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Background 
The Town of Peterborough has committed to a goal of 100% reli-
ance on renewable sources of electricity by 2030 and renewable 
sources for all other energy needs, including for heating and 
transportation, by 2050. 
 
The Select Board has appointed a committee to create a general 
plan for reaching the goal, with the understanding that the plan 
will evolve over time as circumstances change and new technol-
ogies become available. The planning process will be inclusive, 
allowing residents to provide input. The committee will com-
plete the initial plan by December, 2022. 
 
The Goal of This Report 
This GHG Inventory and Renewable Energy Baseline Recommen-
dations report is provided by paleBLUEdot LLC.  The document is 
intended to support the Town’s planning process by establishing 
a baseline understanding of the community-wide energy con-
sumption as well as baseline conditions and general potentials 
for each of the three subject energy sectors of Electricity, 
Heating, and Transportation. 
 
The Carbon Cycle and the Role of Greenhouse Gases 
The Carbon Cycle is exchanged among the oceans, atmosphere, 
and ecosystem.  This cycle has been a closed, balanced system 
for hundreds of thousands of years.  This cycle is present in the 
atmosphere primarily as carbon dioxide and methane.  These 
two primary greenhouse gases uniquely allow light to pass while 
capturing infrared energy.  This “Greenhouse Effect” directly 
impacts Earth’s atmospheric energy and temperatures – without 
the historic levels of greenhouse gases present in the atmos-
phere, the average surface temperature of the Earth would be 0 
degrees Fahrenheit. 
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Introduction 
The Need For Renewable energy Independence 
Human-made greenhouse gas emissions, primarily from the burning of 
fossil fuels, is driving the current and projected climate change im-
pacts.  Re-imagining how our communities are powered represents a 
major sustainable development opportunity and is key to reducing our 
collective greenhouse gas emissions and future climate change im-
pacts. Transformation of our energy system is essential in order to stop 
burning fossil fuels. This transition presents an opportunity for Peter-
borough. Directing our energy investments into renewable sources will 
make them more resilient and provide for local job creation. Innova-
tion, technology, and collective social change inherent in climate ac-
tion can also support greater community abundance and shared equi-
ty. 

Peterborough’s Renewable Energy Vision 
100% reliance on renewable sources of electricity by 2030 and 

renewable sources for all other energy needs, including for 
heating and transportation, by 2050. 

 
Projected Emission Reductions Achieved by Recommended Strategies 
The Baseline Assessment sections of this report (Sections 05, 06, and 
07) include preliminary recommendations for Strategic Goals for each 
of the Renewable Energy Plan’s anticipated sectors.  The preliminary 
modeled GHG reductions of these recommendations total over 66% 
community-wide GHG emissions reductions by 2030 as follows: 



  
Greenhouse Gas Impact on Our Climate 
Our atmosphere is made up of both Non-Greenhouse and Greenhouse 
Gases gasses. 
 

Non-Greenhouse Gases do not react to visible light, nor infrared light. 
That means both sunlight and infrared energy pass through them un-
affected, allowing Earth’s heat energy to radiate into space. 
 

Greenhouse Gases also do not react to visible light, however, they DO 
react to infrared energy, trapping Earth’s heat energy and reflecting it 
back, warming the Earth. 

Sunlight 

Introduction 
Earth’s Infrared Energy 
When sunlight strikes the Earth, it warms the surface and becomes 
heat energy – or infrared energy.  This infrared energy then radiates 
back towards space. 
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Greenhouse Gas Sectors 
Where do GHGs come from? 

Energy 
Emissions are produced 
from the combustion of 
natural gas, coal, and 
other fossil fuels primari-
ly for heating, cooling, 
and electricity genera-
tion. 

Transportation 
Emissions come from the 
combustion of fossil fuels 
for ground transportation 
and air travel. 

Solid Waste 
Emissions in the inventory 
estimate the decomposition 
of biodegradable waste 
(e.g., food and yard waste) 
in the landfill. 

Water + Wastewater 
Emissions from energy uses 
are calculated for the collec-
tion and treatment of 
wastewater. 



Greenhouse Gas Inventory 

The Role of the Greenhouse Gas (GHG) Inven-
tory 
The goal of the Town of Peterborough commu-
nity wide GHG inventory is to estimate the com-
munity-wide energy consumption across all pri-
mary fuel types and sectors within the commu-
nity.  Once inventoried, the energy consumption 
profile can then be used to establish estimated 
GHG emissions as well as to project total renew-
able energy demands to meet the Town’s re-
newable energy goal.    
 
Measuring the energy aspects of human activi-
ties and the associated GHG emissions offers a 
unique way to compare the effectiveness of var-
ious energy and sustainability best management 
practices. Greenhouse gas emissions and ener-
gy1 serve as common denominators for the 
comparison of kilowatts of electricity, natural 
gas therms, tons of coal, and gallons of liquid 
fuels consumed; as well as vehicle miles trav-
eled, tons of waste processed, and gallons of 
potable water distributed.  
 
Every community prepares annual operating 
and capital improvement budgets. These assess-
ments can be thought of as an assessment of 
the environmental budget for municipal opera-
tions. Recording these performance metrics is 
essential to promoting efficiency and sustaina-
ble change.  
 
 1 

Energy is expressed as kBtu (a thousand British thermal units) or 

MMBtu (a million Btus). 

Methodology, Sources, and Terminology 
This GHG inventory is assembled based on the 
Greenhouse Gas Protocol for businesses and 
communities established by GHG Protocol 
(www.ghgprotocol.org/) and is consistent with 
the protocol established by ICLEI Local Govern-
ments for Sustainability.   The terminology used 
in this report is consistent with international 
Carbon Footprinting protocols.  Unless noted 
otherwise, the Greenhouse Gas (GHG) emissions 
shown in this report are in metric tons of CO2e: 
Carbon Dioxide Equivalent.  CO2e is a standard 
for expressing the impact of all greenhouse gas 
including those from other pollutants including 
methane (CH4), nitrous oxide (N2O), and fluori-
nated gasses like Chlorofluorocarbons (CFC) in 
terms of the equivalent amount of CO2 that 
would have the same impact.   
 
GHG inventories, generally, arrive at an estimat-
ed emission in each emissions sector by multi-
plying raw consumption data - total electricity 
consumed as an example - by an emissions fac-
tor which define the greenhouse gasses emitted 
per unit of raw consumption.  The chart to the 
right illustrates the sources used for all raw con-
sumption and emission factor data used in the 
GHG inventory calculations. 
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02 
S e c t i o n  

Greenhouse Gas 
Inventory 

Click here to 
return to TOC 



GHG Emission Sector Project Resource 

Residential Energy Consumption - 
Electricity 

Data Source: Eversource 

Emissions Factors: EIA Reported Emission Rates 

Residential Energy Consumption - 
Heating Fuels 

Data Source: Town of Peterborough 

Emissions Factors: US EPA 

Commercial/Institutional Energy 
Consumption - Electricity 

Data Source: Eversource 

Emissions Factors: EIA Reported Emission Rates 

Commercial/Institutional Energy 
Consumption -  
Heating Fuels 

Data Source: Town of Peterborough 

Emissions Factors: US EPA 

Transportation - On Road 

Data Source: Town of Peterborough; State of New 
Hampshire 

Emissions Factors: US EPA MOVES model 

Waste - Solid Waste 
Data Source: Town of Peterborough 

Emissions Factors: US EPA Warm Model 

Water and Wastewater 
Not Included 

Not Included 

What is a Greenhouse Gas Inventory? 

A community Greenhouse Gas 
(GHG) Inventory follows a standard 
protocol to quantify a community’s 
greenhouse gas (GHG) emissions, 
including CO2, CH4, N2O. GHG in-
ventories fluctuate year-to-year as 
we change our energy consumption, 
get access to better data, or gain 
new knowledge about how GHGs 
impact the atmosphere.  
 
 

What Are GHG’s? 
Greenhouse Gases (GHG) absorb 
radiation and trap heat in the 
Earth’s atmosphere.  They are the 
basis of the Greenhouse Effect.  The 
more GHGs there are, the more 
heat that is trapped in our atmos-
phere, leading to Global Warming 
and Climate Change.  GHGs meas-
ured in this inventory include carbon 
dioxide, methane, and nitrous oxide. 
 
 

Why Measure GHG? 
As described by David Osborne and 
Ted Gaebler “If you don’t measure 
results, you can’t tell success from 
failure. If you can’t see success, you 
can’t reward it. If you can’t see fail-
ure, you can’t correct it.” GHG in-
ventories are useful. Planners need 
them, elected officials want them, 
and the future may see their devel-
opment as a basic requirement of 
state and federal funding.  
 

What is CO2e? 
Carbon Dioxide (CO2) is a GHG 
emitted naturally and from fossil 
fuel combustion  for energy and 
heat. Global warming  contributions 
from other greenhouse gases are 
referred to in terms of “carbon diox-
ide equivalent” or CO2e, which rep-
resents the amount of CO2 that 
would have the same global warm-
ing potential as other GHGs.  Com-
munity GHG inventories are tracked 
in terms of metric tons of CO2e. 

Greenhouse Gas Inventory 
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How Large Are Community wide GHG Emissions? 
The community’s total emissions for 2021 are equal 

to 1.4 Billion cubic feet of man-made greenhouse 
gas.  This volume of atmosphere is equal to a cube 

1,120 feet on each face—seen here from approxi-
mately 1.5 miles away on Highway 202 

Greenhouse Gas Inventory 

 
Findings in Brief 
Community wide total emissions for the Town 
of Peterborough totaled 71,606 metric tones for 
the year 2021. 
 
