Variable Original Improved 

Office/Lunch UnOcc Setting 65 64 
Bays UnOcc Setting 60 58 

Measure No Material Labor Total 
Programmable thermostats 8 $150 $20 $1,360 
Wifi thermostats 4 $200 $50 $1,000 
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Public Works Garage 

2. Wood Pellet Heating 

Savings Description Variable Original Improved 

Fossil Fuel   Fuel % 100% 5% 

The waste oil  furnace would continue to 
operate with either waste oil, pellets, or 
#2 heating oil, but with all envelope 
measures implements, there would be 
enough waste oil to use it exclusively for 
lowest cost heating. 

Cost   1st Yr Savings Energy Dollars 

Design $4050 Pellets (Ton) -42.8 -$10,053 
Acquisition $36,488 LPG (Gal) 0 $0 

Installation $30,000 Oil (Gal)      5,293  $14,714 
    Elec (kWh) -411 -$66 

    O&M    -$800 

Totals $70,538 Total   $3,795 

Measure Life 20 
Payback (Yr) 18.6 
Present Value $96,710 

Installation Cost No Material Labor Total 

Pellet System 1 $60,000 $30,000 $90,000 
WWHI Portion 25%    -$23,513 

Design & Inspection   $3,038 

Total Cost       $70,538 

Estimate includes: 

�  Two Biomass boilers with 190,000 BTU output each for a total output of 380,000 BTU. Installed in 

room behind existing boiler room. 
�  Install two stainless steel liners in current oil boiler chimney—one for pellets & one for oil boilers 

�  A 25 ton steel exterior pellet silo with 2-pipe pneumatic material handling system. Silo location:  at rear of 

building area nearest to new pellet boiler room, avoiding oil tank and other impediments 

�  Utilize two unused injection tees in the recently rebuilt injection loop that is now used by the two oil 

boilers 
�  Install new boiler control system so pellet boiler is primary and oil boiler is peaking/back-up.  Internet 

enabled fault alert system for biomass system built into boiler (requires constant internet access) 

The ash produced will average 24 lb/wk in the heating season and is typically given to farmers who can sub-
stitute it for lime and manure. This quantity will be substantially reduced when the building is weatherized.  
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Public Works Garage 

3.  Ceiling Insulation Upgrade 

Measure Costs Variable Original Improved 
Re-Insulate Ceiling $6,958 R-Value 18 20 

Air Sealing    % Existing CFM 100% 75% 

  $6,958       

Cost   Savings Energy Dollars 

Design $209 Pellets 1.15 $270 
Acquisition $3,092 LPG (Gal) 49 $96  

Installation $3,866 Oil (Gal) 7 $21 

    Elec (kWh) 83 $13  

Totals $7,167     $400 

Measure Life (yr) 40 
Payback (yr) 17.9 
Present Value $6,596 

The insulating properties of fiberglass are mostly due to the air pock-
ets between glass fibers. It is therefore critical to its performance to 
be completely enclosed by a material which prevents outside air—in 
other words, in contact with an air barrier on all six sides. Without an 
air barrier, it makes an excellent air filter (another popular use). There 
is evidence of efforts foam seal the perimeter  which no doubt re-
duced air movement through the batts. Still, a long term improve-
ment to replace all fiberglass with seven inches of closed cell foam, 
with two inches over rafter edges, and a coat of thermal barrier paint  
- creating a kind of monolithic thermal, air, and vapor barrier out per-
forms any kind batt system. Unfortunately, the cost could not be jus-
tified at this time. This measure involves 2” continuous perimeter 
foam spray and replacing/repositioning existing insulation batts as  
necessary. Note a radiant or reflective surface does increase effective 
performance, but the proposed measure proves more cost effective. 
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Public Works Garage 

4.  Insulate Exterior Bay Walls 

Cost   Savings Energy Dollars 

Design $3,687    Pellets 25.9 $6,903 
Acquisition $57,211 LPG (Gal) 0 $0 
Installation $65,384 Oil (Gal) 169 $469 

    Elec (kWh) 2,390 $382   

Totals $126,273     $6,944 

Measure Life 40 
Payback (Yr) 18.2 
Present Value $75,769 

Measure Costs Variable Original Improved 

Insulate Walls on Exterior $122,595 R-Value 2 26 

Air Sealing    % Existing CFM 100% 5% 

  $122,595       

The cost benefit analysis of this measure is based on installing an insulation 
and moisture control system on the exterior of the CMU walls, including an 
air barrier, drainage plane, effective R24 foam board insulation, and a ce-
mentitious stucco for a finished surface.   

There are several ways this can be approached, such as the Sto System 
shown in the photo with three inches of insulation,  but the cost reflects an 
estimate from Greg Thulander of Facades Inc. for a comparable assembly. 

It is also recommended that soil be excavated at the perimeter of the build-
ing, at least one foot deep and two feet away from the wall, beyond the drip 
edge of the roof. Apply a liquid applied water barrier to the concrete and fill 
the trough with washed stone. Ideally, there would also be a perforated 
drain pipe wrapped in landscape cloth and pitched to the parking area at the 
north end of the building, though there may not be enough slope to pro-
mote drainage away from the building. A water resistant insulation board 
such as Roxul drain board should be installed prior to filling the trench with 
stone, and a flashing barrier at the seam between the drain board and the 
above grade insulation board.  
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Public Works Garage 

5. Weatherstripping  

Cost   Savings Energy Dollars 

Design $0 Pellets 1.34 $374. 
Acquisition $2,135 LPG (Gal) 25 $51 

Installation $1,542 Oil (Gal) 10 $29 

    Elec (kWh) 135 $22 

Total  $3,677 Total   $475 

Measure Life 10 
Payback (Yr) 7.7 
Present Value $717 

Measure Costs Variable Original Improved 

Door Weatherstripping $97 Air Leakage CFM 100% 40% 
Window Weatherstripping $360 Air Leakage CFM 100% 25% 

Overhead Door Seals $3,220 Air Leakage CFM 100% 30% 

Total $3,677       

Not all overhead doors need complete bottom seals at this time, however 
the cost for overhead door weatherstripping comes from a proposal quote 
from American Garage Door Company for all materials needed—side and 
top brush seals and bottom rubber seals— for all overhead doors, including 
shipping and handling. These are heavy duty products designed for durabil-
ity and effective sealing.  

There are other products from other companies and this report is not advo-
cating for one line. That said,  AGD is reputable, eas very helpful in produc-
ing a quote for this study and offers very good support and directions on 
how to install.  Labor costs have not been included since it is presumed that 
DPW staff have the tools and skills to install. However it is recommended 
that the AGD be contacted because they offered very good tips on how to 
install the brushes for optimal performance and durability. For example, 
using a screw driver to open the track slightly so individual brush hairs don’t 
get caught and bent.  

Please note that while the overhead doors do open on a regular basis, they 
are closed approximately 85-95% of the winter, so a tight fitting seal is an 
important component of energy conservation. 

This measure includes weatherstripping for all exterior doors and windows, 
as well as applying caulking around window trim in the office and lunch 

Dark areas indicate 
cold air infiltration. 
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Public Works Garage 

Start Date End Date Days Cost kWh 
Avg 

Daily  

12/9/2014 1/12/2015 34 $995.56  6480 191 

11/10/2014 12/9/2014 29 $865.08  5260 181 

10/9/2014 11/10/2014 32 $748.04  4040 126 

9/10/2014 10/9/2014 29 $626.82  3480 120 

8/11/2014 9/10/2014 30 $750.17  4300 143 

7/10/2014 8/11/2014 32 $800.88  4760 149 

6/10/2014 7/10/2014 30 $824.35  4440 148 

5/7/2014 6/10/2014 34 $666.76  3608 106 

4/7/2014 5/7/2014 30 $688.76  3484 116 

3/5/2014 4/7/2014 33 $984.26  5881 178 

2/5/2014 3/5/2014 28 $1,052.39  5974 213 

1/5/2014 2/5/2014 30 $1,052.21  5973 199 

    371 $10,055   57,680  156 

Calendar   6 $163.14 936   

Estimated 2014 Totals 365 $9,892  56,744    

Energy Usage Data 

 Date Gallons Cost $ Per 

Dec 13, 2012 1509.6 $4,512.19 $2.99 

2013       

Jan 22  1700.9 $5,083.99 $2.99 

Feb 12  604.4 $1,806.55 $2.99 

March 4  740.5 $2,213.35 $2.99 

March 22 477.3 $1,426.65 $2.99 

April 9 376 $1,123.86 $2.99 

May 3 164.6 $491.99 $2.99 

June 14 33.8 $101.03 $2.99 

Sept 23 169.5 $541.89 $3.20 

Nov 22 420.2 $1,343.38 $3.20 

Dec 18 666.9 $2,132.08 $3.20 

2013 Totals        5,354  $16,265 $3.04 

2014       

Jan 3 481.00 $1,537.76 $3.20 

Jan 22 1489.7 $4,762.57 $3.20 

Feb 10 882.20 $2,820.39 $3.20 

Feb 24 632.60 $2,022.42 $3.20 

March 17 105.1 $388.76 $3.70 

March 17 857.9 $2,742.71 $3.20 

April 2 561 $1,793.52 $3.20 

April 28 187.9 $600.72 $3.20 

June 2 75.4 $241.95 $3.21 

Dec 12 1304.5 $4,120.92 $3.16 

Dec 29 609.6 $1,925.73 $3.16 

2014 Totals        7,187  $22,957 $3.19 

2015       

Jan 13 832.7 $2,630.50 $3.16 

Jan 30 699.4 $2,209.40 $3.16 

Feb 16 1218 $3,847.66 $3.16 

March 2 714 $2,255.53 $3.16 

March 16 382.4 $1,032.10 $2.70 

March 16 221.8 $700.67 $3.16 

March 30 454.6 $1,226.97 $2.70 

April 24 400 $1,079.60 $2.70 

2015 Partial        4,923  $14,982 $3.04 

Year 
Oil        

Gallons cost kWh cost LP  cost 

FY 2013        6,293  $18,811       56,298  $10,404 159 $273 

FY 2014        4,636  $14,820       58,027  $10,082 539 $1,453 

FY 2015        6,837  $21,598       59,060  $9,956 669 $1,107 
3 Yr           

Average        5,922  $18,410       57,795  $10,147     456  $944 
Average 

Costs   $3.11   $0.1756   $2.07 

Energy & 
Units Quantity Site Btu Source Btu Costs 

Electric - kWh      57,795     197,196,540    429,888,457  $10,147 

Oil - Gal  5,922 820,197,000 943,226,550 $18,410 

Propane - Gal  456 41,632,800 47,877,720 $944 

Used Oil N/A       

Totals   1,059,026,340 1,420,992,727 $29,501 

MMBtu's   1059.0 1421.0   
KBtu & $ per 
FT2       14,462  73.2 98.3 $2.04  
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Energy Audit 

Transportation Center 
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Transportation Center 

Constructed in 2004, the Transportation Center street level in-
cludes a Transit Lobby, small Parking Enforcement  office , and 
two retail spaces. All of which are located under four levels of 
parking garage.  All conditioned spaces are heated via an oil fired 
boiler, hot water coils and three air handlers and several cabinet 
heaters.  The outdoor elevator and equipment room are also 
heated with electric resistance heaters.  The air handlers also dis-
tribute cooling throughout the building. In addition, there is a 
mini split air source heat pump which serves the Parking office. 

The Town pays for fuel oil for heating the entire facility. The Town also pays for electricity for the Lobby, 
Parking office, and lighting for the Parking Garage, Preston Parking Lot (across the street) and Elliot Street. 
The Parking Garage includes a separate meter for two spaces set up for charging electric vehicles. 

The two retail spaces, Experienced Goods (a consignment shop in pink below) and Dottie’s (grocery in 
blue), pay for their electrical use (lighting, air conditioning, refrigeration, etc…). Their electric usage was not 
available for this study.  Occupancy schedules are included in the schematic below. 

Building Description 

Parking        
Enforcement 

Transit 
Lobby 

 Dottie’s                    
8:00—7:00   Mon-Sat    
10:00-7:00    Sunday 

Experienced Goods 

8:30 to 6:30 

Tuesday through Saturday    
No one touches the thermostat 

Semi-conditioned 
Storage   ‘The Pit’ 

T 

AH above 
ceiling 70°F daytime, 60°F nighttime, but 

adjusts thermostat at will 

Mechanical 

Electrical 

Lobby AH 

Office 

WC WC Return to AH 

Covered Sidewalk 

Flat 
Street 
Parking 
Garage 
Entrance 

Slope 

E 

Cabinet Heater 
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ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet con-
versions save pellets. Therefore their economics do not look as attractive as if they were saving oil. 

* Wood pellet cost above is reduced by 25% funding from Windham Wood Heat Initiative. Estimated total 
cost is $ 87,869. 

ESM 
# Description Cost 

Yearly 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Yrs 

1 Air Sealing $2,514 $472 18.8% 3.2 $5,490 5.1 15 
2 Wood Pellet Heating $66,619 $4,544 6.8% 2.6 $106,915 9.9 20 
3 Replace Controls $15,257 $1,436 9.4% 1.2 $2,984 12.2 15 
4 Window Quilts $23,513 $2,490 10.6% 1.8 $17,989 10.4 20 

5 Insulate Masonry Walls $43,420 $2,053 4.7% 1.4 $17,175 29.2 50 

  Totals All Measures $151,323 $10,995 7.0% 2.8 $279,575 11.7   

Transportation Center 

Summary of Recommendations 

ESMs for the Transportation Center include the substantial envelope upgrade of insulating the brick walls. 
Increasing insulation on the ceiling, with the special goal of eliminating thermal bridging, was explored but 
the cost could not be justified. If, however, there’s a turnover in occupancy, spraying an addition 3-4” of 
insulation across the entire ceiling plane, including concrete beams, is strongly recommended. It was the 
added cost of covering everything in the retail spaces that thwarted the cost benefit analysis.  Air sealing the 
wall/ceiling connection will have to suffice at this time. Installing window quilts is recommended for the 
glazing. 

Thanks to funding support from WHH, converting to wood pellet boiler has a favorable return, even at 
today’s low oil prices. This is in part due to the cost of the electric pump which circulates oil to and from 
the outdoor tank 24/7/365. Though the oil boiler still has some service life left, replacement is not entirely 
premature. 

The existing controls are essentially not functioning. Replacement is strongly recommended. 



 January 2016 Energy Audit  

154 

DYNAMIC INTEGRATIONS LLC 

Cash Flow Analysis 

Transportation Center 

First Cost Loan Rate Term Years Payment Gen. Inflation CPI 
$151,322  3.00% 20 ($10,171) 2.10% 

Oil              
Savings 

LPG            
Savings 

Elec                    
Savings 

Pellet         
Costs 

Salvage Value at 20: $0              
Maintenance Costs     

$14,477 $0         $1,271   -$4,054 -$700     
5.7% 5.4% 3.2% 2.1%        2% 

Year 
Oil Sav-

ings 
Elec          

Savings 
Pellet Costs 

Maintenance 
Costs 

Net Cash 
Flow 

1 $14,477  $1,271  ($4,054) ($700) $822  

2 $15,302  $1,312  ($4,140) ($715) $1,588  

3 $16,174  $1,354  ($4,227) ($730) $2,401  

4 $17,096  $1,397  ($4,315) ($745) $3,262  

5 $18,071  $1,442  ($4,406) ($761) $4,175  

6 $19,101  $1,488  ($4,498) ($777) $5,143  

7 $20,190  $1,535  ($4,593) ($793) $6,168  

8 $21,341  $1,585  ($4,689) ($810) $7,255  

9 $22,557  $1,635  ($4,788) ($827) $8,407  

10 $23,843  $1,688  ($4,888) ($844) $9,627  

11 $25,202  $1,742  ($4,991) ($862) $10,919  

12 $26,638  $1,797  ($5,096) ($880) $12,289  

13 $28,157  $1,855  ($5,203) ($898) $13,739  

14 $29,761  $1,914  ($5,312) ($917) $15,275  

15 $31,458  $1,976  ($5,424) ($936) $16,902  

16 $33,251  $2,039  ($5,538) ($956) $18,625  

17 $35,146  $2,104  ($5,654) ($976) $20,449  

18 $37,150  $2,171  ($5,773) ($997) $22,380  

19 $39,267  $2,241  ($5,894) ($1,018) $24,425  

20 $41,505  $2,313  ($6,018) ($1,039) $26,590  

The different inflation rates reflect historic trends. Together, these measures 
are cost effective down to $1.10/Gal fuel oil cost. 
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Transportation Center 

Usage above is based on an average of the last three years, while cost averages include the 2015-2016 price.    

Current Average Energy Usage 

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  In  this case, the EUI 
excludes energy used for lighting for parking. This is used as a metric to compare the energy intensity of 
buildings with similar functions  as well as meeting target reduction goals within a region or state.  Source 
Btu includes additional energy required off site for each energy type. 

