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Note: 

 

Cost information included in the following report is an estimate based on recent quotes, historical data, 
certain assumptions about the project scope and approach, the regulatory environment and market 
conditions at a fixed point in time. Given these variables, we recommend updating the estimate as time 
passes, and allocating sufficient contingency to allow for inevitable but unpredictable changes in the cost 
environment if the project moves forward.  
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Executive Summary 

 
The Middlebury Office of Business Development and Innovation engaged Tilson to identify viable business 
models for a potential Fiber to the Premises (FTTP) network in the region. This is a preliminary study 
intended to support the Office as it makes the case to stakeholders that an investment in a FTTP network 
will provide needed infrastructure to the region, and enable its economic growth.  

World class bandwidth and broadband infrastructure can be a significant economic development asset. A 
high speed network sends the message that a community has good infrastructure and services, good 
amenities and a positive future. This is useful in attracting and sustaining businesses, attracting younger 
people and attracting people who have a choice about where to live and work.  

Nevertheless, the business case in Middlebury presents a few challenges. Low population density and the 
presence of other very fast broadband service offerings in the town of Middlebury may make it difficult 
to achieve a minimum sustainable subscriber take rate prior to building out a FTTP network. A 
presubscription campaign can provide necessary confidence in take rate before committing funds. 
Achieving a critical mass of support for the project is a key factor in the project’s success. 

In addition, funding to capitalize the cost of building the network will also be important. This can come 
from a combination of user fees, equity investors and public and private grants. At current low interest 
rates, partial debt funding may also be attractive. A discussion of funding strategies is given below. 

This report provides a review of technologies, applications and economic impacts. It also provides an 
inventory of current services in the region and cost estimates for building a Fiber to the Premises network 
that covers the region. 
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Key Findings and Parameters 

Widely Varying Internet Needs, Great Potential 

The seven town region covered by this report includes residents, organizations and businesses with a wide 
variety of internet needs. Rural residents increasingly look to use the Internet for higher-bandwidth 
applications. Middlebury College students and faculty study and teach in fifteen countries; and on two 
campuses, one in Vermont and another in California. Creating opportunities for high-value employment 
for “trailing spouses” is a critical issue for attracting and retaining talent.  

The Middlebury region has many attractive assets, including a pristine environment and an active 
intellectual and cultural community centered around Middlebury College. Creating a low-barrier 
environment for businesses and professionals who can work anywhere, but would choose the region for 
its high quality of life is a key part of the region’s economic development strategy. This makes it a prime 
candidate for a development strategy that includes ubiquitous broadband. While there is existing high 
speed service in some of the area, a regional FTTH network sends an important signal to would-be 
residents, professionals, and businesses that the Middlebury area is a forward-thinking and attractive 
place to live and work. This is particularly important in attracting young professionals and families, which 
the area seeks. 

Present-Future Conundrum 

One of the difficult things about building telecommunications infrastructure today is that while future 
needs are uncertain, the pace of change is fast and accelerating. Currently, it takes a community three 
years to plan, organize and build a fiber optic network. This presents a conundrum, where it might seem 
rational to wait for demand and then respond to it; doing so may mean that available services become 
uncompetitive, in comparison with other markets. The risk of waiting is that the region may become 
uncompetitive and fail to sustain or attract business. 

Business Case 

The business case shows that a FTTP network that covers the entire region is a fairly expensive 
proposition, although roads, bridges and buildings are much more expensive infrastructure by 
comparison. In this study, Tilson has taken into consideration ownership and operation, subscriber models 
and pricing, and funding scenarios for capital and operating costs in order to come up with a scenario with 
the best chance of success. We’ve also laid out a phased approach to the project, which would allow the 
community to invest and build over an extended timeframe. In order for the business case to work in the 
region, the following three criteria need to be met: 

1. A minimum subscriber take rate, which may be achieved through a pre-subscription 
campaign. We have estimated this minimum take rate to be in the neighborhood of 35% 

2. Substantial subscriber commitments to pay either a significant up-front capital 
contribution, or pay for service at a premium level over time. To increase the level of value 
that users could receive in return for making these commitments, we explore an option 
to structure these payments as purchase of a membership that can be a transferable asset 
running with the property, and once paid off, results in a permanently lower cost of 
service to the member. 

3. An Internet Service Provider (ISP) willing to partner with the community for the long term 
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The Benefits of Gigabit Fiber Networks  

Fiber to the home or business opens up new possibilities. Abundant bandwidth allows people to interact 
as if they are in the same room. A gigabit connection can enable multiple users to share large datasets 
and interact seamlessly with others in remote locations. Fiber to the Premises is often cited as the “holy 
grail” of connectivity, and with good reason: 

 Pervasive fiber networks enable the easy sharing of large data sets such as medical records, 
medical imaging, climate and other scientific data. 

 Fiber connectivity can stimulate economies by attracting new businesses and allowing small 
businesses and professionals working from home to thrive. 

 Fiber enhances educational offerings and increases educational attainment by allowing students 
to visit sites around the world digitally and interact in real time with remote teachers and 
student groups. 

 Fiber enhances health by allowing caregivers to monitor patients and the elderly in their homes 
and allowing health care providers to share medical records.  

 Fiber helps cities to function more smoothly by monitoring and controlling traffic, energy use 
and on-line interaction with constituents.  

It is important to pause here and draw an important distinction. Broadband delivered over fiber optic 
networks is an important enabling technology. However, the presence of fiber networks by itself is not as 
much of a change agent as the capability of a fiber network combined with an “abundance” approach to 
delivering broadband service that some but not all network operators embrace. In fact, fiber optic 
technology lies at the core of nearly all types modern telecommunications networks, including networks 
that have non-fiber elements at the “edge” of the network connected to end users, like wireless, DSL, and 
cable networks. The fiber optic elements in these networks add speed, capacity and reliability to all of 
these types of services. An all-fiber network has the inherent capacity to deliver abundant bandwidth 
along with robust performance to end users. However, a fiber network (like other types of broadband 
networks) can still be managed as if its capacity were actually a scarce resource, with steep premiums 
charged for those users who have access to its full capabilities, and significantly throttled-down versions 
of service available to other users.  

To a certain extent such strategies are understandable responses by network operators to segment their 
markets, identifying those who are able and willing to pay a greater share of the costs of such a network. 
At the same time, it is also important to note the necessity of charging different rates for certain classes 
of users, even if they nominally have the same speed service. A gigabit service to a home and a gigabit 
service to a university are very different classes of service. All fiber network operators rely on the fact that 
at any given moment in time only fraction of residential and small business users will be actively 
transmitting or receiving communications, and only a fraction of those users will be using a large part of 
the full capacity of their connections. This allows network operators to “oversubscribe” the connections 
that connect the local access network to the larger internet, lowering their operating costs and enabling 
lower prices. On the other hand, a large user (like a hospital, large business, or university campus) has 
many more users connected to their internet service, and a more constant pattern of use. This means that 
these types of customers are more likely to need dedicated capacity in the upstream connections of the 
broadband service provider’s network to ensure that the capacity purchased by the user is there when 
demanded. These users must be supported with much lower oversubscription ratios, or no 
oversubscription at all, resulting in higher costs to serve and requiring higher rates. 

Beyond a point, however, this scarcity model of delivering service also blunts the impact and benefits that 
the network has the capacity to deliver. Another model focuses on finding a sustainable price capable of 
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supporting the costs of the investment and operation, but making available the abundant capacity of the 
network to as broad a cross-section of users as possible. The analysis in this report assumes this type of 
approach to managing a fiber network. 

Gigabit Progress to Date 

Not everyone agrees on when gigabit connections will become a necessity for a broad cross-section of 
users. Nevertheless, more and more providers and communities are implementing gigabit networks. 
Google introduced 1 gigabit service to Kansas City and 20 area suburbs in 2012. Since then, Google has 
announced its commitment to build gigabit service in 20 major cities over the next several years. In 
response, AT&T announced in November that it will expand gigabit to parts of 23 cities in addition to its 
existing gigabit service in Houston, Chicago, Miami, Nashville, Orlando and Atlanta. Comcast announced 
in April that 1Gbps service would be available to 18 million households in 2015, and to almost every 
household it serves by the end of 2016. Similar progress towards higher speed internet services is being 
made in countries around the world. Closer to home, cities and towns across New England are upgrading 
their internet services and installing fiber to the premises networks in selected areas.  