The community’s population totals 6,661 and 
the community supports 2,715 jobs.  On a per-
capita basis, the town’s share of countywide 
GDP totals $462 million.  This means that on a 
per-capita basis, the town’s GHG emissions 
equal 10.75 metric tones. 

2021 By The Numbers 

    

 GHG Emissions   
 71,606  

 10.75 MT Per-Capita 

 26.4 MT / Job 

 0.155 MT / $1,000 GDP 

    

 Population  
 6,661   

    

 GDP    

 $462,697,530  
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Total 
GHG Emissions 

71,606 
Metric Tons 

Community-wide electricity 
consumption totals 23,674 
MWH for residential (8.73 
MWH per household) and 
49,023 MWH for commercial 
(18.06 MWH per job) annu-
ally. 
 
When compared to county 
averages these are higher, 
with residential at 123.8% 
and commercial at 111.5% of 
county averages. 
 
 

Community-wide heating 
energy consumption totals 
248,409 MMBTU for residen-
tial (91.56 MMBTU per 
household) and 112,268 
MMBTU for commercial 
(41.35 MMBTU per job) an-
nually. 
 
The estimated residential 
consumption is 376% of 
county average while the 
estimated commercial con-
sumption is 84% of county 
average. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As of 2021, the community 
has 5,260 vehicles total, 
0.6% (36 vehicles) being 
electric, and 2.6% being die-
sel and 96.8% using gasoline. 
 
Community-wide vehicle 
miles traveled are estimated 
at 65,023,000 miles, approxi-
mately 23,967 miles per 
household annually. 
 
Air transportation emissions 
are not included in this in-
ventory. 

Total solid waste handled in 
Peterborough is 1,862 tons, 
or approximately 1,373 
pounds per annually.     Of 
the total waste handled, 
approximately 51% is recy-
cled, 36.3% is incinerated in 
a waste-to-energy facility, 
and the remaining 12.9% is 
landfilled. 

Electricity     30.6% 
21,923 MT 
 
Residential       10.1% 
Commercial 20.5% 

Greenhouse Gas Inventory 

2021 Community Wide GHG 
Emissions by Sector 

Heating Fuel  35.0% 
25,068 MT 

Residential       24.4% 
Commercial 10.6% 

Transportation     33.5% 
24,001 MT 

Solid Waste 0.9% 
614 MT 



2=5 Peterborough GHG Inventory and Baseline Assessment 

Understanding Peterborough’s Per-Capita Community Wide Emissions 
As outlined in previously, the Town of Peterborough’s 2021 community wide emissions totaled 
71,606 metric tons, for a per capita average of 10.75 metric tons (MT).  Of course, this number 
represents only an average.  The actual emissions each individual resident may be responsible for 
generating can vary significantly based on a range of personal choices in energy and resource con-
sumption and waste. 
 
How Large Are Community Wide Per-Capita GHG Emissions? 

The Town of Peterborough’s community wide emissions per-capita for 2021 are equal to 210,927 
cubic feet of man-made greenhouse gas.  This volume of atmosphere is equal to a cube 59.5’ feet 
on each face (shown below) 

Greenhouse Gas Inventory 

Community Comparison 
The results of community GHG inventories vary 
somewhat due to the information collected 
and variations in inventory methodology.  Con-
sequently, a direct community-to-community 
comparison should not be viewed as a compre-
hensive comparison of Greenhouse Gas emis-
sion efficiencies.  We believe, however, that as 
an emerging practice, municipalities should 
look towards building and sharing data in order 
to develop a stronger understanding of where 
each municipality can advance efficiencies and 
meet Greenhouse Gas reduction goals.  In sup-
port of this goal, comparing total community 
emissions between communities can only be 
effectively done by adjusting for differences in 
overall community population.  To make this 
adjustment, community GHG emissions are 
regularly compared based on a per-capita ba-
sis.  
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Per Capita Emissions Comparison 

Greenhouse Gas Inventory 

Community Comparison 
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Renewable energy Pathways 
There are multiple pathways to achieving the 
Town’s Renewable Energy Vision.  In fact, due 
to the varying nature of the fuels used, multiple 
pathways will be needed in order to meet the 
community’s energy demand while recognizing 
the different fuel needs and the transitions re-
quired within each energy sector.  The path-
ways can be summarized as Fuel Switching and 
Renewable Fuels. 
 

Fuel Switching  
Fuel Switching refers to the process 
of replacing technologies that use 
fossil fuels (gasoline, diesel, natural 
gas, etc) with technologies that use 
electricity or other non-GHG emis-
sion fuels (such as wood pellets) as 
a source of energy.  
 
Renewable Fuels  
Renewable fuels include liquid and 
gaseous fuels derived from renewa-
ble feedstock sources.  These fuels 
may still require combustion for the 
generation of energy, however, 
they are considered are carbon 
neutral. The carbon dioxide emitted 
during combustion of these fuels is 
offset by atmospheric carbon diox-
ide absorbed in the creation of the 
fuel (either through plant growth in 
the case of bio-fuels, or through 
mechanical carbon capture).   

03 
S e c t i o n  

Estimating  
Renewable Energy 

Demand 

Click here to 
return to TOC 

https://www.sciencedirect.com/topics/engineering/renewable-feedstock
https://www.sciencedirect.com/topics/engineering/renewable-feedstock
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Estimating Renewable energy Demand 
The chart on the following page estimates the renewable energy demand to meet the Town’s Re-
newable Energy Vision based on two Renewable Energy Pathway scenarios which blend no emis-
sion Fuel Switching and Renewable Fuel utilization to achieve the Town’s vision.  The scenario is 
capable of achieving 100% renewable energy and is intended as an illustration of the order of mag-
nitude of change required for the volume of renewable fuel and electricity production increase 
needed. 

Fuel Switching  
Scenario assumes all electricity is 
sourced from clean renewable en-
ergy sources (on-site, within com-
munity, or purchased).  Scenarios 
anticipate the following change in 
energy consumption over 2021: 
  
Electricity: 

Renewable Electricity: 

Wood Pellet: 

Fuel Oil: 

Propane: 

Fossil Fuel Gasoline: 

Fossil Fuel Diesel: 

 

Renewable Fuels  
The remaining demand for fuels 
may be met through renewable 
fuel options.  The resulting renewa-
ble fuel demand estimated for each 
scenario are: 
  

Fuel Oil: 

Propane: 

Renewable Gasoline: 

Renewable Diesel: 

+64% 
+487% 

+3,847% 

0 Gal 

0 Gal 

1,856,163 Gal 

Estimating Renewable Energy Demand 

-100% 
-100% 

-25% 
-10% 

62,543 Gal 
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Renewable Energy 
Potentials 

Click here to 
return to TOC 

Renewable Energy Potentials—
Solar PV 

The following are considerations building owners 
should be aware of before  “going solar”.  
 
How Solar PV Works 
Solar electricity is created using Solar Photovolta-
ic panels, or Solar PV for short. The word photo-
voltaic, or PV, comes from the process of con-
verting light (photons) to electricity (voltage), 
which is called the PV effect. The key to a solar 
PV panel is the semiconductor material. 
 
Solar PV semiconductors combine properties of 
some metals and properties of insulators - mak-
ing them uniquely capable of converting light into 
electricity. The simple explanation of how solar 
panels create electricity is that as sunlight 
(specifically UV light) strikes the semiconductor 
materials in the PV cell, the energy knocks loose 
electrons. Those electrons then move back and 
forth between semiconductor plates producing 
an electric current. 
 



Renewable Energy Potentials—Solar PV 

Net Metering 
The site concepts in this report are based on grid-connected systems 
with net metering. Net metering tracks the  amount of energy gener-
ated on site, as well as the amount of energy consumed from the grid. 
Net metering allows customers to get credit on their energy bill from 
excess energy generation,  when the amount of energy a solar panel 
system generates is greater than the amount of energy consumed 
from the electric utility.  Such interconnection is considered non-
incentivized, meaning that the site/solar array owner will retain the 
renewable energy credit that the PV system produces and will offset 
the cost of energy needed when the solar panels are not producing 
energy (nighttime, short and cloudy days). 
 
Net Metering in Peterborough 
According to the State of New Hampshire Public Utilities Commission: 

 
Who can net meter? 
If you are a customer of Eversource, Liberty Utilities, New Hampshire Elec-
tric Cooperative and Unitil and you are interested in installing equipment 
which produces electricity using renewable energy, you can take advantage 
of net metering.  It doesn’t matter if you buy your energy supply from your 
local utility or a competitive energy supplier.  Customers of municipally 
owned and operated electric utilities should call their utility to see if net 
metering is available. 

Are there any limits on the amount of energy I can produce?   
For residential and small commercial customers, the peak generating ca-
pacity of the equipment is limited to 100 kW AC, and the equipment must 
be located behind the customer’s meter.  The equipment must also be inter-
connected and operating in parallel with the electric grid and used primarily 
to offset the customer's own electricity use. For larger generation facilities, 
the peak generating capacity is 1,000 kW. 