Modeled Existing Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the  energy model 
cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 2% of actual average usage. Note that occupancy behavior will impact end usage. 

Energy and Units Quantity 
Site 

MMBtu 
Source 

Btu Costs 
Electric - kWh     75,850        258.8         564  $11,635 
Garage Lighting kWh     44,675        152.4         332  $6,853 

Oil - Gallons       5,152  713.6 821 $14,580 

Totals   1,125 1,717 $33,069 
Less parking lighting   972     1,388  $26,288 
KBtu & $ per FT2 12,452 78.0 111.5 $2.11  

Energy and Units Quantity 
Site 

MMBtu 
Source 

Btu Costs 
Electric - kWh     75,071        256.1         558  $11,516 
Garage Lighting kWh     44,675        152.4         332  $6,853 

Oil - Gallons       5,116  708.6 815 $14,478 

Totals   1,117 1,706 $32,847 
Less parking lighting   965     1,374  $26,288 
KBtu & $ per FT2 12,452 77.5 110.3 $2.11  

Energy and Units Quantity 
Site 

MMBtu 
Source 

Btu Costs 
Electric - kWh     64,861        221.3         482  $9,950 
Garage Lighting kWh     44,675        152.4         332  $6,853 

Pellets - Tons         17.3  276.8 318 $4,083 

Totals   651 1,133 $20,886 
Less parking lighting   499        801  $14,033 
KBtu & $ per FT2 12,452 40.0 64.3 $1.13  
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The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a the-
oretical social cost, following each implemented measure.  Please refer to page six of the Introduction  for a 
description of the Social Costs of Carbon and Appendix B for further information on calculating CO2 
Emissions. 

Predicted First Year Energy Usage Cost with Estimated Carbon Costs 

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include the 
previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

Transportation Center 

Condition 
Pellets       

Ton 
Oil      

Gallon 
Elec 
kWh 

Annual 
Energy 

Cost 

CO 2  
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing 0 5116   119,746  $36,033 57.5 $2,129 
Air Sealing 0 4944   119,763  $35,549 55.6 $2,058 
Wood Pellet Heating 41.6 0   109,684  $29,519 8.3 $307 
Replace Controls 35.2 0   109,775  $28,032 7.1 $261 
Window Quilts 27.3 0   109,260  $26,082 5.5 $204 
Insulate Masonry Walls 17.3 0   109,536  $23,782 3.6 $132 

Condition Pellets Oil Elec 
Energy 
Total 

Social 
Cost 

Total 
Cost 

Existing $0 $14,478 $21,554 $36,033 $2,129 $38,161 
Air Sealing $0 $13,992 $21,557 $35,549 $2,058 $37,607 
Wood Pellet Heating $9,776 $0 $19,743 $29,519 $307 $29,826 
Replace Controls $8,272 $0 $19,760 $28,032 $261 $28,292 
Window Quilts $6,416 $0 $19,667 $26,082 $204 $26,286 
Insulate Masonry Walls $4,066 $0 $19,716 $23,782 $132 $23,914 
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Transportation Center 

While this audit does not include 
a full electric analysis, electric 
usage at the Transportation Cen-
ter was voiced as a specific con-
cern. The charts on this page 
break down estimated loads. 
There does not appear to be any-
thing amiss. Lighting and the 
elevator (both operation and 
heating) account for over 50% of  
the facility’s usage. 
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Cost   Savings Energy Dollars     

Design $108 Pellets  $0 Measure Life 10 
Acquisition $1,308 Oil (Gal) 171 $484 Payback ( Yr) 5.3 

Installation $1,097 Elec (kWh) -18 -$13 Present Value $5,490 

Total  $2,513 Total   $3,056     

         
Measure   Variable Original Improved   
Weatherstrip Doors $413 % exist cfm 100% 30%   
Seal ceiling / panels $1,992 % exist cfm 100% 20%   
  $2,405         

Transportation Center 

1. Air Sealing 

Weatherstripping doors is best done by professionals with com-
mercial grade materials, then checking for effectiveness after in-
stallation and at the beginning of every heating season. 

This measure also calls for sealing the transition at the wall and 
ceiling deck. This means the entire perimeter—at walls, steel 
posts and beams– to form an air tight  barrier between inside and 
outside. 

Large canisters of closed cell foam known as ‘froth packs’ may be 
the most practical approach for perimeter projects like this, how-
ever the  ease and speed of application sometimes means gaps are 
left unnoticed.  Inspection with an infra red camera or ‘smoke 
pencil’ (glycol based) is recommended to assure the effectiveness 
of the improvement. 
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Transportation Center 

2. Wood Pellet Heating 

Cost   Savings Energy Dollars     

Design $2,869 Pellets    - 41.56 -$9,767 Measure Life 20 
Acquisition $37,500 Oil (Gal)      4,944 $13,993 Payback (Yr) 14.7 
Installation $26,250 Elec (kWh)     10,080  $1,018 Present Value $106,915 

    O&M    -$700    

  $66,619 Total   $4,544     

       
Measure   Variable Original Improved   
Fossil Fuel   Backup fuel% 100% 0%   
Oil Pump   % Time on 100% 0%   
Pellet System $63,750         

This measure calls for removing the existing oil boiler, out-
side oil tank, and hot water heater and converting to pellet 
wood heating with an outdoor silo.  The boiler (or two in 
series) should be properly sized for the load of the improved 
envelope. 

The Smith oil boiler has nearly twice the output capacity re-
quired for heating the Transportation Center. Evidence of 
rust and corrosion suggests the boiler may not last its ex-
pected lifetime. For space reasons, the oil tank was placed 
outside, requiring a circulating pump which operates 
24/7/365 (two photos below right) to continuously circulate 
oil every day of the year.  
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Transportation Center 

3. Replace Controls 

Cost   Savings Energy Dollars     

Design $657 Pellets 6.38 $1,499 Measure Life 15 
Acquisition $5,600 Oil (Gal) 0 $0 Payback (Yr) 10.6 

Installation $9,000 Elec (kWh) -91 -$63 Present Value $2,984 

Totals $15,257 Total   $1,436     

        
Measure   Variable Original Improved   
Night Setback $12,200 Unoccupied Setting 68° 62°   
Cabinet Heater Control $2,400 Reduce Occ. Temp 0 1   
Totals $14,600         

  

The existing Control Technologies system is obsolete, unsupported, 

and inaccessible. It is no longer possible to change the room tempera-
ture settings, boiler, pump, or air handler schedules from settings that 

were programmed years ago. New controls are required regardless of 

energy concerns. 

  

Existing displayed points include pumps, oil burner, heating water 
supply, lobby temperature, room 107, room 103, AC-1 return air, AC-

1 supply air, fan status, fan control, boiler alarm, boiler temperature. 

  

The replacement system should control all existing points plus the 

two entry cabinet heaters and associated new room sensors. These 

heaters are overheating the entries and controlling them is required to 
establish an effective night setback. 

  

The new system should be interoperable Direct Digital 

Controls that are fully BACnet/IP compliant and open to 

automatic discovery by a BACnet/IP capable Building 
Management System.  Please refer to the cost estimate and 

description on the next page. 

 

Consider installing one system server for all compatible 

municipal buildings. 
  Overheating from entry cabinet heaters. 
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Transportation Center 
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Transportation Center 

4. Install Window Quilts 

Cost   Savings Energy Dollars     

Design $1,013 Pellets 7.9 $1,857 Measure Life 20 
Acquisition $19,800 Oil (Gal) 0 $0 Payback (Yr) 9.4 
Installation $2,700 Elec (kWh)      515  $632 Present Value $17,989 

    O&M    $0    

 Total $23,513    $2,489     

       

Measure   Variable Original Improved   
Quilts- Nighttime Use $22,500 R-Value 2 7   

Reduce Infiltration   % existing 1 0   

Cut and pasted from www.windowquilt.com in Brattleboro 

This measure calls for installation of and 
nighttime use of tracked window quilts 
along the fully glazed east and south 
faces of the ground level. A drape was 
installed at the windows of the storage 
room in the consignment shop for both 
privacy and to improve comfort. 
Tracked window quilts achieve both 
while also effectively reducing heat loss, 
as shown in the graphic below.  
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Transportation Center 

5. Insulate Masonry Walls 

Cost   Savings Energy Dollars     

Design $1,870 Pellets 10.03 $2,356 Measure Life 50 
Acquisition $22,160 Oil (Gal) 0 $0 Payback (Yr) 21.1 
Installation $19,390 Elec (kWh) -276 -$303 Present Value $17,175 
  $43,420 Total   $2,053     

        
Measure   Variable Original Improved   
Insulation $41,550 R-Value 3.00 25.00   

Insulating the walls with four inches EPS and the Sto Sys-
tem (photo to right) or similar strategy proves to be a cost 
effective upgrade, even after converting to wood pellets. 
The challenge here will be installing an effective ‘shelf’ or 
wall plane transition at the ceiling height of the condi-
tioned ground floor level.  (Yellow line below). 
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Transportation Center 

Heat loss through walls and floor into the parking garage shown below. Insulating the exterior of the above 
grade walls proves a reasonable investment over the long term.  Below grade walls and the ceilings will re-
main a source of heat loss to the parking garage, but the cost of insulation—and re-insulating support 
beams-  at this time of relatively low energy costs does not appear to be a sound investment.  

If, or when, energy costs go up, consider insulating interior walls and upgrading ceiling insulation, particular-
ly at the concrete structural beams where thermal bridging occurs.  

Uninsulated concrete support beams cause 
heat loss patterns shown above. 

Walls 



 January 2016 Energy Audit  

165 

DYNAMIC INTEGRATIONS LLC 

Transportation Center 

Two different materials have been sprayed onto ceiling deck and structural members. The material above is 
a fibrous insulating material mixed with an adhesive for spraying. It has an R-Value of 3 per inch and can be 
sprayed up to 6” thick, though it’s thickness ranges from 1” to 3” at the TC.  Some of the support beams 
sides have a 1/2” dusting—more by consequence of being next to the  ‘bay’ than intentional. A black paint 
was added above Dotties, which is open to the retail space.  Application is a messy job so it’s the time re-
quired to protect inventory which makes an upgrade not cost effective at this time.  If either store becomes 
vacant, or closed for remodeling, consider adding three more inches of insulation to the bays AND to the 
sides and edges of the concrete beams. 

Pyrolite High Density Cementitious Spray-On Fireproofing, manufactured by Carboline, was sprayed onto 
some interior steel support columns and exterior beams by Specialty Coatings, LLC out of Burlington.  The 
material has been removed or fallen off in some areas of the overhang and may or may not require re-
application to meet fire code.  

Additional Suggestions 

The images to the right are of the air handler in Dottie’s storage room.  
The return duct opens to the retail space, and is blocked by shelving, 
thereby restricting return air flow and preventing filter changes. Jim, 
the store owner/manager, says it is not possible to move the shelving.  
Consider re-locating the duct and register above the shelving to allow 
better, more efficient, air flow balance into the system. 
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Start Date End Date Days Cost kWh 

12/16/2014 1/19/2015 34 $1,704.61      12,100  
11/17/2014 12/16/2014 29 $1,540.60      10,600  
10/17/2014 11/17/2014 31 $1,561.33      10,700  
9/17/2014 10/17/2014 30 $1,514.26        9,800  

8/18/2014 9/17/2014 30 $1,434.79        9,000  

7/17/2014 8/18/2014 32 $1,493.40        9,500  

6/15/2014 7/17/2014 32 $1,429.77        8,600  

5/14/2014 6/15/2014 32 $1,561.01        9,574  
4/14/2014 5/14/2014 30 $1,515.13        9,413  
3/11/2014 4/14/2014 34 $1,818.89      12,270  
2/11/2014 3/11/2014 28 $1,590.93        9,952  

1/7/2014 2/11/2014 35 $1,601.03      10,115  

    377 $18,766     121,624  

Adjustment for read 12 $597.32        3,871  

Estimated 2014 Totals 365 $18,168    117,753  

Date gallons Cost $ per gal 
Dec 13 
2013 652.5 $2,086.40 $3.20 

2014       

Jan 3 551.7 $1,763.78 $3.20 

Jan 17 595.8 $1,904.77 $3.20 

Feb 10 879 $2,810.16 $3.20 

Feb 24 524.7 $1,677.47 $3.20 

Feb 27 36.2 $135.71 $3.75 

March 7 373.5 $1,194.08 $3.20 

March 18 335.7 $1,241.75 $3.70 

April 2 445.2 $1,646.79 $3.70 

April 30 398.4 $1,273.68 $3.20 

July 16 140.5 $443.84 $3.16 

Nov 7 259 $818.18 $3.16 

Nov 17 142.9 $451.42 $3.16 

Dec 17 714.2 $2,256.16 $3.16 

Dec 29 355.7 $1,123.66 $3.16 

  5752.5 $18,741.45 $3.26 

2015        

Jan 20 789.1 $2,492.77 $3.16 

Jan 30 372.9 $1,177.99 $3.16 

Feb 11 590.2 $1,864.44 $3.16 

Feb 23 243 $767.64 $3.16 

March 2 282.4 $892.10 $3.16 

March 10 581.6 $1,837.27 $3.16 

March 23 18.3 $49.39 $2.70 

March 23 28.5 $90.03 $3.16 

March 30 187.6 $506.33 $2.70 

April 6 140.1 $378.13 $2.70 

April 16 446.4 $1,205.37 $2.70 

   3680.1 $11,261.46 $3.06 

Electric and Fuel Data 

0
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15,000

Electric Consumption (kWh)

2014 

Electric Con-
sumption 

(kWh)  Cost 

January 10,115 $1,601.03  

February 9,952 $1,590.00  

March 12,270 $1,818.89  

April 9,413 $1,515.13  

May 9,574 $1,561.01  

June 8,600 $1,429.77  

July 9,500 $1,493.40  

August 9,000 $1,434.79  

September 9,800 $1,514.33  

October 10,700 $1,561.33  

November 10,600 $1,540.60  

December 12,100 $1,704.61  

Totals: 121,624 $18,765  
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Pleasant Valley Water Treatment Plant 

416 Pleasant Valley Road 

Energy Audit 
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 Pleasant Valley Water Plant     

Site and Building Description 

Program or Function: According to the Town Website:  
“Pleasant Valley Water plant supplies an average of about 
1.0-1.5 million gallons per day of quality water to the 
Town of Brattleboro...from the Pleasant Valley Reservoir, 
a surface water supply. (The Plant)...consists of three Rapid 
Sand Filters. The process is of the Direct Filtration type 
using equipment originally manufactured by U.S. Filter” A 
microprocessor, controlling pumps and valves automates 
most operations within the plant including the cleaning of 
filters and chemical feeds.” 

The building was completed in 1988 as a slab on grade, CMU block structure with 4” face 
blocks. The building itself is on a relatively level plateau, located in between a large water storage 
tank up the hill and the Pleasant Valley Reservoir downhill.   As shown below and the photos on 
the next page, properly shedding water away from the building is an ongoing concern.  
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 The face blocks show considerable staining from water 
related damage. New cracks in the face bocks, extending 
from the ground to the roof, appear every few years as 
the building continues to settle and incur water leakage. 
Roof leaks have likely soaked fiberglass insulation and 
the resulting lowered insulating value increases the risk 
of condensation forming on the inner metal liner; creat-
ing further water leakage on ceilings below.     

The low slope roof requires staff to physically shovel 
snow off the roof  throughout the winter. 

In short, water and snow do not shed well away from the 
building. While this kind of assessment and improve-
ment is beyond the scope of an energy audit, the condi-
tion and design of the roof does not warrant, in our 
opinion, significant  investment into ‘demand side’ ener-
gy saving measures. 

The recommendation is to consider constructing a new 
and pitched roof structure over the existing, with eaves 
designed to shed water well away from the walls.  At that 
time, insulate either the ceiling or the roof deck to a min-
imum R40 of either rigid foam (roof deck)  or cellulose 
(ceiling) in contact with a continuous air barrier. There 
has been a plan for constructing an additional room; per-
haps that would be an opportune time to address roof 
structure and upgrade ceiling insulation.   

Water Treatment Plant 
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* Wood pellet cost is reduced by 25% funding from Windham Wood Heat Initiative and $15,000 avoided 
cost of boiler replacement. Total cost is $90,000 and total upfront costs with WWH funds is $75,000. 

Summary of Recommended Energy Saving Measures 

Envelope improvements recommended to reduce demand include air sealing doors and the ceiling to re-
duce infiltration and exfiltration and installing window quilts for nighttime use.  

In this building, with three large water tanks, heat loss to the cold water in winter is approximately the same 
as the heat loss to the outside through the walls, so insulating the tanks is also recommended. Note that 
John Highter indicated that even with anticipated equipment upgrades, the tanks have could continue to 
serve the facility for  20 years or more.  

Lowering indoor air temperature, particularly at night, is generally an excellent way to save energy and oper-
ational costs. Reducing temperatures only two degrees at night was modeled due to concerns around risk to 
operations from colder temperatures. 

