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August 19, 2020

Governor Gavin Newsom
1303 10th Street, Suite 1173
Sacramento, CA 95814

Dear Governor Newsom,
We write in response to your letter from earlier this week regarding the power
outages of August 14 and 15 that were triggered due to insufficient resources.
We agree that the power outages experienced by Californians this week are
unacceptable and unbefitting of our state and the people we serve. We
understand the critical importance of providing reliable energy to Californians
at all times, but especially now, as the state faces a prolonged heat wave and
continues to deal with impacts from the COVID-19 pandemic.
Californians have always responded to great disruptions with courage,
determination, and creativity. This week was no exception. But it is unfair to
make Californians endure disruptions that are within our reach to avoid. We, as
individuals, and the organizations we lead, share in the responsibility for what
many Californians unnecessarily endured. We also share in the commitment to
pinpoint the causes and ensure they do not reoccur.
Your letter requests that our organizations provide information to understand the
causes of the recent supply deficiencies and the actions that can be taken in
the near and longer-terms to minimize power outages. These questions deserve
a more thorough review and response from us in the coming days, but in the
sections below we provide responses based on the information we have now.
Near-Term Energy Demand Forecast
In the near term, the California Independent System Operator (CAISO) expects
that energy demand will remain high as the current heat wave persists. In the
table below, the CAISO provides its most recent demand forecasts for August 20
through 24. The table shows forecasted demand for two times of the day when
the demand on the grid peaks. The first is the peak load hour, which occurs from
5 to 6pm (peak load hour) and the second is when the demand on the system,
net of expected wind and solar production, occurs which is from 7 to 8pm (net
load peak hour) for each day:
Table 1: Short Term Demand Forecasts
Forecast Period

8/20

8/21

8/22

8/23

8/24

Peak Load Hour
Demand
Net Load Peak
Hour Demand

45,113

44,743

42,718

42,154

46,779

42,850

42,415

41,393

40,946

44,329
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The CAISO estimates that August resource adequacy capacity provides
approximately 46,000 megawatts (MW) of load carrying capability at the peak
load hour, after considering estimated outages. This load carrying capability
drops to approximately 43,000 MW during the net load peak hour. Based on
these forecasts, there is currently a risk of resource insufficiency on Monday,
August 24. If those projections materialize as forecasted, the CAISO will require
economic import energy to meet system needs. If economic import energy is
unavailable, it could lead to additional supply shortages. The CAISO will do
everything it can to avoid service interruptions. As detailed later in this letter,
significant efforts have been undertaken across the state in recent days to
reduce demand and identify additional supply.
Lack of Advance Warnings for Supply Deficiencies
As the CAISO anticipated high loads and temperatures beginning on August 14,
it issued an order restricting maintenance operations on August 12, an alert
identifying a possible system reserve deficiency on August 13, and a Flex Alert for
August 14. However, the situation deteriorated on the afternoon of August 14,
with the unanticipated loss of supply and severe constraints on imports because
of a developing, historic west-wide heat wave. The imbalance in supply and
demand led to the need to order the utilities to turn off power to their customers
later that evening. On August 15, the CAISO experienced similar supply
conditions, as well as significant swings in wind resource output when evening
demand was increasing. Wind resources first quickly increased output during
the 4:00 pm hour (approximately 1,000 MW), then decreased rapidly the next
hour. These factors, combined with another unexpected loss of generating
resources, led to a sudden need to shed load to maintain system reliability. The
combination of high system demand, unanticipated loss of supply, and low net
import availability due to hot temperatures throughout the West created
untenable system conditions. Although the CAISO could not have predicted
the specific series of events that ultimately required power outages, better
communications and advance warnings about tight supply conditions were
possible, and should have been done. The CAISO is committed to improving its
communications, and providing appropriate warnings of such circumstances.
Causes of Recent Supply Deficiencies
We are working closely as joint energy organizations to understand exactly why
these events occurred. The grid conditions of August 14 and 15, with peak
demands of approximately 47,000 MW and 45,000 MW respectively, were high
but not above similar hot days in prior years. Given this, our organizations will
need to conduct a deep dive into how we ensure sufficient electric supply, and
will make modifications to our reliability rules to make sure reliability resources
can be available to address unexpected grid conditions.
Assigning definite causes to events on the electricity grid requires careful
analysis, which will take time, however, we do know a number of things already.
We know that capacity shortfalls played a major role in the CAISO’s ability to
maintain reliable service on the grid. A major focus of our review will need to be
on the joint organizations’ process of determining the needed capacity.
The resource adequacy procurement requirements are set by the California
Public Utilities Commission (CPUC), to be based on a 1-in-2 peak forecast, i.e.,
an average year forecast. This forecast is developed by the California Energy
Commission (CEC) based on an agreed-upon methodology between the CEC,
the CPUC, and the CAISO. To account for contingencies such as outages,
import variability, load forecast error, and reserve requirements, the program
requires utilities to procure a 15% planning reserve margin above the monthly
2