 
Learn more about Net Metering in the State of New Hampshire here:  
https://www.puc.nh.gov/sustainable%20energy/Net%20Metering/
Net_Metering.html 
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Structural Capacity for Rooftop Arrays 
The assessments included in this report do not include assessments of 
rooftops structures to accept the additional loading of a solar pv array.  
Projects which anticipate rooftop arrays should have a preliminary 
structural assessment to confirm solar pv loading can be adequately 
handled by the existing structure.  The weight of a PV system varies 
based on the panel and racking systems selected.  For rooftop arrays, 
two racking system configurations are common: flush or tilted me-
chanically fastened racking types (which require roof penetrations, or 
clamp on standing seams); and ballasted racking types (which use 
weighted components to make the array stationary through gravity 
and typically do not require roof penetrations).  A reasonable “rule of 
thumb” for solar PV array assembly structural loading is 2-4lbs per 
square foot for typical flush or tilted racking systems, or 5-9lbs for bal-
lasted racking systems. 



New Hampshire's Group Net Metering 
Senate Bill 98, New Hampshire established group 
net metering. This law permits net-metered re-
newable energy facilities, known as hosts, to 
share the proceeds from surplus electricity gen-
eration with other electric utility account hold-
ers, known as group members. Group members 
do not have net metered renewable energy facili-
ties and do not have to make any changes to 
their existing electric service.  Learn more: 
https://www.puc.nh.gov/sustainable%20energy/
GroupNetMetering.html  
 
The Low-Income Community Solar Act (SB 165) of 
2019 that expanded the original Clean Energy 
Jobs and Opportunity Act. It requires the NH PUC 
to authorize at least two new LMI community 
solar projects per utility territory each year.   

Renewable Energy Credits 
Renewable Energy Credits (RECs) are tradable, 
non-tangible energy commodities that represent 
proof that a quantity of electricity was generated 
from an eligible renewable energy resource.  
RECs represent all of the “green” or renewable 
energy attributes of electricity produced from 
renewable resources like solar PV. A REC includes 
everything that differentiates the effects of gen-
erating electricity with renewable resources in-
stead of using other types of resources. It is im-
portant to remember that a REC also embodies 
the claim to the greenness attributes of renewa-
ble electricity generation, and only the ultimate 
consumer of the REC has rights to the claim.  
Once a producer or owner of a REC has sold it, 
rather than consuming it themselves, they have  
 

sold the claim and cannot truthfully state that 
they are using renewable electricity.   
 
From a Greenhouse Gas accounting perspective, 
this means that facilities served through commu-
nity solar subscriptions or third party ownership 
structures will not be able to account for emis-
sions reductions due to renewable energy use 
unless REC credits are purchased.  For Peterbor-
ough’s community-wide Renewable energy 
goals, it will be critical for the Town of Peterbor-
ough to retain all REC’s associated with any re-
newable energy generation, purchase, or sub-
scriptions.  Alternatively, if REC’s are not re-
tained for any reason, the Town should procure 
REC’s equal to any not retained in a project.   
 
NH PUC has a renewable energy certificate (REC) 
program that uses the regional generation infor-
mation system of energy certificates adminis-
tered by ISO-New England and the New England 
Power Pool.  RECs in NH are currently worth 
about $30 per MWH.  
 
Community Power 
Senate bill 286 allows for community power, also 
known as municipal aggregation, which lets 
towns provide electricity to its residents and 
businesses on a competitive basis. Towns may 
choose to purchase power generated by solar, 
wind, or other attributes. Towns may also choose 
to construct a local energy project to provide the 
power to its Community Power program. 
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Renewable Energy Potentials—Solar PV 

https://www.puc.nh.gov/sustainable%20energy/Renewable%20Energy%20Fund/20201001-PUC-SE-2020-REF-Report-to-Legislature.pdf
https://www.puc.nh.gov/sustainable%20energy/Renewable%20Energy%20Fund/20201001-PUC-SE-2020-REF-Report-to-Legislature.pdf
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Peak Shaving and Demand Charges 
Customers pay for electricity in one of two ways: 
consumption, measured in kilowatt-hours 
(kWh); and demand, measured in kilowatts 
(kW). Most residential customers only pay for 
consumption. Many commercial customers are 
on demand charge tariffs and they pay for both 
demand and consumption. With demand charge 
billing the customer pays for the highest power 
load reached – the peak demand. Peak demand 
is defined as the highest average load during a 
specific time interval (usually 15 minutes) in 
each billing cycle. Utilities use demand charges 
to help recover costs associated with running 
power plants or buying power from other utili-
ties on the energy spot market. Demand charges 
also help utilities recover transmission costs to 
customers with large energy needs. 
 
Not all utility customers are on demand charge 
tariffs, but for large consumers of electricity 
those charges can be a significant part of a 
monthly utility bill. Utility customers who do 
have demand charge tariffs can see a large por-
tion of their monthly electric bill going towards 
demand charges (30% to 70% is not uncom-
mon). 
 
The most effective way to manage utility costs 
for customers with demand charges is a practice 
called peak shaving.   Peak shaving involves pro-
actively managing overall demand to eliminate 
short-term demand spikes, which set a higher 
peak. This process lowers and smooths out the 

electric use “curve” and reduces peak loads, 
which reduces the overall cost of demand charg-
es. Solar arrays with a battery energy storage 
system allows customers to peak shave. Battery 
energy storage systems are dispatchable; they 
can be configured to strategically charge and 
discharge at the optimal times to reduce de-
mand charges. Sophisticated control software 
with learning algorithms differentiates battery 
energy storage systems from regular batteries. 
These algorithms learn a customer’s load profile, 
anticipate peak demand, and switch from the 
grid to batteries when needed most - reducing 
the customer’s peak load and saving on demand 
charge costs. 
 
Peak Shaving and Local Utilities 
Many local electric utilities and electric co-ops 
do not generate their own power. Instead, these 
utilities often purchase power from large electric 
generators and then distribute that electricity to 
their consumers.  In this situation, local   electric 
utilities typically have long-term electric pur-
chase agreements with their electricity suppli-
ers. In some instances, the pricing defined in the 
local utility’s power purchase agreement impos-
es increased  rates for peak demand timeframes, 
like the peak demand rates end customers may 
experience. For local electric utilities which have 
peak power purchase rates defined, the deploy-
ment of solar arrays and solar storage systems 
within their local electric service area reduce the 
local electric grid’s peak demand and avoid costs 
associated with peak demand power purchase. 

Renewable Energy Potentials—Solar PV 



Renewable Energy Potentials—
Solar PV 

Solar Financing and Incentives 
Solar energy delivers positive environmental impacts, 
and contributes to our nation’s energy independence. 
According to the Department of Energy, solar provides 
more jobs in electricity generation nationally 
(373,800) than coal, natural gas, oil, nuclear, and oth-
er fuels combined (288,000). To encourage the contin-
ued expansion of solar, governments, and utilities 
offer solar tax breaks and financial incentives to make 
solar more accessible for today’s businesses and 
homeowners. The following are some of the incen-
tives available in New Hampshire:  
 
New Hampshire Municipal Property Tax Exemptions 
RSA 72: 61-72 permits cities and towns to offer ex-
emptions from local property taxes for certain renew-
able energy installations. 
 
New Hampshire Renewable Energy Fund 
The renewable energy fund was created by the legisla-
ture (RSA 362F) to support initiatives through rebate 
and grant programs. Feeding the fund is New Hamp-
shire’s renewable portfolio standard (RPS) requires 
that 25% of the electric energy supplied in the state 
must be from renewable fuels and resources. Electrici-
ty providers who cannot purchase enough renewable 
energy or who cannot get it at a reasonable price are 
allowed to meet this requirement by making an alter-
native compliance payment to the renewable energy 
fund. 

The State of New Hampshire’s Public Utilities Commis-
sion has a Residential Renewable Electric Generation 
Incentive Program that offers $0.20 per watt, up to a 
maximum of $1,000 or 30% of the total system cost, 
whichever is less. 

 
 
 
 
Federal Investment Tax Credit 
The federal solar tax credit, also known as the invest-
ment tax credit (ITC), allows you to deduct 26 percent 
of the cost of installing a solar energy system from 
your federal taxes. The ITC applies to both residential 
and commercial systems, and there is no cap on its 
value.  The ITC credit is currently equal to 26% of the 
project costs in 2021 and will be stepping down to 
10% by year 2024 and beyond (for commercial only - 
residential will be eliminated in 2024). (https://
www.energysage.com/solar/cost-benefit/solar-
investment-tax-credit/)  
 
Federal Modified Accelerated Cost Recovery System 
(MACRS) 
The U.S. tax code allows for a tax deduction for the 
recovery of the cost of tangible property over the use-
ful life of the property. The Modified Accelerated Cost 
Recovery System (MACRS) is the current depreciation 
method for most property. The market certainty pro-
vided by MACRS allows businesses in a variety of eco-
nomic sectors to continue making long-term invest-
ments and has been found to be a significant driver of 
private investment for the solar industry and other 
energy industries.  Businesses can write off the value 
of their solar energy system through using MACRS, 
reducing their tax burden and accelerating returns on 
solar investments. Accelerated depreciation can re-
duce net system cost by an additional 30 percent. 
(https://www.irs.gov/businesses/small-businesses-self
-employed/a-brief-overview-of-depreciation)   
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Citywide Rooftop Solar PV Potential 
Methodology and Data 
This section calculates the total technical capaci-
ty and total generation potential for rooftop solar 
in the Town.  Total solar PV potential was calcu-
lated based on the following input, data, and 
methodology: 
 
Input Data 
Roof plane survey data is provided by National 
Renewable Energy Laboratory (NREL).  NREL data 
is based on lidar data obtained from the U.S. De-
partment of Homeland Security (DHS).   Insola-
tion levels for annual sun exposure are based on 
data from NOAA and NREL. 
 