Replace the existing oil boiler and piping system with a pellet boiler and back up high efficiency propane 
with cost sharing from the Windham Wood Initiative. 

Upgrading the insulation above the ceiling is desired but not recommended at this time. Working with EV 
to hire an electrical engineer for analyzing water pump efficiency is recommended.      

Water Treatment Plant 

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet conver-
sions save pellets. Therefore their economics do not look as attractive as if they were saving oil. 

  Water Treatment Plant Cost 
1st Year 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

1 Air Sealing $2,306 $3,056 132.5% 22.4 $49,288 0.7 15 
2 Reduce Temperatures $1,411 $1,560 110.6% 18.7 $24,924 0.9 15 
3 Insulate Filter Tanks $13,001 $2,525 19.4% 4.5 $46,055 4.9 20 
4 Wood Pellet Conversion $55,908 $7,631 13.6% 4.0 $169,481 6.3 20 

5 Install Window Quilts $4,833 $406 8.4% 1.4 $2,009 13.4 20 

  Total All Measures $77,429 $15,178 20.0% 5.1 $291,757 4.7   
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Water Treatment Plant 

Cash Flow 

First Cost Loan Rate 
Term 

(Years) 
Payment Gen. Inflation Rate CPI%   

$77,459 3.00% 20 -$5,206 2.10%     

Oil Savings 
LPG Sav-

ings 
Elec Sav-

ings 
Pellet Sav-

ings 
Maintenance 

Costs 
Salvage Value 
at Year 20: $0 

  

$21,767 -$499 -$18 -$5,123 -$950 Year One   
5.70% 5.40% 3.20% 2.10% 2.10% Inflation Rate   

       

Year 
Oil Sav-

ings 
LPG Sav-

ings 
Elec Sav-

ings 
Pellet Costs 

Maintenance         
Costs 

Net Cash 
Flow 

1 $21,767  ($499) ($18) ($5,123) ($950) $9,971  

2 $23,008  ($526) ($18) ($5,231) ($970) $11,057  

3 $24,319  ($554) ($19) ($5,341) ($990) $12,209  

4 $25,706  ($584) ($19) ($5,453) ($1,011) $13,432  

5 $27,171  ($615) ($20) ($5,567) ($1,032) $14,729  

6 $28,719  ($649) ($21) ($5,684) ($1,054) $16,105  

7 $30,356  ($684) ($21) ($5,804) ($1,076) $17,565  

8 $32,087  ($721) ($22) ($5,926) ($1,099) $19,114  

9 $33,916  ($759) ($23) ($6,050) ($1,122) $20,755  

10 $35,849  ($800) ($23) ($6,177) ($1,145) $22,496  

11 $37,892  ($844) ($24) ($6,307) ($1,169) $24,342  

12 $40,052  ($889) ($25) ($6,439) ($1,194) $26,298  

13 $42,335  ($937) ($26) ($6,574) ($1,219) $28,372  

14 $44,748  ($988) ($26) ($6,712) ($1,245) $30,570  

15 $47,299  ($1,041) ($27) ($6,853) ($1,271) $32,900  

16 $49,995  ($1,097) ($28) ($6,997) ($1,298) $35,368  

17 $52,845  ($1,157) ($29) ($7,144) ($1,325) $37,983  

18 $55,857  ($1,219) ($30) ($7,294) ($1,353) $40,754  

19 $59,041  ($1,285) ($31) ($7,448) ($1,381) $43,690  

20 $62,406  ($1,354) ($32) ($7,604) ($1,410) $46,799  
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Water Treatment Plant 

Energy and 
Units Model 

Site   
MMBtu 

Source 
Btu Costs 

Electric - kWh      277,433           946.6  
           

2,064  $41,615 

Oil - Gallons 7,692 1,065 1,225 $21,768 

Totals   2,011.9 3,288.7 $63,383 
KBtu & $ per 
FT2 4821 417.0 682.0 $13.15  

Energy and 
Units 

After all 
measures 

Site        
MMBtu 

Source 
Btu Costs 

Electric - kWh    277,625          947.3          2,065  $41,644 
Pellets - Tons 21.3 340.8 358 $5,006 

LPG - Gallons 253 23 27 $498 

Totals   1,311.2 2,449.4 $47,148 

KBtu & $ / FT2 4821 271.9 492.4 $9.78  

Energy and 
Units 

3 year 
average 

Site  
MMBtu 

Source 
Btu Costs 

Electric - kWh   294,044    1,003.3   2,187  $48,889 
Oil - Gallons 8,128 1,125.7 1,295 $23,002 

Totals   2,129.0 3,481.7 $71,891 

KBtu & $ / FT2 4821 441.6 722.0 $14.91  

Usage above is based on an average of the last three years, while cost averages include the 2015-2016 price.    

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 2% of actual average usage. Note that occupancy behavior will impact end usage. 

Modeled Existing Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the  energy model 
cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  

Current Average Energy Usage 

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 
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Condition 
Pellets       

Ton 
LPG    

Gallon 
Oil       

Gallon 
Elec    
kWh 

Annual 
Energy 

Cost 

CO 2 
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing 0 0 7692   277,433  $71,706 86.7 $3,208 
Air Sealing 0 0 6614   277,433  $68,656 74.6 $2,761 
Reduce Temperatures 0 0 6063   277,400  $67,090 68.5 $2,533 
Insulate Filter Tanks 0 0 5172   277,386  $64,566 58.5 $2,164 
Wood Pellet Heating 23.5 272 0   277,362  $55,984 6.8 $253 
Window Quilts 21.3 253 0   277,625  $55,476 6.3 $233 

Condition Pellets LPG Oil Elec 
Energy  
$ Total  

Social      
$ Cost 

Total       
$ Cost 

Existing $0 $0 $21,768 $49,938 $71,706 $3,208 $74,914 
Programmed T $0 $0 $18,718 $49,938 $68,656 $2,761 $71,417 
Wood Pellets $0 $0 $17,158 $49,932 $67,090 $2,533 $69,623 
Weatherstripping $0 $0 $14,637 $49,929 $64,566 $2,164 $66,730 
Insulate Walls $5,523 $536 $0 $49,925 $55,984 $253 $56,237 
Ceiling Upgrade $5,006 $498 $0 $49,973 $55,476 $233 $55,709 

The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a the-
oretical social cost, following each implemented measure.  Please refer to page six of the Introduction  for a 
description of the Social Costs of Carbon and Appendix B for further information on calculating CO2 
Emissions. 

Predicted First Year Energy Usage Cost with Estimated Carbon Costs 

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include the 
previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

  

Water Treatment Plant 
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Water Treatment Plant 

Office 

Lab Staff 

Restroom 

Lockers 
Boiler 

Storage 

Repair Area Chemicals 

Filter 
Tank 1 

  

Filter 
Tank 2 

Filter 
Tank 3 

  

Intake  

Exhaust 
Fan 

Glazing 

Modine 
Heater 

Baseboard 

 

Water 
Treatment 

Pumps 

Pumping water accounts for the most significant energy use requirement for any water treatment facility and 
this plant is no exception.  Pumps can move a maximum of 2100 gallons per minute (gpm), though average 
around 450-500gmp, per filter tank. Two tanks are in continually use, with the third serving as a back up.  
Each tank holds approximately 15,000 gallons.  Electric consumption for pumps and lightning were not part 
of this audit scope, however hiring an electrical engineer with funding support from Efficiency Vermont is 
recommended.  

However the impact of heat loss, condensation, and corrosion due to cold water in the filter tanks was ex-
amined, as the water is fed from the open reservoir and the water temperature varies throughout the year 
from mid 30’s in the winter to 70 degrees in the summer.   

Schematic Floor Plan Diagram 
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Envelope Description 

Drawings called for 2” insulation at the foundation perimeter, 3” rigid insu-
lation on the exterior of the CMU wall and “R38” insulation over a metal 
liner under a low pitch metal roof.  Based on John’s comment that the 
walls feel cold and oil usage, it is likely that there is not 3” of rigid foam 
board on the exterior of the walls. Infra red images suggest some level of 
insulation and  the model is based on a minimal 1” layer, performing at an 
effective R5. 

It is not possible to visually inspect what is presumed to be 10” fiberglass 
batts above the metal ceiling liner. There is visual evidence of  semi rigid 
fiberglass panels with facing on one side (photo to right). Infra red scan-
ning indicates thermal bridging at framing members and air leakage where 
the roof meets the wall. 

Windows are a combination of fixed glazing and aluminum casement frames, double panes with 5/8” air 
space, a low e coating and moderate solar gains.  Doors are metal, some with glazing, and minimally insu-
lated. Double doors in the filter room allow for infrequent equipment replacement.   

Water Treatment Plant 

The chart describes the estimated thermal conductance of the building in terms of its “UA”, that is the as-
sessed thermal performance of each exterior component’s ‘u-value’ times its surface area in square feet.  
The Peak Heat Loss (PHL) is calculated by multiplying the UA times the design temperature; that is the 
total temperature difference between inside conditioned temperature and the coldest outdoor temperature 
that occurs during 99% of a Brattleboro winter.    

This means that when its –5 degrees outside and the 
building is 70 degrees inside, there is a temperature 
difference of 75 degrees—the Delta T (ΔT).  At that 
ΔT, the building will lose 131,400 Btu’s per hour to 
the outside. This is the amount of heat that needs to 
be supplied by the heating system.  The importance of 
this calculation is that it can help determine the proper 
size for a replacement boiler.  The boiler needs to  
have an output capacity of 131,400 Btu’s per hour, 
plus enough to warm up the building in the morning 
and cover all combus-
tion, distribution, and 
other system losses. 
Note that this does not 
include heat losses to 
the water tanks, nor an 
‘acceptable fudge’ factor, 
but a 200MBH boiler 
capacity will likely be 
adequate. 

Component 
% of 
Total 

Walls 34% 

Glazing 9% 

Doors 2% 

Ceiling 28% 

Slab Edge 2% 

Infiltration 25% 

Total 100% 

Area SA UA 
Peak Heat 

Loss 

Lab       

Walls    1,294        259         19,425  

Glazing       206          82           6,150  

Doors          5           3             225  

Ceiling       913          61           4,575  

Slab Edge        80           9             675  

Infiltration         101           7,089  

Zone Total    2,498       515         38,625  

Filter Room       

Walls    1,829        366         27,450  

Windows       164          66           4,950  

Doors        48          25           1,875  

Ceiling    4,457        407         30,525  

Slab       180          18           1,350  

Infiltration           355         24,810  

Zone Total    6,678     1,237         92,775  

Building Total    9,176     1,752        131,400  
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Cost   Savings Gallon Dollars     

Design $99 Pellets  $0 Measure Life 15 
Acquisition $1,213 LPG (Gal)  $0 Payback (Yr) 0.8 
Installation $994 Oil (Gal) 1083 $3,012 Present Value $48,633 
    Elec (kWh) 33 $5   

    O&M   $0    

Totals $2,306 Total   $3,017     

         
Measure   Variable Original Improved   
Ceiling Infiltration $1,903 % exist cfm 100% 10%   
Seal Exhaust Fan $126 % exist cfm 100% 1%   
Weatherstrip Doors $178 % exist cfm 100% 20%   
  $2,207         

1. Air Sealing 

Since warm air rises, exfiltration of warm air through the top of a building can be a significant source of 
heat loss. Fiberglass can be an effective insulation, but only if in contact with an air barrier on all sides. So 
sealing the top connection between the wall and the metal roof will not only stop conditioned air from exfil-
trating but potentially improve the insulating value of the presently exposed fiberglass.  Use a two part 
closed cell foam as possible. Other silicone sealants can be use around ceiling penetrations such as pipes. 

The darker areas in the thermographic (IR) images below indicate areas of coolth and subsequent heat loss.  

Water Treatment Plant 
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1. Air Sealing (cont) 

Each of the openings in the wall for exhaust fans and make up air intake registers have been sealed with 
duck tape and covered with rigid foam board. These are excellent efforts however the IR scan indicates 
continued air leakage.  A preferred method would be to secure a rigid, weatherproof, and air tight panel to 
the exterior of the grill , thereby eliminating outside air from entering into the building at all. 

Install commercial grade weather striping to all exterior doors to assure a tight seal when the door is closed. 
Assuming the double doors are used infrequently to move equipment in or out, installing insulated panels 
was explored in the energy model. However, the payback was over 15  years and so the measure is not rec-
ommended at this time. 

Water Treatment Plant 
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Cost   Savings Gallon Dollars     

Design $61 Pellets  $0 Measure Life 15 
Acquisition $1,200 LPG (Gal)  $0 Payback (Yr) 1 
Installation $150 Oil (Gal) 485 $1,349 Present Value $21,402 
    Elec (kWh) 13 $2    

    O&M   $0   

Totals $1,411 Total   $1,351     

         
Measure   Variable Original Improved   
Room Settings   Occ Temp 68°F 68°F   
Replace six   Unocc Temp 68°F 64°F   
thermostats $1,350        
  $1,350         

2. Reduce Temperatures  

The heating energy density (Gal/SF use) of the treatment plant as about twice that of Retreat Wells after 

subtracting 1000 gallons for loss to the filter tanks. We attribute this primarily to the year round high tem-

perature operation of the boiler at the treatment plant for domestic hot water.   

Installation of an indirect water heater is recommended with the pel-

let conversion. If the pellet conversion is not installed consider a heat 

pump water heater and keep the boiler off when there is no call for 

heat. 

It is recommended that the boiler temperature be reduced to the low-
est temperature that will provide adequate hot water and fired higher 

as needed on a call for space heat. This can be done by assuring that 

heating circulators are wired to thermostats and that circulators stay 

off when thermostats are satisfied. 

The costs for this measure include replacing thermostats, wiring them 

back to the circulator and boiler and programming them for nighttime 
setbacks of ten degrees in all areas.  Two examples are pictured, 

though a unit capable of wi-fi is recommended to be able to monitor 

remotely. 

Replace all thermostats with a programmable model capable of 7 day 

control. Consider using the Filtrete 3M-50 or similar model as it has 
wifi capability (Honeywell makes a similar line.) This communication 

ability allows all thermostats to be programmed from one computer as well as remote monitoring, alarming 

and setpoint control. This thermostat costs about $100 and requires added wiring (a 24V supply). It adds 

Water Treatment Plant 
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some of the benefits of an energy management system at a fraction of the cost. With logging software it can 

tell what the temperatures are at night, how long each area takes to heat up, whether there are problems, and 

how to optimize control.  

The filter room may be controlled with two wifi thermostats and relays for the unit heaters or a thermostat 

in place of each of the existing line voltage thermostats. Relays will be needed as we have not seen any line 

voltage wifi thermostats available. Alarms can be set up using an email to pager or monitoring service. 

More aggressive set backs were modeled, as well as constructing an insulated room around the repair area in 

the filter room, so that that zone could be set to 50-55°F during occupied and unoccupied hours.  Signifi-

cant savings could be found with these lower temperatures, however discussions with John Highter deter-

mined there is not enough space to construct walls around the repair area which would allow for routine 

repair work and adequate access to the tanks and pipes. 

It should also be noted that Steve Barrett expressed strong concerns about lowering the temperature in the 

plant, especially until equipment upgrades are made. They know things work well at current thermostat set-

tings and he is very concerned about risking equipment failures at lower settings.  He also expressed concern 

about the time needed to repair a boiler malfunction, if the building was already at 50 degrees.   

Though the latter concern goes away with the recommended installation of a pellet boiler and back-up LPG, 

we respect this understandable caution.  That said, once the other measures are taken, especially insulating 

the filter tanks and air sealing, recommended setbacks  in the filter room  should prove less of a risk.  There 

is no known equipment in the lab area which would be affected by nighttime setbacks.   

 

Water Treatment Plant 
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3. Insulate Filter Tanks 

Cost   Savings Gallon Dollars     

Design $560 Pellets  $0 Measure Life 20 
Acquisition $7,776 LPG (Gal)  $0 Payback (Yr) 5.2 
Installation $4,666 Oil (Gal) 891 $2,477 Present Value $45,013 
    Elec (kWh) 23 $4   

    O&M   $0    

Totals $13,002 Total   $2,481     

         
Measure   Variable Original Improved   
Spray 3” Foam $12,442 Fuel Saved 1593 560   
 & flame barrier $12,442         

Each water filter tank is approximately 28 feet long, by 9 feet wide, by 8’ tall.  They are constructed of steel 
with structural “wings” which add to the highly conductive surface area. Water temperature in the winter is 
that of the reservoir water, between 35 and 39 degrees, as is the inside temperature of the steel. The open 
water also elevates the humidity of the room, further increasing the amount of condensation on the surface 
of the tanks, pumps and valves. This encourages rust and corrosion. 

