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Summary of Requested Action

You requested a financial analysis of a municipal fiber network to provide Internet
access to all residential, commercial and industrial premises in San Francisco at
speeds of a least 1 Gigabit per Second (1 Gbps), with the capacity to increase in the
future as the definition of high speed or broadband changes. You specifically
requested three approaches to financing and operating the fiber network:

(1) public development and ownership
(2) private development and ownership
(3) public/private partnership development and ownership

You asked that the cost estimates include: 1) hard and soft costs related to
construction, including permitting and environmental review, and 2) the cost of
operating and maintaining the network. Potential financing sources were to be
identified for each option including the City issuing debt, state and federal grants,
philanthropic contributions and various private sector funding options.

Finally, you requested that the report provide an analysis of fiber network
implementation in other cities and an assessment of the socio-economic benefits
of low-cost access to the Internet through fiber networks.

For further information about this report, contact Fred Brousseau at the Budget and Legislative
Analyst’s Office.
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Executive Summary

Fiber optic technology:
Converts electrical signals
carrying data to light and
sends the light through
glass fibers. It can
transmit data at speeds
far exceeding DSL or cable
networks, the most
common technologies
employed by current
private sector ISPs.

Fiber to the premises
(FTTP): Fiber optic
network built out to
connect to all premises in
a jurisdiction, providing
high-speed Internet
access. Current networks
in residential
neighborhoods in San
Francisco contain a mix of
fiber and copper. Some
business in SOMA and
downtown have fiber to
the premise connections.

Digital divide: the division
between those who have
high-speed computer-
based Internet access at
home and those who do
not.

The National Broadband Plan, released by the Federal Communications
Commission in 2010, described broadband as “the great infrastructure
challenge of the early 21% century” and as “a foundation for economic
growth, job creation, global competitiveness and a better way of life”.

In its 2015 report, the national Broadband Opportunity Council called
“affordable, reliable access to high-speed broadband” critical to U.S.
economic growth and competitiveness. While national in focus, the Council
recognized in its report that most broadband investment decisions are
made at the local level in partnership with the private sector. The Council
included a number of recommendations to facilitate broadband deployment
by local governments.

High-speed, Internet access at speeds of at least 1 Gigabit per second (1
Gbps), the standard in next-generation broadband, is not available to most
residential, commercial, and industrial premises in San Francisco.

Fiber optic networks contain the primary technology capable of delivering
such high-speed Internet service and, according to numerous industry
experts, will be the baseline speed in the future to allow for full access to
and use of the Internet for education, health care, civic engagement,
entertainment and other services.

Except for a municipal network serving some City departments and public
housing complexes, Internet service provision in San Francisco is currently
provided by private companies that use a combination of some fiber optic,
coaxial, copper, and wireless technologies to deliver service at speeds
significantly less than a gigabit per second. The City has limited ability to
influence service levels, download and upload speeds, and retail prices for
services offered by private Internet Service Providers (ISPs).

While Internet access is available to most premises in San Francisco, 12
percent of City residents, or approximately 100,500 individuals, reported in
a 2013 City Controller survey that they did not subscribe to Internet service
at home. The price of Internet access service is one of the reasons
residents do not have wired Internet access at home.
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Average Download Spe
by Country, 2014

Average
Rank Country download
speed
1 Korea 50.7
2 Japan 41.8
3 Sweden 40.4
4 Netherlands 39.1
5 Switzerland 38.8
19 United States 21.2

eds

Bit: basic unit of
information in digital
communication, with
values of either 1 or 0.

Megabit: 1,000,000 bits
of data and the
standard measurement
for download/upload
Internet speeds per
second (Mbps).
Megabits are not the
same as megabytes,
which measure file or
storage space. The
average connection
speed in the U.S. was
21.2 Mbps in 2014.

Gigabit: 1,000 megabits,
a measure of Internet
access speed. This is a
higher speed than
available to most end
users in San Francisco
and a standard for
future-ready
broadband.

= According to Ookla, a company that tracks Internet speeds of users who
test their Internet access speeds, average download speeds for the top
10 percent of users in San Francisco as of November 2015 ranged from
12 to 279 Mbps, depending on the user’s ISP.

= Nationally, the average download speed was 21.2 Mbps in 2014, which
ranked 19" in the top 20 national average download speeds in the world.
The top three countries with the highest average download speeds were
South Korea, Japan, and Sweden. In the top ranked countries, regulatory
intervention and funding from local and national governments has
fostered high-speed network development.

=  While Internet access is available to most residential, commercial and
industrial premises in San Francisco, as of June 2014 gigabit per second
Internet access speed is only available to 2.6 percent of San Franciscans.
Industry experts do not believe that incumbent providers will implement
a Citywide fiber to the premise network (FTTP) anytime soon.

Additional ISPs, whether public or private, would increase competition in the
ISP marketplace and thus have the potential to increase service levels and
decrease retail prices Citywide. However, one of the key barriers to entry for
new ISPs is the high cost of network construction.

There are currently 143 municipally-owned FTTP networks in the United States.
No city of comparable size to San Francisco has deployed a ubiquitous FTTP
network as of yet. However FTTP network initiatives are underway in cities in
California and throughout the U.S.

Given the still expanding role of the Internet in the economic, education, civic
and medical spheres, and given that industry experts do not believe a FTTP
Citywide network will be deployed by the private sector absent government
intervention, the Board of Supervisors could consider the following three
options for making gigabit speed service available via a fiber optic network to
all premises in San Francisco.

1. The Public Model: The City would establish a municipal fiber enterprise

and assume responsibility for the construction and operations associated
with providing gigabit speed Internet service to all premises in San
Francisco. Under this model, the City and County of San Francisco (the City)
would manage construction of a fiber optic network and establish
administrative and retail operations to serve as network administrator and
Internet Service Provider.

2. The Private Sector Model: The City would assume no responsibility for

deployment of a high-speed network but would rely on the private sector
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electing to provide gigabit speed Internet access to all premises. The City
could, however, take actions to incent private sector companies to provide
such service though there would be no guarantee that such incentives
would result in the deployment of a Citywide fiber optic gigabit speed
network. City incentives could include relaxing construction regulations
and permitting requirements pertaining to network construction, making
City property more easily available to ISPs for their network facilities and
equipment, and allowing ISPs to use existing public conduit. The City could
also provide subsidies and digital literacy education to lower income
households to cover the costs of equipment and gigabit speed Internet
service, when and where available.

3. The Public-Private Partnership Model: The City and one or more private

sector partners would share the costs and financial and operational risks
associated with constructing and operating a ubiquitous FTTP gigabit speed
network. While there are a number of possible configurations for such
partnerships, one structure is for the City to retain ownership of the
network, but to delegate some or all responsibility for network
construction, administration, maintenance, and retail operations to private
sector partners under formal agreement and possibly to share in the
revenue generated by the new enterprise.

= Key decision: demand driven or utility-based buildout for gigabit speed
network

= There are two key buildout approaches to be considered for either the public
model or the public-private partnership model: 1) “demand-driven”, or 2)
“utility-based”.

i. Under a demand-driven buildout, network connections to individual
premises would only be constructed at the time a customer subscribes
to the service. This would keep initial construction and operating costs
down but would not ensure that all premises are connected to the
network with at least a baseline level of Internet access.

ii. Under a utility-based buildout, all premises in the City would obtain
potential access to the fiber optic network at the time of construction.
As a result, network construction, ongoing operating, and capital costs
would all be much higher but all premises in San Francisco would
benefit from at least baseline access to the network. Access to all
premises assumes that all property owners acquiesce to establishing
final connections to their property.

= The private sector model is based on a demand-driven buildout. Some
incumbent ISPs are beginning to provide or have announced plans to provide
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gigabit service in San Francisco in the future. However, affordability and extent
of the services to be finally offered are not yet known.

Criteria for evaluating models and buildout approaches to gigabit speed networks

=  For this report, each model and approach has been evaluated by the Budget
and Legislative Analyst against the following criteria:

v’ Cost to City

v" Risk to City

v Impact on digital divide

v" Provision of affordable gigabit speed Internet access to all premises

The following discussion addresses the public and public-private partnership models
relative to the criteria above. Exhibit A below provides a summary of each model
and buildout approach’s costs and funding mechanisms. Exhibit B provides a
summary graphic of each model and buildout approach relative to the criteria
above.