Tilt and Azimuth 
The orientation (tilt and azimuth) of a roof plane 
is important for determining its suitability for PV 
and simulating the productivity of installed mod-
ules.  For this study roof plane tilt for each 
square meter of roof area within the Town’s zip 
codes were determined using the lidar data set. 
Roof tilts are organized into 5 categories: 
Flat   (0° - 9.5°) 
Low   (9.5°- 21.5°) 
Mid-Low  (21.5° – 34.5°) 
Mid-High (34.5° – 47.5°) 
High   (47.5° and higher) 

 
 
 
 

 
For this study, the second component of roof 
plane orientation -the azimuth (aspect) – was 
identified for each square meter of roof area. 
Each square meter was categorized into one of 
nine azimuth classes, shown in the graphic to the 
right, where tilted roof areas were assigned one 
of the eight cardinal and primary intercardinal 
directions.  
 
All roof planes with Northwest, North, and 
Northeast azimuths were excluded from this 
study. 
 
Generation Potential 
The potential “Nameplate capacity” potential per 
square foot of roof plane area was calculated.  
This calculation assumed a typical 400 watt ca-
pacity panel with a footprint of 79” x 40”.   
 
Next, this nameplate capacity was adjusted for 
assumed system losses including shading, heat 
loss, mismatch, snow, dirt, etc.  Assumed losses 
were calculated for each azimuth orientation and 
rage from 22% system loss for flat arrays to 34% 
for East/Southeast orientations.  Additionally, 
losses were calculated for roof tilt classifications 
based on the System Advisor Model. 
 
Lastly, generation potential was calculated using 
the base Energy Production Factor for the region 
(annual KWH production/KW nameplate capaci-
ty), modified by the loss factors outlined above.   

Source: 

Energy Production Factor Map 

KWH / KW 



Optimized Generation Capacity In Peterborough 
Though the total energy generation outlined above is reasonably feasible, for 
purposes of establishing Town-wide potentials expectations it is appropriate to 
modify the total generation to reflect the likely most cost efficient installation 
potentials given current technologies and cost parameters.  Solar PV installa-
tions which have less than ideal orientations capture less light per panel and 
therefore generate less energy per dollar spent.  Establishing an Optimized 
Capacity establishes the cost effective solar pv installation potential based on 
current technology. 
 
Identifying the installations most likely to be highly cost effective ultimately 
requires a site-by-site assessment, however, typical installation performance 
characteristics can be extrapolated to establish reasonable Town-wide esti-
mates.  For the latitude and geography of Peterborough, it can be assumed 
that all solar suitable roof planes that are flat or south facing should ultimately 
be reasonably cost effective installations.   
 
For West and Southwest facing roof planes, it is likely that all low and mid-low 
roof tilt installations  would be cost effective, while mid-high and high roof tilt 
installations with West or Southwest orientation may produce self-shading for 
many of the solar productive hours making those installations viable on a case-
by-case basis.  Like wise, for East and Southeast facing roof planes, it is likely 
that all low roof tilt installations would be cost effective, while mid-low, mid-
high, and high roof tilt installations facing East may tend to have limited 
timeframes during which their solar exposure is optimal, making those installa-
tions also viable on a case-by-case basis. 
 
On the chart below, all solar suitable roof planes with roof tilt and azimuth ori-
entation combinations likely to be consistently cost effective are shown and 
are considered to be the Town’s Optimized Generation Capacity.  It should be 
noted that installations outside of these selections may still be cost effective 
but require individual feasibility assessment.  The total Optimized Rooftop 
Solar Generation Capacity in Peterborough is estimated to be 7,811,249 KWH 
annually, approximately 10.7% of the Town’s total electric consumption. 
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Market Capacity 
Adequately anticipating the potential for new 
solar PV installations must consider not only the 
potential technical and generation capacities, but 
also the likely market capacity.  As an emerging 
energy sector, there is little data upon which to 
base projections for likely installation of rooftop 
solar PV in the private sector.  Additionally, the 
solar PV market is rapidly changing in both so-
phistication as well as in pricing and cost effec-
tiveness.  Below is a summary of the Town’s ex-
isting solar PV market and comparison to the 
State. 

State Market Projections 
The Solar Energy Industries Association (SEIA) 
projects solar PV installation Capacity in the State 
to increase 376 MW by 2027.  This is equal to a 
sustained compound increase of installed capaci-
ty of over 25% annually.  The timeframe of this 
projection overlaps with the currently estab-
lished Federal Income Tax incentive program.  
For years 2024 and beyond, the tax incentive is 
expected to be phased out for residential solar 
PV installations, but a smaller incentive (10%) will 
remain for commercial property owners. 
   

Solar PV Growth Scenario:  
Share of Projected Statewide Annual Increase 
Based on Population Share 
A potential solar PV growth scenario anticipates 
the Town’s rate of increase in solar PV installed 
capacity matches the projected 5 year Statewide 
annual rate of increase, but adjusted for the 
community’s household income compared to the 
state average.  This scenario would mean an in-
crease of approximately 6,157 KW of installed 
capacity within the Town by 2030.  This goal 
could be achieved by installing rooftop solar on 
an average of 68 homes per year through 2025 
and an average of 140 homes between 2026 and 
2030.  
 
The chart below shows projections through 2040. 

Existing Solar Market in Community State Community Share 

Population 1,360,000 6,661 0.49% 

Number of Solar Installations 11,217 117 1.04% 

Average Solar Installations / 1,000 households 1.14 1.07 93.88% 

Estimated Solar Generating Capacity (MW) 175.48 1.98 1.13% 

Average Array Size (KW) 15.64 16.88 108% 
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Estimating Non-Rooftop Capacity 
In addition to roof mounted solar PV potential, 
the Town of Peterborough has significant solar 
PV potential associated with ground mounted 
arrays as well as arrays mounted over parking—
known as “Carport” arrays.  Compiling a detailed 
estimate of the reasonable Capacity for ground 
mounted or carport arrays requires a much high-
er level of understanding of each potential sub-
ject site in order to determine the feasibility of a 
ground mounted or carport array at that site 
than what is feasible within the scope of this pro-
ject effort.  Some of the site use considerations 
on the feasibility of ground mounted arrays for 
specific sites include: 

• Land status and planned future use 
• Land quality and alternative use options 
• Distance to electric grid interconnection 
• Accessibility and security 
• Slop and configuration 
• Flooding and wetland considerations 
• Proximity to primary air traffic lanes and 

air traffic control jurisdictions relative to 
glare concerns 

 
For this report, however, the total acreage of 
parking pavement is estimated from aerial pho-
tography. 
 
For both Carport and Ground Mounted arrays, 
the “Nameplate Capacity” potential per square 
foot of covered ground or parking plane area was 
calculated.  This calculation assumed a typical 

400 watt Capacity panel with a footprint of 79” x 
40” with an assumed panel tilt angle of 22 de-
grees and 35.6” spacing between panel rows to 
avoid shading at winter solstice conditions.  For 
ground mounted arrays, an allowance for site 
fencing, set backs, access dives, and equipment is 
included.    
 
Next, this nameplate Capacity was adjusted for 
assumed system losses including shading, heat 
loss, mismatch, snow, dirt, etc.  Additionally, 
losses were calculated for tilt classifications 
based on the System Advisor Model.  Lastly, gen-
eration potential was calculated using the base 
Energy Production Factor for the region (annual 
KWH production/KW nameplate Capacity), modi-
fied by the loss factors outlined earlier.   
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Carport Capacity 
The total paved area within the Town of Peter-
borough is estimated to be 1,121 acres—just 
over 4.7% of all land in the Town.  We estimate 
parking takes up 40% of this number.  From a 
technical standpoint, much of this area is likely to 
be reasonably suitable for carport solar arrays, 
however, many locations may not perform well 
financially based on use and utility rate cases.  
Using a modest 1% assumed near-term availabil-
ity and suitability rate, this still represents up to 
195,358 square feet of near-term carport solar 
array coverage potential.  Based on the above 
calculation factors, this would result in a total of 
1,736 KW of installed capacity producing 
2,117,000 KWH annually by 2030, approximately 
3% of the Town’s total electric consumption. 