Insulating the tanks is strongly recommended, however it is important to do so in such a way to minimize 
risk of trapping moisture between the insulation and the steel. Batt wraps of any type are not recommended, 
nor a minimal thickness of closed cell foam which does not insure vapor impermeance.  

This unique situation was discussed with Drew Gelfenbein of Specialty Coatings (SC) in South Burlington 
and John Highter.  It was determined that the best protocol would be to insulate one tank at a time with a 
minimum three inch coating of closed cell foam. The costs used in the model were based on a product SC 
uses which allows for a four inch pass.  Since only two tanks function at a time, one tank could be drained 
and allowed to dry and warm thoroughly (a two day process) before foaming (another two day process per 
tank).  Not all surface areas can be accessed so the model is based on 85% surface area coverage. 

We did not discuss the possibility of floating ‘bubble type’ pool covers on the water’s surface, but it is worth 
consideration if it doesn’t interfere with filtering operations. 
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4. Convert to Wood Pellet Heating 

Cost   Savings Gallon Dollars     
Design $2,408 Pellets (Ton) -24 -$5,772 Measure Life 20 
Acquisition $39,950 LPG (Gal) -278 -$556 Payback (Yr) 7.5 
Installation $13,550 Oil (Gal) 5267 $14,642 Present Value $166,797 
    Elec (kWh) -270 -$43   

    O&M   -$800    

Totals $55,908 Total   $7,471     

Savings Description Variable Original Improved 

Fossil Fuel   Fuel % 100% 5% 
Fuel Btu's   Mbtu/unit 139 93 
Fuel Efficiency   Eff %       58%       75% 
Change Back Up Fuel 0 Oil LPG 
DHW efficiency   Eff % 10% 40% 

Installation Cost No Material Labor Total 

Pellet System* 75% $65,000 $25,000 $67,500 
Boiler Controls        400              $.50           $2      $1,000 
Existing Boiler Replacement -1 -$9,000 -$6,000 -$15,000 

The existing boiler is a Peerless 300MBH,  model ECT-06-275 WV, operating at an estimated 58% seasonal 
efficiency. There are no outdoor reset controls and so it maintains its setpoint around 180° 24/7, including 
in the summer to provide domestic hot water, adding unwanted heat to the building.  

The door to the combustion chamber is warped, leaving a large crack, (arrow) which can become a safety 
issue. This may also indicate that the heat exchanger may have been damaged.  An earlier study by Honey-
well estimated that the boiler needed at least $2500 work for safe and slightly more efficient operations, 
though if the heat exchanger is cracked, it would be beyond repair.  

Replacement is recommended, including  
new injection system, variable frequency 
drive pump and on demand water heat-
ing. Thermostats will be wired back to 
the boiler room to control circulators to 
keep equipment off when there is no call 
for heat. The economic analysis for the 
conversion to wood pellet heating as-
sumes an avoided cost of $15,000. The 
total cost to Brattleboro of this measure 
is $70,908. 
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4. Wood Pellet Conversion 

The cost estimate is based on the following: 

 One Biomass boiler with 190,000 BTU output  
 Install stainless steel liner in current oil boiler chimney 
 A 22 ton steel exterior pellet silo with 2-pipe pneumatic material handling system. Silo location:  sloping 

lawn area nearest to boiler room, avoiding oil tank and water pipes 
 One new high efficiency, direct vent Propane Boiler – 250,000 BTU total output.  (Propane tank Not 

Included) 
 Remove existing oil boiler and all heat piping in boiler room.   
 Build new injection loop system with new variable speed, high efficiency distribution pumps 
 Install new boiler control system so pellet boiler is primary and propane boiler is peaking/back-

up.  Internet enabled fault alert system for biomass system built into boiler (requires constant internet 
access) 

 
 
 
  
 
  

Pictured: OkeFen 60KW Wood Pellet Boiler 

With Windham Wood Heat Initiative covering 25% of the installation costs, it is an excellent opportunity 
to convert to wood pellets, particularly in a facility occupied by a staff attuned to routine maintenance.     
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5.  Window Quilts 

Cost    Energy Savings Dollars     

Design $208 Pellets (Tons) 2.14 $514 Measure Life 20 
Acquisition $4,070 LPG (Gal) 20 $39 Payback (Yr) 11.6 
Installation $555 Oil (Gal) 0 $0 Present Value $2,208 
    Elec (kWh) 90 $14   

    O&M   -$150    

Totals $4,833 Total   $417     

         
Measure   Variable Original Improved   
Tracked $4,625 R-Value 2 7   
Quilts   % exist CFM 100% 37%   
  $4,625         

The advantage of tracked window quilts is that they reduce heat 
loss and infiltration at night when fully drawn.  This will not only 
save energy and money, but also reduce the time needed to bring 
the building back up to temperature in the morning. 

The downside is not only that they require time to lower each night 
and raise each day, but that they save energy only when drawn 
closed!   This measure also has one of the longer paybacks, in part 
due to the fact that it was considered after the conversion to pellets 
and a more efficient heating system.  If installed with the existing 
oil system, the savings would be greater .  

One further caution with any window treatment which makes the 
glass colder: the risk of condensation increases behind the quilt and 
therefore they need to raised at least several times a week to allow 
for a thorough drying.  

It was noted on the last site visit in December that plastic has been secured to the inside of the windows. 
This can be an effective measure to reduce heat loss and even infiltration, though has to be re-applied each 
year. An alternate would be to install interior glazing panels—also removable each year, but re-useable. 
They would perform slightly better than the plastic liner, but not as well as tracked quilts.   

Window quilts are still recommended due to their significantly higher thermal performance and since they 
allow for heat gains during the day when raised and reduce heat loss during  the coldest, unoccupied hours.  
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The insulation above the metal liner ceiling is deficient, however the investment cost out-
weighs the service life remaining in this roof structure.  
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 Retreat Wells 

According to the Town’s website, the Retreat Wells facility serves as back up to the Pleasant Valley Water 
Plant “during periods of drought and high water usage. The wells are operated two days a week for a few 
hours each day to keep them in running order.” 

Program 

Building Description 

The building was constructed in 1977 of 8” CMU and face brick. There 
are two roofs, each flat constructed on steel trusses.  The membrane was 
replaced within the last 10 or 15 years but is nearing its end of use. Multi-
ple penetrations, including two skylights and roof drains need periodic 
maintenance. The roof deck is covered in a fiberboard and insulation batts 
are located above the ceiling plane so the roof and deck are outside the 
thermal envelope and the scope of this audit. 

Plans called for 2” inches rigid foam on the exterior of the CMU, resting 
on a ledge with the face brick. The foundation is not insulated. There are 
storage tanks, pumps and pipes under the slab floor. Window and Kalwall 
glazing account for less than 2% of the surface area; doors another 8%. 
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Retreat Wells 

Summary of Recommended ESM’s 

Envelope improvements include air sealing, most especially the ceiling over the lab and pump room area, 
insulating the foundation and re-insulating the ceiling. 

Improving controls and lowering thermostat settings will yield the most return when implemented. 

The gas boiler is quite old and seasonal, total system, efficiency is estimated between 60% and 66%, there-
fore it was assumed that replacing the boiler, and hot water heater, would prove cost effective. And yet, as 
long as it is functioning safely and reliably, the energy model suggests that replacement is not warranted 
from a strictly energy saving perspective at this time. It could be warranted from a reliability standpoint. 

Converting to wood pellets with WWHI’s incentive funding was analyzed and the results are presented, but 
proves to be an unviable expense. 

Lighting is primarily 4’ T8 32 watt lamps and considered the most efficient upgrade until only recently. As 
with all the buildings, converting to LED’s is now proving a cost effective upgrade considering reduced 
energy use in addition to longevity. 

Electric usage is the most dominant load and is due primarily to pumping water and outside the scope of 
this audit. 

ROI - Return on investment is the inverse of simple payback based on constant unchanging savings. The 
result is a conservative estimate as the escalation of fuel costs is not considered. 

SIR - Savings to investment ratio, is the present value of savings divided by the cost. It is considered the 
most meaningful criteria for ranking measures and represents the number of times a measure will pay 
for itself over its life. An SIR of less than one is not cost effective unless externalities are considered.   

NPV - The savings for a measure over its life after it pays for itself plus interest at the discount rate.   

NPV Payback - Based on present value including maintenance, a discount factor, and escalation of energy 
costs, not simple payback.  

All measures are analyzed interactively in order of economic attractiveness. All savings are additive. All 
measures affect the measures that follow them. Envelope improvements made after the pellet conver-
sions save pellets. Therefore their economics do not look as attractive as if they were saving oil. 

ESM 
# Retreat Wells Cost 

1st Year 
Savings ROI % SIR NPV ($) 

NPV 
Payback 

Life 
Years 

1 Improve Controls $2,633 $1,377 50.8% 7.4 $19,416 1.9 15 
2 Air Sealing $806 $383 47.5% 6.8 $5,505 0.9 15 
3 Insulate Foundation $4,600 $1,233 26.8% 5.1 $23,342 3.6 20 
4 Re-Insulate Ceiling $17,722 $1,698 9.6% 2.5 $43,460 9.8 30 

  Totals All Measures $25,761 $4,691 7.0% 3.6 $91,723 12.4   
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First Cost Loan Rate Term   Payment Gen. Inflation  Rate CPI% 
$25,761 3.00% 20 Yrs ($1,732) 2.1%     

Year One       

LP Savings 
Elec Sav-

ings 
  

Salvage Value at Year 
20 

in Year 20 $0  

$4,651 $0    Year One       
5.40% 3.20%    Inflation Rate     

Year LPG Savings 
Net Cash 

Flow 

1 $4,651  $2,919  

2 $4,902  $3,170  

3 $5,166  $3,435  

4 $5,445  $3,714  

5 $5,739  $4,008  

6 $6,049  $4,318  

7 $6,376  $4,644  

8 $6,720  $4,989  

9 $7,083  $5,352  

10 $7,466  $5,734  

11 $7,869  $6,137  

12 $8,294  $6,562  

13 $8,742  $7,010  

14 $9,214  $7,482  

15 $9,711  $7,980  

16 $10,236  $8,504  

17 $10,788  $9,057  

18 $11,371  $9,639  

19 $11,985  $10,253  

20 $12,632  $10,901  

Cash Flow for All Cost Effective Measures 

Retreat Wells 
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Retreat Wells 

Energy and 
Units 

2 yr   
average 

Site                 
MM Btu 

Source  
MMBtu  Cost 

Electric - kWh      87,686     299.1     652.2  $19,364 

LPG - Gallons        3,125     285.3     328.1  $6,156 

Totals     584 980 $25,520 
KBtu and $ 
Cost   per FT2        3,731  

              
156.7  

              
262.8  $6.84  

Usage above is based on an average of the last two years, while cost averages include the 2015-2016 price.     

Energy and 
Units Model 

Site  
MMBtu 

Source  
MMBtu  Cost 

Electric - kWh     82,902        282.9            617  $18,238 

Propane - Gal        3,142        286.9            330  $6,190 

Totals              570            947  $24,428 

KBtu and $ 
Cost per FT2       3,731        152.7        253.8  $6.55  

Energy and 
Units 

After All 
Measures 

Site 
MMBtu 

Source 
MMBtu Cost 

Electric - kWh      82,902      282.9            617  $18,238 

Propane - Gal          781        71.3              82  $1,539 

Totals            354            699  $19,777 

KBtu and $      
Cost per FT2        3,731        94.9         187.3  $5.30  

Predicted Energy Usage and EUI if all recommendations are implemented, based on the energy model 
which came within 2% of actual average usage. Note that occupancy behavior will impact end usage. 

Modeled Existing Usage  

The chart below reflects the energy usage and EUI as described  in the energy model prepared for this 
study.  It has been said that “all energy models are wrong, but some are useful”.  While the  energy model 
cannot be 100% accurate, it is deemed to be useful in estimating savings from completed ESM’s.  

Current Average Energy Usage 

The Btus per square foot is referred to as the Energy Utilization Index  (EUI) and is calculated by dividing 
the sum total of all imported energy  by the square footage of conditioned floor area.  This is used as a met-
ric to compare the energy intensity of buildings with similar functions  as well as meeting target reduction 
goals within a region or state.  Source Btu includes additional energy required off site for each energy type. 
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Retreat Wells 

The charts below described predicted energy consumption, annual energy costs, CO2 emissions with a theo-
retical social cost, following each implemented measure.  Please refer to page six of the Introduction  for a 
description of the Social Costs of Carbon and Appendix B for further information on calculating CO2 
Emissions. 

Predicted energy consumption, CO2 emissions and associated social costs of carbon, after each measure. 
Consumption and costs are cumulative. In other words they are calculated for each measure, but include the 
previous measures on the list.   

A similar chart, with energy costs, at four year average prices, including social cost of carbon. 

  

Condition 
LPG    

Gallon 
Elec    
kWh 

Annual 
Energy 

Cost 

CO 2 
Emissions 

Tons 

Social 
Cost of 
Carbon 

Existing    3,142    82,902  $21,112 20.1 $744 
Improve Controls    2,463    82,902  $19,774 15.8 $585 
Air Sealing    2,269    82,902  $19,392 14.6 $539 
Insulate Foundation    1,643    82,902  $18,159 10.6 $392 
Seal & Re-Insulate Ceiling      781    82,902  $16,461 5.1 $190 

Condition LPG Elec 
Energy $ 

Total  
Social $ 

Cost 
Total $ 
Costs 

Existing $6,190 $14,922 $21,112 $744 $21,856 
Improve Controls $4,852 $14,922 $19,774 $585 $20,359 
Air Sealing $4,470 $14,922 $19,392 $539 $19,932 
Insulate Foundation $3,237 $14,922 $18,159 $392 $18,551 
Seal & Re-Insulate Ceiling $1,539 $14,922 $16,461 $190 $16,651 
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Filter Room    
Zone 2 

Pump Room    
Zone 1 

Boiler Lab Repair 
Area 

WC 

    at 75 at 65   

Component UA PHL PHL    114,858  

Walls 586     43,986    38,121  38% 
Glazing 38      2,879      2,495  3% 
Doors 86      6,414      5,558  6% 
Floor/Slab 175     13,125    11,375  11% 

Roof 195     14,625    12,675  13% 

Air Leakage 451     33,829    29,319  29% 

Totals  1531   114,858    99,543  100% 
Estimated gallons        2,965      2,505    
Actual Gallons 3125 105.4% 124.8%   

This means that when its –5 degrees outside and the building is 70 degrees inside, there is a temperature 
difference of 75 degrees—the Delta T (ΔT).  At that ΔT, the building will lose 114,858 Btu’s per hour to the 
outside. This is the amount of heat that needs to be supplied by the heating system.  The importance of this 
calculation is that it can help determine the proper size for a replacement boiler.  The boiler needs to be able 
to have an output capacity of 114,858 Btu’s per hour, plus enough to warm up the building in the morning 
and cover all combustion, distribution, and other system losses.   

The chart below describes the estimated thermal conductance of the building in terms of its “UA”, that is 
the assessed thermal performance of each exterior component’s ‘u-value’ times its surface area in square 
feet.  The Peak Heat Loss (PHL) is calculated by multiplying the UA times the design temperature; that is 
the total temperature difference between inside conditioned temperature and the coldest outdoor temper-
ature that occurs during 99% of a Brattleboro winter.  Here, we get to ignore the extreme conditions of 
the  1% . 

Envelope Heating Load 

Retreat Wells 
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Retreat Wells 

1. Improve Controls 

Cost   Savings Gallon Dollars     

Design $113 Pellets  $0 Salv Value $0.00 
Acquisition $1,500 LPG (Gal) 679 $1,337 Measure Life 15 
Installation $1,020 Oil (Gal)   $0 Payback (Yr) 2.0 
    Elec (kWh) 0 $0 Present Value $19,416 

    O&M   $0    

Total  $2,633 Total   $1,337     

         
Measure   Variable Original Improved   
Control Pump & Boiler $1,950 Added efficiency 0% 6%   
Filter Room Settings   Set at 62F 67 63   
Replace thermostats $570 unoccupied temp 67 63   
  $2,520         

Consider new pump and boiler controls. 

Consider lowering the thermostat to 45 degrees during unoccupied times and lowering the filter room tem-
perature to 62 degrees during occupied hours.  The air sealing, especially at the ceiling plane, should help 
‘hold’ heat in noticeably, and speeding up recovery time. 

Replace all thermostats with programmable units with wi-fi and remote monitoring capability. Wire ther-
mostats back to the boiler room to keep all equipment off if there is no call for heat. 
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Retreat Wells 

2. Air Sealing 

Cost   Savings Gallon Dollars     

Design $35 Pellets  $0 Salv Value $0.00 
Acquisition $321 LPG (Gal) 194 $383 Measure Life 15 
Installation $451 Oil (Gal) 0 $0 Payback (Yr) 2.1 
    Elec (kWh) 0 $0 Present Value $5,505 

    O&M   $0    

Total  $807 Total   $383     

         
Measure   Variable Original Improved   
Seal windows & doors $651 % existing cfm 100% 40%   
Add inner pane $120 R-Value 1 2   
Total $771         

Consider adding clear interior energy panels to windows that are not frequently opened. These are double 
film friction fit interior storms that cost $15-20/SF.   This measure specifically suggests adding an interior 
panel to the awning style windows in the boiler and adjacent rooms. Adequate combustion air should be 
verified after all air sealing. 