At the same time, current market forces are not producing the high speed bandwidth that smaller cities 
and towns desire. Quite simply, this is because the financial returns to internet providers are generally 
below the cost of building and operating faster systems. The return on investment is much higher in 
densely populated regions. Most incumbent carriers will provide custom high speed internet to a business 
or organization that is willing to pay the high costs of installation and service, but most carriers are not 
motivated to assume the risk of connecting an entire town or region. In time, this reluctance could 
potentially create a digital divide between urban and rural areas.  

In response, many communities are planning and implementing their own high speed internet systems. 
This is new territory, and various business and funding models being implemented in different places. 
Middlebury and the surrounding region fit neatly into this latter category. The communities in the 
Middlebury region want high-speed broadband, but more work needs to be done to find the best path to 
achieve this. One option would be to work with incumbent carriers to improve their service, but would 
likely require significant subsidy from local government. While this may help a swath of area residents, 
simply upgrading existing service would likely overlook many remote areas. Also, upgrading service will 
not result in the public perception, which a FTTH network has, of a forward-thinking, technologically 
advanced region. 

In our work with towns and regions in New England, we’ve found that many people are satisfied with 
current internet service available from cable TV providers or local utilities. These services may be 
upgraded over time, with incrementally faster speeds. However, there are physical limitations with copper 
mean that the ability to deliver gigabit networks—the next generation of internet service—to the average 
user relies on building fiber optic cables to (or very near to) end users. When building a gigabit network 
without a legacy copper network to start from, fiber-to-the-premise is the preferred approach. 

Gigabit Applications 

Broadband is a general-purpose technology that has the potential to provide a broad spectrum of benefits. 
Some of these applications are measurable today and some are yet to be realized. This section contains a 
summary of applications of gigabit networks that may be of special interest to the Middlebury region. 

Beyond these applications, however, lie the applications we can’t yet foresee. Most Americans do not yet 
have access to gigabit networks, but that is likely to change. Internet applications tend to be designed and 
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written for the Internet that most people have access to, and advances in bandwidth are an invitation to 
develop new applications.  

K-12 Education 
The internet is rapidly transforming K-12 education. Two trends are worth noting: Schools are expecting 
that students can access the internet both at school and at home, and schools are increasing their use of 
cloud-based applications. Cloud-based computing uses applications and data stored on remote servers, 
as opposed to software applications being purchased and installed on local devices. Advantages to using 
the cloud include allowing access to applications from anywhere, ease of changing applications, and 
reduced cost of ownership.  

In addition to the general push to the cloud, Vermont schools in particular are struggling to maintain 
enrollment levels. According to data from the Vermont Agency of Education, public school enrollment has 
declined in Vermont every year since 2004. While Middlebury’s Addison Central School Union has seen 
more variation in enrollment year over year, the overall trend is still downward, as shown in Figure 1. 

 

Figure 1 – Vermont and ACSU K-12 Public School Enrollment 

 

As can be seen, K-12 enrollment has declined nearly steadily statewide since 2004. Overall enrollment in 
2014-2015 is down 11% compared to 2004-2015 in the Addison Central Supervisory Union, and 10% 
statewide for the same time periods. In the face of this, ubiquitous broadband will enable students to 
access a variety of enriching materials and course supplements from virtually any source – be it science 
demonstrations from world-class universities, foreign language instruction from Middlebury Interactive 
Learning or Middlebury College’s formidable foreign language programs, or others. This will help keep the 
quality of teaching high and reduce costs.  

According to a US chamber of Commerce study, “While broadband is not a panacea for education reform, 
it is positioned to serve as an essential vehicle for delivering content and tools that can be used to spur 
student engagement, enhance learning outcomes, facilitate collaboration and innovation among 
educators, and enable cost savings in the administration of education”. What’s important for the 
Middlebury region is that smaller schools can access materials and participate in on-line classes, allowing 
them to offer high quality education from remote locations. Over time, the need for high speed internet 
access for smaller and more remote schools will become more important.  
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High-speed broadband access is also essential in providing professional development opportunities for 
teachers. Education portals, curriculum cadres, and online courseware are just a few examples of 
professional development strategies requiring high-speed broadband access. Educational portals allow 
teachers to quickly search for lesson plans or other resources by content standard, grade level, and/or 
topic with just a login and a few clicks. An example of an educational portal can be found at the Arizona 
Department of Education at www.azed.gov. Curriculum cadres are virtual learning communities for 
teachers. An example can be found at www.bestpracticescenter.org.  

Table 1 and Table 2 show the projected internet needs for K-12 education in the next few years, as well 
as recommended bandwidth for various internet activities. 

 
Table 1 – Minimal Requisites for Broadband (SEDTA, 2012, p. 2) 

Broadband Access for Teaching, Learning, and School 
Operations 

2017-2018 Academic Year Target 

An external internet connection to the Internet 
Service Provider 

At least 1Gbps per 1,000 students 

Internet Wide Area Network connection from central 
office to school campuses within a certain district 

At least 10Gbps per 1,000 students 

Source: State Education Technology Directors’ Association, 2012, page 2 

 

 

Table 2 – Recommended Download Speed per User for Online Activities 

Activity Recommended Download Speed (per-user average) 

Email and web browsing 500 kbps 

Download a 1MB digital book in 5.3 seconds 1.5 Mbps 

Online learning 250 kbps 

HD-quality video streaming 4 Mbps 

Skype group video chat session (7-10 people) 8 Mbps 

Download a standard movie in 8 minutes 100 Mbps 

Current generation multiple choice assessment 60 kbps per student 
Source: State Education Technology Directors’ Association, 2012 

 

Higher Education 

In the realm of scientific research, super-computing and sharing of large databases is increasingly 
important. Increased bandwidth is necessary to conduct high level research. Some indicative quotes 
demonstrating this 21st century paradigm are: 

 “Data comes at us rapidly from nearly every quarter and demands to be analyzed. High speed, 
high capacity computers, blindingly fast networks and massive storage capacity, huge quantities 
of digitally searchable text and considerable expertise will be required to deal with it all”.  

— David Schulenburger, Senior Fellow, Association of Public and Land-grant Universities 
and Professor Emeritus, University of Kansas 

 “What is it that we really want from information technology? Scientists want the speed and power 
to communicate, teach, and learn from anywhere in the world at any time, with ease. We want 
to have the power and speed to analyze remarkably complex problems. A fundamental outcome 
of the IT revolution has been the change it has made in terms of how easy it is to collaborate with 
anyone almost anywhere. My experience has been that scientists will seek out whoever they need 

http://www.azed.gov/
http://www.bestpracticescenter.org/
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to solve the challenges they face, often without regard to location. This has contributed to the 
explosion of scientific knowledge over the past couple of decades.”  

— Steven Warren, Vice Chancellor for Research and Graduate Studies, University of 
Kansas 

At the undergraduate level, study and research that connects people in remote locations across the globe 
are becoming common. New internet video conferencing applications will make connecting across the 
globe easier and feel more like live meetings where participants are in the same room. Faster and more 
reliable internet systems will be needed for the next generation of videoconferencing applications.  

Telemedicine 

Remote health assessments, treatment, and more remote interaction with healthcare providers are 
facilitated by gigabit networks. The aging of the baby boomer generation, the need to keep health care 
costs under control and the desire of many elders to remain at home are creating a “perfect storm” of 
demand for applications that will manage and monitor health at home. A current example is the recently 
developed In-Home Health Alert with Remote Care Coordination (IHHA-RCC) app from the University of 
Missouri's Interdisciplinary Elder-Tech Team. The IHHA-RCC App uses a variety of sensors that do not need 
to be worn or attached to the people they are monitoring. The sensors non-intrusively collect data for the 
App as seniors go about daily lives at home, or in elder care facilities. The data the sensors collect is plotted 
and presented to caregivers in the form of historical graphs and charts. The information helps to prevent 
functional declines from becoming debilitating and to predict the onset of illnesses. Early detection helps 
to prevent small problems from becoming more difficult to correct or cure. This in turn keeps the cost of 
care for each person being monitored from ballooning out of control.  

Judith Donath, a fellow at Harvard University’s Berkman Center for Internet and Society, commented that 
“chronically ill or elderly patients will be released from hospitals with a kit of sensors that a home nurse 
can use.” A 2012 study of the federally funded Broadband Technology Opportunity Projects (BTOP) found 
that health care outcomes and the efficiency and cost of delivering healthcare were improved by the fiber 
“middle mile networks” that were built as part of the federal stimulus package in 2009. Improved patient 
care was noted in six out of twelve case studies, and improved health care provider productivity and 
efficiency was noted in eight of twelve case studies.  