peak load forecast. The rules take into account the fact that the grid needs
both a sufficient quantity and quality of resources to meet demand. As the
events of the past few days indicate, a review of how the organizations forecast
hourly demand and set reserve margins is critical. The forecasts and planning
reserves need to better account for the fact that climate change will mean
more heat storms and more volatile imports, and that our changing electricity
system may need larger reserves.
Another factor that appears to have contributed to resource shortages is
California’s heavy reliance on import resources to meet increasing energy
needs in the late afternoon and evening hours during summer. Some of these
import resources bid into the CAISO energy markets but are not secured by
long-term contracts. This poses a risk if import resources become unavailable
when there are West-wide shortages due to an extreme heat event, such as the
one we are currently experiencing. The CAISO has observed that during the
current heat wave, energy supporting imports from other Western utilities have
been significantly constrained during the late afternoon and evening hours, as
those other utilities must plan to meet their own demand and have limited ability
to export supplies to California. This hampers the CAISO’s ability to secure net
import energy sufficient to meet evening ramping requirements.
After this heat wave passes, as directed in your letter, our organizations will
perform a root cause analysis of the events of August 14 and the following days,
to understand the cause of the resource shortfalls. The CAISO will collaborate
with the CPUC and the CEC on this analysis, and to promote long-term action to
avoid these types of events in the future.
Collectively, our organizations want to be clear about one factor that did not
cause the rotating outage: California’s commitment to clean energy.
Renewable energy did not cause the rotating outages. Our organizations
understand the impacts wind and solar have on the grid. We have already
taken many steps to integrate these resources, but we clearly need to do more.
Clean energy and reliable energy are not contradictory goals.
Our collective investigation will include, at a minimum, a review of the following:
•

•
•
•
•
•
•

Resource sufficiency, including:
o Level of resource adequacy requirements relative to grid loads and
grid conditions,
o Imports and exports and their impact on reliability during periods of
system stress conditions,
o Outages, derates, and resource performance during system stress
hours,
o Performance of resources supplied to grid operator by CPUC and
non-CPUC jurisdictional entities,
o Availability of CAISO import capability to CPUC jurisdictional entities;
Transmission grid performance, including outages and availability
constraints;
Sufficiency of existing incentives and penalty structure for deterring nonperformance of reliability resources;
Demand forecasts and how they are utilized in resource planning;
Review of interagency coordination on summer reliability planning and
assessment;
Challenges to contracting for the retention of gas fleet resources needed
for reliability; and
Market performance observations and opportunities.

Immediate Actions to Address this Week’s Supply Deficiencies
3

Since August 14, a number of immediate actions have been taken to minimize
disruption and increase reliability. A collective effort, led by you and your staff,
created a massive statewide mobilization to conserve electricity and maximize
existing generation resources. The efforts led to reductions in peak demand on
Monday and Tuesday of nearly 4,000 MW and an addition of nearly 950 MW of
available temporary generation.
Some specific examples of actions that were taken include:
Demand Side Conservation Actions
•
•

•

•

•

•

The CAISO called on demand response programs and other available
demand relief;
The CPUC issued a letter on Monday, August 17th, clarifying use of backup generators in connection with specific demand response programs is
allowable, which resulted in at least 50 MW of additional demand
reduction each day;
Solar and storage companies, including Sunrun and Tesla, worked with
their customers to change battery charging patterns so that they are
maximizing effectiveness between 4 and 9pm;
The CEC coordinated with data center customers of Silicon Valley Power
to move approximately 100 MW of load to backup generation facilities
onsite;
The CEC coordinated with the US Navy and Marine Corps to disconnect
22 ships from shore power, move a submarine base to backup generators,
and activate several microgrid facilities resulting in approximately 23.5
MW of load reduction; and
Six Electric Program Investment Charge (EPIC)-funded microgrids reduced
load by a total of approximately 1.2 MW each day.