Commercial grade weather stripping is suggested for all exterior doors and windows. 
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Retreat Wells 

3.  Insulate Foundation 

Cost   Savings Gallon Dollars     

Design $198 Pellets  $0 Salv Value $0.00 
Acquisition $2,201 LPG (Gal) 626 $1,233 Measure Life 20 
Installation $2,201 Oil (Gal) 0 $0 Payback (Yr) 3.7 
    Elec (kWh) 0 $0 Present Value $23,342 

    O&M   $0    

Totals $4,600 Total   $1,233     

         
Measure   Variable Original Improved   
2” Foam Sto System $4,402 R-Value 1 10   

Though the brick to foundation surface is flush, insulating 
the exposed foundation wall appears to yield cost effective 
energy savings. One option is the Sto-System shown in the 
photo, which includes a drainage plane and four inches of 
EPS foam behind a high impact mesh and stucco surface. 
Care would need to be taken at the brick transition for ef-
fective water shedding. About half the foundation wall is 
accessible. 
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Retreat Wells 

4. Air Seal and Re-Insulate Ceiling (s) 

Cost   Savings Gallon Dollars     

Design $0 Pellets  $0 Salv Value $0.00 
Acquisition $10,260 LPG (Gal) 862 $1,698 Measure Life 30 
Installation $7,462 Oil (Gal) 0 $0 Payback (Yr) 10.4 
    Elec (kWh) 0 $0 Present Value $43,640 

    O&M   $0    

Totals $17,722 Total   $1,698     

         
Measure   Variable Original Improved   
Air Sealing $7,089 % existing cfm 100% 10%   
Insulation $10,633 R-Value 15 50   
Total $17,722         

Common practice in New England has been to strap ceiling joists or trusses to make securing a flat ceiling 
surface easier  drywall easier, then laying fiberglass batts on top of the strapping. This allows air flow on 
four to six sides of the batt, thereby dramatically reducing its insulation value.  The R-Value stamped on 
fiberglass bags was calculated from fully lofted insulation installed under testing conditions, in a perfectly 
sealed box so that the insulation is in contact with an air barrier on all six sides.  This is rarely achieved in 
real life conditions and so our ceilings rarely perform as expected.  While there is considerable amount of 
material above the ceiling over the lab and pumps, its effective performance makes its replacement a viable 
energy saving strategy.   

This measure includes removing all insulation material, sealing ceiling penetrations with a silicone sealant as 
necessary, then spray a 1” skim coat of closed cell foam over the strapping and drywall as a monolithic, con-
tinuous, air barrier and vapor retarder. Follow with 15 inches of blown cellulose. Note that all metal framing 
which will be enclosed in cellulose also needs a skim coat of foam to limit the risk of condensation dampen-
ing the cellulose. Condensation is a very low risk if the foam coat is continuous as the air barrier and Class I 
vapor permeance of the foam will eliminate vapor migration through air or diffusion. 
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IR images of Ceiling 

Retreat Wells 

These last two images are of the ceiling is over the filter room, where there is no existing access but pre-
sumed to be the same condition, though with fewer ceiling penetrations. 
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Retreat Wells 

Pellet Boiler with high efficiency condensing  

Cost   Savings Gallon Dollars     

Design $1,778 Pellets (Ton) -4.03 -$968 Salv Value $0.00 
Acquisition $26,750 LPG (Gal) 745 $1,469 Measure Life 20 
Installation $12,750 Oil (Gal) 0 $0 Payback (Yr) 471.8 
    Elec (kWh) -81 -$13 Present Value -$30,387 

    O&M   -$400    

Totals $41,278 Total   $88     

         
Savings Description   Variable Original Improved   
Fossil Fuel   Fuel % 100% 5%   
Fuel Efficiency   Eff % 0.66 0.75   

       
Installation Cost No Material Labor Total   

Pellet System 1.00 $49,000 $21,000 $52,500   
Avoided Boiler Replace   -$8,500.0 -$4,500 -$13,000   
    $40,500 $16,500 $39,500   

Pellet conversion and even replacing the existing old Peerless does not 
model to be cost effective based on energy savings alone.  This building 
warrants relatively low cost demand side reductions, after which the size of 
the boiler could be substantially smaller than the existing model.  A high 
efficiency, fully modulating, condensing propane boiler with a 4 gallon tank 
for domestic hot water heater would be a good replacement to consider. 
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Remote Supply Pump Stations 

Summary 

Black Mountain:  Estimated heating costs: $2,020   This building is in the 
process of being de-commissioned but is included in this summary as a reminder 
that the premium  to construct a very well insulated and air sealed building from 
the start is a fraction of what it costs to upgrade later. In fact a super insulated 
building may well not need any additional heating equipment or  monthly heat-
ing cost and without risk of freezing due to a power outage. Indoor moisture 
loads would have to be addressed in the design and possibly require ventilation 
with heat recovery.  

Retreat Wells 

Pleasant Valley 

Ames Brook 

Mountain 
Home 

Common 
Wealth 

Sherwood Holler 

Signal Hill:   

Black 
Mountain 

Pump Stations 
Heat 
EUI 

Annual 
Heat  
Costs 

ESM 
Costs 

First  Yr 
Savings 

SIR 
New 
Heat 
EUI 

Future 
Heat 
Costs 

Retreat Wells 52.8 $1,448 $15,428 $1,047 2.2 14.7 $401 
Ames Brook 67.7 $2,680 $10,402 $1,698 5.0 42.9 $982 
Mountain Home 125.4 $3,365 $14,275 $2,513 4.4 38.8 $852 
Common Wealth 47.1 $1,119 $360 $254 10.6 36.4 $865 
Pleasant Valley 84.5 $591 n/a n/a n/a n/a $591 
Signal Hill 263 $622 n/a n/a n/a n/a $622 

Sherwood Holler 302 $639 n/a n/a n/a n/a $639 

Totals   $10,464 $40,465 $5,512 3.8   $4,952 

Eight water supply pumping stations were included in this audit contract. One of 
the eight is in the process of being decommissioned at the time of this writing so 
an assessment was not completed. 

Three others were assessed, however no cost effective energy saving measures 
were found to be practical. Those buildings are described on pages 148-152. 

The remaining four buildings were found to have cost saving measures with fa-
vorable SIR’s.  The summary below presents all seven existing buildings in terms 
of their EUI, estimated annual heating costs, ESM costs and savings and result-
ing reduced EUI. 

It should be noted that the energy required for pumping water greatly exceeds 
energy used for heating in most cases.  Working with Efficiency Vermont to hire 
an electrical engineer for a comprehensive electric audit is recommended. Sav-
ings from increasing pump efficiency could be substantial, though would also 
likely reduce internal gains—which would impact the predicted savings  below. 

The energy modelling methodology used for these buildings was simpler than 
for the  other buildings in this study. It is described in the first analysis of the 
Retreat Wells Pumping Station. 
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Water Supply Pump Stations 

Retreat Wells 

The building has a similar construction as the main 
building: 8” CMU walls, 2” XPS, and brick face and 
no foundation insulation. Three awning style, single 
pane windows and two metal doors. A concrete roof 
deck with two layers of insulation totaling 3 1/2”.  It 
is heated by one or more wall mounted electric re-
sistance heaters—at least one was not functional at 
the time of the site visit. 

Electric service is metered with the main building so there is  no in-
formation on usage at this building. It is heated via 1970’s wall 
mounted electric resistance wall heaters.  

The estimated heating load on the next page is based on a simple 
heating degree day based model, with envelope inputs, estimated 
solar and internal heat gains  and electric heating with a COP of 1. 

Melanson Roofing Company took a core roof sample to determine 
existing insulation levels. The roof membrane is showing signs of 
wear and distress and is in need of replacement. Flashing around the 
skylight has pulled away (arrow below right) enough to stick one’s 
fingers through the gap.  Insulation is “squishy” in a number of are-
as, presumably from water or other damage.  The full cost of roof 
replacement has been included in the cost benefit analysis. 

Infra red depicts considerable air leakage at windows, window rough 
openings, doors, skylights, and at the ceiling wall connection. 

While the heaters are old and replacement is advised, the most cost 
effective improvements can be found in improving the envelope to 
reduce heat loss.   

A simplified energy model based on an assessment of the envelope 
and a bin analysis is included on the next page. It suggests that the 
building’s electric usage for space heating is 8.044 kWh’s a year.  

BY implementing all recommended envelope upgrades, this can be 
reduced to  2,228 kWh, using the same resistance wall heaters, for a 
savings of 5,816 kWh’s.  
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Water Supply Pump Stations             

Retreat Wells 

The energy  model below  includes a number of assumptions, most especially the useable internal heat gains 
from 400kWh’s a month for pumping energy.  Solar heat gains are estimated from PV watts insolation po-
tential on the 24 ft2 of glazing on the northwest and northeast walls.  

Temp 
Bin 

Hours 

Building 
Load Btus 
per Hour 

Building Load 
Btus per Bin            

Internal 
Gains Total Load 

Converted   
to kWh 

57 702             903           633,906       1,857,260     (1,223,354)       (359) 
52 741           2,408         1,784,328       1,960,441       (176,113)         (52) 
47 819           3,913         3,204,747       2,166,803      1,037,944         304  
42 448           5,418         2,427,264       1,185,260      1,242,004         364  
37 1030           6,923         7,130,690       2,725,039      4,405,651       1,291  
32 1019           8,428         8,588,132       2,695,937      5,892,195       1,727  
27 510           9,933         5,065,830       1,349,291      3,716,539       1,089  
22 241         11,438         2,756,558         637,606      2,118,952         621  
17 326         12,943         4,219,418         862,488      3,356,930         984  
12 171         14,448         2,470,608         452,409      2,018,199         592  
7 135         15,953         2,153,655         357,165      1,796,490         527  
2 128         17,458         2,234,624         338,646      1,895,978         556  
-3 44         18,963           834,372         116,409        717,963         210  
-8 33         20,468           675,444           87,307        588,137         172  
-13 3         21,973             65,919             7,937          57,982           17  

-18 0                    -                   -               -    

Totals 6350        171,570       43,611,589     16,800,000    27,445,495      8,044  

Cost   Savings kWh Dollars     

Design $925 Electric       5,816  $1,047         Measure Life 25 

Acquisition $7,855       Payback (Yr) 11.5 

Installation $6,648       Present Value $34,605 

Total  $15,428           
Measure   Variable Original Improved     
Air Seal Ceiling $450 R-Value 1 3     
Replace windows $1,620 % exist cfm 100% 5%     
Insulate Doors $825 R-Value 1 13     
Roof Insulation $8,260 R-Value 9 42     
Foundation $3,348 Avg R-Val 2 15     
  $14,503           
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   Water Supply Pump Stations 

Retreat Wells 

There are substantial opportunities for air sealing at the wall / ceiling interface and around all rough 
openings.  The single pane windows do not appear to be ‘closeable’ so replacement is advised.  
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Water Supply Pump Stations 

Ames Brook, Stockwell Drive 

2014-2015 

Electric Con-
sumption 

(kWh) 
Electric 

Cost 

Minus  700 
kWh /

month base  
October 1,346 $740.11            646  

November 2,253 $376.98         1,553  
December 3,576 $468.91         2,876  

January 3,315 $457.59         2,615  
February 3,433 $468.23         2,733  
March 3,258 $432.69         2,558  
April 2,607 $928.21         1,907  
May 738 $146.18    
June 703 $143.50    
July 699 $146.60    

August 639 $136.21    
September 599 $587.37    

Totals  23,166 $5,032.58       14,888  

Presumed 
mostly        
heating energy 

The data above came directly from Debra Munn at Gap Mountain Power.  Based on usage from September 
2014 through October 2015, it is reasonable to assume a base demand for lights and pumping water to be 
700kWh a month. While it is also reasonable to assume some of the winter month usage may have been to 
unusual pumping needs, most, if not all, of the 14,888 kWh’s are likely related to heating demand.  

This presumption is confirmed based on an assessment of the envelope and a bin analysis model, which 
predicted an electric usage of  14,934kWh’s.  A comprehensive envelope upgrade, including installing a Sto 
System or similar as exterior insulation on the CMU walls, replacing the single pane window with a double 
pane fixed over operable sash,  air sealing the ceiling plane and insulating the three doors with two inch pol-
yisocyanurate, is predicted to save 9,435 kWh’s using the existing electric resistance heaters.  

Cost   Savings kWh Dollars     

Design $850 Electric    9,435  $1,698 Measure Life 30 

Acquisition $4,850       Payback (Yr) 5.9 

Installation $4,702       Present Value $52,949 

Total  $10,402           
Measure   Variable Original Improved     

Replace Window $400 R-Value 1 3     
Air Seal Ceiling $85 % exist cfm 100% 5%     
Insulate Doors $300 R-Value 1 13     
Insulate CMU 
Walls $9,552 Avg R-Val 2 15     
  $10,337           

Replacing the electric resistance heaters 
with a far more efficient mini split air 
source heat pump would save 9,051 
kWh. However, at an installed  cost of 
$13,000 and half the service life of enve-
lope upgrades,  it is not recommended at 
this time. 
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Ames Brook, Stockwell Drive 

Brighter colors indicate greater 
heat loss. 
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Water Supply Pump Stations 

Mountain Home 

 
Mountain Home or Deepwood Pump Station has 
relatively new equipment, with advanced Grund-
fos control systems for the pumps, but the build-
ing has uninsulated  CMU block walls. It is heat-
ed by both a propane fired, direct vent  Empire 
space heater and a 5000 watt ceiling mounted 
electric space heater as a back up. 

An access hatch in the ceiling reveals 10” fiber-
glass batts, dirty from filtering air from below.  
Recommendations include air sealing the perime-
ter of the attic, attic hatch, and wall penetrations 
and insulating the exterior walls with rigid foam 
boards protected by a half inch cementitious 
stucco. Improvements discussed in more detail 
on the following pages.  

A diesel generator, located inside the building, 
provides emergency power during an outages.  

Cost   Savings Energy Dollars 
Design &                    
Inspection $850 

Elect 
kWh    1,638  $295 

Acquisition $6,950 
Prop 
Gals 1009 $1,988 

Installation $6,475     
Total  $14,275     $2,283 
   Life:  30 years 
   Payback: 5.6 years 

Measure   Variable Exist Improved 

Air Sealing $225 
% exist 

cfm 100% 40% 
Insulate 
Walls $13,200 R-Value 1.65 25 

  $13,425       

2014-2015 

Electric  Con-
sumption              

(kWh) 

Electric 
Cost 

Over 
2200 kWh 

base  
October 2,403 $373.18            203  

November 3,017 $408.66            817  
December 3,422 $493.67          1,222  

January 3,078 $398.57            878  
February 3,210 $452.47          1,010  
March 3,211 $467.96          1,011  
April 3,253 $454.17          1,053  
May 2,052 $307.89              -    
June 1,560 $222.29              -    
July 1,876 $249.28              -    

August 2,027 $266.97              -    
September 1,803 $283.46              -    

Totals  30,912 $4,379          6,194  

Project Summary 
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The electric data on the pervious page came directly from Debra Munn at Gap Mountain Power.  Based on 
usage from September 2014 through October 2015, it is reasonable to assume a base demand for lights and 
pumping water to be at least 2,200 kWh’s a month. While it is also reasonable to assume some of the winter 
month usage may have been to unusual pumping needs, most, if not all, of the 6,194  kWh’s are likely relat-
ed to heating demand in addition to the 1,024 gallons of propane delivered for in the fiscal winter of  2014.  
(chart on next page) These presumptions indicate 93.5MMbtu’s heating energy was delivered during the 
2014-2015 winter.  Factoring in the efficiency of the old Empire furnace, this suggests an envelope heating 
load of 114.6MMBtu’s  based on energy usage and annual heating cost of $3,365, at the four year average 
heating cost of $1.97 per gallon of propane. 

                                                                                                   

                                                                           

These calculations confirm a conservative envelope assessment, internal gains analysis, and bin model, which 
predicted a heating load of 108.9 MMBtu’s, within 5% of  estimated usage.   

Uninsulated concrete walls are a dominant factor in the building’s heat loss. Insulating the exterior with a six 
inch EPS Sto system (or similar for R24 equivalent) and conventional air sealing measures would eliminate 
the need for the propane heater and also reduce electric usage for normal space heating.   

However, air exchange will remain a factor as an inside back up diesel generator runs 20 minutes a week as a 
maintenance protocol. Running any combustion equipment requires adequate outside air. It is presumed that 
the propane heater was installed to bring the room back up to temperature quickly. If that is the case, then 
the Empire unit should remain in place, yet only used as necessary  for ‘quick re-heating’.  Consider replac-
ing the generator with an outdoor propane unit as at Common Wealth. 