Telemedicine has great potential that is just beginning to be explored. People of all ages can benefit from 
checking in with their health care providers from home. New applications for real time monitoring and 
remote appointments with health care providers will likely need higher speed broadband service. 

Cloud Connectivity and the Internet of Things 

Two long-term trends in the use of the internet are the increasing importance of applications and data 
residing in “the cloud” and the increase in the number of devices connected to internet connectivity other 
than servers and personal computing devices. Use of remotely accessed-data and applications hosted on 
distant servers has grown in acceptance, extending the ability to leverage cheap, redundant storage, 
flexible computing power, and do so wherever Internet is available. As such, the Internet becomes like an 
extension of the local computer and the local area network. Not every cloud application requires great 
bandwidth, but with the cloud, fast, responsive internet becomes part of the experience of many formerly 
“offline” applications. Moreover, for many members of today’s workforce who are teleworkers, the 
internet has become their new office local area network. Typical office environments today operate at 
100 Mbps or gigabit speeds, and the capability of internet connections available to small users has now 
begun to match this standard, reinforcing the ability of remote workers to act as if they are “there” even 
when they are not. In a world where more and more users have access to ultra-fast broadband, no 
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teleworker wants to be in a position where the performance of their internet connection is seen as a 
liability.  

The demand for internet connectivity is also no longer limited to connecting people. Homes and 
businesses are increasingly filled with devices that communicate independently over the internet. Again, 
not all of these devices consume vast bandwidth, but all contribute to the volume of traffic our 
connections must support. 

 



 

Middlebury Broadband Initiative 9 

FTTP Technology Comparison 

Network Terminology 

Middlebury’s Office of Business Development has identified the standard of service offered by Fiber to 
the Premises (FTTP) as the ideal to which the region aspires. In comparing FTTP to other technologies, it 
is useful to discuss five aspects: upload bandwidth, download bandwidth, latency, resilience, and quality 
of service. These are defined as follows: 

 Upload bandwidth is the capacity of a network connection to push data from the local network to 
the wide area network to which it is connected. In other words, upload bandwidth is a 
measurement of the capacity of the data “pipe” from the local network to the internet. Bandwidth 
is typically measured in megabits or gigabits per second, abbreviated Mbps and Gbps, 
respectively.  

 Download bandwidth is the capacity of the local network to receive data from the wide area 
network. Typically, the wide area network will be the Internet. While many people focus on a 
connection’s download bandwidth, it is important to note that all bandwidth measurements are 
maximums in an ideal environment. Actual throughput, the data transfer rate achieved in the real 
world, is often significantly lower than advertised bandwidth due to factors on the local network 
and the broader Internet.  

 Latency is a measurement of the time it takes for information to travel to its destination on the 
network. Generally, network latency measures the round trip time – that is, the time it takes for 
a packet of information to travel from its origin to its destination and back. Latency has a 
significant impact on a user’s perception of connection speed. High latency connections, where 
for example there is a significant delay between clicking on a link and the page beginning to load, 
will feel very slow compared to low latency connections, where the response to clicking is 
immediate, even if the page then takes a few seconds to load. Latency is of paramount importance 
for “real time” network applications like phone or video conferencing. It is also important to 
recognize that latency affects the speed of many internet interactions that involve even small 
amounts of data transfer because these interactions involve many small “back-and-forth” 
communications, each of which involves a latency time delay. Typically measured in milliseconds 
(ms), latency below 50ms is considered normal for home cable broadband connections. An 
example of a high latency connection might be via satellite, where latency approaching 1000ms 
is not uncommon. 

 Resilience or resiliency is the ability of the network to maintain an acceptable level of service 
despite physical faults in the network or equipment malfunction. For example, if a key fiber line 
is cut or broken, a resilient network would continue to function at an acceptable level until repairs 
could be effected. Resilience is primarily determined by how the network is designed and built, 
and is not an intrinsic quality to any particular network technology. 

 Quality of Service, or QoS, refers to the ability of a network to prioritize different types of traffic 
with regard to each type’s needs. For example, a phone call would require higher priority 
processing than sending an email since the people on the call would directly notice the adverse 
impacts on their call of higher latency or insufficient bandwidth, while someone sending an email 
would probably not notice that their email took slightly longer to send. QoS is most applicable in 
bandwidth-constrained environments where many users, using different kinds of network 
applications, all share a connection that does not provide enough bandwidth for all users at once. 
Bandwidth might not be a concern in a FTTP network, but QoS could still be useful in minimizing 
latency for priority applications.  
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Broadband Technologies Overview 

There are many competing technologies available for broadband networks. Each represents a balance 
between installation cost, operation cost, geographic range, and the five network characteristics 
discussed above. This section will discuss the four most common technologies: DOCSIS, DSL, LTE, and fiber. 

DOCSIS 

Data Over Cable Service Interface Specification, usually abbreviated DOCSIS, is the standard used by cable 
internet providers. There are multiple versions of DOCSIS; the current specification is version 3.0. Most 
US cable companies will begin to implement DOCSIS 3.1 on a wide scale in 2016. 

All versions of DOCSIS use existing cable TV wiring to provide data connectivity. Each cable internet 
connection uses a cable modem to transmit and receive data, and convert between the cable company’s 
infrastructure and a local networking interface, usually Ethernet.  

Cable modems transmit and receive using the similar types of signals to those of cable TV. Cable providers 
can add or remove bandwidth by assigning more or fewer channels to the data network. The DOCSIS 
standard, among other things, defines ways for cable modems to take advantage of more channels for 
data. Since bandwidth on the cable companies’ networks is a finite resource, as internet bandwidth needs 
grow, cable companies may be faced with removing less-watched TV channels from their lineups in order 
to free bandwidth for internet customers. The transition from analog to digital cable TV had the effect of 
freeing up significant amounts of bandwidth on cable operators’ networks. 

DOCSIS 3.0 is the current standard in US cable internet. While it can technically support up to 1Gbps, no 
cable provider offers such a service tier because it would use too many channels. In addition, gigabit 
speeds under DOCSIS 3.0 would require prohibitively expensive upgrades in the cable providers’ head-
end systems.  

Instead, most operators plan to make head-end upgrades as part of the overall upgrade to DOCSIS 3.1. 
The newer standard is more efficient, and is designed to compete with FTTP offerings from Verizon, AT&T, 
Google, and others. Table 3 shows a comparison of the maximum bandwidth for each DOCSIS standard 
that can be typically realized. While DOCSIS 3.1 can theoretically support up to 10Gbps download, cable 
providers are only planning to implement a maximum of 5Gbps initially. 

One important drawback to cable internet is that connection bandwidth is shared with other users in the 
area. If the network is not well-engineered, throughput will suffer during periods of high usage. 

Table 3 – DOCSIS 3.0 vs 3.1 

 DOCSIS 3.0 DOCSIS 3.1 

Year Released 2006 2015 

Download Bandwidth Up to 300Mbps Up to 5Gbps 

Upload Bandwidth Up to 100Mbps Up to 1Gbps 

 

DSL 

Digital Subscriber Line, or DSL, is a family of technologies that allows high speed internet using old-
fashioned copper phone lines. While a proven technology, DSL has significant technical limitations that 
drive up the cost of deploying higher-speed DSL networks.  
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The two main DSL technologies in use in the United States are ADSL and VDSL.  

 ADSL, Asymmetric Digital Subscriber Line, is the more common technology. The “asymmetric” 
refers to the fact that ADSL lines have different upload and download bandwidths. When the 
technology was first introduced in the mid 1990s, ADSL had a maximum download bandwidth of 
1.5Mbps. Nowadays, DSL networks can achieve 24Mbps download under ideal conditions using 
an updated version of the technology called ADSL2+. 

 VDSL, Very-high-bit-rate Digital Subscriber Line, is an improved version of DSL technology that can 
provide bandwidth rivalling the fastest DOCSIS 3.0 connections under ideal circumstances. VDSL 
is generally used for DSL speeds in excess of 24Mbps. Achieving speeds comparable to fast cable 
connections with VDSL is very costly and technically demanding in real world conditions. 