Public Model Costs and Risks

= Assuming a demand-driven buildout under the public model, the City would
incur an estimated $393.7 million in network construction costs, paid for
through bonding. It would cover most of its debt service and operating costs
from subscriber revenue. However, cost and revenue projections prepared for
the Department of Technology (DT) show that, with an assumed market share
of 30 percent of all ISP customers and residential and commercial subscriber
rates of $70 and $100 per month, respectively, revenues would not be
sufficient to cover the $103.2 million in estimated annual debt service, capital
and operating costs for twenty years until the initial construction debt is paid
off. Unless a larger market share of 40 percent or higher is attained and/or
higher subscriber rates charged, a secondary funding source would be needed.

= Construction costs assuming the utility-based buildout would be $867.3
million, or higher than a demand-driven buildout, because construction would
include costly network connections to every premise in San Francisco. Ongoing
annual costs would be $231.7 million per year. If the City provided baseline
Internet access to all premises and charged a premium for high speed service,
subscriber revenue would be $86.3 million per year, using the same market
share and pricing assumptions as for the demand-driven buildout above. This
would leave an annual deficit of $145.4 million per year that would have to be
covered from some other source.

= To cover the higher costs of a utility-based buildout, at least one private sector
company promoting fiber optic network public-private partnerships has
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proposed charging a utility fee on all premises in exchange for which premise
owners would all receive baseline Internet access service with no additional
monthly subscriber costs. The City could similarly impose a monthly utility fee
on all premises in San Francisco under the public model to ensure sufficient
revenue to cover all debt service, operating and ongoing capital costs over a 30
year period. Based on costs estimated by DT’s cost consultant, it would require
an average monthly fee ranging from $25 per residential premise to $115 on
commercial premises.

= An average of $43 for all premises was assumed for public model utility-based
buildout estimates in this report. Whatever utility fee amount selected, a utility
fee would require two-third voter approval.

=  For the utility-based buildout public model, a key risk is that the adopted utility
fee would not be sufficient to cover all costs or that a utility fee would not be
adopted at all, leaving the City without a funding source to cover the costs of
constructing, administering and operating the fiber optic network and serving
as an ISP.

= The primary risks associated with the demand-driven public model are that a
sufficient number of customers would not subscribe to the City’s ISP service
and revenues would not be sufficient to cover most of the enterprise’s debt
service, operating and capital costs.

= Other risks of any public model include incurring network construction delays
and/or cost overruns and problems as the City creates and begins operating a
new ISP enterprise. Such risks would be heightened by the City’s lack of
experience starting or operating network administration and Internet Service
Provider business enterprises. Public-private partnerships could potentially
blunt some of these risks to the City.

= The utility-based buildout would help reduce the digital divide by providing
access to a high-speed Internet connection to all premises in San Francisco.
However, some households still may be without computer equipment to access
the Internet and a utility fee and a monthly subscription rate for high-speed
access could pose financial hardships on lower income households. City
support through means-based subsidized fees and rates, access to low-cost
computers and digital literacy education would likely still be needed to fully
close the digital divide.

= Both the demand-driven and utility-based buildouts would help reduce the
digital divide by promoting greater ISP competition and, therefore, could
reduce prices for Internet access.
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Public-Private Partnership Costs and Risk

= The same two buildout approaches assumed for the public model were applied
to the public-private partnership (P3) model: 1) utility-based, and 2) demand-
driven. The utility-based buildout presented in this report would remove the
City from all of the tasks and risks of constructing, administering and operating
a fiber optic network by transferring those responsibilities through a long term
agreement to a consortium of private sector companies, with the lead firm
known as the concessionaire. ISP service would be provided by private sector
companies under agreements with the concessionaire. The City would maintain
ownership of the fiber optic network assets.

= Due to the high cost of constructing a utility-based fiber optic network
connected to all premises in San Francisco, and estimates by DT’s consultant
that customer subscription revenue would not be sufficient to cover all capital
and operating costs. The P3 utility-based buildout presented in this report
assumes that the City would impose and collect a utility fee. The fee could
range from $10 per month for residential premises to $75 for commercial
premises. An average of $25.50 per month collected from all premise owners
was assumed for estimating P3 utility-based buildout estimates in this report.

= All premises would be provided with baseline Internet access at lower speeds;
those paying a premium on top of the utility fee would be provided gigabit
speed service. The utility fee is lower in the P3 utility-based concessionaire
model than the utility fee in the public model because the concessionaire
would take on less responsibility for operations and therefore have lower costs
to be recouped by the fee.

= The average utility fee assumed estimates in this report could be reduced from
$25.50 per month for all premises to as low as $10 per month per residential
premise, assuming: 1) the City negotiates an arrangement with the consortium
in which concessionaire revenue from premium users is used to offset
consortium costs, or 2) the utility fee is reduced for residential premises by
charging a higher fee for commercial customers in proportion to their use of
Internet services. A higher market share than 30 percent or higher subscriber
rates for premium gigabit speed service could also allow for lower utility fees.

= A lower cost P3 alternative is presented in this report using a demand-driven
“dark fiber” buildout. Though also a concessionaire arrangement, it is
distinguished from the utility-based concessionaire approach because the City
would assume responsibility for, and the risk of, initial network construction
and ongoing maintenance but would not bear responsibility, or the risks, for
network administration and provision of ISP services (“lighting” the network).
Instead, those functions would be performed by private sector partner(s).
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* At $285 million, fiber optic network construction costs would be lower under
the demand-driven dark fiber buildout than with the utility-based
concessionaire buildout because network connections to individual premises
would only be constructed as customers subscribe to the high-speed service.
Funding for the City’s annual debt service would be from the private partner’s
network lease payments to the City and any shared subscriber revenues. The
City’s annual costs would be $56.3 million per year for debt service and
network maintenance costs only, which could be covered by the private
partner’s network lease payments to the City assuming a market share of 30
percent for ISP services provided over the fiber optic network.

= Like the public utility-based model, the P3 utility-based model would better
help close the digital divide by providing access to a gigabit speed Internet
connection to all premises in San Francisco, though some households without
computer equipment still may be without access to the Internet. Further, a
utility fee and a monthly subscriber fee for gigabit speed service may prove
onerous for low-income households and may require some form of equipment
and/or financial subsidy to ensure that all premises had access to the new
Internet access service. And, as mentioned above for the public model,
property owners may decline a final connection to their premises, limiting the
ubiquity of access.

= As with the public model, affordable gigabit speed Internet access to all
premises in San Francisco under the P3 model would best be achieved through
a utility-based buildout. The demand-driven model would also provide gigabit
speed access, but only to premises able to pay for it. Both models would
increase ISP competition in San Francisco, which should have the effect of
helping keep service affordable.

= A summary of costs and funding mechanisms for the public and public-private
partnership models is presented in Exhibit A. As shown, the City would incur
the highest construction and ongoing annual costs under the public utility-
based model. However, imposition of a monthly utility fee would enable the
City to cover those costs while providing fiber optic network gigabit speed
Internet access service to all premises in San Francisco.

= The P3 utility-based concessionaire buildout would minimize City costs and
related risk by transferring the costs to private sector partners but it would
require imposition of a monthly utility fee per premise to cover all private
partner costs.

= The demand-driven buildout under either the public or P3 model offers lower
City costs by providing network connections only to premises that sign up for
service. In the case of the P3 dark fiber demand-driven buildout, the City would
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incur even lower costs because it would only be financially responsible for
construction and maintenance of the core network. Last mile construction and
ongoing operations would be performed by private sector partners.

=  The primary risk to the P3 demand-driven dark fiber model is that it would not
attract sufficient interest from ISPs and therefore not generate enough lease
payments to meet its debt service and ongoing operating costs and would only
achieve limited benefits of competition.