Supply Side Resources Actions1
•
•
•
•

•
•

•

•

•

The CAISO procured available emergency energy;
The CAISO executed significant event Capacity Procurement Mechanism
to procure additional supply resources;
The CAISO Suspended a market feature to ensure physical certainty of
solution;
Department of Water Resources (DWR) and Metropolitan Water District
(MWD) adjusted water operations to shift 80 MW of electricity generation
to the peak period;
DWR and the U.S. Bureau of Reclamation (USBR) shifted on-peak pumping
load that resulted in 72 MW of load flexibility;
The CEC worked with the City and County of San Francisco to maximize
power output at Hetch Hetchy which allowed for an additional 150 MW
during the peak period;
The CEC worked with private power producers to contribute an additional
147 MW from the following sources: SEGS Solar Plant: 60 MW, Ivanpah
Solar Power Plant: 42 MW, and Sentinel: 45 MW;
PG&E deployed temporary generation, that was procured for public
safety power shutoff purposes, across its service territory totaling
approximately 60 MW;
SCE worked with generators to ensure that additional capacity was made
available to the system from facilities with gas onsite or through invertor
changes; and

1

The additional capacity highlighted in this section is part of the 950 MW of available temporary generation, but
does not comprise the totality of the 950 MW.
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•

LADWP helped bring additional generation from Haynes 1 and
Scattergood power plants totaling 300 to 600 MW

Conservation Messaging Actions
•
•

•

•

The CAISO Issued Flex Alerts and warnings;
The CAISO, CEC and CPUC supported the Governor’s Office and the
California Governor’s Office of Emergency Services to publicly request
electricity customers lower energy use during the most critical time of the
day, 3:00 pm to 10:00 pm;
The CPUC issued a letter to the investor owned utilities on August 16
requesting that they aggressively pursue conservation messaging and
advertising, and requested Community Choice Aggregators do the same;
and
The CPUC redirected the Energy Upgrade California marketing campaign
messaging and media outreach to focus on conservation messaging.

With these efforts, we hope to reduce or prevent immediate future outages to
the greatest extent possible.
Going-Forward Actions to Ensure Reliability
Our organizations are committed to collaborating on longer-term solutions and
to re-examining our forecasts and existing reliability policies and programs to
avoid future supply shortfalls.
The CEC will continue to refine its demand forecast, which currently accounts
for climate change, based on improving science and stakeholder engagement,
and will expand its demand forecasting process to include a broader set of
scenarios that capture extreme weather events and associated load impacts.
New peak demand forecasts could be used in the CPUC’s resource adequacy
program, which currently requires a 1-in-2 peak forecast. In addition, the CEC
will:
•
•

Develop an aggregate statewide view of resource adequacy obligations
and available resources serving those obligations.
Continue work to enable distributed energy resources and load flexibility,
including development of load management standards to support grid
reliability.

The CAISO will review its assumptions regarding solar power and other sources of
energy to ensure its assumptions of available capacity are accurate.
The CPUC will review its resource adequacy requirements, existing procurement
plans and demand response programs. The results of the root cause analysis will
better help to strengthen and inform this reassessment. Some of the work that
will contribute to the holistic reassessment you request has already been
initiated.
•

•

•

In 2019, the CPUC tightened electricity import rules to ensure imports and
all other resources the state relies on are actually delivered to California
on peak days.
The CPUC ordered 3,300 MW of new capacity to come online by 2023 to
meet potential shortfalls that were identified when it adjusted assumptions
to reflect that peak demand occurs later in the day.
The CPUC opened a phase in its Resource Adequacy proceeding to
consider changing the framework for determining reliability rules. These
changes may be needed to adjust for the fact that community choice
aggregators dominate the retail electricity market.
5