The core weakness of all DSL technologies is that speed decreases quickly as the customer moves farther 
from the phone company’s remote terminal. While an ADSL connection might be able to attain 24Mbps, 
customers would have to be located within one third of a mile of the remote terminal in order to realize 
such speeds. Customers more than 2.5 miles from the remote terminal are limited to approximately 
3Mbps, while DSL is generally not usable for customers more than about 3 miles from the remote 
terminal. Table 4 shows the theoretical maximum bandwidths for DSL technologies, under optimal 
conditions. VDSL can achieve speeds higher than below by using multiple physical pairs of wire and 
bonding them programmatically at the remote terminal into one connection, but this imposes a significant 
capital and operational cost in addition to requiring customers be in close proximity to the remote 
terminal. 

Table 4 – DSL Technologies Comparison 

 ADSL ADSL2+ VDSL 

Download Bandwidth Up to 8Mbps Up to 24Mbps Up to 52Mbps 

Upload Bandwidth Up to 0.448Mbps Up to 1.4Mbps Up to 16Mbps 

 

LTE 

LTE, or Long Term Evolution, is a wireless technology used for data connectivity. LTE is often thought of 
as a cellular phenomenon. While US cellular providers have all implemented LTE in some form on their 
networks, the technology can also be used for fixed applications. Wireless systems have certain 
advantages over wired ones, chief among which is their reduced capital cost in covering sparsely 
populated or remote areas. This must be balanced with the need, especially in a fixed broadband network, 
to provide adequate service to all subscribers throughout the footprint. 

LTE is a mature technology that, as noted above, is being widely used worldwide. It provides a theoretical 
maximum download speed of 300Mbps with uploads of up to 75Mbps. Since LTE is a wireless technology, 
factors such as distance from the base station and atmospheric conditions will have an effect on real-
world throughput and latency. There are ISPs who provide fixed LTE connections, especially to remote 
communities. 

Fixed LTE service providers typically provide a router that receives the LTE signal and converts it to 
standard Ethernet and/or Wi-Fi for use in residences and small businesses.  

Fiber 

Fiber optics use glass (or, in some cases, plastic) strands to carry data signals in the form of pulses of laser 
light. Each strand is significantly thinner than a human hair but has no theoretical maximum bandwidth. 
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Fiber connections of 400Gbps have been demonstrated, but most FTTP networks have a bandwidth of 
1Gbps per connection. As new technologies become available, FTTP networks can be upgraded by 
installing new equipment at each end of the fiber.  

Fiber to the premises is generally considered the “gold standard” in speed, reliability, and latency. One 
important differentiator of FTTP networks compared to other technologies is that FTTP is symmetric. That 
is, FTTP networks offer the same upload and download bandwidth. As people use the internet more and 
more for applications, like video chat, that require significant upstream bandwidth, this can become an 
important consideration. 

Broadly speaking, there are two main types of FTTP network: passive and active. In a passive network, 
multiple customers share the bandwidth from a common fiber strand. Conversely, customers in active 
networks each have their own dedicated fiber strand to the head end. Passive networks tend to have 
lower capital and equipment costs while active ones are generally perceived as “future-proof”. Both types 
of networks can still provide gigabit bandwidth to end users. 

Summary of Network Technologies 

The below table summarizes all of the broadband technologies along the five characteristics of 
upload/download bandwidth, latency, resiliency, and quality of service. It is important to note that 
resiliency is primarily determined by how the network is engineered, and is not intrinsic to a given 
technology. It is possible to build highly resilient networks using any of the below technologies by building 
redundant connections, using higher-grade equipment, and the like. 

 

Table 5 – Comparison of Broadband Technologies 

 Max Download 
Bandwidth 

Max Upload 
Bandwidth 

Typical  

Latency 

Resiliency Quality of Service 

Cable/ 

DOCSIS 

3.0: 300Mbps 

3.1: 5-10Gbps 

3.0: 100Mbps 

3.1: 1Gbps 

30-80ms Similar to overall 
local cable network 

Widely implemented 
by cable providers for 
phone service 

DSL 52Mbps 16Mbps 40-80ms Similar to local 
phone network 

Limited bandwidth 
can force use of QoS 

LTE 300Mbps 75Mbps 60-100ms Depends on density 
of base stations and 
backhaul 
engineering 

Limited bandwidth in 
suboptimal conditions 
can require QoS 

FTTP 10Gbps 10Gbps <15ms Depends on network 
engineering, 
including backbone 
redundancy, 
placement of fiber, 
etc. 

Not generally required 
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Economic Impacts 

Many studies have been done on the economic impacts of high speed fiber networks. All of them show 
positive impacts on wages, jobs and business productivity. There are two challenges in determining 
economic impacts of broadband: trying to predict the economic impacts of a fiber network in a specific 
region, and attributing the cause and effects of economic gains to high speed internet. A brief synopsis of 
economic impact data is given below.  

A study1 at the University of Connecticut School of Business finds that each 1Mbps increase in bandwidth 
creates the following results up to 60Mbps: 

Table 6 – Economic Impacts of Broadband for each 1 Mbps Increase in Speed: 

Factor Result  

Unemployment Rate Drops by 0.08% 

Bachelor Degree Rate Increases by 0.42% 

Median Household Income Increases by $570 

Average Home Value Increases by $3,200 

 

Impact on Real Estate Values 

There is growing awareness that high speed internet can have a positive impact on real estate values. 
Some realtors have reported that their clientele will not consider a home without high speed internet 
availability. In other areas, internet service speed has been listed as a feature of a property for sale, 
alongside the number of bedrooms. Here are data points from several studies: 

 Broadband access adds $11,815 value to a $439,000 home (U of Wisconsin, 2014)  

 A fiber connection adds $5,437 to the price of a $175,000 home (U Colorado and Carnegie 
Mellon, 2015) 

 Broadband access adds 2% to the price of a condo: $4487 on a $200k condo, (RVA LLC, 2014) 

 Broadband access adds 15% to apartment rental: $152 on $1000/mo. rent, (RVA LLC, 2014) 

Business Attraction Case Studies 

There is a growing number of case studies where communities have built high speed fiber networks and 
were subsequently able to attract new employers to the region. While the cause of these company 
expansions hasn’t been scientifically established, these case studies are compelling. Examples include: 

 Cedar Falls, IA: In 1994, the Cedar Falls Industrial Park had 27 businesses and $5 million in taxable 
valuation. After connecting the park to a town-built fiber network, there are 160 businesses and 
$270 million in valuation.2 

                                                           
1 Bhattacharjee, Sumit. 4 May 2015. The Economic Impact of Gig Networks, page 11. Retrieved from 
http://goo.gl/VnKxCA 
2 Crippes, Christina. (27 Feb 2014). Branstad in Cedar Falls to discuss broadband. Waterloo-Cedar Falls Courier. 
Retrieved from http://goo.gl/3u6072  

http://goo.gl/VnKxCA
http://goo.gl/3u6072
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 Chattanooga, TN: With its fiber-to-the-home network offering gigabit speeds throughout the city, 
Chattanooga has attracted companies, like Homeserve USA. 3 In addition, Comcast has responded 
to the competitive pressure by adding 150 jobs to the area.4 

 Danville, VA: Used its fiber network to revitalize its economy, once the worst in the state with 
19% unemployment, and made the city a site of robust economic development, attracting Chinese 
flooring and furniture manufacturers to set up US manufacturing facilities in an industrial park 
connected to the city’s fiber network. This is projected to bring hundreds of jobs.5 

 Powell, WY: In anticipation of a fiber-to-the-home system in rural Powell, a South Korean venture 
capital firm agreed to pay up to $5.5 million to engage 150 certified teachers, working from their 
homes, to teach English to students in South Korea using high-speed video. The FTTH system has 
been so successful that the city was able to buy out its investors 18 years ahead of schedule.6 

                                                           
3 Homeserve staff up to 140 employees. Retrieved from http://goo.gl/8g9AxA  
4 Smith, Ellis. (22 Aug 2012). Comcast to unite forces in Chattanooga. Times Free Press. Retrieved from 
http://goo.gl/xb7Axt  
5 Danville Continues to Attract Jobs to Region After Building Fiber Network. (22 Nov 2013). Retrieved from 
http://goo.gl/WkKieI  
6 Bray, Ernie. Powell, Wyoming: Creating a New FTTH Model. Broadband Properties Magazine, Aug/Sept 2008. 
Retrieved from http://goo.gl/93MNo2  

http://goo.gl/8g9AxA
http://goo.gl/xb7Axt
http://goo.gl/WkKieI
http://goo.gl/93MNo2
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Existing Services and Fees in the Middlebury Region 

Several providers offer internet service in the Middlebury region. Their offerings are summarized in the 
below table. All speeds listed are maximum possible speed under optimal conditions, with no guarantee 
of actual throughput. 