= A major risk of the P3 utility-based concessionaire model is that there are no
examples yet of this model in the U.S. in which a FTTP network has been built
and is operated by a private sector provider in a large urban area as part of a
public-private partnership. In addition, assuming the City has a revenue-sharing
agreement with its private partners, if the private-partners were not successful
at attracting subscribers, the City’s share of revenues would be negatively
affected. Finally, because it is a utility based buildout that connects to every
premise, it is possible that only a fraction of premises will use the new service,
leaving much of the new infrastructure, the cost of which will still need to be
repaid, unused.
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Exhibit A: Comparison of public costs and cost recovery mechanisms for public

and public-private partnership models

Model Public Model Public-Private Partnership
Demand- Dark fiber, Concessionaire
Buildout . Utility-based Demand- . !
driven . Utility-based
Approach driven
City Network
7
Construction $3r:: $867.3 mn. $285.0 mn. SO
Costs )
City Ongoing $103.2
Annual Coste . $231.7 mn. $56.3 mn. SO
Cost Recovery
Mechanisms:
$70/mo.
Customer (res); . $70/mo. (res);
Subscription n.a. n.a 5
Rates $100/mo. $100/mo. (com)
(com.)
Average: Average:
$43/mo./premise $25.50/mo./premise
Utility Fee
per Premise’ 50 Range: $25/mo. res 50 Range: $10/mo. res
to $115/mo. to $75/mo.
commercial commercial
Lease
revenue Revenue Sharing
Fees to City based on: from
from Private n.a. n.a. $6/premise Concessionaire;
Partner passed; amount to be
$30/premise negotiated
subscribed

! The public model utility-based buildout assumes that all ongoing City costs would

be covered by a monthly utility fee imposed on all premises averaging $43 per

month, in exchange for which all premises would have access to gigabit speed

Internet access. However, if the City wanted to impose a lower monthly utility fee,

it could obtain revenue from another source, such as by varying the access speeds

provided to all premises, providing a lower speed baseline at no additional cost

beyond the utility fee and gigabit speed for an incremental monthly premium

amount. The P3 utility-based concessionaire model assumes that the utility fee

only covers baseline lower speed service; customers would need to pay an

additional fee to access higher speeds.

10

Budget and Legislative Analyst




Memo to Supervisor Farrell
March 15, 2016

% In the baseline P3 concessionaire model, customer subscriber rate revenue is
assumed to be retained by the private sector ISPs with the monthly utility fee
imposed on all premises sufficient to cover all the concessionaire’s ongoing
operating and capital costs for maintaining the wholesale network.

® The monthly utility fee amounts presented represent an average maximum fee
per premise to cover all ongoing operating, capital and debt service costs.
However, as discussed in this report, these fees could be lowered by some
combination of imposing fees for higher speed service and utilizing subscriber rate
revenue to cover ongoing costs and/or charging higher subscriber rates for
commercial customers relative to lower rates for residential customers.

Implementation challenges

= Private contractors, regulated utilities, and City departments that wish to
excavate in the public-right-of-way or attach cables to utility poles to construct
a FTTP network must first receive numerous certifications and permits, and
submit information to the City and, in some instances, the California Public
Utilities Commission (CPUC). Cumulatively, the permitting and approval
process can take several months.

= Though the regulatory requirements vary for public agencies, private
companies and regulated utilities, the amount of time needed to obtain the
necessary permits and gain approval to excavate the street and install fiber and
conduit should not differ significantly depending on the entity performing the
task. Installation of new conduit is expensive and time-consuming and owners
of existing conduit may not be inclined or capable of expeditiously granting
access to new providers.

= The rules governing access to utility poles also vary depending upon who owns
the pole itself, and the type of entity attempting to gain access to the pole.
Regulated utilities that own poles are required by the CPUC to provide access
to telecommunications and cable TV corporations, but not to municipalities,
video companies, or other private companies. Those not granted access by the
CPUC must negotiate pole attachment agreements through the Northern
California Joint Pole Association. Pole owners may not be inclined or capable of
expeditiously granting new service providers access to their poles.

Conclusion

= Exhibit B below compares and summarized each model’s strengths and
weakness in achieving the City’s goals of: (1) minimizing public cost, (2)
minimizing risk to the City, (3) reducing the digital divide and (4) ensuring
affordable gigabit speed Internet access to all premises in San Francisco. As
shown, the various buildout approaches to achieving a ubiquitous gigabit fiber
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optic network discussed in this report offer policy makers a range of costs,

risks, and benefits to the City.

Exhibit B: Gigabit Speed Fiber Optic Network Models and Buildout Approaches

Relative to Evaluation Criteria

Model Public Model Public-Private Partnership Private
Model
Build out Utility - Demand- Concessionaire, Dark Fiber, Demand-
. . Demand- .
approach Based Driven Utility -Based . Driven
Driven
Cost to City $555 $S$S $555 $S S
Risk to City PN M ™ ™ N
Reduction in
digital divide MEMEE e Y e e
Gigabit speed
toalipremises - HHBY OO DOY OO )
at affordable
prices

In general, the higher cost utility-based buildouts would further advance the
objectives of reducing the digital divide by providing access to gigabit speed
Internet service to all premises in San Francisco. Prices should be more
affordable since the new fiber optic network would provide consumers with
more ISP choices. Final connections to each premise could be limited to the
extent property owners do not approve the final connection to their
properties. In addition, City subsidies of lower income households may be
needed to assist with the burden of a monthly utility fee and/or subscriber
fees.

The utility-based buildout under either the public or P3 models assumes the
imposition of a monthly utility fee on all premises to defray the higher costs of
creating and operating a fiber optic gigabit speed network providing access to
all premises in San Francisco. The monthly utility fee amount could be lowered
for various customer classes by differentiating the amount charged, for
example, to residential and commercial customers based on some commercial
customers’ greater need and use of Internet access and/or by providing lower
speed baseline Internet access for free to all premises and gigabit speed access
for a higher monthly subscriber rates.
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= The public-private partnership model would reduce the costs and risks to the
City associated with creating and successfully operating a complex new fiber
optic network administration and ISP business enterprises though the City
would forego control in areas such as pricing that it would otherwise maintain
under the public model. However, the public should benefit under a public-
private partnership as more providers would be allowed to use the fiber optic
network, thus providing consumers with the benefits of competition.

= The demand-driven model under the public or public-private partnership
models is a less costly alternative and would provide consumers with the price
and other benefits of increased competition. But it would otherwise not
address the digital divide or guarantee provision of fiber network gigabit speed
Internet access to all premises in San Francisco.

= The public and public-private partnership models would have to contend with
competition from incumbent providers who would continue to operate and
compete with any new Internet access provider. In some cities establishment
of municipal gigabit networks has resulted in incumbent providers accelerating
improvements to their networks and connection speeds and competing with
the municipalities on price. Currently, ISPs in San Francisco are offering gigabit
speed service in limited areas of the City and some have publicly stated their
plans to expand the coverage of these services. One provider, Comcast, has
stated that it will offer gigabit services throughout the City within the next two
years, though pricing is not yet known.

Project staff: Fred Brousseau, Nicolas Menard and Julia Nagle
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2. Why Broadband and Fiber Optic Networks?

The need for, and benefits of, broadband Internet access, defined by the Federal
Communications Commission (FCC) as Internet connections with minimum speeds
of 25 Mbps for downloads and 3 Mbps for uploads, have been articulated in a
number of analyses and studies. The National Broadband Plan released by the FCC
in 2010 described broadband as “the great infrastructure challenge of the early 21
century” and as “a foundation for economic growth, job creation, global
competitiveness and a better way of life”.

In its 2015 report, the Broadband Opportunity Council, created by Presidential
Memorandum, described broadband as a core utility, taking its place alongside
water, sewer and electricity as essential infrastructure for communities. It also
called “affordable, reliable access to high-speed broadband” critical to U.S.
economic growth and competitiveness. While national in focus, the Council
recognized in its report that most broadband investment decisions are made at the
local level in partnership with the private sector and included a number of
recommendations to facilitate broadband deployment by local governments.

Internet service in the U.S. has historically not been conceived of as a utility and has
been provided by the private sector, primarily telecommunications and cable
television companies that constructed electronic networks to provide homes and
businesses with telephone and cable television services. Those networks, generally
composed of copper wires, have limitations in providing symmetrical’ Internet
access at high speeds such as 1 gigabit per second (Gbps) which has become a
standard for high speed access provided by private and public sector Internet
Service Providers (ISPs) serving municipal networks throughout the country. Gbps
speed Internet access is much faster than what most Americans have. The average
download speed in the U.S. was 21.2 Megabits per second (Mbps) in September
2014, substantially less than the high speed standard of 1,000 Mbps, or 1 Gbps.’
Many industry analysts consider a Gbps an access speed that will not only allow for
extremely fast download and upload speed at present, but will also accommodate
future growth in Internet use as new applications and content require increasingly
faster access speeds.