Ground Mounted Capacity 
The total developed land in the Town is 6,372 
acres—just over 26.8% of all land in the Town.  
We estimate lawn areas represent at least 10% 
of this number.  From a technical standpoint, 
much of this area is likely to be reasonably suita-
ble for ground mounted solar arrays, however, 
many locations may not perform well financially 
based on use and utility rate cases.  Using a mod-
est 5% assumed near-term availability and suita-
bility rate (of total estimated lawn area), this still 
represents up to 1,387,000 square feet of near-
term ground mounted solar array coverage po-
tential.  This would result in a total of 4,125KW of 
installed capacity producing 5,032,000 KWH an-
nually by 2030, approximately 6.9% of the 
Town’s total electric consumption. 
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Summary of Potential Solar PV Capacity by 2030 
Summarizing the calculations for the Optimized Rooftop Solar Potential, Carport Potential, and 
Ground Mounted Potential outlined previously illustrates a potential pathway for the Town of Pe-
terborough to significantly increase its distributed solar capacity into the coming years.  The 
rooftop solar PV growth scenario, Carport and Ground Mounted potentials are summarized below 
including the share of existing electric demand capable of being met: 
 
Source Potential  Cumulative Installed Annual Generation Estimate Share of Demand 

Rooftop PV   11,772 KW   8,911,000 KWH  12.26% 
Carport PV   1,736  KW  2,117,000 KWH  2.9%  
Ground Mounted PV 4,125 KW  5,032,000 KWH 6.9%  
 
Total Potential  17,663 KW  16,060,000 KWH 22.06%  
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Renewable Energy Potentials—Wind Power 

How Do Wind Turbines Work 
Wind turbines work on a simple principle: instead of using electricity to make 
wind—like a fan—wind turbines use wind to make electricity. Wind turns the pro-
peller-like blades of a turbine around a rotor, which spins a generator, which creates 
electricity. 
 
Wind turbines turn wind into electricity using the aerodynamic force from the rotor 
blades, which work like an airplane wing or helicopter rotor blade. When wind flows 
across the blade, the air pressure on one side of the blade decreases. The difference 
in air pressure across the two sides of the blade creates lift on one side of the blade, 
causing the rotor to spin. The rotor connects to the generator that uses the rotation 
to create electricity.  
 
Wind Power Resource at 100 Meter Above Ground 
Wind flow patterns and speeds vary significantly across the country.  They are modi-
fied by bodies of water, vegetation, differences in terrain, and other geographic con-
siderations. The Peterborough area has an estimated average wind speed of 4 to 6 
meters per second, making it a potentially moderate quality region for wind power.  
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Wind Turbine Sizing 
According to the US Department of Energy, 
wind turbines have grown in both physical size 
and generating capacity since the early 2000s.   
The average 80-100 meter wind turbine in 2020 
was a 2.75 MW unit. 
 
Calculating Wind Turbine Generating Capacity 
Given a nameplate capacity for a wind turbine, 
the location’s total annual electrical generation 
potential can be estimated based on the site’s 
anticipated capacity factor.  The capacity factor 
of a location can be estimated based on aver-
age performance data for the region.   Capacity 
factors are simply equal to the average power 
output of a given turbine divided by its maxi-
mum power capability.   According to the US 
DOE, the average capacity factor for the State 
of New Hampshire is 35.4%.  Consequently, the 
potential annual electricity generation potential 
of a wind turbine location can be calculated as 
follows: 
 

Nameplate capacity 
x  

total hours in year  
x  

site’s capacity factor  
=  

Total Anticipated Electricity Generation  
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Calculating Peterborough Wind Generation Potential 
Assuming 3 MW wind turbines, using the electricity generation formula 
reviewed previously, meeting 100% of the Town of Peterborough’s current 
electricity though wind power would require 11 turbines. 
 
Total MW Installed Annual Generation Estimate Share of Demand 

6 MW   13,350,000 KWH   18.4% 
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Solid Waste Plasma Gasification Potential 
Exploration of gasification of Municipal Solid 
Waste for energy and beneficial use bi-products 
should not be instituted in competition with tra-
ditional goals of waste reduction, reuse, and re-
cycling efforts.  Gasification works in conjunction 
with this established waste hierarchy - even 
after efforts to reduce, reuse, recycle and com-
post, there is still residual waste generated.  Ra-
ther than send this residual waste to a landfill 
where harmful greenhouse gas emissions are 
released, capture the energy value of the waste 
through plasma gasification energy recovery 
facilities.  This approach to energy generation 
may be a potential for any community that gen-
erates solid waste, regardless of whether or not 
that solid waste is currently landfilled within the 
community’s boundaries.  For communities that 
currently export their solid waste to locations 
outside of the community, it may be possible to 
create a gasification plant within the communi-
ty, or to explore partnering with the existing site 
handling the community’s solid waste. 
 

What is Gasification? 
Gasification can be defined as a thermochemical 
process that uses heat and a low-oxygen envi-
ronment to transform carbonaceous feedstock 
such as biomass or MSW through partial oxida-
tion to release other forms of energy. This 
means that oxygen is injected but not enough to 
cause complete combustion as it does in waste 
incinerators. Unlike incineration, gasification 
converts solid or liquid waste feedstock into gas-
eous product by exposing it to a range of high 
temperatures in a controlled supply of oxygen 
without actually burning it. At such elevated 
temperatures, bonds in solid and liquid wastes 
are broken, releasing simple gaseous molecules, 
which are mainly a mixture of carbon monoxide 
(CO) and hydrogen (H2) known as synthesis gas 
(syngas), which has energy content and can be 
used to generate electrical power in fuel cells or 
as a fuel in gas engines and turbines after clean-
ing. 
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Renewable Energy Potentials—Plasma Gasification  

How Does a Gasification System Work? 
Waste is fed into the top of the gasifier vessel 
through an airlock. Purified oxygen and steam 
are injected into the base.  The gasification reac-
tion occurs at temperatures around 2,200°C 
(4,000°F). As the waste descends within the gasi-
fier, it passes through several reaction zones 
reaching the hottest area at the base. In each 
zone, different materials are driven off. At the 
lowest point of the gasifier, the waste is reduced 
to carbon char, inorganic materials, and metals.  
Injected oxygen and steam react with the carbon 
char to produce a synthesis gas (syngas), com-
prised predominately of carbon monoxide and 
hydrogen. This reaction is highly exothermic, 
meaning that it releases a large amount of ener-
gy in the form of heat. The syngas and heat rise 
through the gasifier, interacting with the waste 
as it descends through the vessel. Syngas then 
exits the top of the gasifier vessel.  At the base of 
the gasifier, inorganic materials and metals col-
lect in a molten state. This molten liquid is peri-
odically tapped out and cools into a vitrified 
stone that is very similar in appearance to vol-
canic rock and suitable for use in landscaping or 
as construction material aggregate.  Systems 
which use ultra high temperatures and purified 
oxygen (as opposed to nitrogen-rich ambient air) 
avoids greenhouse gas emissions because it elim-
inates nitrogen from the process and preventing 
the formation of harmful substances such as ni-
trogen oxides. 
 

Solid Waste as Feedstock for Gasification 
Systems which use ultra high temperatures and 
purified oxygen, similar to Serria Energy’s FastOx, 
system can accept most waste, with the excep-
tion of radioactive and explosive materials.  This 
includes municipal solid waste, biomass, con-
struction and demolition waste, industrial waste, 
and even complex wastes, such as hazardous, 
toxic and medical wastes without any additional 
treatment requirements.  The process requires 
minimal pre-treatment of feedstock. After waste 
material is delivered to the site, it is shredded 
prior to gasification. The gasifier can handle 
wastes with moisture contents of up to 50% by 
weight although optimal moisture content is 20% 
and below. MSW is ideal feedstocks for systems 
which use ultra high temperatures and purified 
oxygen. The EPA defines MSW as waste con-
sisting of everyday items "used and then thrown 
away, such as product packaging, grass clippings, 
furniture, clothing, bottles, food scraps, newspa-
pers, appliances, paint, and batteries,” which 
come from “homes, schools, hospitals, and busi-
nesses” (US Environmental Protection Agency, 
2013).   MSW makes a great feedstock for these 
types of gasification systems due to its abun-
dance and its variable composition which tends 
to optimize the gasification process.  Use of MSW 
as gasification feedstock should focus on con-
verting non-recyclable trash into energy.  There-
fore, processing MSW waste to extract all 
reclable content should occur prior to entering 
the gasification process. 

End-product Creation 
Gasifiers produce a high-quality syngas that can 
be converted into a number of valuable end 
products. The most common end products are 
syngas which can be used to generate electricity, 
and solids including biochar, and vitrified stone 
that is very similar in appearance to volcanic 
rock and suitable for use in landscaping or as 
construction material aggregate.  To generate 
electricity, syngas must be cleaned to the degree 
at which it can be used to power an electrical 
generation engine. The production of diesel, hy-
drogen fuel, and other end products, requires 
additional syngas cleaning efforts, as their purity 
requirements are more stringent than that of 
electricity production. As a result, each desired 
end-product may require a unique syngas clean-
ing and conditioning process. 
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What Emissions are Produced through Gasification? 
Environmental performance in a MSW thermal treat-
ment technology is important for the feasibility of the 
whole process.  Recent research has shown that the 
operation of thermo-chemical and biochemical solid 
waste conversion processes poses little risk to human 
health or the environment compared to other com-
mercial processes. Biochemical processes and those of 
anaerobic digestion have gained a wider acceptance 
in recent years. The strong opposition to gasification 
processes from environmental organizations is the 
result of misunderstanding that these processes are 
only minor variations of incineration.  
 
The type of thermal chemical conversion that occurs 
in gasification, as outlined above, has several im-
portant aspects that make it different from conven-
tional MSW incineration.  The technology makes air 
pollution control easier and cheaper compared with 
the conventional combustion processes.  Exhaust gas 
cleanup of thermochemical conversion processes is 
easier compared with incineration process, though 
still requires a proper process and emission control 
system design to satisfy safety and health require-
ments. 
 