Beyond that, the CPUC will work to ensure that increasingly prevalent distributed
resources can be efficiently activated to support the grid even if they do not
qualify to provide reliability services.
With regard to your request to review the mix of imports and in-state generation,
our organizations agree that further attention is required to ensure that these
resources are available when needed. As discussed above, the CPUC has
already taken action to make imported electricity more dependable, and has
also reduced the planning assumption for how much imported electricity will be
available into California. The changes in those assumptions resulted in the
directive to build 3,300 MW of new resources that will start coming online in 2021.
Each of our organizations has more work to do in order to be fully responsive to
your letter and to ensure that we are taking every measure necessary to
guarantee the events of this past week will not be repeated. We thank you for
your leadership and will each be sending you individual follow on letters that will
address the questions and directives in your letter in more depth.

Sincerely,

Marybel Batjer
President
California Public Utilities Commission

Stephen Berberich
President and Chief Executive Officer
California Independent System Operator

David Hochschild
Chair
California Energy Commission
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Objectives of This Study
§
§
§

§
§

Much has been written discussing the role of and need for transmission for integration of renewables and grid resiliency issues in the wake of heightened
cybersecurity awareness (given global geopolitics) and other natural events (e.g., superstorms and hurricanes, bomb cyclones, extreme cold snaps, and wildfires).
Many examinations of these topics have been conceptual, addressing policy issues with broad recommendations. Other treatments have been more technical,
looking at specific physical insufficiencies in infrastructure.
The challenge of these issues, and previous discussions of them, is the desire for a “universal solvent” that will remedy transmission infrastructure gaps across the
nation; however, many of these issues are inherently regional. Each location has its endowment of existing infrastructure (including power generation and
transmission), load sinks, renewable resource potential, and potential risks from widespread resilience events. Moreover, states have a meaningful role in siting
and permitting electric facilities, mandating renewables procurement, and cost recovery. Indeed, different states are forcing the issue on renewables integration as
they announce aggressive clean energy standards.
This study focuses, region-by-region, on the key issues of renewables integration and resilience challenges. It reviews the current transmission landscape,
renewable integration issues, recent resilience concerns, what regional transmission planners have done to address these, and what they believe ought to be done
going forward to ensure reliability and resilient accommodation of growing amounts of renewable resources.
It also examines some of the interregional needs and barriers to transmission development, summarizing key interregional issues in integrating renewables,
identifying how regional organizations and others are dealing with these issues, and gleaning any lessons learned.

The goal of this study is to inform policymakers and the public of region-specific needs, issues, and challenges including
the integration of location-constrained renewable resources and resilience. This review is done with a view of where and
how transmission can and should play a role in addressing these needs.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Industry Backdrop
The electric industry has undergone a tremendous amount of growth and change over the past two decades, and it continues to evolve as policy and
customer preferences, improving technology costs, and increasing focus on reducing greenhouse gas emissions (GHG) drive shifts in energy resources
and consumption patterns. This transformation is driven by four key developments:
Changing Energy Mix

§
§
§

Abundant and inexpensive natural
gas making gas-fired power
generation attractive
Continued retirement of
conventional fossil power plants
nearer to load, as well as some
nuclear plants
Growing amounts of utility-scale
wind and solar generation being
proposed, but highly locationspecific

Deployment of Distributed Energy
Resources (DERs) and Energy
Storage

§

§
§

Growth in smaller DERs on the
distribution system, both behindthe-meter and in larger-scale
applications like microgrids, spurred
by policy support and declining
costs, and subject to favorable
benefit-cost analysis
Potential for support of local
reliability and resilience
However, lack of visibility and
control, and uncertain impacts on
demand behavior

Aspirations for Beneficial
Electrification

§
§

§

Customer, select policy interest in
“deep decarbonization” and utility
interest in increasing system load
Electric industry and stakeholders
looking at beneficial electrification
to displace some traditional nonelectric applications (e.g., light- and
heavy-duty vehicles, space heating)
GHG emissions “exchange” with
electrification highly dependent
upon power supply fuel mix

Strong Interest in Renewable and
Greenhouse Gas Emissions-Free
Resources

§
§
§

§

Renewable portfolio standards
(RPS), in place for years,
increasing in scale
States announcing ambitious clean
energy (i.e., non-GHG-emitting
energy resources) goals
Large corporate buyers looking for
renewable energy supply for
national and global operations, for
value and brand equity
Latest trend: clean energy and netzero emissions targets announced
by some electric utilities