A key reason that gigabit per second Internet access speeds are not commonly
available in the U.S. is that most existing transmission networks were built for other
purposes and are limited in their ability to provide high speed Internet access.

! Symmetrical networks have the same download and upload speeds. Because of their network technology, private
sector ISPs commonly offer faster download speeds and slower upload speeds. Fast upload can be particularly
important for businesses and others that produce content for distribution on the Internet.

2 Source: OECD Broadband Portal, Figure 2.P30
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Digital Subscriber Line (DSL) networks transmit data over copper lines originally
designed for telephones and are limited in their ability to provide high-speed
Internet access. Cable modem networks use coaxial cables originally designed for
cable television transmission. Though cable modem networks offer higher speed
access than DSL, they are also limited in providing symmetrical gigabit per second
Internet access speed. More details on network transmission types are provided
below.

Fiber optic technology, which converts electrical signals carrying data to light and
sends the light through glass fibers, can transmit data at speeds far exceeding DSL or
cable networks. However, Internet Service Providers (ISPs) serving most
communities in the U.S. are limited to either telecommunications or cable television
providers that use their existing DSL or cable networks.

A number of industry observers believe that traditional incumbent Internet Service
Providers are not likely to upgrade their legacy networks to fiber to provide gigabit
speed Internet access to all their customers due to the high cost of such expansion
and a lack of competition in the industry. Some incumbent providers have
conducted network upgrading, but it has generally been limited to certain
geographic areas and offered at higher cost than standard service. Verizon, for
example, upgraded limited parts of its networks to fiber with its high-speed FIOS
service, but this access was only available in limited areas and the company has
since discontinued this program. Between 2006 and 2014, AT&T was offering its
higher speed U-Verse service, with speeds up to 24 Megabits per second (Mbps),
but it discontinued that service and is now offering GigaPower, but in many cases
only in limited markets and at higher rates than its standard service.

A significant change in the private sector ISP industry in recent years that has
created more high-speed fiber networks and brought more competition to some
cities is Google’s creation of Google Fiber. This new enterprise typically constructs
and operates new fiber networks in selected cities with speeds up to 1 Gbps.* After
negotiating terms and conditions with its selected cities, Google Fiber constructs a
core fiber network and “hubs,” from which connections to individual premises are
established. Prior to construction, Google Fiber requires that a certain number of
premises in each of its hub areas sign up for service before connections to the
premises are established in that area. This allows the company to achieve
economies of scale in network construction. But it could also mean that certain
neighborhoods, such as lower income neighborhoods or neighborhoods with more
renters than homeowners, could end up not being provided gigabit speed service if

3 Megabits per second refers to the speed of information flow over a given period of time on a telecommunication
medium, measured in megabits (or every 1,000,000 bits or 1,000 kilobits) per second.

*In February 2016, Google Fiber announced it would offer gigabit service in using existing fiber in Huntsville, AL
and in San Francisco. This a change in their business model for FTTP deployments, which until then all involved
constructing its own network.
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enough customers do not sign up for the service. The traditional incumbents
continue to provide service in those cities, though not on fiber networks.

In recent years, 143 municipalities and local governments across the U.S. have
constructed and deployed high-speed fiber optic networks, with speeds of up to 1
Gbps, as public or public-private ventures.” Known as high-speed fiber to the
premise networks (FTTP networks) since premises in these jurisdictions are
individually wired to the fiber network, many are in smaller cities or rural areas
where private sector service was limited or inadequate. But some are in mid-sized
cities and more urbanized areas such as Santa Monica, California and Chattanooga,
Tennessee. In many cases, the high-speed service has been offered at rates
comparable to those charged by incumbent providers for substantially lower speed
service.

Internet access and speeds in San Francisco

While Internet access is available to most residential, commercial and industrial
premises in San Francisco, the City is not one of the U.S. jurisdictions with Gigabit
per second Internet access speed available to all premises. According to Ookla, a
company that tracks Internet speeds of users who elect to test their speeds, the top
10% of users in San Francisco had the following average download speeds as of
November 2015, by ISP: Webpass: 279 Mbps, Comcast: 120 Mbps, Sonic: 32 Mbps,
and AT&T: 21 Mbps. These speeds are not indicative of average speeds for all San
Francisco users but only those who choose to test their speeds through Ookla.

While some existing Internet Service Providers in San Francisco currently provide or
have plans to provide Gigabit per second access speed in limited areas in the future,
these services may not be available citywide and/or be affordable. As a result, the
“digital divide” in San Francisco could remain or be made worse. In a survey of City
residents that responded to a Controller’s Office 2013 survey, 12 percent, or
approximately 100,493 individuals based on the City’s 2013 population of 837,442,
reported that they do not have Internet access at home. And six percent of the
respondents, or 50,247 residents, when calculated against the 2013 population,
reported having slow-speed dial-up access.

3. Why fiber for Internet access: advantages and disadvantages of different
types of Internet networks

The Internet relies on a physical communication infrastructure to distribute digital
content. As discussed above, the infrastructure is composed largely of telephone
and cable networks and fiber optic cable. Digital information is broken into
discrete “packets” that are transmitted using either electrical signals (for
telephone and cable networks on copper or coaxial copper wires) or light (for fiber

> “Number of Community FTTP Networks Reach 143”, Broadband Communities, August/September 2014
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optic networks). While most networks providing Internet content were originally
electrical, designed for telephone and cable television services, many of these
legacy networks have been upgraded, or are likely to be upgraded in the future, to
contain a combination of fiber and the original copper or coaxial copper wires.
However, even with such upgrades, legacy networks cannot provide the
advantages of full fiber optic networks: reliable, very high-speed, secure,
symmetrical, and upgradable Internet access.

Copper wireline networks (DSL)

Copper wireline legacy telephone networks deliver information embedded in
electrical signals over twisted copper wires. Originally designed to make and
receive telephone calls, telecommunications companies upgraded their
equipment over time to Direct Service Lines (DSL)® to enhance the speed at which
information is delivered. However, the nature of DSL telephone wire
infrastructure sets an upper limit on the maximum delivery speed. Electrical
signals quickly degrade over distance, especially at the higher frequencies
required for high speed broadband. Equipment upgrades and moving fiber closer
to end user premises can boost connection speeds, but signal attenuation and
constraints on speed are inherent to the technology.

Cable networks

Cable networks use coaxial copper cables that were originally designed to
distribute broadcast television. While cable providers have upgraded their
networks to improve their Internet service, their networks still have limitations.
Like copper telephone networks, cable transmits information embedded in
electric signals over metal wires, which are subject to degradation over distance
and thus require regeneration as well as insulation from electromagnetic
interference. Like telephone networks, a major drawback of cable networks is that
their download and upload speeds are asymmetric by design, usually meaning
that upload speeds are much lower than download speeds as their original
purpose was to deliver television signals to end users. This is particularly a
disadvantage for future Internet use as industry observers expect that businesses
and residential end users will be producing greater quantities of content for
uploading to the Internet’ and cable network upgrades to achieve faster Internet
download speeds are not likely to have equivalent upload speeds.

Fiber optic networks

Fiber optic networks use light to transmit information through glass fiber. Fiber
can provide much greater speeds in large part because it is not subject to the

® The development of Direct Service Line (DSL) allowed for the simultaneous transmission of digital data and wired
telephone service on the same telephone line.
7 Susan Crawford, “Response to Harold Furchtgott-Roth”, Federal Communication Law Journal , Volume 65.
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same signal degradation challenges of copper based networks. Unlike copper, the
broadband limitations of fiber-based networks are imposed by the equipment on
either end of the network rather than inherent to the transmission medium. It is
for this reason that fiber is considered “future proof” with theoretically unlimited
capacity.