The chart below shows a reduction of 1,638 kWh electric heating energy and 1009 gallons of  propane for a 
total dollar savings of $2,283. 

Energy and 
Units FY 2014 

Site  
MMBtu 

Source  
MMBtu  Cost 

Electric - kWh  24,718          84.3           184  $4,449 
Electric - Heat   6,194          21.1            46  $1,115 

Propane - Gal    1,142        104.3           120  $2,250 

Totals              210           350  $7,814 

KBtu and $ 
Cost per FT2 

        400 
ft2          524           875  $19.53  

Space Heating         125.4           144 $3,365  

Heating EUI & $/ft2       313.4  KBtu/ft2 $8.41 

Energy          
and Units 

After All 
Measures 

Site 
MMBtu 

Source 
MMBtu Cost   

Electric -kWh     24,718          84.3           184  $4,449 
Electric  Heat       4,556          15.5            34  $820 

Propane - Gals      16       1.46 1.68 $32 

Totals      400 ft2          101           219  $5,301 

Space Heating             43  48.89 $852 

Heating EUI & $/ft2        38.8  KBtu/ft2 $2.13 

Mountain Home 
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Month 
Gas        

Deliveries  Cost 

September 117.7 $408.16  

October 0 $0.00  

November 43.2 $171.80  

December  136.1 $268.42  

January 292 $556.53  

February 144 $259.05  

March  293 $543.25  

April 0 $0.00  

May 116 $200.57  

June 0 $0.00  

July 0 $0.00  

August 0 $0.00  

Totals: 1,142 $2,407.78  

Total 
winter 
1024 
gallons 

Water Supply Pump Stations   
Mountain Home 

Propane Deliveries 2014-2015 
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Water Supply Pump Stations 

Commonwealth, Exit One 

2014-2015 

Electric Con-
sumption 

(kWh) 
Electric 

Cost 
Over 6900 
kWh base  

October 7,568 $2,574.75            668  
November 6,703 $1,014.21           (197) 
December 7,882 $1,182.78            982  

January 8,015 $1,236.93          1,115  
February 8,529 $1,263.53          1,629  
March 8,264 $1,239.63          1,364  
April 7,557 $1,312.49            657  
May 6,794 $2,459.64              -    
June 6,946 $1,231.25              -    
July 6,871 $1,124.06              -    

August 6,731 $1,061.88              -    
September 7,325 $1,111.96              -    

Totals  89,185 $16,813          6,218  

Space 
heat    

Water 
pumps 

This pump house is relatively new , with advanced monitoring systems and controls.  It is heated by a ceiling 
mounted Berko, horizontal down flow electric heater with blower. There is an a exhaust fan with insulated 
intake duct with damper, presumably controlled by a humidistat, in addition to a dehumidifier.  

The electric data above came directly from Debra Munn at Gap Mountain Power.  Based on usage from 
September 2014 through October 2015, it is reasonable to assume a base demand for lights and pumping 
water to be 6,900 kWh a month. While it is also reasonable to assume some of the winter month usage may 
have been to unusual pumping needs, most, if not all, of the 6,218  kWh’s are likely related to heating de-
mand.  This presumption is somewhat confirmed based on an assessment of the envelope and a bin analysis 
model, which predicted an electric usage of 5,549 kWh’s.     

A propane fired back up generator is located outside, behind the building. 

Minor air sealing at wall and celling pene-
trations and insulating the interior of the 
door with rigid foam board are two low 
cost improvements which will yield small, 
but cost effective savings. The building is 
already tight enough to require dehumidifi-
cation so would be a good candidate for a 
mini split air source heat pump.  However 
the installed cost would be about $9,000 
for a $300 annual savings, so it is not rec-
ommended at this time. 

Cost   Savings kWh Dollars 

Design $0 Electric      1,415  $255 

Acquisition $185       
Installation $175 Measure Life  25  Years 

Total  $360 Payback  1.4  Years  

Measure   Variable Original Improved 

Air Seal Ceiling $95 % exist cfm 100% 40% 

Insulate Door  $265 R-Value 1 10 

  $360       
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 Air seal around the fan inlet, exterior door  and all ceiling penetrations . Secure 2” rigid Thermax to the 
inside of the metal door. The foil face offers a 15 minute flame barrier, yet should also be covered with 
CDX plywood or drywall and painted for a more durable surface. 

Water Supply Pump Stations 

Commonwealth, Exit One 
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Facing Northwest 

  Propane     

 Date Gallons Cost $ Per Gal 

2013       

March 18 240.9 $568.70 2.349 

2014       

January 31        214.3  $723.40 $3.36 
November 
25        145.5  $652.02 $4.46 

2015     

April 7 287.3 $520.30 $1.81 

Water Supply Pump Stations    

Pleasant Valley 

The pumping station below the Pleasant Valley Water 
Treatment Plant was constructed with the same type 
of construction and materials as the larger plant.  The 
lower right photo of the foundation depicts two inch-
es of rigid XPS foam board, which is believed to also 
be applied to the exterior of the CMU and protected 
by face blocks. 

Heating is provided by a wall mounted, propane fired, 
Trane heater with blower. The heater is controlled by 
a thermostat and wired to dampers on intake air regis-
ter. A second intake is connected to an exhaust fan for 
ventilation.  
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Water Supply Pump Stations   
Pleasant Valley 

Considering the low cost of propane, there are few cost effective improvements, save lowering inside tem-
peratures.  Converting to a cold climate mini spit heat was considered as would eliminate combustion and 
the need for make up air, at an installed cost of $9,000 and savings of less than $50 a year, it is not feasible 
at this time.   

Ceiling insulation is presumed to be the same strategy and performance as in the Treatment Plant, though 
there is less evidence of air leakage at the top of the wall. 
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Water Supply Pump Stations   

Signal Hill 

The Signal Hill pumping station is a concrete block structure buried largely below grade. Difficult access is  
by lifting  a section of the metal roof structure. Approximately six deep, the slab floor had over an inch of 
standing water when visited in October and the concrete blocks covered in efflorescence  - that is crystal-
line salt deposits left behind from soil moisture migrating into the enclosure. The damp coolth of the un-
derground station likely requires heating year round.  Based on the “base” analysis used for the other 
pumping stations, electric heating could be close to 2700 kWh’s a year and $622.  

Evidently, there are plans to remove the roof structure, and extend the walls for easier access.  At that 
time, insulating the walls and roof with a minimum four inches rigid foam board is advised. 

However, the water and vapor intrusion into this electric pump station raises health and safety concerns. 
There are no energy saving measures recommended for the existing structure, but the suggestion to con-
sider not only raising the walls above grade as neighbors allow, but excavating around the walls and apply-
ing water control methods, including insulation boards to make the interior warm and dry with minimal 
energy input..  

2014-
2015 

Electric      
Consumption 

(kWh)  Cost 

Over 100 
kWh 
base 

Nov 305 $98.14  205 
Dec 429 $84.93  329 
Jan 369 $85.46  269 
Feb 372 $84.93  272 
Mar 369 $91.44  269 
April 396 $88.00  296 
May 383 $94.84  283 
June 415 $45.16  315 
July 144 $45.16  44 
Aug 82 $33.50  -18 
Sept 281 $70.84  181 
Oct 385 $88.66  285 

Totals 3,930 $911  2,704 
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Water Supply Pump Stations   

Signal Hill 

Additional air sealing between the wall and the sill, as well as at all roof connections would reduce heat loss 
as well as humid summer air condensing in the cooler below grade environment.  But it would also elimi-
nate all drying potential thereby relying even more on electric heat. The first step in any energy conservation 
strategy is managing moisture, but the costs involved here would result in a very low SIR.  

The electric heater on the wall appears to be controlled by the knob on the unit, which appears to be 
turned to “on” 24/7 throughout the year. 
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Water Supply Pump Stations   

Sherwood Holler 

0

500

1,000

1,500

2014-2015 Electric Consumption 
(kWh)

Heating 

2014-
2015 

Electric  
(kWh)  Cost 

Over 
390kWh 

Base 

Nov 898 $171  508 

Dec 1,118 $307  728 

Jan 1,115 $307  725 

Feb 1,124 $309  734 

Mar 824 $249  434 

April 577 $213  187 

May 316 $161  ‐74 

June 371 $169  ‐19 

July 390 $156  0 

Aug 376 $170  ‐14 

Sept 445 $178  55 

Oct 625 $147  235 

Totals 8,179 $2,536  3,551 

A small, 6’6” square fiberglass hut 
installed on a concrete pad in 1990. 

Based on the usage history above, it is reasonable to assume that most 
of the 3,551 kWh’s used from October into April is consumed by the 
electric heater in the photo to the right, for a yearly heating cost just 
over $600. As with all other pumping stations, this is an estimate only 
as pumping needs can also vary throughout the year. 

The seals on the door and other joints appear in good condition, leav-
ing very few opportunities for improving “the envelope”. 

Presumably, one could spray an additional two inches of closed cell foam over the entire surface except near 
the door hinges (approximately 830 ft2) and then apply a polymer stucco protective coating. This would cost 
an estimated $3,500 and reduce the heat loss by 54% and, potentially, the cost of heating to $310 a year for a 
savings of $300 a year and a 12 year payback.  The service life of the fiberglass structure itself is not known, 
so this measure is not recommended at this time.  
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Appendix A 

                 Energy Modeling Methodology 

For the purpose of energy analysis mathematical models of the energy use of the building 

were developed and the results compared to actual consumption. The analysis was performed 

using ASHRAE (American Society of Heating, Refrigeration, and Air‐Conditioning Engineers) 

TC4.7 procedure, a modified bin method. 

 

The simulation accounts for differences in building operation, occupancy, and solar heat gain 

for occupied and unoccupied time periods. Data for the analysis was obtained from site visits, 

data logging and from interviews with members of the staff and occupants. Bin weather data 

was used consisting of hourly occurrences of outdoor temperatures in 5°F temperature bins for 

three 8‐hour periods of the day: midnight to 8 AM, 8 AM to 4 PM, and 4 PM to midnight. For 

example, there are 19 hours in a typical year between 8 AM and 4 PM in which the outdoor 

temperature is between 0 and 5°F. The heat loss for the building is calculated by finding the 

net load for each bin and then summing the net loads. 

 

Heat loss due to conduction and infiltration is calculated separately for each building compo‐

nent under occupied and unoccupied conditions. Heat gain due to occupants, solar contribu‐

tions, and electrical appliances are all accounted for. The net heat loss for each bin is the inter‐

nal and solar heat gain minus the heat loss at the bin temperature. 

 

The envelope load calculations utilize factors to account for wall and roof color (color correc‐

tion factor, CCF), glass solar heat gain (SHGF), shading (shading coefficient SC), building 

mass, and exposure to account for effects of solar radiation. A cooling load factor (CLF) and 

cooling load temperature differential (CLTD) are used where air conditioning operates. The 

modified bin method involves performing average or ʺdiversifiedʺ calculations at four outdoor 

temperature conditions. These temperatures represent the mid‐points of following bins: 

 
  Peak summer (PkSum)  97.0°F 

  Intermediate summer (IntSum)  77.5°F 

  Intermediate winter (IntWnt)  52.5°F 

  Peak winter (PkWnt)  ‐18.0°F 

 

The intermediate summer temperature is the lowest temperature bin in which the envelope 

transmission and outdoor air sensible loads impose cooling loads on the building. The inter‐

mediate winter temperature is the mid‐point of the bin where the occupied net loads change 

from heating to cooling. 

 

The loads are calculated at each of the four above outdoor temperatures and are extended to 



 January 2016 Energy Audit  

216 

DYNAMIC INTEGRATIONS LLC 

the other bins by a linear function of outdoor temperature. The diversified (average) solar 

loads on the envelope are calculated for the peak summer (Sumr DivSL) and peak winter 

(Wntr DivSL) and projected between the two points as a linear function of outdoor tempera‐

ture. The total average loads (solar, transmission, and internal) are summed at each of the tem‐

perature bins for the occupied periods and for the unoccupied periods. 

 

The hours in each temperature bin are divided into occupied and unoccupied categories and 

multiplied by their respective loads (MBH) to obtain the annual load in millions of Btuʹs 

(MMBtu). This is converted to fuel units to establish total fuel consumption. 

 

Fuel  Unit  Btu/Unit 

Electricity  kWh  3,414 

Propane  Gal  91,500 

Oil   Gal                                  138,500 

Wood Pellet  Ton                              16,000,000 

 

Recommendations are assessed by modifying  the appropriate component or mode of opera‐

tion  and  subtracting  the  resulting  calculated usage  from  that  of  the previous program  run. 

Thus all recommendations are interactive and all savings estimates are additive. Any improve‐

ment that reduces interior electrical usage in winter, i.e. lighting replacement, will result in an 

increase in heating energy consumption to make up for reduced electrical heat gain.  
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The following describes the building model calculations: 

CALCULATIONS 

Name Abbreviation Derivation 
Infiltration cubic ft/min. Infil Entered Value 
Ventilation cubic ft/min. Cfm Entered Value 
Component U value U ‐ Btu/Hr‐SF‐°F Entered Value 
Glass Cooling Load Factor GLS CLF Btu/Hr ASHRAE Fund, Ch. 27, tables 36 to 39 
Summer Glass Solar Heat Gain Fac‐

tor 
Sumr SHGF Btu/Hr ASHRAE 27, tables 34,35 

Cooling load temp. differential CLTDF Btu/Hr ASHRAE 22, Table 4 
Winter Glass Solar Heat Gain WNTR SHGF Btu/Hr ASHRAE 27, tables 34,35 
Shading Coefficient SC ASHRAE Ch. 27, tables 20,26,27 
Summer Diversified average solar 

loads 
SUMR DIVSL Btu/Hr Area* CLF * SHGF * SC * %sun/(Summer 

Hr/dy) 
Winter Diversified average solar 

loads 
WNTR DIVSL Btu/Hr Area* CLF * SHGF * SC * %sun /(Winter 

Hr/dy) 
Peak summer Btu/hr Windows PKSum Btu/Hr (U*Area*CLF +(1.08*Cfm))* ∆T 
Intermediate summer Btu/hr Win‐

dows 
IntSum Btu/Hr (U*Area*CLF +(1.08*Cfm))* ∆T 

Peak summer Btu/hr Walls PKSum Btu/Hr U*Area* CLF * CCF*(∆T + CLTD)

+1.08*Cfm* ∆T 
Intermediate summer Btu/hr Walls IntSum Btu/Hr U*Area* CLF * CCF*(∆T + CLTD)

+1.08*Cfm* ∆T 
Peak Winter Btu/hr (heat load for 

conduction and infiltration in Btu/

Hr) 

PkWnt Btu/hr [(InfilCfm * 1.08)+(U*Area)]* (Pkwnt 

temp‐Occ temp) 

Intermediate winter heating IntWnt Btu/hr  [(InfilCfm *1.08)+(U*Area)]* (Int wnttmp‐

Occ temp) 
Unoccupied peak winter Btu/hr Unoc PkWnt Btu/hr [(InfilCfm * 1.08)+(U*Area]* (Pkwnt temp

‐Unocc temp) 
Unoccupied intermediate winter Btu/

hr 
Unoc PkWnt Btu/hr  [(InfilCfm *1.08)+(U*Area)]* (Int wnttmp‐

Unocc temp) 
Bin Occupied vent load Occ Vent MBH OccVentCfm * 1.08*(To°F‐OccTemp) 
Bin Unoccupied vent load Unocc Vent MBH OccVentCfm * 1.08*(To°F‐UnoccTemp) 
Peak Cooling Occupied load at 97°F Occ Load MBH OccGain+SumSL+PkSum+Occ Vent MBH 
Intermediate Cooling Occupied load 

at 77°F 
Occ Load MBH OccGain+SumSL+IntSum+Occ Vent MBH 

Intermediate Heating Occupied load 

at 52°F 
Occ Load MBH OccGain+WntSL+IntWnt+Occ Vent MBH 

Peak Heating Occupied load at ‐18°F Occ Load MBH OccGain+WntSL+PkWnt+Occ Vent MBH 
Bin Zone Load MMBtu Zone Load MMBtu OccHrs*OccLoad+UnoccHrs*UnoccLoad 
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Where:  

  Pkwntr Htg and Intwntr Htg = heat load for conduction and infiltration in Btu/Hr 

  Cfm = cubic feet per minute 

  SqFt = area of component in square feet 

  (Un)Occ temp = Occupied or unoccupied inside temperature 

  WntrDivSl = IntWntSl or WntSl depending on time of year 

  IntWntSl or WntSl = Transmitted (glass) diversified solar load, using values over   

  the full spectrum 

  PkClng,IntClng = Conductive solar load created by raising surface temperature 

  CLF Cooling Load Factor: (see ASHRAE Fund, Ch. 27, tables 36 to 39) 

  SC = Shade Coefficient (see ASHRAE Ch. 27, tables 20,26,27) 

  SHGF = Solr heat gain factor (see ASHRAE 27, tables 34,35) 

  CLTD = Cooling Load Temp. Difference (see ASHRAE 22, Table 4) 

Overall heat Load: 

Occload: (50f) = (Occ gain+IntwtSl + Inthtg+OccVent) * Hrs. in Temp Bin 

Occload (‐18°F) = (Occ gain+Wnt+Pkhtg+OccVent) * Hrs. in Temp. Bin 

Interpolate between min. and max. values  for each 5F bin; sum  the values over  the range of 

temperature bins. 