Table 7 – Existing Residential and Commercial Broadband Options in Middlebury Area 

 

In evaluating the available services, it should be noted where each provider currently offers service. Figure 
2, below, shows the general footprint of incumbent telephone providers. Also shown are remote DSL 
terminals and fiber trunk routes for these providers. In general, higher DSL speeds are available nearer to 
a remote terminal, and lower speeds further away from them. 

Carrier Areas Served Residential (Mbps) 

(monthly fees) 

Commercial (Mbps) 

(monthly fees) 

FairPoint 

 

Middlebury, 
Sudbury, Ripton 

 3 Mbps Down/ 768kbps up - $33.98 

 7 MbpsDown/ 768KBps up - $40.90 

 15 Mbps Down/ 1 Mbps up -$47.98 
Promotional prices may vary. 

 3 Mbps down/ 768kbps up  

 7 Mbps down/ 1 Mbps up 

 10 Mbps down/ 1 Mbps up 

 15 Mbps down/ 1 Mbps up 

 25 Mbps down/ 2 Mbps up 
Pricing quoted on an individual 
case basis 

WCVT (Residential & 
Small Business) 

 

Weybridge, 
Bridport 

 8 Mbps down/1 up ($42.95) 

 20 Mbps down/1 up ($49.95) 

 50 Mbps down/25 up ($59.95) 

 100  Mbps down/50 up ($99.95) 

Same as residential 

Shoreham Tel (OTT) 

Business and Residential 

Shoreham, 
Cornwall 

 6 Mbps ($59.95) 

 10 Mbps ($69.95) 

 12 Mbps ($79.95) 
(Upload speeds not provided) 

Depends on specific location  

Comcast 

 

 

Middlebury, 
Cornwall, 
Sudbury, 
Weybridge 

Bundled packages, many combinations 
of speeds, channels and fees. Most 
prices quoted are for 12 months, with 
increases thereafter. Examples of 
internet-only plans: 

 3 Mbps ($39.99) 

 25 Mbps ($29.99) 

 75 Mbps ($76.95) 

 150 Mbps ($78.95)  

 2,000 Mbps ($299.95)* 
 

*Requires 2 year contract and $1,000 
installation/activation fee. Limited 
availability. 

 16 down/3 up ($69.95) 

 25 down/10 up ($99.95) 

 50 down/10 up ($109.95) 

 75 down/15 up ($149.95) 

 100 down/20 up ($199.95) 

 150 down/20 up ($249.95) 
 
 

 

North Branch Networks Cornwall, Ripton, 
Sudbury, 
Middlebury 

 3 Mbps down / 512 Kbps up 
($40/mo) 

 6 Mbps down / 1 Mbps ($55/ mo) 

 6 Mbps down / 3 Mbps up 
($85/mo) 
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Figure 2 – Service Territories of Incumbent Telephone Providers 

 

As noted above, Comcast has begun to offer two-gigabit service in selected areas. The service is available 
in premises within 1/3 mile of a Comcast fiber line. It requires a two year contract and an additional $1,000 
in installation and activation fees. This results in a total cost for two years of $8,200 and is an excellent 
example of service provider prices absent real competition. In comparison, the proposed regional fiber 
network would require only a $6,100 investment from homeowners for $50/month service with no 
contracts. The investment would be financeable as well. In addition, homeowners could avoid the $6,100 
investment by paying a higher monthly fee. Comcast’s service footprint is shown in below in Figure 3. 
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Figure 3 – Comcast Service Footprint 

 

Parts of the region also have service from a wireless internet service provider (WISP), North Branch 
Networks, in the areas shown in Figure 47. 

 

                                                           
7 Source: http://goo.gl/W7DG6L  

http://goo.gl/W7DG6L
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Figure 4 — North Branch Networks Coverage 

 

There are also significant existing offerings for enterprises and institutions in the area. This level of service 
is usually priced at a significant premium to residential and small business offerings due to guarantees of 
service levels, throughput, and availability. 

Four providers offer institutional fiber services in the area: FirstLight, VTel, Level3, and Sovernet. Their 
fiber routes are shown in the below maps. Since VTel’s and Level3’s networks run in large part through 
the area on high voltage power lines owned by VELCO, they are shown on separate maps. 
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Figure 5 – FirstLight and Level3 Fiber Route Map 
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Figure 6 – Sovernet and VTel Fiber Map 

 

Institutional enterprise offerings are summarized in Table 8, below. Level3 did not respond to Tilson’s 
request for indicative pricing, while Sovernet declined to provide information absent an immediate 
customer opportunity, so neither was included in the table, even though they both have a presence in the 
region. It is important to note that the below prices are high level, indicative prices for a small number of 
specific addresses. Prices will vary depending on distance from the company’s existing fiber network, 
required construction costs for connecting an address to the fiber, and contract term for service. 

 



 

Middlebury Broadband Initiative 21 

Table 8 – Indicative Enterprise Broadband Prices 

 10Mbps 100Mbps 1Gbps 

FirstLight  

(prices depend on 12-60 
month contract) 

$750-2,000 per month 

$250-2,600 installation 

$1,700-2,700 per month 

$250-1,000 installation 

$4,100-6,900 per month 

$250-1,500 installation 

VTel Not quoted $1,750 per month $2,700 per month 

FairPoint Not quoted $700-1,000 per month $2,500 per month for 36 
months 

Comcast $400-500 per month $850-1,500 per month $3,000-4,000 per month 

 

A final important note on this topic:  Most of the networks described above have at least some fiber 
infrastructure in their network, and some are all fiber.  Even the wireless network described interconnects 
with a fiber network.  However, it is important to understand that this existing fiber infrastructure is not 
designed or operated in a manner like the proposed fiber network described in this report.  This 
infrastructure is designed and operated primarily for the purposes of “middle mile” connectivity 
(interconnecting different parts of a telecommunications network together instead of interconnecting 
end users) or directly connecting institutions or larger business users.  They are not intended to connect 
large numbers of “last mile” homes and small businesses directly to their fiber, as would the proposed 
fiber network discussed in this report.  In essence, these existing networks are more like limited-access 
highways than local roads.  That does not mean that the existence of the numerous fiber networks in the 
region are of no use to an effort to bring fiber connectivity to the region’s more general population.  The 
proposed local fiber access network described in this report would need connectivity outside the region, 
and the presence of multiple competing “middle mile” fiber network means that this kind of connectivity 
is more likely to be available on favorable terms. 

Furthermore, it is possible to conceive of other collaborations between owners of existing fiber networks 
and a new local fiber access network.  A new, more geographically extensive network could lend itself to 
wholesale arrangements whereby existing fiber providers can extend their reach to new customer 
locations in the region within their market niches.  An existing fiber network may provide opportunities 
for the new network owner to lease transport services along certain routes as part of a strategy to phase 
in a build.  There is no guarantee that these types of arrangement would come to pass with all or even 
any of the fiber network owners described in this section, and neither is assumed in the business model 
discussion in the next section.  Nevertheless, they are worth keeping in mind should development of the 
network progress. 
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Proposed Fiber-to-the-Premises Network Business Model 

Network Buildout 

Tilson considered a phased buildout strategy, constructing the area fiber in three discrete stages. This 
“staged gate” process allows for revisiting key assumptions at regular intervals, and addressing potential 
budget or scheduling issues while they are still on the horizon.  

 Phase I: Phase one is the network backbone ring that connects eight public schools in the 
townships of Middlebury, Ripton, Salisbury, Cornwall, Shoreham, Bridgport, and Weybridge. The 
schools will serve as “anchor tenants.” This phase also assumes a connection to Middlebury 
College facilities at the Breadloaf Campus in Ripton and the Middlebury College Snow Bowl. 

 Phases IIa and IIb: In Phase IIa, the network would be expanded to include fiber drops and 
associated electronics to premises along the existing ring built in Phase I. Phase IIb will extend the 
fiber drops from Phase IIa to connect residences and businesses in the nearby core 
neighborhoods. 

 Phase III: Phase III would entail complete network buildout to all premises in the region. Financial 
success is also predicated on a minimum 35-40% subscription rate.  