Regardless of the material used, broadband networks are generally defined as
having two components: 1) a core network that transmits digital data signals from
a central point of connection to the Internet, and, 2) the “last mile”, or the
connection from the middle mile to individual premises and end users. The middle
mile of the network is generally located underground in conduit but can also be
overhead strung on utility poles and the last mile connections may be
underground or aerial, such as an overhead wire from a utility pole to end user
buildings. Graphic 1 below provides a depiction of a fiber optic network.

Graphic 1: Fiber Optic Network Configuration
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While construction of a high speed network is a costly undertaking, last mile
construction is considered the more costly of the two components since it
involves wiring individual premises to the middle mile network. This is why it is not
unusual for upgraded legacy telephone and cable networks to include some fiber
in their middle mile, but to leave copper wire for last mile connections. As another
example of the relative costs of last mile connections, and as mentioned above,
one of Google Fiber’s business model in the cities where it is providing citywide
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Internet access service is not to establish last mile connections in a neighborhood
(or a Fiberhood, as the company calls them) until a threshold number of premises
have signed up for their service, allowing the company to realize economies of
scale when making last mile connections. The high cost of network last mile
construction help explain why private sector Internet Service Providers have not,
and likely will not, provide ubiquitous fiber to the premises for entire
municipalities.

Wireless

Wireless connections offer Internet access to users without the need for wired
connection to their premises. However, data distributed within wireless networks
ultimately relies on wired networks to connect to the broader Internet (known as
“backhaul”) and thus wireless is complementary to, rather than a substitute for,
wireline networks to the premises. Greater wireless capacity cannot be achieved
without an increase in wired capacity. Therefore, investments in wireless
networks require a concomitant investment in wired infrastructure for backhaul.

In addition, wireless networks are limited by the physical environment, including
geography, weather, buildings, and proximity to the wireless broadcasting device.
According to engineers interviewed by the Budget and Legislative Analyst’s Office,
while wireless transmission is currently being used to provide Internet access to
selected individual buildings in the City, the technology could not currently be
used to provide last mile connections to every premise in the City and also achieve
gigabit services.

Satellite delivery of Internet access is similarly characterized by limited bandwidth
and interference imposed by the physical environment, particularly weather.
Although connections do not rely on wired infrastructure, the distance between
satellite networks and terrestrial premises limit the amount of bandwidth
available to a given user.
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4. Current Networks and Internet Service Providers in San Francisco

Internet service is available in almost all areas of San Francisco and most households
and businesses have a choice of at least two Internet Service Providers (ISPs) and, in
some areas of the City, there are three or four options.

While private sector Internet Service Providers offer broadband services
throughout most of the City, the availability of gigabit speeds remains very limited.
Exhibit 1 below shows the availability of gigabit speed Internet access service in the
City as of June 2014. Areas shaded in black show where speeds greater than or
equal to a gigabit per second are offered. These offerings are concentrated within
the City’s business areas. Since the release of this data, both Sonic and AT&T have
rolled out gigabit services for residential customers that do not appear on the map
below.

While an available download speed of 200 Mbps was reported for San Francisco in a
worldwide study of home Internet access speeds, that speed is only available in
certain areas of the City served by a smaller ISP. For plans priced between $35 and
S50 per month, average download speeds reported in the same study was
approximately 40 Mbps. ®

® “The Cost of Connectivity 2014”, Open Technology Institute Policy Paper. October 2014.

Budget and Legislative Analyst
22



Memo to Supervisor Farrell
March 15, 2016

Exhibit 1: Gigabit Offerings in San Francisco (June 2014)
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The limited availability of gigabit per second Internet access speed is mostly due to:

the existing network infrastructures being owned by the two primary Internet

Service Providers, AT&T and Comcast, who recently announced plans to upgrade at

least some of their networks to gigabit speed (it is unclear when they will be

complete); high barriers to entering the market for smaller providers interested in

providing higher speed services; and a perceived lack of customer demand for

gigabit service by some incumbent service providers.

The Budget and Legislative Analyst has found no evidence of short-term plans by

any of the incumbents to invest in affordable gigabit speed fiber-to-the-premises

services Citywide.

An overview of each of the main Internet Service Providers offering Internet service

to the premises in San Francisco is as follows.
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AT&T

One of the primary internet service providers in San Francisco, AT&T, offers service
over multiple network technologies - Fiber to the Premise, Fiber to the Node, and
DSL copper wire network - with service available to most of the City. The highest
speed offered today to consumers is through its fiber based service, Gigapower,
which has a maximum speed of 1 Gbps, but is offered in limited areas only.

Following its recent merger with DIRECTV, AT&T agreed to connect at least 12.5
million customers nationwide to the Internet, over fiber, by July 24, 2019. The
company has identified 2,000 areas of interest throughout the U.S., including San
Francisco, where this new service is currently offered. Initial availability of AT&T
GigaPower to homes, apartments and small businesses in San Francisco started in
January 2016. AT&T also has stated to the Budget and Legislative Analyst it has
plans to offer GigaPower to additional areas within San Francisco. Gigapower has
so far been made available in high-income areas in select cities.

In the San Francisco area AT&T GigaPower starts at $90 per month for Internet-
only service. Customers who opt-in to receive advertising tailored to their browsing
habits may purchase the service for $70 per month. The pricing includes a monthly
data allowance of 1,000 gigabytes per month, after which users will be charged $10
for every additional 50 gigabits.

In addition, AT&T has deployed fiber to commercial buildings in San Francisco from
2012 through the present. Businesses in those buildings are able to choose from a
variety of services, ranging from complex dedicated services to small business
broadband speeds up to 300 Mbps.

AT&T stated it would not currently be interested in leasing space on a municipal
network if one were built by the City and County of San Francisco.

To address the digital divide, beginning in April 2016 AT&T will offer a new low-cost
Internet access program for households that have at least one participant in the
U.S. Supplemental Nutrition Assistance Program (SNAP). Customers can receive
speeds up to 10Mbps for $10 per month depending on the speeds available at a
customer’s location. Additional speeds and offers will also be available.

Comcast

Comocast is the largest Internet Service Provider in San Francisco. It currently offers
five different residential speed tiers up to 250 Mbps, at varying costs and those
speeds have increased numerous times over the last few years. The company is
getting ready to roll out an upgrade to its network, DOCSIS 3.1, later this year
which will allow additional tiers and faster speeds (including up to 1Gbps currently)
to be deployed to its customers over its existing cable infrastructure. The company
expects the DOCSIS 3.1 upgrade to be complete over its entire footprint within the
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next two years but has not publicly released the schedule of implementation for
the Bay Area or the cost of the gigabit service. In addition, Comcast recently
launched Gigabit Pro service which can provide up to 2 Gbps symmetric
download/upload in select areas in the San Francisco Bay Area. Gigabit Pro’s
coverage will not be ubiquitous, however Comcast anticipates that deployment of
this product will become more widely available in the next few years. The service is
currently priced at $299.95 per month, with a $500 installation fee and up to a
S500 activation fee. Customers who sign a three year contract may receive the
service at promotional pricing of $159 per month.

In an interview with the Budget and Legislative Analyst’s Office, Comcast
representatives stated that its network upgrades are market driven; while most
customers do not require gigabit speeds for residential usage, service offerings will
be available to meet future needs. Comcast provides business services to small,
medium and large companies, from simple data services to complex voice, metro-e
and fiber data services. Comcast has been installing fiber in increasing portions of
its network and expects to continue to do so. Comcast stated it might be interested
in leasing space from a municipal dark fiber network if one were built by the City
and County of San Francisco.

To address the digital divide, Comcast’s Internet Essentials program offers Internet
service at 10 Mbps for $9.95, low-cost computers and training to low-income
families with children eligible for free and reduced lunches.  In August of 2015,
Comcast launched a pilot program to expand Internet Essentials to low-income
seniors 62 years and older. Via the senior pilot, which was created in partnership
with the City and County of San Francisco, Comcast is working with the Department
of Aging and Adult Services and local non-profit organizations to connect seniors to
home internet and discounted computers, and with SF Connected to provide
computer training to seniors throughout the city.