University of California researchers conducted a lim-
ited study in 2005 of three prototype thermochemical 
conversion technologies.  Results from the analysis 
indicate that pyrolysis and gasification facilities cur-
rently operating throughout the world with waste 
feedstocks meet each of their respective air quality 
emission limits. With few exceptions, most meet all of 
the current emission limits mandated in California, the 
United States, the European Union, and Japan. In the 

case of toxic air contaminants (dioxins/furans and 
mercury), every process evaluated met the most strin-
gent emission standards worldwide. 
 
Systems which use ultra high temperatures and puri-
fied oxygen have zero direct emissions. It is a closed 
loop system that converts waste into syngas, which 
is processed at the back end of the system into useful 
energy. 
 

Plasma Gasification Potential in Peterborough 
Based on the Town of Peterborough’s total landfilled 
municipal solid waste, the current waste stream with-
in Peterborough could support 239 tons per year 
waste stream for gasification.  If all of the current 
Town of Peterborough landfilled and waste-to-energy 
municipal solid waste was used, this could increase to 
915 tons per year with a further increased volume 
possible if wastewater solids is included.  According to 
Sierra Energy, these volumes could generate: 

Source: Sierra Energy 

Town of Peterborough Landfilled 
Waste Only  

(239 MSW tons annually) 

310,249   

or 

41,693 

or 

10,533 

kWh Electricity 
annually  

Pounds Hydrogen Fuel  
annually 
Usable as a fuel alternative for fuel 
cells or engine generator sets 

Gallons of Renewable Diesel 
annually 
Usable as a fuel alternative for  
vehicles 

or 

237,475 Pounds of Ammonia 
annually 
Usable as a fuel alternative for fuel 
cells or engine generator sets 

Town of Peterborough Landfilled and 
Waste-to-Energy  

(915 MSW tons annually) 

1,185,270 

or 

159,284 

or 

40,241 

or 

907,244 

0.4% of Town Demand 1.6% of Town Demand 

15% of Town Demand 58% of Town Demand 
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Sector Baseline 

Click here to 
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Electric energy use is a major contributor to 
greenhouse gas (GHG) emissions.  The Electricity 
sector includes all residential, commercial, and 
industrial buildings. Greenhouse gas emissions 
from this sector come from indirect emissions – 
from fossil fuels burned off-site in order to supply 
that building with electricity.  Building design 
plays a large role in determining the future effi-
ciency and comfort of facilities.   Increasing ener-
gy efficiency can help reduce GHG emissions and 
result in significant cost savings for both homes 
and businesses. The Peterborough community 
can also achieve climate resilience, environmen-
tal, social, and economic benefits through en-
hancements to the built environment and renew-
able electricity generation.   
 
 
 
 
 
Electricity Emissions Share of 2021 GHG Emissions by 

Sub-Sector  
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Electricity Sector Baseline 
Peterborough Energy Use Profile—Community Wide 
Residential: 
According to 2021 community wide data, the residential sector in Pe-
terborough consumes nearly 23.67 million kWh annually.  This is equal 
to 8,730 kWh per household, approximately 124% of the Hillsborough 
County average. 
 
Commercial and Industrial: 
The Peterborough commercial and industrial sector in 2021 consumed 
over 49 million kWh.  This is equal to 18,060 kWh per job, approxi-
mately 112% of the Hillsborough County average. 
 
Potential for Change in Peterborough 
According to Town of Peterborough data, less than 3% of the Town’s 
commercial building stock and less than 4.5% of the Town’s housing 
stock was built in the last ten years.  Meanwhile while nearly 57% of 
the commercial building stock and over 67% of the Town’s housing 
stock is more than forty years old.  Based on the age of the Town’s 
building stock, significant renovations and new construction replace-
ment projects may increase in the coming years.  This means that a 
significant portion of the town’s building infrastructure could be posi-
tively impacted and influenced through strategies that guide increased 
energy efficiency and increased renewable energy adoption. 
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Electricity Sector Baseline 
Residential Energy Efficiency Potential—Electricity: 
New building technology has increased energy efficiency significantly in recent decades.  Although newer U.S. homes are 30 percent larger, they con-
sume a similar amount of total energy as older homes - meaning they are more energy efficient per square foot of space.   According to the US Energy 
Information Administration, homes built between 2000 and 2009 used 15% less energy per square foot than homes built in the 1980s, and 40% less en-
ergy than homes built before 1950.  Consequently, this means that retrofitting older homes with some of these technologies provides ample opportuni-
ty to improve energy efficiency throughout the community. 
 
The chart below outlines the estimated annual electricity energy savings potential for households within the town.  Anticipating an energy efficiency 
participation of 604 of the Town-wide total 3,019 housing units by 2030 (20% participation rate) with an average energy efficiency improvement of 15% 
each should yield an annual community-wide electric energy reduction of 640,000 kWh.  This reduction would achieve an annual GHG reduction of 
(230) metric tons by 2030.  Note, this reduction model anticipates a participation focus for residential units built prior to 1980. 
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Commercial and Industrial Building Energy Efficiency Potential—
Electricity: 
Similarly to residential construction, older commercial buildings or 
newer commercial buildings with under-performing energy efficiency 
represent a significant potential energy efficiency increase.  This means 
that retrofitting older commercial buildings with some of these tech-
nologies provides ample opportunity to improve energy efficiency 
throughout the community.   The chart below outlines the estimated 
annual energy savings potential for commercial buildings within the 
Town of Peterborough.    
 
Anticipating an energy efficiency participation of 20% of commercial 
buildings by 2030 based (approximately 31 of a total estimated 155 
commercial buildings) with an average energy efficiency improvement 
of 15% should yield an annual community-wide energy reduction of 
1.47 million kWh of electricity.  This reduction would achieve an annual 
GHG reduction of (477) metric tons by 2030.  

High Performance Buildings in Peterborough 

ENERGY STAR Certified Buildings:   1 

LEED Certified Buildings:  0 

Certified Net Zero Buildings: 0  
Existing Green Roofs, Known: 0 
Sources: US EP New Buildings Institute, A ENERGY STAR,  US 
Green Building Council, Greenroofs.com, Rooftop Sedums LLC 

Electricity Sector Baseline 
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Summary of Potential Solar PV Capacity by 2030 
Summarizing the calculations for the Optimized Rooftop Solar Potential, Carport Potential, and 
Ground Mounted Potential outlined previously illustrates a potential pathway for the Town of Pe-
terborough to significantly increase its distributed solar capacity into the coming years.  The 
rooftop solar PV growth scenario, Carport and Ground Mounted potentials are summarized below 
including the share of existing electric demand capable of being met: 
 
Source Potential  Cumulative Installed Annual Generation Estimate Share of Demand 

Rooftop PV   11,772 KW   8,911,000 KWH  12.26% 
Carport PV   1,736  KW  2,117,000 KWH  2.9%  
Ground Mounted PV 4,125 KW  5,032,000 KWH 6.9%  
 
Total Potential  17,663 KW  16,060,000 KWH 22.06%  
 
GHG reduction associated with increased on-site solar projection by 2030: (5,203) Metric Tons. 
 
Potential Climate Change Im-
pacts by Sector 
paleBLUEdot compiled a list of 
climate vulnerabilities for each 
of the sectors of interest includ-
ed in this Baseline Assessment.  
The vulnerabilities were based 
on existing resources and our 
experience with other communi-
ties as well as regional planning 
documents and studies. The fol-
lowing are the vulnerabilities 
identified as being of particular 
concern for this sector: 

Electricity Sector Baseline 
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Strategic Goal Recommendations— Community Wide 
Based on the reviews outlined in this section, we recommend the 
Town of Peterborough explore establishing the following community-
wide Electricity Strategic Goals: 
 

E 1: Improve total Community wide residential, commercial, 
educational, and industrial building electric energy efficiency by 
15% by 2030. 

 

E2: Increase adoption of high performance building construc-
tion technology, achieving 1% Net Zero households and com-
mercial properties community wide by 2030. 

 

E3: Increase on-site renewable energy from 6.9% to 24.5% of  
residential and commercial electric use by 2030. 

 

E4: Implement Municipal Community Aggregation renewable 
energy purchasing achieving at least 75.6% household and busi-
ness participation by 2030. 
(Note: participation goals assume participants are properties 
without on-site renewable electricity addressed in Strategy E3) 

 

Electricity Sector Baseline 
Strategic Goal Recommendations—Municipal Operations 
Based on the reviews outlined in this section, we recommend the 
Town of Peterborough explore establishing the following municipal 
operations Electricity Strategic Goals: 
 

E5: Improve total municipal building electric energy efficiency 
by 15% by 2030. 

 

E6: Increase on-site renewable energy to 20% of Town opera-
tions electricity consumption by 2030. 

 

BE 10: Purchase 100% of Municipal Operations electricity de-
mand not met through on-site renewables through Municipal 
Community Aggregation purchasing by 2030. 

Projected Sector Emission Reductions Achieved by Draft Strategies 

Cross-Sector Considerations 
 

Air Quality Equity Adaptation Mitigation 
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The heating energy sector is a major contributor 
to greenhouse gas (GHG) emissions.  This sector 
includes all residential, commercial, and industrial 
buildings. Greenhouse gas emissions from this 
sector come from direct emissions – from fossil 
fuels burned on-site  for heating or cooking 
needs.   As with the Electricity Sector, building 
design plays a large role in determining the future 
efficiency and comfort of facilities.   Increasing 
energy efficiency can help reduce GHG emissions 
and result in significant cost savings for both 
homes and businesses. The Peterborough com-
munity can also achieve climate resilience, envi-
ronmental, social, and economic benefits through 
enhancements to the heating sector.   
 