The developments noted above warrant consideration of impacts on the bulk power system and transmission in particular.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – ISO-New England

§

§
ISO-New England

§
§

Ambitious clean energy goals in all six states: Ranging from
25.2% by 2025 in New Hampshire at the low end to 100% by
2050 in Maine at the high end, with demand expected to
exceed supply in 2030, opening opportunity for more imports
from Canada.
Large offshore wind development target requires related
offshore grid build-out, and onshore wind development in
Northern Maine requires capacity to move wind to load
Retiring nuclear and other thermal generation and significant
reliance on natural gas generation creates fuel and energy
availability risk.
Resilience concerns, including extreme cold weather gas
constraints for generation fuel, opens possible need for
increased capacity at interfaces – “gas by wire” from PJM
(via NYISO), hydropower from Canada (Quebec, in
particular).

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – New York ISO

§
§
§
New York ISO

§
§

Ambitious clean energy goals: 70% by 2040 and possibly
inadequate in-state renewables supply opens opportunity for
imports from Canada, west.
Large offshore wind development target requires related
offshore grid build-out.
Ongoing “de-bottlenecking” of upstate renewables for
deliverability to downstate load centers.
Retiring nuclear and other thermal generation and significant
reliance on natural gas generation downstate creates fuel
and energy availability risk.
Resilience concerns, including extreme cold weather gas
constraints for generation fuel, opens possible need for
increased transmission capacity at interfaces – “gas by wire”
from PJM, hydropower from Canada.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – PJM Interconnection

§

§
§
PJM
Interconnection

§
§
§
§

Disparate clean energy goals among the states within the
region has led to a contentious capacity market ruling by
Federal Energy Regulatory Commission (FERC), issued in
December 2019 and likely to generate more debate when
PJM makes it compliance filing.
New wind and gas generation development has driven
interconnection needs in recent years, but new solar
represents the majority of capacity currently in the queue.
More renewable resources than policy demand in region,
and more gas capacity than needed; opportunity for export.
Transmission investment has trended toward more local and
lower voltage “Supplemental Projects” recently, driven by
asset performance, condition, and risk, as congestion in the
region has been reduced.
Retiring nuclear and other thermal generation and significant
reliance on natural gas generation creates fuel and energy
availability risk.
Resilience concerns, including extreme cold weather gas
constraints for generation fuel, opens possible need for
increased capacity at interfaces with MISO and NYISO.
Complications to expansion in region: Public policy
differences among states, low to negative load growth
expectation for the planning horizon.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – Midcontinent ISO
§
§
§
§
§
Midcontinent
ISO

§
§

§
§

Diverse region with three distinct areas: wind-heavy west; thermal
baseload-heavy central (with growing retirements); and gas-fired
generation-heavy south.
While wind development, especially in the west northwest of
region is a big part of resource development, increasing amount
of solar across region, potentially creating some different and
more localized transmission needs.
Significantly more renewable resources than policy demand in
region; opportunity for export.
Potential for targeted transmission needs in Midcontinent ISO
(MISO) West as region contemplates potential for long-term
“tipping point” of 30% to 40% wind penetration.
Reducing congestion has been a goal, and multi-value projects
completed since 2011 have lowered congestion and allowed for
lower marginal cost wind greater market access and has removed
need for $300M in baseline reliability upgrades.
Market-to-market payments indicate potential for east-west
interregional enhanced transfer capability with PJM and load
centers to the east.
Resilience challenges different within region, largely seasonal
extreme weather; potential for transmission capacity between
north and south to diversify resources, energy transfers during
times of system stress.
Potential for expansion of transfer capacity on north-south
constraint between MISO North/Central and MISO South – offpeak wind moving south, low cost gas, solar power moving north.
Complications to expansion in region: 2015 settlement agreement
upon addition of MISO South; public policy differences between
MISO South states and MISO North/Central states.
Copyright © 2020 by ScottMadden, Inc. All rights reserved.