Figure 7 shows the extent of all three Phases of the proposed FTTP network. Green squares are the anchor 
schools; the thick pink line is the Phase I backbone. Lighter salmon lines are Phase III, and the remaining 
colors represent various core neighborhoods in Phase IIb. 

 

 

Figure 7 – Geographic Overview of Proposed Network 
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General Design Parameters 

The design presented is based on a “home run” fiber architecture. In this type of design, the objective is 
to provide the ability to connect each premise back to a central aggregation point with a dedicated optical 
strand of glass fiber, approximately the thickness of a human hair, through which light is modulated for 
communication. A home-run design produces cables that contain large numbers of individual strands in 
close to the aggregation point, and generally fewer strands at the more distant points in the served area.8 
A home-run architecture is flexible and the most readily adaptable to a range of today’s fiber transmission 
technologies, and future upgrade possibilities.  

For convenience, a fiber optic local access network may be thought of conceptually as having three 
general divisions: the “pass,” the “drop” and the electronics. The pass is that part of physical fiber network 
that connects to the central aggregation point and passes along the road or other right-of-way by the 
users. The drop is that part of the fiber network between the passing cable and the user premises. The 
optical strands in the drop cable interconnect with some of the strands in the cable of the pass to provide 
a continuous path between a premise and the aggregation point.9 The design presented assumes that any 
electronics in the local access network are Active Ethernet, one of the two major standards most 
commonly deployed in local fiber networks in the U.S. today. (The other is Gigabit Passive Optical 
Networking, or GPON.) 

Ownership and Operation 

The municipalities in the Middlebury region do not intend to own, build, or operate the fiber network 
described in this report themselves. The modelled ownership structure is therefore the creation of a new 
regional entity, privately-owed, but community-based, that would own the network assets and contract 
for services to build, operate and maintain the fiber. In addition, an anchor Internet Service Provider (ISP) 
would be contracted to provide internet services to end users.  

Alternatively, it is possible that the region could partner with an existing carrier who would own, operate 
and offer Internet Services over the network. This would work only if a carrier is willing to invest in new 
fiber. A carrier may also demand subsidy from the region to make the business case work. This subsidy 
could be in the form of cash funding and/or an offer to help market the fiber. Since subscriber “take rate” 
represents the highest risk to a carrier, approaching a carrier with one or more anchor institutions in hand, 
and being willing to run a pre-subscription campaign to sign up users before build out, could be an 
attractive offer.  

For the purposes of this report, we did not assume that either the option of extending an existing carrier’s 
network or a municipal network was available. Therefore, we have looked at what the conditions for 
success would be for a new regional entity. We assume that this entity would develop and own the local 
fiber access network, but contract with an existing broadband service provider to interconnect, operate 
and deliver services over the network. Our analysis does not promise that these conditions for success 
exist in the region. The objective of our work is to help community decision-makers and potential 
supporters evaluate the feasibility of the undertaking. 

                                                           
8 Although larger strand-count cables are more costly than lower strand-count cables, the cost is an incremental one; 
much of the cost of building a fiber network is incurred by constructing a cable of any size.   
9 In the design presented here, these interconnections are facilitated by “multiport service terminals” placed 
periodically in line with the fiber optic cable of the pass. 
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Key Financial Assumptions 

In using its proprietary financial model to model the business case for the network, Tilson made certain 
key assumptions: 

 Take Rate: One of the most important considerations in modeling the network is the proportion 
of potential customers who sign up for service. Tilson assumes a 35% take rate. Even small 
changes in take rate, positive or negative, have outsize effects on the project’s viability and 
profitability.  

 Capital Cost: Capital cost and take rate are easily the two inputs with the largest effect on the 
project’s profitability. Tilson’s engineering group has examined this project, mapped out fiber 
paths, and reported capital cost. This is discussed further below. While certain aspects may 
change as the project is built out, Tilson believes the $14.8 million estimate to be a reasonable 
estimate at this stage for the total project.  However, as discussed in the “Capital Funding” 
subsection below, we also believe that the project can be broken into phases, each with a lower 
capital cost. 

 Service Tiers and Membership: Tilson modeled different basic service levels for residential, 
commercial, and institutional customers. For simplicity, we assumed only two services were 
offered on the network: a gigabit internet service and a telephone service offering. We assumed 
that all customers would purchase internet (i.e. telephone would not be offered as a stand-alone 
product). We also assumed that the entity owning the network offered service to users under one 
of two types of models: a conventional monthly fee-for-service model and a membership model. 

Under the membership model, customers (residential or commercial) can choose to pay a 
relatively large lump-sum fee of $6,100 to receive discounted service, or pay the membership off 
over time, $80/month for 84 months, in addition to service fees, for the same discounted service. 
Once the membership is paid off the member continues to benefit from deeply discounted 
service. Membership is assumed to be transferable, so home sellers can recapture some of the 
value that they have paid into their property’s existing membership while presenting discounted 
access to a gigabit fiber network as a benefit of the property to potential buyers.  

We also assumed that an option to purchase service without the commitment of a membership 
but with higher monthly costs, like those found in a more conventional model, would also be 
offered. The assumed cost of the various services is listed in Table 9. 

Table 9 – Assumed Service Offerings – Monthly Costs 

 Membership 
fee 

Gigabit 
Internet 

Phone Total Total after 
membership paid 

Residential 
Member 

$80  $50  $10  $140  $60  

Residential  
Non-member 

N/A  $150  $20  $170  N/A 

Small Business 
Member 

$80  $70  $40  $190  $110  

Small Business 
Non-Member 

N/A $200  $80  $280  N/A 

 

To cover capital costs directly in Phase I, we assumed that each of the twelve participating schools 
would pay an upfront fee of $10,000 and a monthly fee of $2,000 for dedicated links gigabit links 
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between the schools. This price is likely higher than the schools pay for lower-speed connections 
currently (in some cases, substantially lower-speed connections).   However, the number of school 
locations is small enough that the amount paid by the schools does not have a large financial 
impact on the project. 

 

 Operating Expenses: Tilson used operating expenses for the network that we believe to be 
conservative, including cost to serve different customer classes, maintenance, emergency repair, 
and general or administrative expenses. We assumed that a portion of the operating costs would 
be a recurring fee to an Internet Service Provider to supply network operations and deliver service 
to end users over the network. This cost is one of the most uncertain assumptions in the model, 
as the market for this type of arrangement is still young, and we do not believe it is common in 
Vermont, although the number of communities entering into these types of relationships is 
growing in New England.  

Capital and Operating Costs, Financial Performance 

As previously discussed, the network construction is split into three phases. Phase I consists of the core 
network backbone, connecting to area schools in each of the seven townships. Phase II is the initial 
buildout to homes and businesses along the backbone, and to residential and commercial customers in 
pre-identified “core fiberhoods” – neighborhoods where population density and up-front commitments 
are sufficient to warrant construction. Phase III completes the network, with all premises in the service 
territory able to connect. It is important to note that the project will not be self-sustaining without a 
subsidy unless all three phases are completed under the assumptions outlined.  The estimated capital 
costs to build the network are shown in Table 10 by phase.  

The phased nature of the project will enable the town to check assumptions against real-world data as 
each phase is completed and begins operations. Thus, as Phases I and II are completed, it will be possible 
to verify their actual performance and revisit assumptions, changing them as needed to provide a more 
accurate forecast and potentially provide an ultimate “go/no go” decision on further development. 

Table 10 – Per-Phase Network Cost 

  Phase I Phase IIA Phase IIB Phase III 

Total capital cost--cumulative  $      3.8M  $    4.4M   $   8.2M  $  14.8M  

Incremental  $      3.8M   $    0.6M  $   3.8M  $    6.6M  

Outside capital required--cumulative  $      3.8M   $    4.1M   $   7.1M  $    10.2M  

Incremental  $      3.8M   $    0.3M   $   3.0M   $    3.1M  

 

Note that the above capital costs are based on a 35% take rate (except for the area’s public schools, which 
were assumed to have a 100% take rate). Tilson believes that a 35% take rate is achievable in the 
Middlebury region, but is far from a certainty. A presubscription commitment campaign that offers users 
an attractive price in exchange for an early commitment can validate that the minimum take rate will be 
achieved before building the network.  

Tilson’s financial model only includes variable capital costs for expenses incurred. Increasing the take rate 
will increase the amount of equipment needed on customer premises and fiber runs from the poles to the 
premise, and thus increase capital costs, but will also result in a commensurate economy of scale. This 
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estimate includes all other application fees, make ready (poles, underground conduit, etc.), materials, 
construction labor and project management.  