 

Economic parameters 

Oil gas cost (4 year average)               $2.83 / Gal 

LP gas cost (4 yr average)                 $1.97 /Gal 

Real LP gas escalation rate                     3.3% 

Pellet cost                                                $235 /Ton 

Real pellet escalation rate                           0%   

Discount rate                                             3.0%   

Electric cost    (average)                          $0.15/kWh   
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Present Value of Annually Recurring Non‐Uniform Amounts: 

 

 

(In this report the first cost has been subtracted from the present value so a present val‐

ue above 0 represents a positive return.) 

 

Savings to Investment Ratio: 

 

Where  

 

Ao  =  Annual amount at base year price 

d  =  Discount rate (.034) 

e  =  Differential rate of escalation (11 to 15 year escalation from NIST Handbook 135 

LCC 1995 ‐ electricity .003, Oil .018) 

SIRA:BC =  The ratio of PV savings to PV investment costs of the alternative relative to the 

base case 

St  =  PV savings in year t in operating related costs attributable to the alternative 

∆It  =  Additional PV investment related costs attributable to the alternative 

n  =  The life of the measure. 

    
PV  Ao 

(1 e)

(d  e)
1

1 e

1  d






n






    

SIR A :BC 
St / (1 d)t

t1

N



It / (1 d)t

t0

N


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“Modern wood heat” refers to highly efficient, automated, low-emissions heating systems that serve entire 
buildings from a central location. Modern wood heating systems may use wood pellets, dry woodchips, or 
“green” woodchips as fuel, depending on building heat load and configuration.  

Advantages of Modern Wood Heat  

 Local Economic Benefits: Heating with Northern Forest wood pellets and chips returns heating dollars 
to local communities and provides stable jobs.  

 Cost Stability: Wood fuel prices are significantly more stable than fossil fuel, and historically have been 
much lower as well.  

 Working Forest: The forest resource is renewable and locally available, and there is more than enough 
wood in the Northern Forest to increase usage of efficient wood heat.  

 Convenience: Automatic fuel handling, bulk fuel delivery, and self-cleaning technology make it easy and 
convenient to heat with wood.  

 Particulate Emissions: Replacing an outdoor wood boiler or wood stove with a modern pellet boiler 
dramatically reduces a household’s particulate emissions.  

 Carbon Footprint: Using wood instead of fossil fuels reduces the amount of carbon dioxide in the at-
mosphere over time.  

 

Pellets and Local Mills: Wood pellets are made from wood waste materials that are compressed into pel-
lets under heat and pressure. Natural plant lignin holds the pellets together without glues or additives. There 
are three pellet mills located in the counties surrounding Windham County:  

 Vermont Wood Pellet, North Clarendon, Rutland County, VT  

 Renewable Fuels of Vermont, West Windsor, Windsor County, VT  

 New England Wood Pellet, Jaffrey, Cheshire County, NH  
 

Pellet Vendors: Bulk wood pellets are delivered by specialized trucks. The companies below deliver to 
southeastern Vermont. WWH is available to assist fuel procurement if desired.  

 Vermont Renewable Fuels, Dorset, VT (802) 362-3180  

 Lyme Green Heat, Lyme, NH (603) 359-8837  

 Sandri Energy Solutions, Greenfield, MA (413) 772-2121  

 Maine Energy Systems, Bethel ME (207) 824-6749  

Climate Impact: Replacing fuel oil with a high efficiency wood pellet boiler is a good choice from a cli-
mate perspective. If forests producing biomass are well managed and allowed to regrow, and if the biomass 
replaces fossil fuels, net carbon reduction will occur over time. The “carbon debt” incurred in using wood 
for energy is repaid most quickly when the wood resource is used efficiently, as in thermal applications.  

Wood Supply: The wood heat sector could expand considerably based on the amount of growth and har-
vest in Windham County and the surrounding six counties, according to a 2015 study by Innovative Natural 
Resource Solutions. 41  

Appendix B 

The Basics of Modern Wood Heat  
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Pellet Supply: Some consumers have had a difficult time securing bagged wood pellets toward the end of 
winter. People with large hoppers or silos, whose pellets are delivered from specialized pellet trucks, had no 
such problem – the mills prioritize these customers as a matter of policy.  

Maintenance: In addition to the basic service required for any heating system, the pellet boiler requires ash 
removal. Modern, self-cleaning pellet boilers are highly efficient and even a system of this scale will only 
produce about 40 pounds of ash per week, which can be given to farmers for use as a soil amendment.  

Installation Contractors  

Companies that serve Windham County include the following:  

 Pete Noble Plumbing & Heating - Guilford, VT Pete Noble, (802) 258-3037, psnoble74@gmail.com  

 HB Energy Solutions - Springfield, VT, http://www.hbenergy.com/ Brian Hernon, (802) 885-2300, 
brian@hbenergy.com  

 Pinney Plumbing & Heating – West Swanzey, NH, http://www.pinneyplumbing.com/ Ethan Pinney, 
(603) 357-0944, epinney@live.com  

 Froling Energy LLC – Peterborough, NH, www.frolingenergy.com Jim Van Valkenburgh, (603) 924-
1001, Jim@FrolingEnergy.com  

 SunWood Biomass – Waitsfield, VT, www.sunwoodbiomass.com Marc DiMario, (802) 496-4910, 
sales@sunwoodbiomass.com  

 Maine Energy Systems – Bethel, ME (local dealers), www.maineenergysystems.com Skip Bennett, (207) 
824-6715, skip@maineenergysystems.com  
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        Appendix C 

          Carbon Dioxide Emissions Coefficients   

Fossil Fuels 

from the US Energy Information Administration    www.eia.go/environment/emissions/co2_vol_mass.cfm 

 

 

 

 

 

Electricity 

Greenhouse Gas Emissions from Electrical Generation in Vermont 

From www.cleanerandgreener.org and based on a 2011 Leonardo Academy White Paper which studied a 
range of emission factors on a state by state basis. 

 

 

 

 

 

 

Pellets 

There is no accepted similar chart for emissions from pellets. Calculating carbon or greenhouse gas emis-
sions from burning biomass for a heating fuel is an evolving story with its own complications.  While the 
early claims of ‘carbon neutrality’ have been firmly rejected, the reality is that there isn’t a number or formula 
to use for calculating the carbon impact on burning biomass, or more specifically in this case, wood pellets.  

There are numerous studies on the topic with inconstant results.  The three factors which appear to be most 
significant in determining the carbon impact on using wood pellets as a heating fuel source are: 

1) Where did the wood come from and under what kind of forestry practices? 

2) How efficiently was the energy converted? 

3) What other fuels were consumed during the harvest, drying, and transportation? 

Assuming that the pellets are replacing a fossil fuel, most calculations use a percentage for carbon reduction, 

as opposed to other forms of energy which have a coefficient to determine pounds of carbon per unit of 

volume or kWh.                    

Also note that for the purposes of this energy audit, pellet wood heating refers only to Modern Wood Heat-

ing as promoted by Windham Wood Heat Initiative as described in Appendix B. 

Energy 
Source 

Pounds CO2      Per 
Gallon         

Pounds CO2     
Per Million Btu 

Propane 12.7 139.0 
#2 Oil 22.4 161.3 

State CO2 CH4 N2O SO2 Nox Hg 

Vermont 0.004 7.961E-05 1.062E-05 0.000016 0.000242 N/A 
Maine 0.558 2.069E-04 2.975E-05 0.001969 0.0012 2.96E-09 
New Hampshire 0.701 6.577E-05 1.500E-05 0.00419 0.000681 2.64E-09 
US Average 1.367 2.649E-05 2.076E-05 0.004992 0.001873 1.88E-08 
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The following has been adapted and excerpted from the Northern Forest Center (NFC): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
According to Charlie Niebling, a consultant to New England Wood Pellet, their four wood pellet manufac-
turing plants (NH, two in NY, and PA) supply almost one third of all pellets sold in the northeast U.S. and 
procure wood from the New England states, New York and Pennsylvania. Depending on the location, their 
plants use 60-80% residual by-product of other wood product manufacturing —this is sawdust, chips, shav-
ings and grindings from lumber, furniture, flooring, cabinetry and millwork operations. The balance is de-
rived from chipped low grade roundwood harvested as one of many products from integrated forestry op-
erations, nearly all supervised by professional foresters. All four plants use wood dust or chips as fuel to 
generate heat for deydrating wood used as pellet feedstock. Based on this procurement profile and manu-
facturing process, Mr. Niebling references other life cycle analysis research that documents the conversion 
from fossil fuels to pellets resulting in an 85% reduction in net carbon emissions. It is on this basis that car-
bon emissions reductions have been calculated in this study. 

Fully accounting for the carbon impact of using wood as fuel is very complicated, and blanket state-
ments that assume all energy from wood is equal are ignoring critical distinctions between wood as 
a heating fuel, and wood used to generate electricity. 
 
Modern wood heat is gaining recognition because—in the context of the Northeast—generating 
heat from wood via highly efficient primary heating systems is a triple winner, producing reliable, 
local fuel at a stable price; saving money and creating jobs for rural communities; and reducing net 
atmospheric carbon dioxide over time. Ideally, wood heat is sourced and produced close to where it 
is used, at a scale that fits within the carrying capacity of the region’s forests. 
 
There is a carbon cost to using all types of fuel (even the cost to manufacture and ship solar or geo-
thermal equipment). Compared to any fossil fuel, modern wood heat comes out way ahead in car-
bon accounting. 
 
Using wood for energy releases carbon stored in the wood as carbon dioxide, but new trees will 
reabsorb carbon as they grow.  The difference between the amount of carbon released and the 
amount reabsorbed by the trees that grow back is known as “carbon debt.” To measure how much 
carbon debt comes from using any fuel for heat or electricity, every one of the following factors 
must be accounted for: 

  Carbon emitted by the fuel being used 

  Efficiency of the heat or electrical generation system being used 

  All the carbon costs associated with producing the fuel (including extraction or harvesting, 

manufacturing or processing, transportation) 

  The regrowth rate of the forest (in the case of using wood for fuel) 

  
That last point is critical when comparing wood heat to fossil fuel heat. Trees will reabsorb carbon 

from the atmosphere, but no fossil fuel can do that. Fossil fuel took millions of years to form from 

organic material and there is no way to “pay back” this enormous carbon debt within a meaningful 

timeframe. In contrast, forests grow back in the span of a human lifetime (or less) and reduce the 

carbon debt of using wood for fuel as the trees grow.    
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Appendix D 

Brattleboro, Vermont Climate and Weather Data  

Year  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Total 

2011  1280  1060  846  429  123  35  0  0  36  294  480  801  5384 

2012  981  804  526  362  80  22  0  1  68  243  681  852  4620 

2013  1103  950  820  437  150  21  0  1  80  305  696  1028  5591 

2014  1199  1079  1005  450  144  2  0  2  84  259  686  849  5759 

2015  1270  1302  978  480  70  36  0  0  35  361  N/A  N/A  4532 

Year  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Total 

2011  0  0  0  1  52  57  217  137  64  0  0  0  528 

2012  0  0  0  8  32  77  218  173  42  1  0  0  551 

2013  0  0  0  0  27  120  297  98  44  0  0  0  586 

2014  0  0  0  0  9  73  177  70  53  8  0  0  390 

2015  0  0  0  0  69  63  171  149  84  0  0  0  536 

Cooling Degree Days (CDD) Balance Point: 65°F 

Heating Degree Days (HDD) Balance Point: 60°F 

These charts summarize heating and cooling degree days for Brattleboro, Vt. 

Below is a general explanation of heating degree days cut and pasted from http://www.degreedays.net/
introduction    This is included for general information. The next page describes the weather data used in 
the energy models for this report.  

Heating degree days 
In a nutshell: heating degree days are a measure of how much (in degrees), and for how long (in days), the outside 

air temperature was below a certain level.  They are commonly used in calculations relating to the energy con-

sumption required to heat buildings. 

Why are heating degree days useful? 

The energy consumption of building heating systems is more complicated than the energy consumption of TVs, 

kettles, or computers.  You can't just plug a heating system into a Kill-A-Watt meter to find out how much energy 

it uses each hour, because the energy usage of a heating system varies with the weather... 

Essentially, the colder the outside air temperature, the more energy it takes to heat a building. 

 

But the outside temperature doesn't just vary from one location to another - it varies all the time, wherever you 

happen to be.  It's usually colder at night than it is in the day, and any single day/week/month/year is usually at 

least a little bit warmer or colder than the day/week/month/year before it. 

.Heating degree days are a simple way to quantify all of this.  The idea is that the amount of energy needed to heat 

a building in any day/week/month/year is directly proportional to the number of heating degree days in that 

day/week/month/year.  
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Appendix D 

Year  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Total 

2011  1280  1060  846  429  123  35  0  0  36  294  480  801  5384 

2012  981  804  526  362  80  22  0  1  68  243  681  852  4620 

2013  1103  950  820  437  150  21  0  1  80  305  696  1028  5591 

2014  1199  1079  1005  450  144  2  0  2  84  259  686  849  5759 

2015  1270  1302  978  480  70  36  0  0  35  361  N/A  N/A  4532 

Temperature Data Used in the Energy Model 

The chart below  right is an example of  ‘temperature bin data’.  That is, the number of hours in a year 
where the outdoor air temperature (OAT) falls within a particular range; in this case, a five degree range. 
Areas shaded in blue indicate OAT requiring cooling;  red shading indicates OAT requiring  heating. 

This weather data is from Albany NY, because Brattleboro bin data isn’t available but Albany is—with a 
fairly similar climate—is available. 

To understand how read the chart—consider the row marked with arrows  Based on a historical average for 
Plattsburg, there are a total of 563 hours in a year where the OAT is at or close to 22°F.  Those total hours 
are further divided into time ranges:  

163 hours between midnight and 8am                 
112 hours between 8am and 4PM                                         
130 hours  between 4PM and midnight 

Since the rate of heat transfer is dependent on the tempera-
ture difference between inside and outside, the amount of 
energy needed to maintain comfortable indoor tempera-
tures  depends on the outside temperature and thermostat 
setting.  That is why lowering the thermostat in winter (or 
raising it in summer) saves energy.   

This kind of bin analysis is a more accurate way of develop-
ing an energy model than using the more generalized heat-
ing degree days.  It is also a more accurate way of predict-
ing energy savings from lowering thermostat settings, par-
ticularly at night when the coldest hours typically occur. 

Note that there are 1661 hours a year during an 8-4 work-
day which require heating  and 4205 (2277+1928) heating 
hours outside a typical work day.  Setting back the thermo-
stat during all those hours when the building isn’t occupied 
is the most cost effective way to reduce energy costs. 

Another thing to note is that the OAT falls below –3° 
about 22 hours a year, which is less than 1% of total heat-
ing hours.  The American Society of Heating, Refrigeration, 
and Air Conditioning Engineers (ASHRAE), who set engi-
neering design standards, state that heating and cooling 
systems be sized for outdoor conditions which happen 
99.6% of the time. An analogy behind this rational might be 
why you wouldn’t buy a vacation camper as your commuter 
car, since the camper—useful for a week’s vacation—would 
be oversized for every other day.   