11

Executive Summary

Regional Transmission Summary – Southeast

§
§

Southeast

§
§
§
§

Vertically integrated, rate-of-return market area, with generation
and transmission considered mostly using traditional integrated
resource planning – transmission “built to suit.”
Growing renewable resources in region (especially utility-scale
solar), more than policy-generated demand in region, but still
small in comparison to thermal resources, including growing
gas-fired and new nuclear generation units.
Long-term potential for offshore wind, but limited activity to date.
Limited renewable integration issues to date; region is now
studying potential impacts, including effect of increased solar in
increasingly winter-peaking region.
Some resilience challenges driven by tropical cyclones and ice
storms; opportunity for grid hardening.
Increasingly winter-peaking with exposure to extreme cold
weather (cold snaps); increased gas dependence raises issues
around single point of disruption (pipeline interruption or reduced
gas availability).

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – Southwest Power Pool
§
§
§
§
Southwest
Power Pool

§
§

§

“Tale of two grids” with high wind penetration in north and
west approaching levels that typically cause integration
issues, with population centers south and east.
Large wind potential in region, in north and south, with large
(51 GWs) interconnection queue, with growing interest in
solar (28+ GWs in queue) in south.
Significantly more renewable resources than policy demand
in region; opportunity for export.
The region has developed a high-voltage backbone, which
has been well-utilized as renewable resources have come
online.
Potential west-to-east transmission for relief of “pinch points”
in central Kansas/southwest Missouri to accommodate
northeast-to-southwest Southwest Power Pool (SPP) flows.
Potential for increased integration with Western
Interconnection for broader footprint for renewable resource
optimization; being tested with SPP’s Western Energy
Imbalance Service and reliability coordinator role.
Potential for increased integration with MISO for west-to-east
flows of increasing wind and solar resources to load centers,
resilience support.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – Western U.S. (Excl. California ISO)
§

§

WECC
(Excluding
California ISO)

§

§

§

§
*Western Electric Coordinating Council
**Electric Reliability Council of Texas

Diverse and expansive region with varying climate and
weather patterns, including access to some of the richest
wind (east central portion) and solar (southern portion)
resource areas in the United States; New Mexico and
Wyoming are hot spots for wind development due to
prevalence of low-cost and temporally uncorrelated wind,
and the Southwest is seeing strong buildout of solar,
including utility scale and DERs.
Heterogeneity of state policies related to renewables creates
challenges for multi-state backbone projects; Colorado, New
Mexico, Nevada, Oregon, and Washington have targets of
50% or higher; Idaho and Wyoming have no standard.
Abundant hydro resources in the Northwest could play a role
in balancing increasing amounts of variable generation
across the Western Interconnection if there is sufficient longhaul transmission capacity to other parts of the region.
Majority of transmission projects in recent years have been
executed within the four discrete planning areas in WECC*,
though six interregional projects are currently being
developed across seams.
Opportunities to increase transfer capacity across seams
with Canada, SPP, ERCOT**, and California ISO for broader
footprint for renewable resource optimization, particularly to
accommodate growing demand for renewables within
California, as well as the need to reduce curtailments at
times of excess generation within California.
Developing long-distance, high-voltage transmission through
remotely populated Western areas poses unique challenges:
terrain, distance, and impacts on federal, native lands.
Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary – California ISO

§
§
§
California ISO

§
§
§

Ambitious clean energy goals: 50% by 2030 and potential for
in-state demand to vastly exceed in-state renewables supply
suggests opportunity for more imports from adjacent regions,
particularly increasing transfer capacity with the Northwest.
Increasing curtailments of in-state renewables at times of
oversupply could create opportunities to move power to
areas where it can be used.
Expansion of the Western Energy Imbalance Market, which
includes almost three-fourths of the load in the Western
Interconnection, continues; introduction of a day-ahead
market may create opportunities to streamline intraregional
and interregional transmission planning.
New wind and gas generation development has driven
interconnection needs in recent years, but new solar
represents the majority of capacity currently in the queue.
Resilience concerns, including wildfires and gas-power
interdependence, points to potential need for increased
capacity at interfaces with other regions in WECC.
Complications to expansion in region: Preference for nonwires alternatives, siting and permitting.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Interregional Considerations
§

Regional to interregional: Generally, the regional view takes into account grid characteristics and resources. Policy across the country has evolved and been
implemented based upon this regional view. However, as the need for integration of renewables and access to low cost energy resources grows, the need for
interregional transmission is increasing. Renewables are not evenly distributed; they are concentrated in various regions which don’t necessarily align with where
the greatest needs are emerging.