Heating Emissions Share of 2020 GHG Emissions by 

Sub-Sector and Fuel Source 
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Heating Sector Baseline 
Peterborough Energy Use Profile—Community Wide 
Residential: 
According to 2021 community wide data, the residential sector in Pe-
terborough consumes over 248.4 Billion BTU’s of heating fuel annually.  
This is equal to 91.6 Million BTU’s per household, approximately 376% 
of the Hillsborough County average. 
 
Commercial and Industrial: 
The Peterborough commercial and industrial sector in 2021 consumed 
nearly 103 Billion BTU’s of heating fuel annually.  This is equal to 41.3 
Million BTU’s per job, approximately 85% of the Hillsborough County 
average. 
 
Potential for Change in Peterborough 
According to Town of Peterborough data, less than 3% of the Town’s 
commercial building stock and less than 4.5% of the Town’s housing 
stock was built in the last ten years.  Meanwhile while nearly 57% of 
the commercial building stock and over 67% of the Town’s housing 
stock is more than forty years old.  Based on the age of the Town’s 
building stock, significant renovations and new construction replace-
ment projects may increase in the coming years.  This means that a 
significant portion of the town’s building infrastructure could be posi-
tively impacted and influenced through strategies that guide increased 
energy efficiency and increased renewable energy adoption. 
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Heating Sector Baseline 
Residential Energy Efficiency Potential—Heating: 
New building technology has increased energy efficiency significantly in recent decades.  Although newer U.S. homes are 30 percent larger, they con-
sume a similar amount of total energy as older homes - meaning they are more energy efficient per square foot of space.   According to the US Energy 
Information Administration, homes built between 2000 and 2009 used 15% less energy per square foot than homes built in the 1980s, and 40% less en-
ergy than homes built before 1950.  Consequently, this means that retrofitting older homes with some of these technologies provides ample opportuni-
ty to improve energy efficiency throughout the community. 
 
The chart below outlines the estimated annual heating fuel energy savings potential for households within the town.  Anticipating an energy efficiency 
participation of 604 of the Town-wide total 3,019 housing units by 2030 (20% participation rate) with an average energy efficiency improvement of 15% 
each should yield an annual community-wide electric energy reduction of 37.26 Billion BTU of heating fuel.  This reduction would achieve an annual 
GHG reduction of (525) metric tons by 2030.  Note, this reduction model anticipates a participation focus for residential units built prior to 1980 and 
participation of properties equal to share of fuel type utilization. 
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Heating Sector Baseline 

Commercial and Industrial Building Energy Efficiency Potential—Heating: 
Similarly to residential construction, older commercial buildings or newer 
commercial buildings with under-performing energy efficiency represent a 
significant potential energy efficiency increase.  This means that retro-
fitting older commercial buildings with some of these technologies pro-
vides ample opportunity to improve energy efficiency throughout the com-
munity.   The chart below outlines the estimated annual energy savings 
potential for commercial buildings within the Town of Peterborough.    
 

Anticipating an energy efficiency participation of 20% of commercial build-
ings by 2030 based (approximately 31 of a total estimated 155 commercial 
buildings) with an average energy efficiency improvement of 15% should 
yield an annual community-wide energy reduction of 3.37 Billion BTU of 
heating fuel.  This reduction would achieve an annual GHG reduction of 
(227) metric tons by 2030.  Note, this reduction model anticipates a partici-
pation focus for residential units built prior to 1980 and participation of 
properties equal to share of fuel type utilization. 
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Heating Sector Baseline 
Residential and Commercial Building Heating Fuel Switching Potential 
According to Town of Peterborough data, approximately 78% of house-
holds use heating oil, 20% use propane, and less than 2% use wood 
pellets for heating.  Within the commercial sector, 43% of commercial 
buildings use heating oil, 56% use propane, and less than 1% use wood 
pellets for heating 
 
As Peterborough’s electric grid nears carbon neutrality, building 
heating fuel will become an increasingly important target for emission 
reductions.  Reduction, and ultimately the elimination of all fossil fuel 
heating (oil, propane, natural gas) will be required in order to achieve 
community wide carbon reductions.  This replacement, known as Fuel 
Switching, and heating fuel switch options include: 
• Conversion to electric heat (e.g. heat pump). 
• Conversion to solar thermal systems. 
• Switching fuel oil or propane to high efficiency wood pellet heating 

systems. 

Peterborough Homes with Wood Heat Use Peterborough Homes with Propane Use Peterborough Homes with Heating Oil Use 
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Heating Sector Baseline 
 
Residential and Commercial Building Heating 
Fuel Switching Potential—Electricity / Solar 
Thermal 
The chart to the left outline the potential annu-
al GHG reductions with achieving a heating fuel 
switch to electricity or solar thermal systems for 
50% of Peterborough households and commer-
cial establishments by 2030.  These reductions 
would achieve a reduction in GHG emissions 
equal to (8,488) metric tons for residential and 
(3,670) metric tons for commercial and industri-
al. 



Heating Sector Baseline 
 
Residential and Commercial Building Heating 
Fuel Switching Potential—Electricity Wood 
Pellet Heating Systems 
The chart to the left outline the potential an-
nual GHG reductions with achieving a heating 
fuel switch to high efficiency wood pellet 
heating systems for 50% of Peterborough 
households and commercial establishments by 
2030.  These reductions would achieve a re-
duction in GHG emissions equal to (5,657) 
metric tons for residential and (2,385) metric 
tons for commercial and industrial. 
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Strategic Goal Recommendations— Community Wide 
Based on the reviews outlined in this section, we recommend the 
Town of Peterborough explore establishing the following community-
wide Heating Sector Strategic Goals: 
 

H1: Improve total Community wide residential, commercial, 
educational, and industrial building heating energy efficiency by 
15% by 2030. 

 

H2: Achieve 100% residential and commercial building "fuel 
switching" from on-site fossil fuel combustion to electrification 
or solar heating systems (50%) and wood pellet heating systems 
(50%) by 2030. 

 

H3: Explore district heating feasibility for the community and 
implement options identified as effective and appropriate. 

 

 

Heating Sector Baseline 
Strategic Goal Recommendations—Municipal Operations 
Based on the reviews outlined in this section, we recommend the 
Town of Peterborough explore establishing the following municipal 
operations Heating Sector Strategic Goals: 
 

H4: Improve total municipal building heating energy efficiency 
by 15% by 2030. 

 

H5: Achieve 100% municipal building "fuel switching" from on-
site fossil fuel combustion to electrification, solar heating, or 
wood pellet heating systems (50%) by 2030. 

 

 

Projected Sector Emission Reductions Achieved by Draft Strategies 

(additional reductions are possible by decreasing on-site combustion) 

Cross-Sector Considerations 
 

Air Quality Equity Adaptation Mitigation 



Moving ourselves and our goods and services from 
place to place is very energy intensive while the vehi-
cles we use for that mobility are very material re-
source intensive.  In addition to transportation vehi-
cles, off-road equipment like construction, recreation-
al and lawn equipment also consume significant 
amounts of fossil fuels for their operation.  Off-road 
equipment have even higher GHG emission and over-
all air pollution rates per gallon of fuel consumed than 
on-road vehicles due to less efficient combustion and 
lower emission standards than on-road vehicles.  
 
Equipment and transport systems have significant im-
pacts on the environment, accounting globally for 20% 
to 25% of world energy consumption and carbon diox-
ide emissions. In Peterborough, the Transportation 
sector accounts for 33.5% of community wide GHG 
emissions and are projected to decrease as the trans-
portation sector electrifies. 
 
Many options exist for improving the sustainability of 
our transportation systems while improving quality of 
life and equity.  Increasing shared transportation 
while decreasing use of single-occupancy vehicles sig-
nificantly reduces the environmental impacts of trans-
portation.  This change also can improve equity in mo-
bility.  Alternative transportation modes like bicycles, 
eBikes, and scooters can also increase opportunities 
for exercise while reducing air pollution.  Lastly, stud-
ies indicate that recent advances in electric vehicles, 
car-sharing technologies and the potential for self-
driving vehicles underline a much more sustainable 
usage of car assets that could remove up to 90% of 
the vehicles from the streets while enhancing mobility 
options. 
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Peterborough Vehicle Miles Trav-
eled  
According to the Town’s 2021 GHG inventory, the total ve-
hicle miles traveled (VMT) in Peterborough in 2021 was 
65.023 million miles.  It is estimated that this vehicle use 
consumes 2,399 thousand gallons of gasoline, 252 thou-
sand gallons of e10 gasoline, and 69 thousand gallons of 
diesel fuel.  Emissions associated with Town wide vehicle 
use total 24,001 metric tons 
 
According to the US Bureau of Transportation Statistics, the 
average household in the United States have daily trips 
totaling 33,600 miles annually.  Over 77% of those miles 
are trips associated with shopping, family, recreation, and 
other non-work related trips.  The remaining 23% are for 
commuting to work and other business related trips. 
 
Peterborough Jobs Heat Mapping 
According to CMAP data, the Peterborough has seen a 52% 
increase  in total jobs within the community from 1,786 
jobs in 2009 to 2,715 in 2019.  This increase has likely re-
sulted in an increase in workers commuting to work, and a 
commensurate increase in associated VMT. 
 