 

Weather from Albany, NY   

OAT   
HOUR 

ENDING 
  

°F mid-8am 8am-4PM 4PM-Mid 

97 0 7 0 
92 0 28 6 
87 0 95 28 
82 4 177 73 
77 27 248 140 
72 115 257 222 
67 234 235 271 
62 263 212 252 
57 274 190 236 
52 263 183 214 
47 242 183 205 
42 229 208 205 
37 258 241 251 
32 296 220 262 
27 216 156 191 
22 163 112 130 
17 110 79 96 
12 84 43 65 
7 60 27 38 
2 37 16 22 
-3 27 3 9 
-8 10 0 4 
-13 5 0 0 
-18 3 0 0 

total hours          2,277           1,661           1,928  

0.9962496 18 0 4 

total hours   812   
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Appendix E 

Historic          
Energy          
Costs 

LIBRARY Electricity Oil   
  kWh Cost Gallons Cost 

2013 144,872 $24,966  6,698 $20,022  
2014 145,333 $24,205  4,824 $15,425  
2015 155,880 $25,588  5,981 $18,894  

3 yr Averages 148,695 $24,920  5,834 $18,114  
2013 cost per   0.1723   $2.99  
2014 cost per   0.1665   $3.20  
2015 cost per   0.1642   $3.16  
2016 contract       $1.97  
4 year average   $0.1677   $2.83 

     
MUNICIPAL Electricity   Oil   

CENTER kWh Cost Gallons Cost 
2013 257,889 $41,024        11,940  $35,689 
2014 244,247 $41,594        11,121  $35,554 
2015      234,292  $36,982        11,847  $37,425 

3 yr Averages      245,476  $39,867        11,636  $36,223 
2013 cost per  0.1591  $2.99 
2014 cost per  0.1703  $3.20 
2015 cost per  0.1578  $3.16 
2016 contract      $1.97 
4 year average   $0.1624   $2.83 

     
TRANSPORTATION Electricity   Oil   

CENTER kWh Cost Gallons Cost 
2013 120,342 $18,430          5,070  $15,153 
2014 121,232 $19,268          5,244  $16,768 
2015      120,000  $18,367          5,152  $16,275 

3 yr Averages      120,525  $18,688          5,155  $16,065 
2013 cost per  0.1531  $2.99 
2014 cost per  0.1589  $3.20 
2015 cost per  0.1531  $3.16 
2016 contract      $1.97 
4 year average   $0.1550   $2.83 

     
FRESHWATER Electricity   Oil   
TREATMENT kWh Cost Gallons Cost 

2013 294,675 $49,415          9,096  $27,189 
2014 295,505 $50,920          7,088  $22,661 
2015      291,951  $46,332          8,200  $25,904 

3 yr Averages      294,044  $48,889          8,128  $25,251 
2013 cost per  0.1677  $2.99 
2014 cost per  0.1723  $3.20 
2015 cost per  0.1587  $3.16 
2016 contract      $1.97 
4 year average   $0.1662   $2.83 
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PUBLIC WORKS Electricity   Oil   Propane   
GARAGE kWh Cost Gallons Cost Gallons Cost 

2013 56,298 $10,404          6,293  $18,811 534 $1,260.64 
2014 58,027 $10,082          4,636  $14,820 368 $1,245.99 
2015        59,060  $9,956          6,837  $21,598 670 $1,106.65 

3 yr Averages        57,795  $10,147          5,922  $18,410             524  $1,204 
2013 cost per  0.1848  $2.99  $2.36 
2014 cost per  0.1737  $3.20  $3.39 
2015 cost per  0.1686  $3.16  $1.65 
2016 contract      $1.97   $1.35 
4 year average   $0.1757   $2.83   $2.19 

       
SKATING Electricity   Oil   Propane   

RINK kWh Cost Gallons Cost Gallons Cost 
2013 178,631 $39,942          4,439  $16,533 534 $1,260.64 
2014 154,421 $36,493    14871 $28,999.89 
2015      170,085  $41,543    13000 $25,610.00 

3 yr Averages      167,712  $39,326          1,480  $5,511          9,468  $18,624 
2013 cost per  0.2236  $3.72  $2.36 
2014 cost per  0.2363     $1.95 
2015 cost per  0.2442     $1.97 
2016 contract          $1.35 
4 year average   $0.2347   $3.72   $1.76 

       
GIBSON-AIKEN Electricity   Oil   Propane   

  kWh Cost Gallons Cost Gallons Cost 
2013 86,545 $15,688        12,155  $36,333     
2014 92,310 $17,154        10,654  $34,062    
2015        84,720  $15,121        11,768  $37,175    

3 yr Averages        87,858  $15,988        11,526  $35,857     
2013 cost per  0.1813   $2.99    
2014 cost per  0.1858   $3.20    
2015 cost per  0.1785   $3.16    
2016 contract      $1.97   $1.35 
4 year average   $0.1819   $2.83     

       
FRESHWATER Electricity   Oil   Propane   

PUMP STATIONS kWh Cost Gallons Cost Gallons Cost 
2013 193,619 $44,154    5549 $12,630.00 
2014 226,975 $50,333    6085 $19,271.73 
2015      269,715  $54,899    5418 $13,681.34 

3 yr Averages      230,103  $49,795              5,684  $15,194 
2013 cost per  0.2280     $2.28 
2014 cost per  0.2218     $3.17 
2015 cost per  0.2035     $2.53 
2016 contract          $1.35 
4 year average   $0.2178       $2.33 

Not included 

Historic           
Energy        
Costs 
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Appendix F 
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Gibson-Aiken 

Appendix G                                    
GMP Electric Rates 

Transportation Center 
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Municipal Center 
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Skating Rink 

Library 
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Water           
Treatment 
Plant 



 January 2016 Energy Audit  

234 

DYNAMIC INTEGRATIONS LLC 

DPW 

Retreat Wells 
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Also called 
“Ames 
Brook” 

Supply Pump Stations 
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Appendix H           
Glossary  

A quick reference guide for acronyms used in this document and brief definitions of terms used in this re-
port as they relate to the context of this Energy Audit.  

ACH  (Air Changes Per Hour): The number of times that air inside a building is completely replace with 
outdoor air in one hour. ACH50 refers the number of changes when the building is pressurized to a stand-
ardized pascals respective to outside. 

AFUE  (Annual Fuel Utilization Efficiency): The ratio of annual output of useful energy or heat to the an-
nual input. It is but one way to assess a system’s overall efficiency. 

AHU (Air Handling Unit): The inside part of conditioning equipment which contains the blower and cool-
ing or heating coils.  

Air Barrier: A material or assembly of materials within the control layers of a building’s envelope which is 
impermeable to air.  Continuity of materials is key to an effective air barrier, which is in itself key to an ener-
gy efficient building.  

ASHP (Air Source Heat Pumps)  See below.  

Air Sealing: Usually refers to remedial efforts to improve the air barrier in a building, thereby reducing 
wasting energy through air infiltration and exfiltration. 

Air Source Heat Pumps (ASHP): Heating equipment and technology which uses the principles of vapor 
compression refrigeration, to move heat from outside to inside (or vice versa). Heat pumps have been a 
very efficient technology for thirty years but the technology has advanced in just the last four or five to be 
able to deliver far more heat from far lower outdoor temperatures. While not appropriate for all situations, 
they can offer an all electric form of heating and the same equipment can provide very efficient cooling—
with or without ducted distribution.     

ASHRAE American Society of Heating, Refrigeration, and Air Conditioning Engineers 

Avoided Costs: A conventional line item in a Life Cycle Cost Analysis, to factor in savings from mainte-
nance or other replacement costs associated with a particular measure in the long term financial analysis. 

Bin Weather Data: “Bin” refers to grouping temperatures—often in five degrees—and tracking the num-
ber of hours in which those temperatures occur in a location or region.  Bin data is not available for all loca-
tions, including Brattleboro, but is available for Springfield, Vt and Plattsburg, NY– both of which have 
similar climates and weather patterns. (See page 155). 

Blower: An air handling device (ie fan) use to distribute conditioned air in a building—with or without a 
ducted system.   

Blower Door: Equipment used to measure and locate air leakage within a building enclosure; consists of an 
adjustable frame,  large fan, and vinyl skirt to seal the fan in an exterior door. Along with a digital pressure 
gauge, the fan is used to create a standardized pressure difference between inside and outside and measure 
how much air is pulled through leaks and gaps in the building’s envelope.    

Btu:  ‘British Thermal Unit’ is a measure of energy content. Technically defined as the amount of heat re-
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quired to raise the temperature of one pound of water one degree, it is easier to visualize as the amount of 
heat generated by burning one wooden kitchen match.  In this context, a standard unit of measurement 
used to denote both the amount of heat energy in fuels or electricity. All energy sources can be converted to 
their Btu equivalent. (Examples on page five). 

CAE (Combined Annual Efficiency): A measure of the amount of heat produced for every dollar of fuel 
consumed for both space and water heating. 

CDD:  (Cooling Degree Days) See Degree Days. 

CFM: Cubic Feet of Air per Minute. This has to do with outside air movement through a building or out-
side air exchange. 

CMU: (Concrete Masonry Unit) Also known as concrete blocks. Concrete is a highly conductive material 
so even if the voids are filled with an insulating material, heat will still move rapidly through the concrete 
structure or ‘bridges’ (as in thermal bridging). Insulating CMU’s effectively requires continuous insulation 
on one side or the other—not inside the voids. 

CO2: (Carbon Dioxide) The primary greenhouse gas emitted from burning fossil fuels. 

Condensation: When water changes from vapor (gas) to water (liquid). The change happens when warmer 
air cools and loses its capacity to hold vapor, so liquid water droplets form. This is why your mirror or win-
dows fog when taking a hot shower. This can be problematic in a building if it happens in an area which 
cannot dry, or if the condensation wets insulation.   

Degree Day: A mathematical measure of the need for heating or cooling in a building, calculated from 
subtracting 65 (base temperature) from the calculated average of the  high and low temperature during a 24 
hour period. It is one basis on which to estimate heating or cooling loads of a building, though not as accu-
rate as using hourly bin data.  

Delta T (ΔT): The temperature difference between two areas. Used to help calculate the rate of heat trans-
fer. 

Design Temperature: This is the outside temperature used for design load calculations; determined by the 
coldest dry bulb temperature for a location 99% of the year.    

Dew Point: The temperature at which water vapor begins to condense into liquid water.  

DHW: Domestic Hot Water.  Refers to energy required to heat water for general use—washing hands or 
dishes, etc. 

Direct Vent: A method of exhausting combustion products to the outside directly through a wall, typically 
associated with outside combustion air also vented into the combustion chamber.   

ECM (Electronically Commutated Motor):  A brushless DC motor, based on a permanent magnet design 
that is inherently more. efficient than the shaded-pole and permanent-split-capacitor. 

EER (Energy Efficiency Ratio): A rating for ground source heating equipment efficiency; calculated by di-
viding the cooling capacity in Btu’s per hour by the power input in watts at any given set of a conditions 
expressed in Btu hours per watt.   

EF (Energy Factor): Hot water heaters are rated based on an EF which is the amount of energy delivered 
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from the tank as heated water, divided by the total daily energy consumption of the water heater. 

Effective R-Value: The average thermal resistance of a wall, ceiling, or floor, etc., after compensating for 
the presence of framing members, or, regardless of the R-value listed on packaging, the actual performance 
of that insulating material due to the way it was installed or in its current condition. 

Efficiency: The ratio of a desired output quantity or rate divided by the necessary input of quantity or rate. 

Energy Model: A representation of a building’s energy usage—existing or predicted. 

Enclosure (See Envelope):  

Envelope: Also referred to as the Thermal Envelope, Enclosure, Shell of a building; the parts of a building 
which includes control layers to manage moisture, air, and heat transfer. Typically thought of as distinct 
from the structure or finished surfaces. 

EPS: Expanded Polystyrene; a type of rigid insulation with an R-value of 1 per inch and which, depending 
on thickness, is semi vapor permeable. 

ERV (Energy Recovery Ventilation): A balanced, ducted, ventilation system which uses a heat exchanger to 
capture latent and sensible heat from outgoing stale air and transfer it to incoming cooler air, thereby 
providing fresh outside air with a minimal energy penalty. 

ESM (Energy Saving Measure): 

EUI (Energy Utilization Index) 

Exfiltration: Uncontrolled air leakage out of a building. 

Geothermal :  In New England, technically inaccurate reference to electrically powered Ground Source 
Heat Pumps (see below). 

GHG (Greenhouse Gas): In this case, emissions from burning fossil fuels responsible for climate change. 

Glazing:  Glass surface areas in a building, including, but not limited to, windows. 

Ground Source Heat Pump (GSHP):  Commonly known in New England as “geothermal” these are 
heat pumps which move heat to or from ground water through a variety of design strategies. They are more 
efficient than Air Source Heat Pumps, because ground water maintains more stable and warmer tempera-
tures throughout the winter. However they it is a considerably more complex and expensive system to de-
sign and install, requiring several different contractors, including excavators or well drillers. Note: True geo-
thermal energy, found in the southwest and elsewhere in the world, is not available in New England. It in-
volves water heated by the earth’s core at great depths and to very high temperatures which can be used 
directly for heating or generating electricity. GSHP’s are not “free energy” as with true geothermal sources, 
as they require electricity for pumping water and/or refrigerants. It is a very efficient way to provide heating 
and cooling in a building– but can only be considered ‘renewable’ if the electrical demand can be generated 
on site through photovoltaics or other renewable sources. 

HDD (Heating Degree Days) See Degree Days. 

Heat Pump (See Air Source Heat Pump or Ground Source Heat Pump) 
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Heating Load Dominant: Any building whose space heating demand constitutes the greatest consump-
tion of energy. 

HVAC (Heating, Ventilation, and Air Conditioning): Refers to a building’s mechanical systems. 

Infiltration: Uncontrolled outside air leakage into a building; in some buildings, it can account for the great-
est amount of heat loss and issues of discomfort.  

Infra Red: (aka Thermographic Camera or Scanner): Invisible radiant energy which, in this context, refers 
to the device which detects and/or depicts radiant energy as differences in surface temperatures. 

Internal Gains: Sources of heat which contribute to space heating, which can be a benefit in the winter and 
a cost in the summer. Examples include computers, people, lighting, pumps. 

KBtu:  One thousand Btus. 

KBtuFT2: One thousand Btus per square foot of a building’s floor area. 

kWh: A kilowatt hour is a unit  or measure of energy consumed (or transformed) over a specific amount of 
time—one hour.  

kW: A measure of power. A watt is a measure of power and a kW is one thousand watts. 

LED: Light Emitting Diode. Quickly emerging and dominating the market as the most efficient and long 
lasting lighting technology.  

Life Cycle Costs (LCC): Sometimes called ‘whole cost accounting’ a LLC analysis balances initial upfront 
investment with the long term expense of ownership and operations.   

Loads:  In this context, refers to how much energy a building requires or demands. 

Low e coating: Materials applied to glass to limit the amount of infr red and ultra violet light which passes 
into, or out of, a building—depending on which surface the coating is applied. 

MBtu: One thousand Btus. 

MMBtu: One million Btus. 

Measure Life: Used here to denote the expected service life of an energy saving measure or product. 

NPV (Net Present Value):  The difference between the present value of cash inflows and the present value 
of cash outflows. NPV is used in capital budgeting to analyze the profitability of a projected investment or 
project.  

O&M: (Operations and Maintenance) 

Polyiso:  Short for Polyisocyanurate, a type of insulation board with very high R-value (count on R6 per 
inch for aged boards). It also produces ‘outgasses’ toxic chemicals, but has a lowered embodied energy and 
emits les GHG than XPS, another rigid foam board. 

R-Value: A measurement of a material’s, or assembly of materials’, resistance to heat transfer. 

ROI: (Return on Investment)  

RTU: (Rooftop Unit) Mechanical equipment involving an air handler which is located on the roof of a 
building for heating and/or cooling. 
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SCC (Social Cost of Carbon); Discussed in the Introduction. 

SEER (Seasonal Energy Efficiency Ratio): Measures air conditioning and heat pump cooling efficiency, 
which is calculated by the cooling output for a typical cooling season divided by the total electric energy in-
put during the same time frame. A higher SEER rating means greater energy efficiency.  

SF (Square Foot, also FT2 of ft2): 

Shell: (See Envelope) 

SHGC (See Solar Heat Gain Coefficient): Expressed as a number between 0 and, the fraction of incident 
solar radiation admitted through a window which becomes available as heat inside the building. 

SIR (Savings to Investment Ratio) The total energy savings over the lifetime of an improvement (Present 
Value) divided by the upfront cost of the investment.  

Solar Heat Gain: (SHG) Expressed as a number between 0 and 1, refers to the fraction of incident solar 
radiation admitted through a window which becomes available as heat inside the building; can be a benefit in 
the winter as supplemental heating, or add to the cost of cooling (air conditioning) in the summer.  

Thermal Bridging: An area in the envelope which has a significantly higher heat transfer than the sur-
rounding materials resulting in higher heat transfer at or near that area. For example, wood or metal studs 
with insulation in the cavity or bay between. The rate of heat loss—therefore the impact of the bridge on 
energy use—is related by the conductive difference of the ‘bridge’ and the surrounding area.  

Thermographic (see Infra Red) 

UA: Expression of the total heat loss of a building in one hour, or  overall heat transmission coefficient 
times the exterior surface area of a building. 

U value:  The inverse of R-value (u = 1/R); Insulation is usually described by its R-Value and window glaz-
ing by its u-value. 

VFD: (Variable Frequency Drive) 

WWHI: (Windham Wood Heat Initiative)  See page seven in the Executive Summary) 

XPS:  Extruded polystyrene.  A rigid foam board with an R-value of 1 per inch, also known as Styrofoam, 
Pink Board, Blue Board.  High density with compression resistance, it does not off gas like Polyisocyanurate 
but has a very high embodied energy and consider to have the highest carbon footprint of all insulation. 