Sonic

Sonic is the fourth largest Internet Service Provider in San Francisco. It is deploying
fiber-to-the-premises networks in the Sunset and the Richmond with speeds of up
to 1 Gbps, plus bundled nationwide landline home phone service, for $40 per
month. In addition to Gigabit Fiber service, Sonic also leases copper lines from the
incumbent telecommunications carrier to provide bundled telephone and DSL
broadband service throughout most of the City, with speeds of up to 75 Mbps, for
S40 per month. Sonic stated it would be interested in leasing space from a
municipal dark fiber network in San Francisco if one were built.

Sonic does not have a program to specifically address the digital divide, but Sonic’s
S40 price for unlimited home phone and broadband is among the lowest in the
nation.
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Monkey Brains

Monkey Brains, another of the smaller Internet Service Providers in San Francisco,
offers wireless residential Internet service with speeds up to 25 Mbps. With the
exception of the southwest quadrant, residential service is offered throughout
most of the City. Because it provides Internet service wirelessly, connected
residential premises must be within range of one Monkey Brains’ antennas.
Monkey Brains stated it would be interested in leasing dark fiber from a municipal
network.

To address the digital divide, Monkey Brains offers installation discounts to lower
the cost of connecting a new premise. In addition, Monkey Brains provides free or
low-cost Internet access to pedestrians near its offices and to several non-profit
organizations, schools, and low-income housing entities within its footprint.

Webpass

Webpass provides Internet service to business customers and to larger residential
multi-dwelling unit apartment buildings (MDUs). Webpass offers customers up to
500 Mbps, depending on the internal wiring of the building which impacts the
bandwidth available for each unit. The company is planning to expand its fiber
network in the SOMA, Potrero Hill, and Mission neighborhoods to provide Internet
service to business customers. Webpass stated it would be interested in leasing
dark fiber from a municipal network.

Although Webpass offers residential customers high speeds, company
representatives reported that there is very limited residential demand for 1 Gbps
at this time. Customers do not perceive the difference between 100 Mbps and a
gigabit (1,000 Mbps) because consumer Internet content is currently designed for
the average user, who uses much lower speeds. In addition, gigabit speeds are
limited by currently available wireless routers, many of which offer speeds up to
only 150 Mbps.

Webpass does not have a program to address the digital divide.
Wave

Wave offers triple play cable services (television, Internet and telephone) in the
eastern and southern portions of the City only, with speeds as high as 110 Mbps. In
addition, Wave offers gigabit FTTH service in one MDU building in the Mid-Market
area.

Wave does not have a program to address the digital divide.

The City’s Current Fiber Networks

With limited use of fiber by private sector Internet Service Providers, and no indications
that the private sector will be upgrading existing or constructing new Citywide fiber-to-
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the-premises networks in the near future, an option for the City to consider is to expand
one or more of its existing municipal networks to provide Internet connectivity to all
residents and businesses or, if that is not possible, to construct its own entirely new
network.

Currently, the City’s Department of Technology (DT) maintains a fiber network, City
Fiber, which services some City facilities and San Francisco Housing Authority public
Housing developments. In addition, the City’s Public Utilities Commission (SFPUC) and
Airport own and maintain their own fiber and conduit assets for their Internet access
and departmental connectivity. The SFMTA primarily relies on City Fiber, but also
maintains a small fiber network that was installed prior to the roll-out of City Fiber.

City Fiber

The City has constructed approximately 216 miles of fiber optic network, for municipal
purposes, that contribute to the creation of a Citywide municipal network. If there are
technical or legal constraints on using the existing network, the City would have to build
an entirely new network to provide all residential and business premises with Internet
access. The exact number of miles for a Citywide fiber optic network would depend on
the type of buildout that is selected: demand-driven, where the network is expanded as
customers subscribe to the service, or utility-based, in which the entire network
connecting all premises to the City would be constructed at the outset. DT estimates,
however, that approximately 1,000 miles of network would be needed. The two
buildout approaches to buildout are described further below.

The City’s current fiber optic network was originally developed beginning in 2002 when
the Department of Emergency Management (then the Emergency Communications
Department) issued a bond to construct a fiber- optic network to connect public safety
buildings. Since then, the Department of Technology has taken over the management of
the network, which has expanded to service 231 City buildings.’ The map below shows
the distribution network and the location of newly connected City buildings as of Fiscal
Year 2013-14. The City’s 216 mile fiber network has been developed to serve the needs
of City functions, which has informed the network’s features and geographic
distribution.

% San Francisco Connectivity Plan, ICT Plan, 2016-2020.
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Exhibit 2: San Francisco municipal fiber network, with City buildings connected in FY
2013-14
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The City leases out a small portion of its excess fiber capacity, commonly known as
“dark fiber”, to private companies and nonprofit organizations. These leases generate
$279,000 in annual revenue.

Limits of the City’s existing network

The City’s Information and Communication Technology Plan (ICT Plan)™, adopted in
2015, recommends spending $8 million between Fiscal Years 2016-17 and 2019-29 on a
“Fix the Network” project to enhance the reliability of the current fiber network. The
current network equipment is old and non-standardized, has many single points of
failure, and is difficult to monitor. The Department of Technology (DT) is planning to
upgrade hardware and software, simplify the network configuration, eliminate single
points of failure, and optimize the routing and security of the network as part of the Fix
the Network project.

As noted in our December 3, 2015 report, “Fiber Network Assess Management,” % the
Department of Technology has a digital map of the location of its fiber, but information
regarding the fiber availability for network expansion or enhancement at a given

1% |nformation & Communication Technology Plan, FY 2016-20, City and County of San Francisco. Adopted 2015.
' Budget and Legislative Analyst, City and County of San Francisco: “Fiber Network Asset Management”. Report to

Supervisor Farrell

. December 3, 2015.
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location and comprehensive data on conduit location and other attributes is not
comprehensively collected and digitized by City agencies. Further, the information that
is collected of all available fiber and conduit within the City is scattered among City
departments (including the Municipal Transportation Agency (SFMTA) and the SFPUC)
and private entities such as PG&E, Comcast, and AT&T. In many cases, these records are
kept in hard copy, rather than digital form, and thus are difficult to integrate into an
expansion plan for City Fiber. Subsequent to issuance of our report, the Board of
Supervisors approved an ordinance to require DT to develop a database on all City-
owned fiber assets and to determine whether any existing City-owned fiber assets are
available to serve Departments’ future needs.

Plans for expansion

The City plans to spend $5.45 million over the three fiscal years between FY 2015-16
and FY 2017-18 to expand the existing fiber network, City Fiber, to connect the
remaining 178 City buildings that are still using private Internet Service Providers
(primarily AT&T) to access the Internet. Of the $5.45 million, $4.3 million was
appropriated by the Board of Supervisors for FYs 2015-16 and 2016-17.

DT’s expansion plan will be performed by existing staff and contractors, and will need to
adhere to the City’s Dig Once ordinance adopted in October 2014 (Public Works Code
2.44,2.4.13 - 2.4.14, 2.4.95 — 2.4.97) that allows DT to lay fiber conduit simultaneous
with other excavation projects conducted by City departments or the private sector.
Exhibit 3 below shows DT’s estimate that the cost per mile of installing conduit and fiber
would be $174,420 per mile when conducted simultaneous with excavation projects
already approved as compared to $633,600 per mile when conducted independently,
for a savings of $459,360 per mile.

Exhibit 3: Conduit Installation Costs and Savings per Mile Using Dig Once Policy

Cost per Mile Cost per Mile to Savings per
Component Adhering to Dig Excavate without Mile from Dig
Once Dig Once Once
Fiber $79,200 $79,200 SO
Conduit $95,040 $554,400 $459,360
Fiber + Conduit $174,240 $633,600 $459,360

Source: City and County of San Francisco Information and Communication Technology Plan 2016-
2020

The ICT Plan estimates that the City can expand the current fiber network by 56 to 222
miles over a five year period through coordination with other excavations taking place,
for an approximate total savings of between $25.7 and $102 million. The final number of
network construction miles that can be coordinated with other already planned
excavation projects will depend on a variety of factors such as funding and final project
timing.
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5. Options for constructing and operating a fiber optic gigabit speed network in
San Francisco

Given the low probability of a ubiquitous private sector fiber to the premise
gigabit speed network being constructed and made available in San Francisco in
the near future, an option for the City to consider to achieve the benefits of a
network serving all premises in San Francisco at affordable prices is for the City to
construct, manage, and operate its own network or to create partnerships with
private sector companies to provide some or all of these functions.