§

Benefits of a larger grid footprint: A larger grid footprint or balancing area provides advantages for both integration of all types of generation and resilience. A
number of studies have pointed to the benefits of increased interregional transmission to accommodate higher penetrations of renewable resources:
–

A study of the Western Interconnection found that increasing balancing area coordination with more transmission connecting larger geographic areas helped
diversify the variability of both load and resources and created cost savings due to increased reserve sharing.

–

A similar study of the Eastern Interconnection found that with increased (up to 30% with a significant portion being wind) renewable resources, greater levels
of interconnection through transmission led to increased interregional power flows and illustrates that interregional transmission is one way to potentially
reduce operational impacts of increasing RPS requirements.

–

More recently, the National Renewable Energy Laboratory has been conducting an Interconnection Seams Study, still to be completed. But it has identified
opportunities for increased integration among the U.S. interconnections as providing opportunities for cost savings and possibly resilience, by bringing low
cost resources, including remote renewables, to market.

§

Case studies: Additional case studies point to benefits of interregional transmission capacity. The Western Energy Imbalance Market leverages excess
transmission capacity to move excess midday solar energy from California to other areas of the West, as well as allowing for support for late-day ramping needs in
California and elsewhere, leading to cost savings for all participants. Moreover, Europe has been expanding its transmission grid to aid in integrating hydro,
offshore wind, and onshore wind as it seeks to meet European Union power sector emissions targets.

§

Renewable portfolio standard (RPS) supply vs. demand: Finally, as RPS’s become more ambitious and clean energy goals advance at the state and utility
level, and renewables development is mixed and geographically diverse, RPS supply-demand “imbalances” are potential indicators of increased needs for import
and export capability across regions

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Interregional Considerations (Cont’d)
2030 Estimated Renewable Energy (RPS) Demand vs.
Solar/Wind Supply Forecast Comparison by Region (in TWh) (as of July 2019)
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Resilience
§

FERC definition: FERC defines resilience as the ability [of the electric system] to withstand
and reduce the magnitude and/or duration of disruptive events, which includes the capability
to anticipate, absorb, adapt to, and/or rapidly recover from such an event.

§

NERC’s framework: The North American Electric Reliability Corporation (NERC), the
designated electric reliability organization, has proposed a framework envisions four
elements, reflecting different parts of an event occurrence:

§

§

–

Robustness – the ability to absorb shocks and continue operating

–

Resourcefulness – the ability to detect and manage a crisis as it unfolds

–

Rapid Recovery – the ability to get services back as quickly as possible in a
coordinated and controlled manner, taking into consideration the extent of the damage

–

Adaptability – the ability to incorporate lessons learned from past events to improve
resilience

Regional variations: Resilience issues vary between regions and even within large
regions. Some resilience issues are common because they are global in nature. Many
threats vary because of location and vulnerability of infrastructure, proximity to resources
(including fuel), weather patterns, climatic trends, and seismic conditions. Many regions are
concerned about extreme weather as reliability, and often termed as resilience, risks. In
particular, extreme cold weather and its impact on an increasingly natural gas-dependent
fleet as well as very high penetration of variable energy resources, are being studied.
Transmission as potentially enhancing resilience: Transmission is a component of a
more resilient system in providing access to reserves and energy during extreme conditions,
leveraging weather diversity. Moreover, as facilities in an aging U.S. transmission system
are replaced, they are being upgraded with capabilities that improve resilience, such as
technologies for situational awareness and hardened structures.

There remains a planning gap between reliability and resilience.
Transmission planners, operators, and owners continue to focus
on reliability, including weather and fuel dependency, as those are
most clearly actionable and related to electric infrastructure
investment. Resilience has broader societal implications involving
more stakeholders with government as a key facilitator. And its
costs are more properly a societal decision. While transmission
has an important role to play, it is only one piece of resilience
preparation.

Sources: ScottMadden analysis; 2019 State of Reliability
Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Challenges
§

Siting and permitting: The issues with siting and permitting across multiple jurisdictions have long been highlighted as challenges to building both intra- and
interregional transmission.