Following are several indicative pro formas of each main construction option and its required 
predecessors: 

 Phase I: core network connecting schools and Middlebury College locations off the main campus 
only. 

 Phase I and IIa: All of the above, plus fiber drops to residential and business premises along the 
Phase I route. 

 Phase I, IIa, and IIb: All of the above, plus connecting premises in core neighborhoods. 

 Phase I, IIa, IIb, and III: Full connection of all premises in the study area. 

These numbers are the modeled network financials for the seventh year of operations. Full annual seven 
year pro formas are included in the Appendix. 

 

Table 11 – Seventh Year Modeled Results of All Build Options 

Phases I I and IIa I, IIa, and IIb I, IIa, IIb, III 

Average Subscribers                    
12  

               
381                    892  

              
1,913  

Revenue $288,000  $988,377  $1,936,752  $3,831,646  

Operating Expenses $197,958  $403,289  $831,331  $1,623,744  

Cumulative EBITDA $685,420  $6,552,520  $10,593,912  $19,305,363  

Cumulative Capital Expenditure $3,782,498  $4,418,861  $8,219,911  $14,801,395  

Unsubsidized Cash Flow to Equity Holders $90,042  $585,088  $1,105,421  $2,207,902  

Cumulative Free Cash Flow ($3,097,078) $2,133,659  $2,374,000  $4,503,967  

Net Cash $693,007  $6,309,680  $9,602,449  $14,929,108  

Cumulative Equity Invested $3,782,498  $4,086,399  $7,116,641  $10,299,156  

Project Cumulative IRR -32% 17% 9% 9% 

 

As can be seen in the tables of the Appendix, the project yields positive cumulative free cash flow under 
our assumptions in the fourth or fifth year of operations, depending how many phases are assumed to be 
built. 

Internal Rate of Return (IRR)  

The internal rate of return is a metric widely used by investors to evaluate the attractiveness of a project 
compared to alternative investments. In general, an investor will choose a project with a higher IRR over 
one with a lower IRR. Seven-year modeled IRRs of the project’s build options are shown in Table 11, above. 
Ultimately, the attractiveness of a particular time horizon and return are subject to the requirements of 
individual investors. 

The results of our work suggest that with the current assumptions about capital and operating costs, 
equity investors primarily interested in maximizing financial return may or may not find this an attractive 
option. Institutional impact investment funds and private philanthropic funds may find the potential 
financial return and community impact more palatable. Impact investors are nonprofit organizations who 
will often invest in community assets at a below market return, in order to capture some of the social 
benefits. Were some grant funding option in the mix to fund a portion of the build costs, this would 
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obviously increase the attractiveness of the project, but we have not assumed any grant funding at this 
stage because its availability for this project would be speculative.  

For simplicity, our modeling assumed that funding for the initial capital costs that was not internally 
generated would be raised from equity investors. The use of internally-generated revenue definitely 
improves the return on money invested.  (Note the difference in the amount of total capital required vs. 
outside capital in Table 10.)  

Another option is to consider debt financing for a portion of the project. While an all-debt financing 
approach has its risks, it is noteworthy that interest rates are currently low and that network assets have 
a viable lifespan of 20 years. Both factors make use of some debt financing an attractive alternative to 
consider. With a reduced need to raise capital, the network could be built more quickly and achieve an 
improved return on investment. While Tilson does not advocate financing a majority of the project using 
debt, it may be advantageous to use debt for a minority share of capital expenses. 

Although we did not explicitly model them, there could possibly be other options for structuring 
membership payments that would create other financing options. For example, it could be possible to 
offer financing from third parties for people who want the benefits of membership but who could not 
afford at the high up-front costs. This type of membership financing option could limit the amount of 
capital that the network owner would have to raise in the form of equity or debt. However, for the 
purpose of simplicity, we assumed in our analysis that the entity owning the network would need to raise 
all the capital necessary to build it from investors, and that membership payments would be one of the 
mechanisms for generating revenue to repay those investors. 

Sensitivity Analysis 

Tilson modeled the impact of certain key assumptions on project viability, summarized in the below 
diagrams. Often called tornado diagrams, these show the impact of varying each listed input on the model 
while holding the others at their baseline values: 

 

 

Figure 8 – Sensitivity of Cash Flow to Key Inputs 
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Figure 9 – Sensitivity of IRR to Key Inputs 

 

As can be seen from Figure 8 and Figure 9 above, take rate is by far the biggest determinant of project 
profitability in terms of both cumulative seven-year free cash and IRR. It is vital that any potential network 
first attain commitments from prospective customers in order to ensure an adequate subscriber base.  

Phased Construction Options 

The above analysis assumes construction of all three phases with a 35% take rate for residential and 
business users. Tilson has designed the network to be built in phases, and it would not impact network 
operability to build only the first phase, or the first and second phases. Free cash flow refers to the 
operating profit and loss, while the cumulative cash flow factors in the “year zero” costs, or initial the 
capital costs incurred before the network is operational.  

Figure 10 – Key Metrics of Phase I Buildout Only 
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With only Phase I in operation, the project would be cash flow positive from an operational perspective, 
but not with enough revenue to make up the expenditures incurred to build the network. 

Adding Phase IIa to the project results in significantly improved cash flow, as would be expected from 
adding hundreds of residential and business users to the twelve institutions that comprise Phase I, with 
relatively modest additional capital costs. This is shown in Figure 11 below. The further addition of Phase 
IIb actually shows a decline in IRR, since the capital cost of connecting further premises starts to “weigh 
down” the outsized increase in revenue associated with Phase IIa. 

Lastly, the same metrics for a full network buildout show similar results to building out phases I through 
IIb: the overall revenue and cost ratios are similar, although at the greater scale associate with 
approximately doubling the size of the project.  

 

 

Figure 11 – Key Metrics: Phases I and IIa Buildout 
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Figure 12 – Key Metrics: Phases I and IIa/b Buildout 

 

 

Figure 13 – Key Metrics: Full Network Buildout 
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Conclusions 

Middlebury has an attractive natural environment, and a thriving intellectual and cultural community 
surrounding Middlebury College. These factors make it a prime candidate for high speed internet that can 
support higher educational attainment in public schools, small businesses, professionals who work from 
home, and cutting edge multi-campus and international program offerings at Middlebury College. The 
economic and social benefits of an investment in high speed internet for the region are considerable.  

A significant amount of fiber for middle-mile and enterprise/institutional uses exists in the Middlebury 
region. However, businesses, local government, and residences describe an inability to subscribe to 
services that meet their needs. A stated goal is to deploy last mile a Fiber to the Premises (FTTP) solution 
throughout the region.  

The challenge for a network developer and operator is financing and operating the network at a price 
point that is acceptable to local stakeholders. The system can be built for an estimated total of $14.8 
million and deployed in three Phases over a period of 12-24 months if the project had necessary 
commitments to proceed.  

The subscriber take rate is the critical variable. It appears likely that a minimum of 35% of potential 
subscribers need to buy the service, in order for the business case to be viable, and at rates that, while 
competitive with similar bundles of service offered in the region, are far from a low-price option for 
internet service. Subsidy capital would of course help reduce the costs to subscribers. Structuring the 
ownership of the local network around a membership model provides an option for delivering extra value 
to users who choose to provide the substantial, long term support such a network would require from its 
community. A presubscription campaign to anchor institutions and residents/small businesses would 
provide additional assurance that “if we build it, they will come.” Use of a presubscription model, where 
support, deposits, and contracted commitments to take service are sought from potential users, is now a 
best practice for new fiber networks that rely heavily on private investors for funding. Such campaigns 
can create a sense of momentum in a community, and allow projects to test the demand before spending 
large amounts of money on a build-out. 

Key next steps include: 

 Enlisting one or more local champions to help build local support for the region’s broadband 
goals, and from those, identifying a local sponsor.  

 Selecting and taking preliminary steps to organize the entity that would undertake development 
of the local fiber access network, if sufficient support exists. 

 Exploring funding options and identifying key funders. This task can be divided into short and 
medium-term tasks. In the short term, modest amounts of funding will be required to support 
refining the project parameters (if desired), identify and negotiate with an ISP/network 
operations partner, run a presubscription campaign, and solicit contingent sources of capital 
sufficient to build the network. Medium term, it is essential to obtain commitments sufficient to 
actually fund the development of a network, contingent on running a successful presubscription 
campaign, prior to actually running such a campaign. 