As discussed above, a number of cities throughout the U.S. and the world have
constructed and are operating fiber to the premise (FTTP) networks, or have
created partnerships with private sector companies that have or are participating
in construction and operation of such networks.

The four primary functions to be fulfilled to implement a FTTP gigabit speed
network are:

1. Constructing the network: excavating streets to install underground
conduit containing the fiber which is then connected to residential and
business premises. For aboveground portions of the network, the fiber
would be strung on utility poles, from which it would be connected to
individual premises.

2. Maintaining the network: Ensuring that the network is functioning
properly and upgraded as needed.

3. Managing the network: If the network is leased out to private sector
companies, administering those leases to ensure services are provided as
agreed upon between the municipality and the private company(ies).

4. Providing retail Internet services: Providing Internet connectivity to all
premises that choose to use the fiber network, including arranging for
service. In some instances, service may be a combination of Internet,
voice, and television.

A municipality could assume responsibility for all of these functions or create
partnerships and agreements with private sector companies to perform one or
more of the four functions.

The following three models can be considered by the Board of Supervisors to
implement a Citywide gigabit speed network. All models have been used in other
jurisdictions.

=  Public Model: A public entity such as a municipality performs all four
functions listed above. Financing construction of the network would be
the responsibility of the public entity and would probably be debt—funded
through issuance of municipal bonds.

Budget and Legislative Analyst
30



Memo to Supervisor Farrell
March 15, 2016

= Private Sector Model: A public entity would not directly or indirectly
assume responsibility for any of the four FTTP network functions listed
above but would rely on the private sector to elect to create an FTTP
gigabit speed network. A municipality might provide some incentives to
encourage private sector creation and operation of a FTTP gigabit speed
network but because the municipality does not have control over the
private entities, this model would not guarantee construction and
deployment of a FTTP gigabit speed network serving all premises at
affordable prices.

=  Public-Private Partnership: A public entity such as a municipality
establishes partnerships with one or more private companies that
perform between one and all four of the network functions listed above.
Financial arrangements can vary, such as the municipality generating
revenue from private ISPs by leasing space on a fiber optic network that it
has constructed and administers; revenue sharing, with the municipality
receiving a portion of customer subscriber revenue from the private ISPs
that provide Internet service through the municipality’s fiber optic
network, and other arrangements. Financing could be through traditional
municipal bond financing or could be provided by private sector partners
in exchange for certain rights or benefits associated with the network.

Criteria for evaluating models and buildout approaches

Each model was analyzed by the Budget and Legislative Analyst and is explained in
more detail below. The following criteria were applied to the models:

Cost to City SS The City’s costs associated with each model
and buildout approach are identified in this
report. Depending on the model, these
costs could cover network construction,
debt service, managing and maintaining
the network and providing Internet service.
Costs could also include lost City revenue
such as waived permit fees for Internet
Service Providers, rent-free use of City
property for Internet Service Provider
equipment, and other costs or lost revenue
associated with private sector incentives.

Risk to City M | Risk was measured by the potentially
negative impacts of: maintaining the City’s
Internet service status quo; unforeseen
developments and costs associated with
undertaking a major capital project to
construct the network and establish a new
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City-run Internet Service Provider
enterprise; or, a private sector partner in a
public-private partnership defaulting on its
obligations, going out of business, etc.

Reduction in | Y&)“f | The models and buildout approaches were
digital divide assessed for the extent to which they could
help reduce the number of San Francisco
residents that currently do not have
Internet access though improved physical
access, Internet service pricing, education,
and other means.

Gigabit VY | Each model and buildout approach was
speed to all assessed for the extent to which it would
premises at accomplish the City’s policy goal of
affordable providing gigabit speed Internet access to
prices all premises in San Francisco at affordable
prices.
Methodology

The Budget and Legislative Analyst interviewed City departments to understand
rules, regulations, and policies regarding implementation (including construction)
and costs, revenues, and financing options for a municipal fiber to the premise
gigabit speed network. In particular, we worked collaboratively with staff from the
Department of Technology (DT), the Mayor’s Office of Innovation, and the
Committee on Information Technology (COIT) to gather and interpret information
regarding various ownership and financing models to achieve a ubiquitous FTTP
network. We also interviewed City staff from San Francisco Public Works, the City
Attorney’s Office, and the Office of Public Finance.

The Budget and Legislative Analyst conducted interviews with Internet Service
Providers, state regulators, PG&E, industry experts (including academics,
consultants, and former public officials), public officials and staff in other
jurisdictions pursuing public and public-private FTTP models, private sector
partners from public-private partnerships in other jurisdictions, and interested
constituents from San Francisco to discuss buildout approaches and challenges for
the City to facilitate a ubiquitous FTTP network. A complete list of interviewed
entities is included in Appendix 1. In addition to these interviews, the Budget and
Legislative Analyst reviewed primary and secondary source materials, including
official reports and financial documents, and attended a week-long municipal fiber
conference to gather information.

DT contracted with CostQuest Associates, a telecommunications consulting firm,
to develop an economic model to estimate the costs and revenues associated with
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various FTTP models. The Budget and Legislative Analyst collaborated with DT to
provide data and test drafts of the CostQuest model so that it accurately
represented the geography, demography, and proposed ownership models
discussed in this report. The CostQuest model and results available as of the
writing of this report incorporated the financial and physical attributes of the
models discussed below.

Key Decision: Demand-driven or Utility-based buildout

A municipal fiber optic network could be constructed based on one of two
buildout approaches: 1) a demand-driven buildout where the core network is
constructed at the outset and connections to individual premises, or “last mile”
construction, only occurs as customers subscribe to the service, or 2) a utility-
based buildout, with “last mile” fiber connections made to each premise in the
City at the time of construction.

Under the utility-based buildout, Internet access is treated as a utility, not unlike
water and sewer service, and a minimum, or baseline, level of service would be
made available to all premises. The utility-based buildout is more costly since it
requires initial construction of a larger network and costly last mile connections to
all premises. The utility-based buildout approach estimates assume that all
property owners acquiesce to establishing final connections to their properties.

Both buildout approaches have been evaluated for the public and public-private
partnership models. They are not evaluated for the private sector model since the
decision to execute either buildout approach would be up to the private sector,
and not under the control of the City.

Public Model

In the public model, the City would build and operate a fiber to the premises
(FTTP) gigabit speed network. To connect all premises would require that the City
trench streets and sidewalks to lay new conduit for the underground portion of
the fiber network and attach distribution cables to utility poles for the portion of
the City where utilities are aerially distributed, or above ground. The City would
own all of the network assets and be responsible for all network maintenance,
operations, and improvements. 12

Besides constructing the fiber optic network, the public model requires that the
City develop and staff network maintenance, administration and Internet Service

2 Due to uncertainties about the amount and condition of the City’s existing fiber optic network (City Fiber
discussed earlier in this report), the estimates below do not assume that any of the existing network could be
utilized, or added to, for a Citywide network. To the extent that it could be used, it would lower the costs
somewhat by reducing the amount of new conduit and fiber to be installed.
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Provider (ISP) enterprises within the City structure, either as part of an existing
City department or through creation of one or more new departments. The new
enterprise(s) would need to be staffed with network administrators, engineers,
technicians, customer service agents, marketing professionals, and managers to
maintain the network and provide Internet connectivity, as well as marketing,
billing and technical assistance services. Because the City would own all of the
network assets, it would have full control over network coverage and operations,
including establishing prices for services.

Likely financing for the public model would come from general obligation bonds to
cover initial construction costs. However, as discussed more fully in Section 8
below, given the City’s current capital plan, a project of this size, whether
demand-driven or utility-based, could not be financed by general obligation bonds
without raising taxes. This is because the Capital Plan already accounts for all
expected proceeds of the City’s property tax revenue. General obligation bonds
require two-thirds voter approval.

If subscriber revenues prove insufficient to cover network debt service, operating
and maintenance and equipment costs, other sources of funds, including the
General Fund or proceeds from a utility fee imposed on all premises, would be
necessary. According to industry experts, once the City-run enterprise has
demonstrated three to five years of positive cash flow, it would be able to issue
revenue bonds secured by customer revenue as funds are needed for network
upgrades and other capital improvements in the future. See Funding Sources
discussion in Section 8 below for more detailed examination of possible funding
sources.