Job density has also experienced a 
shift within that timeframe with 
jobs increasing significantly in the 
Northeast portion of Town and 
slightly in the West section.   

Transportation Sector Baseline 

Employment Heat Map 2009 

Employment Heat Map 2019 
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Transportation Sector Baseline 
Town of Peterborough Commute 
Since 2013, overall average commute time in Peterborough decreased slightly to 19.7 minutes 
with 90% of those employed in Peterborough commuting from outside the Town.  Peterborough 
has also seen some change in commuter modes with commuters driving alone increasing 10% 
(from 68.4% in 2013 to 78.8% 2019) and walking to work increasing (from 4.46% to 7.37%) while 
carpooling decreased over 79% (from 19% to 4.15%).  These trends indicate that strategies to fo-
cus job development nearest sections of residential density and to encourage alternative com-
mute modes like public transit, carpooling, walking, and working at home may decrease transpor-
tation emissions. 

Town of Peterborough Commuter Transport by Mode Since 2013 
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Transportation Sector Baseline 
 
Over 22% of all commuters in Peterborough, 688 workers, have a commute time of less than 10 
minutes while another 25%, over 774 workers, have a commute time between 10 and 19 minutes.  
Due to the shorter commute time, the distances traveled by these works may lend itself well to 
alternative transportation modes like walking or biking.  Decreasing commuters driving alone by 
5%, through increase of alternative modes of transportation, carpooling, working at home and 
other strategies, would decrease vehicle miles traveled by up to 1.8 million miles, saving an esti-
mated $1,075,000 and eliminating up to (664) metric tons of GHG emissions annually. 

Commuter Share by Commute Time 

Town of Peterborough Workers with 10 Minute or Less Commute Time 
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Transportation Sector Baseline 
Housing and Transportation Affordability 
Land Use density, job locations, and transportation significantly impact living costs, particularly 
housing and transportation affordability.  The recommended share of income spent on housing is 
up to 30% and up to 15% for transportation, for a total transportation and housing burden of 45% 
of income.  The map to the right, from Center for Neighborhood Technology, indicates the aver-
age Housing and Transportation affordability index for each of the census blocks within the Town 
of Peterborough.  The community wide average housing and transportation burden (H+T) is 44% 
(24% on housing and 20% on transportation).  As shown on the household count by H+T income 
share, over 360 households in Peterborough have a combined H+T burden that is more than 45% 
of household income.  This trend indicates strategies that continue to focus job development 
nearest sections of residential density, increased housing affordability, and increased affordable 
mobility options may support decreasing cost of living, particularly associated with transporta-
tion. 
 
Walkability and Bikeability 
The measure of a community’s walkability and bikeability are an important metric of the commu-
nity’s ability to advance sustainable transportation.  Bike and walk scores will very across the city 
based on location specific parameters.  Below are transit, walk and bike scores for the downtown 
area of Peterborough (Source: WalkScore.com).  For this location, though the scores can be im-
proved, the existing levels indicate a somewhat supportive environment for increasing alternative 
mobility options such as walking and biking.   Every 0.5% increase in trip utilization of biking or 
walking in Peterborough may decrease vehicle miles traveled by over 300 thousand million, sav-
ing an estimated $150,000 and eliminating (120) metric tons of GHG emissions annually. 

Housing and Transportation Affordability 

Combined housing and transportation expenses as 
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Transportation Sector Baseline 
Vehicle Ownership in Peterborough 
According to the US Census, over 44% of all households 
own two vehicles, nearly 26% own 1 vehicle, 18.6% own 
three vehicles, and 6.9% own four vehicles.  Community 
wide, 4.6% are households with no vehicles.  According to 
Town of Peterborough data there are 5,620 vehicles total in 
the Town.   
 
Transitioning this rolling vehicle stock from fossil fuel com-
bustion to low and no emission alternative is critical in 
meeting significant long-range emissions reductions in this 
sector.  For every 1% of vehicles converted to EV or low/no 
emission fuel alternatives approximately (2,400) metric 
tons of GHG emissions can be eliminated annually 
(excluding emissions associated with increased electricity 
consumption which could be provided via zero emission 
electric sources). 
 
Existing Peterborough EV Charging Infrastructure 
The chart to the right illustrates the total number of electric 
vehicle charging infrastructure (EVSE) in Peterborough 
compared with the State of New Hampshire.  As of August 
2022, Peterborough had 0 public DC Fast charger ports and 
0 public Level 2 charger ports according to the US DOE.  
Comparing the Town of Peterborough’s population to the 
State, the community’s share of existing State DC Fast 
Chargers is 1 and its share of existing State Level 2 chargers 
is 2. 
 
EV Adoption Rates in New Hampshire  
The graph to the right illustrates the new EV purchase 
adoption rates in New Hampshire since 2011.  The trends 
illustrate a clearly increasing EV share of new vehicles pur-
chased. 

FCEV = Fuel Cell Electric Vehicle 

BEV = Battery Electric Vehicle 

PHEV = Plug-in Hybrid Electric Vehicle 

HEV = Hybrid Electric Vehicle 

(Source: Alliance for Automotive Innovation) 

EV Adoption Rates in New Hampshire  

Vehicle Ownership by Household 

Existing Peterborough Electric Vehicles and Infrastructure 

Electric Vehicle 
Charging 

Charters 
in State* 

Chargers 
in Town* 

  
Town 
Share 

City Share Compared 
to Population Share 

DC Fast Ports 127 0   0% N/A 

Level II Ports 255 0   0% N/A 

*Count represents ports, one charger station may have 1 or more ports 
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Transportation Sector Baseline 
EV Charging Infrastructure Required in the US by 2030  
(serving 18.7 million EV’s in use) 
According to the Edison Foundation, Electric Vehicle stock in the United States is projected to reach 
18.7 million in 2030, up from slightly more than 1 million at the end of 2018.  This means EV’s will 
make up at least 7% of the vehicles on the road by that time. 

(Sources: US Department of Energy, Alternative Fuels Data Center, US Census, Edison Foundation 
“Electric Vehicle Sales Forecast and the Charging Infrastructure Required Through 2030” report). 
 
Minimum EV Infrastructure Needed in Peterborough 2030 
For Peterborough, the Edison Foundation’s EV charging infrastructure need projections mean antic-
ipating at least 375 EV’s owned and operated by Peterborough residents by 2030 in addition to the 
increased EV utilization by visitors to the town and commuters who work in the town but live else-
where.  These EV’s will require a minimum of 16 public level II charging ports, 26 workplace level II 
charging ports, and 2 public CD Fast Charging ports—all of this represents new and needed infra-
structure for the Town.  For every 1% increase in EV utilization beyond that, an additional 3.12 level 
2 charging ports and 0.5 DC Fast charging ports should be planned.   
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Transportation Sector Baseline 
Potential Climate Change Impacts by Sector 
paleBLUEdot compiled a list of climate vulnerabilities for each of the sectors of interest included in 
this Baseline Assessment.  The vulnerabilities were based on existing resources and our experience 
with other communities as well as regional planning documents and studies. The list of vulnerabili-
ties generated for each sector included both direct impacts of climate change as well as ways that 
existing stressors in the community might interact with climate changes, either by exacerbating the 
impacts of climate change or being exacerbated by climate change.   The following are the vulnera-
bilities identified as being of particular concern for this sector: 
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Strategic Goal Recommendations 
Community Wide 
Based on the reviews outlined in this section, we recommend the Town of 
Peterborough explore establishing the following community-wide Trans-
portation Sector Baseline Strategic Goals: 

T1: Decrease and community wide VMT by 5% by 2030 through in-
creased biking, walking, shared mobility, and eMobility. 

 

T2:  Increase battery electric vehicle (BEV) utilization to 30% of com-
munity wide rolling stock (from 36 to approximately 1,686 vehicles 
community-wide). 

 

T3: Establish viable renewable diesel and/or biodiesel sources to 
serve community by 2025.  Achieve 100% diesel consumption re-
placement with renewable diesel and/or biodiesel by 2030. 

 

Transportation Sector Baseline 
Strategic Goal Recommendations 
Municipal Operations 
Based on the reviews outlined in this section, we recommend the Town of 
Peterborough explore establishing the following municipal operations 
Transportation Sector Baseline Strategic Goals: 

T4: Achieve 100% conversion of municipal operations gasoline and 
e10 gasoline vehicles and equipment within municipal fleet to EV's 
by 2030. 

 

T5: Convert all municipal operations diesel fuel utilization to diesel 
and/or biodiesel fuel by 2027. 

Projected Sector Emission Reductions Achieved by Draft Strategies 

Cross-Sector Considerations 
 

Air Quality Equity Adaptation Mitigation 





A1-1 Peterborough GHG Inventory and Baseline Assessment 

A1 
S e c t i o n  

GHG Inventory 
Calculation  

Summary Sheets 

Click here to 

return to TOC 







Prepared by: 

2515 White Bear Ave, A8 
Suite 177 
Maplewood, MN 55109 
 
Contact: 
Ted Redmond 
tredmond@paleBLUEdot.llc 

Photo: edkohler via Flickr 


	TOC
	01 Introduction
	02 GHG Inventory
	03 Estimating Renewable Energy Demand
	04 Renewable Energy Potentials
	05 Electricity Sector Baseline
	06 Heating Sector Baseline
	07 Transportation Sector Baseline
	A1 GHG Inventory Calculation Summary Sheets