 Reaching out to carriers who would be potential partners to see if there is any willingness to 
work with the region to achieve its goals.  

 Refining cost estimates and financial model. 

If enough community support can be built, the proposed network can become a reality and the region will 
have a state of the art broadband network. 
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Appendix: Seven Year Pro-Formas 

Phase I Buildout 

 0 1 2 3 4 5 6 7 

Average Subscribers                         
-    

                         
12  

                         
12  

                         
12  

                         
12  

                         
12  

                         
12  

                         
12  

Revenue $0  $408,000  $288,000  $288,000  $288,000  $288,000  $288,000  $288,000  

Operating Expenses $0  $219,537  $213,923  $209,437  $205,918  $203,230  $200,577  $197,958  

Net Income before Tax, 
Depreciation, Amortization 

$0  $188,463  $74,077  $78,563  $82,082  $84,770  $87,423  $90,042  

Cumulative $0  $188,463  $262,540  $341,103  $423,185  $507,955  $595,378  $685,420  

Capital Expenditures $3,782,498  $0  $0  $0  $0  $0  $0  $0  

Cumulative $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  

Cash Flow to Equity Holders ($3,782,498) $188,463  $74,077  $78,563  $82,082  $84,770  $87,423  $90,042  

Free Cash Flow ($3,782,498) $188,463  $74,077  $78,563  $82,082  $84,770  $87,423  $90,042  

Cum. Free Cash Flow ($3,782,498) ($3,594,034) ($3,519,958) ($3,441,395) ($3,359,313) ($3,274,543) ($3,187,119) ($3,097,078) 

Capital Sources $3,782,498  $0  $0  $0  $0  $0  $0  $0  

Cumulative $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  $3,782,498  

Interest on Cash $0  $708  $1,118  $1,505  $1,914  $2,342  $0  $0  

Net Cash $0  $189,172  $264,366  $344,435  $428,431  $515,543  $602,966  $693,007  

Project Cumulative IRR 0% -95% -83% -68% -56% -46% -38% -31.7% 
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Phase I and IIa Buildout 

 0 1 2 3 4 5 6 7 

Average Subscribers                      -                     309                 381                 381                 381                 381                  381                  381  

Revenue $0  $3,380,259  $997,055  $990,030  $988,377  $988,377  $988,377  $988,377  

Operating Expenses $0  $370,044  $397,922  $397,465  $398,168  $399,867  $401,574.50  $403,288.84  

Net Income before Tax, 
Depreciation, Amortization 

$0  $3,010,214  $599,133  $592,564  $590,209  $588,509  $586,802  $585,088  

Cumulative $0  $3,010,214  $3,609,347  $4,201,911  $4,792,120  $5,380,629  $5,967,432  $6,552,520  

Capital Expenditures $4,086,399  $295,792  $30,706  $5,963  $0  $0  $0  $0  

Cumulative $4,086,399  $4,382,191  $4,412,897  $4,418,861  $4,418,861  $4,418,861  $4,418,861  $4,418,861  

Cash Flow to Equity Holders ($4,086,399) $2,714,422  $568,426  $586,601  $590,209  $588,509  $586,802  $585,088  

Free Cash Flow ($4,086,399) $2,714,422  $568,426  $586,601  $590,209  $588,509  $586,802  $585,088  

Cumulative Free Cash Flow ($4,086,399) ($1,371,977) ($803,551) ($216,950) $373,259  $961,769  $1,548,571  $2,133,659  

Capital Sources $4,086,399  $0  $0  $0  $0  $0  $0  $0  

Cumulative $4,086,399  $4,086,399  $4,086,399  $4,086,399  $4,086,399  $4,086,399  $4,086,399  $4,086,399  

Interest on Cash $0  $11,746  $14,954  $17,925  $20,970  $24,029  $0  $0  

Net Cash $0  $2,726,167  $3,309,548  $3,914,073  $4,525,252  $5,137,790  $5,724,593  $6,309,680  

Project Cumulative IRR 0% -34% -17% -4% 5% 11% 15% 17.3% 
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Phase I, IIa, and IIb Buildout 

 0 1 2 3 4 5 6 7 

Average Subscribers                      -                     549                   892                   892                   892                 892                  892                   892  

Revenue $0  $4,360,114  $1,948,435  $1,938,405  $1,936,752  $1,936,752  $1,936,752  $1,936,752  

Operating Expenses $0  $614,489  $764,932  $778,130  $790,151  $803,646  $817,371.18  $831,331.06  

Net Income before Tax, 
Depreciation, Amortization 

$0  $3,745,626  $1,183,503  $1,160,275  $1,146,601  $1,133,106  $1,119,381  $1,105,421  

Cumulative $0  $3,745,626  $4,929,128  $6,089,403  $7,236,004  $8,369,110  $9,488,491  $10,593,912  

Capital Expenditures $7,116,641  $1,059,131  $38,175  $5,963  $0  $0  $0  $0  

Cumulative $7,116,641  $8,175,773  $8,213,948  $8,219,911  $8,219,911  $8,219,911  $8,219,911  $8,219,911  

Cash Flow to Equity Holders ($7,116,641) $2,686,494  $1,145,327  $1,154,311  $1,146,601  $1,133,106  $1,119,381  $1,105,421  

Free Cash Flow ($7,116,641) $2,686,494  $1,145,327  $1,154,311  $1,146,601  $1,133,106  $1,119,381  $1,105,421  

Cumulative Free Cash Flow ($7,116,641) ($4,430,147) ($3,284,820) ($2,130,508) ($983,907) $149,199  $1,268,580  $2,374,000  

Capital Sources $7,116,641  $0  $0  $0  $0  $0  $0  $0  

Cumulative $7,116,641  $7,116,641  $7,116,641  $7,116,641  $7,116,641  $7,116,641  $7,116,641  $7,116,641  

Interest on Cash $0  $12,091  $16,134  $21,986  $27,871  $33,726  $0  $0  

Net Cash $0  $2,698,585  $3,860,047  $5,036,344  $6,210,816  $7,377,648  $8,497,028  $9,602,449  

Project Cumulative IRR 0% -62% -37% -18% -7% 1% 6% 9.1% 
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Full Buildout 

 0 1 2 3 4 5 6 7 

Average Subscribers                        -                  
1,103  

              
1,913  

              
1,913  

              
1,913  

              
1,913  

                
1,913  

                
1,913  

Revenue $0  $6,777,338  $3,843,329  $3,833,299  $3,831,646  $3,831,646  $3,831,646  $3,831,646  

Operating Expenses $0  $1,132,879  $1,496,468  $1,532,694  $1,533,405  $1,562,945  $1,593,054.50  $1,623,743.95  

Net Income before Tax, 
Depreciation, Amortization 

$0  $5,644,459  $2,346,861  $2,300,605  $2,298,241  $2,268,701  $2,238,592  $2,207,902  

Cumulative $0  $5,644,459  $7,991,321  $10,291,926  $12,590,167  $14,858,869  $17,097,460  $19,305,363  

Capital Expenditures $10,299,156  $4,458,101  $38,175  $5,963  $0  $0  $0  $0  

Cumulative $10,299,156  $14,757,257  $14,795,432  $14,801,395  $14,801,395  $14,801,395  $14,801,395  $14,801,395  

Cash Flow to Equity Holders ($10,299,156) $1,186,358  $2,308,686  $2,294,642  $2,298,241  $2,268,701  $2,238,592  $2,207,902  

Free Cash Flow ($10,299,156) $1,186,358  $2,308,686  $2,294,642  $2,298,241  $2,268,701  $2,238,592  $2,207,902  

Cumulative Free Cash Flow ($10,299,156) ($9,112,797) ($6,804,111) ($4,509,469) ($2,211,228) $57,473  $2,296,065  $4,503,967  

Capital Sources $10,299,156  $0  $0  $0  $0  $0  $0  $0  

Cumulative $10,299,156  $10,299,156  $10,299,156  $10,299,156  $10,299,156  $10,299,156  $10,299,156  $10,299,156  

Interest on Cash $0  $11,162  $11,281  $22,886  $34,516  $46,139  $0  $0  

Net Cash $0  $1,197,521  $3,517,488  $5,835,016  $8,167,774  $10,482,614  $12,721,206  $14,929,108  

Project Cumulative IRR 0% -88% -47% -22% -8% 0% 6% 9.4% 

 