Construction of a City FTTP network and deployment of gigabit speed service
would face competition from incumbent providers who would continue to
operate and compete with the City enterprise. While a number of industry experts
report that the incumbents are not likely to provide FTTP gigabit speed service at
an affordable price to all premises Citywide.

In some cities establishment of municipal gigabit networks has resulted in
incumbent providers accelerating improvements to their networks and connection
speeds and competing with the municipalities on price. There are no instances as
of the writing of this report of private sector companies deploying ubiquitous FTTP
gigabit speed networks in any large municipality in the U.S. Likely competition
through price-cutting and related approaches means that a City-run network and
Internet Service Provider enterprise would need to be able to withstand
competition by offering higher speeds, quality content and service at reasonable
prices to maintain a market share sufficient to cover operating costs and debt
service.
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Cost of the Public Model

The analysis conducted for the City’s Department of Technology by CostQuest
Associates, discussed above, provides estimates of construction costs for a FTTP
gigabit speed network and operating expenses for City network maintenance,
administration and a new City-run ISP enterprise.

The two buildout approaches described above were assumed by CostQuest
Associates for the public model: (1) a “demand-driven” buildout in which final
connections to premises are only made to individual subscribers at the time they
sign up for service, and (2) a “utility-based” buildout in which all premises would
be connected at the time of construction. For the demand-driven buildout, DT’s
consultant’s analysis found that revenue to cover ongoing operating and capital
costs and debt service for initial network construction would be only partially
covered by subscriber revenue, assuming the City ISP enterprise achieves a 30
percent market share. This means that an interim funding source, such as a
General Fund subsidy, would be needed in the years of operation before the full
30 percent market share is assumed to be achieved. The 30 percent market share
is based on subscription estimates provided by the CostQuest model that take into
account Internet access preferences of various demographic groups.

The utility-based buildout, so-called because it would establish network
connections to every single premise, like a utility, would have the effect of
increasing up-front network construction costs compared to the costs of the
demand-driven buildout in which only a core network would be initially
constructed, with last mile connections to premises made and related costs
incurred only at the time customers subscribe. As noted above, last mile
connections are a significant driver of buildout costs, so connecting every premise
at the time of initial network implementation under the utility-based buildout
would increase construction and ongoing operating costs.

The utility-based buildout is rooted in the concept of treating Internet access as a
utility service, meaning that access would be available to all premises.** The cost
and revenue estimates of the utility-based buildout therefore assume that all
premises would pay a monthly utility fee to cover operating and capital costs and,
in exchange for the fee, be provided Internet download speeds of 1 gigabit per
second. According to DT’s cost consultants, a monthly fee of $43 per premise
would be needed to cover all capital and operating costs for a utility-based
network. The utility fee could be adjusted to account for different uses among
residents and businesses. For example, total costs could be covered if every
residential premise paid $25 per month and businesses paid $115 per month to
reflect average greater needs for business customers. Under this buildout, all

13 . . . .
Premises refer to residential households and places of business.
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premise occupants would have access to a gigabit level of Internet access service
though they would not be required to use the municipal ISP service; they could
continue to pay market rates using a competing provider.

The utility fee is rooted in the concept of treating Internet access as essential
infrastructure, like water or electricity, which is made available to all residents and
businesses. Because of the relatively higher upfront costs of a utility-based
municipal networks and the uncertainty about developing a sufficient market
share to cover all capital and operating costs in the early years of operations, the
establishment of a monthly utility fee, paid by each premise owner, ensures a
revenue source available to cover all costs.

The utility fee is also contemplated in one of the public-private partnerships
discussed below. However, since a utility fee could be implemented by a
municipality without a public-private partnership to ensure sufficient revenue to
cover all fiber optic network costs, the Budget and Legislative Analyst used the
model prepared by DT’s consultant to estimate the costs and revenues of a
municipal ISP if such a fee were established under the public model utility-based
buildout approach.

If the Board of Supervisors does not choose to impose a utility fee on all premises
to cover costs but still deploys a network in which every premise is connected at
implementation, another funding source would need to be used to cover total
annual costs of $231.7 million shown in Exhibit 4 below. Charging $70 per month
for residents and $100 per month for businesses for premium gigabit speed
service and making a slower speed available to all other premises paying only the
utility fee would be one option but, based on the assumed market share of 30
percent, only approximately $86.3 million in annual revenues on average over the
first ten years would be generated, leaving a gap of approximately $145.4 million
in average annual operating and capital costs.

At $393.7 million, construction costs would be lower for the demand-driven
buildout than for the utility-based buildout, with estimated construction costs of
$867.3 million, since the costs of last mile connections between the central
network and individual premises in the demand-driven model would occur as
individual premises subscribe. The demand-driven model thus does not assume
that a utility fee or parcel tax would need to be imposed to generate revenue to
meet initial network construction and ongoing operating expenses.

As shown in Exhibit 4, the demand-driven buildout to the public model assumes
that subscriber revenue generated by a 30 percent market share would be the
sole source of funds to cover network construction debt service as well as ongoing
operating and maintenance costs for a City-run ISP. However, as presented in
Exhibit 4, average annual subscriber revenue of approximately $86.3 million
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would be short of the approximately $103.2 million in estimated average annual
costs by $16.9 million per year for the first ten years of operation

The utility-based buildout is more expensive but is assumed to recover capital and
operating costs through a utility assessment or fee on all residential and business
premises. Given the cost of the enterprise, an estimated $43 monthly utility fee
per premise would be required to cover costs. See the Public-Private Partnership
discussion below for how the utility fee could vary based on using other sources of
revenue to offset network costs intended to be covered by the utility fee.

Baseline cost estimates for the public model are presented in Exhibit 4 below. The
demand-driven buildout figures assume that the City’s ISP enterprise achieves a
30 percent market share and charges $70 per month for residents and $100 per
month for businesses. In addition, a one-time $300 installation fee is assumed for
all users in the demand-driven model, which would be waived if customers sign a
two-year contract. The model assumes that a small portion of users would be
eligible for a free, basic Internet access service, for which they would only have to
pay the $300 installation fee and not any ongoing monthly costs.

The utility-based buildout assumes that owners of all premises in San Francisco
would pay a $43 per month utility fee to cover capital and operating costs, in
exchange for which they would all have access to download speed of one gigabit
per second (1 Gbps).

As can be calculated from the numbers presented in Exhibit 4, the network
construction cost difference between the demand-driven and utility-based
buildout is $473.6 million.

The financial viability of the demand-driven public model enterprise is sensitive to
different assumptions about the City ISP enterprise’s market share and retail
prices for service. If the enterprise achieved a market share of 40 percent or more
and/or charged higher monthly rates for services, the DT consultant’s model
predicts it could be financially self-sufficient. Because the utility fee is designed to
cover operating, capital, and debt service costs, the enterprise would be
financially self-sufficient over the thirty year life of the project.*

" Although, the utility fee revenue covers all costs of the network over a thirty year period, the enterprise is
projected to experience deficits during some years. However, these deficits are covered by surpluses in other
years, such that the project is cost-neutral over a thirty year period. As with the demand-driven model, other
sources of funds would have to be identified to cover any annual deficits.
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Exhibit 4: Costs and Revenues of Public Model Gigabit
Speed Fiber optic Network

Demand-Driven Utility-Based
Buildout Buildout
Assumed market share for City enterprise
. 30% 100%
ISP services
Total fiber network construction costs $393,716,583 $867,310,678
Average annual operating costs, for
first 10 years of City-run ISP $58,403,867 $159,469,521
enterprise*
Average annual capital costs for first
. . $19,993,406 $32,066,541
10 years of City-run ISP enterprise*
Average annual debt service for
. $24,812,569 $40,148,397
construction costs**
Total average annual costs for first 10
" $103,209,842 $231,684,459
years
Average total annual
subscriber/utility fee revenue for first $86,276,317 $231,684,459
10 years*
Average annual revenue ($16,933,525) $0
surplus/deficit for first 10 years
Average monthly utility fee assessed
& y y SO $43/month

on all premises

Source: CostQuest Associates: analysis prepared for Department of Technology,
February 2016

* Averages refer t