§

Policy evolution needed: The fact that transmission is needed across the country to support both reliability and integration of renewable resources is welldocumented; the evolution of policy has not supported this basic understanding. Incentive policy, which drove significant investments through the 2000s is
changing, and returns on equity and adders are being reduced.

§

Legacy of Order 1000: Order 1000 interregional processes have not materialized to facilitate broader integration across markets. The same cost-allocation
challenges, which we once discussed at the regional level, have now moved to the interregional level, identifying beneficiaries and allocating costs appropriately,
particularly across regions with different methodologies is challenging.

§

Need for forcing function: Until a forcing function requires these regions to develop a methodology that facilitates largely public policy projects, the hope of
interregional transmission meeting national needs for transmission (to serve any purpose, let alone clean energy) will remain elusive.
–

State and local policy continues to stymie transmission development through siting and permitting processes that are poorly aligned.

–

Environmental interests stack up on both sides of the transmission development debate. Some organizations acknowledge the degree to which transmission
is needed to facilitate renewables integration. Others focus on the environmental impacts of specific corridors, slowing or stopping permitting and
construction. There is also a view that DERs can offset the need for central station (utility-scale) generation and transmission.

–

Economic development always points to local resources serving local load; states are focusing on in-state resources to meet RPS and clean energy targets,
making the case for interregional collaboration more difficult.

What has changed in the last two years or so is the degree to which states, utilities, and other companies are committing to
100% carbon free portfolios. It is not possible to meet these goals without intraregional, and in some cases interregional,
transmission connecting these resources to load.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Policy Implications
§

Targeted federal policy: Significant transmission development followed the Energy Policy Act of 2005 and FERC incentives policy that followed; similar national
policy could be beneficial in creating a framework for transmission development that would be supported by myriad stakeholders.

§

Fostering interregional transmission: In the absence of a national framework, the following should be considered to spur interregional transmission
development:

§
§

–

FERC should step forward and begin to assess more proactive approaches to creating the framework for interregional collaboration in light of company, state,
and regional goals related to clean energy.

–

There is an opportunity to reconsider the current trend in transmission incentives if there is a desire to have companies undertake these large interregional
projects.

–

Stakeholders focused on clean energy need to further articulate the critical role of transmission in facilitating company, state, and regional goals for clean
energy.

–

As utilities (and others) put forward clean energy and carbon free goals, they should also highlight the role that transmission plays in facilitating this transition.

Education: The network and other positive effects of transmission need to be more broadly understood and communicated.
Role of transmission: As regions and states develop and communicate clean energy goals, they should work with the RTO/ISO to understand the degree to
which these goals must be facilitated by transmission (both intra- and interregional).

There is the potential to align myriad stakeholders in support of transmission development. The benefits to these divergent
groups need to be clearly communicated to garner support for this infrastructure.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Structure of the Report
§

This report is structured in sections.
–

Section 1 is this Executive Summary, which highlights key points of the report including a snapshot of the regions profiled herein.

–

Section 2, titled Industry Backdrop, describes four important trends in the electric industry in North America and how electric transmission plays a role or
complements these trends.

–

Section 3, titled Regional Discussions, and further divided into regional subsections, provides an overview of the regions reviewed in this study (and
summarized earlier in this executive summary) consisting of key statistics, a view of the region’s transmission topography and investment, trends and drivers
of renewables development, resilience issues, and a summary of issues for transmission in the region.

–

Section 4, titled Interregional Considerations, examines studies, case studies, and drivers for interregional transmission, considering grid needs driven by
renewables supply and demand as well as resilience considerations.

–

Section 5, titled Resilience, examines non-region-specific resilience issues, including the industry’s evolving resilience framework, selected events and how
the grid enabled a robust response, and potential investment in grid capabilities to support resilience.

–

Section 6, titled Challenges and Policy Implications, looks at some of the issues regarding interregional planning, cost allocation, resilience planning, and
local siting and permitting of transmission, and considerations for policymakers and stakeholders.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Notes and Acknowledgments
Notes

§

This report uses publicly available sources and is dependent upon accuracy and completeness of these resources. Data and information provided in this report is
valid to the best of our knowledge as of October 2019.

§

The energy industry, and the power transmission sector in particular, is a dynamic, changing business, legal, and regulatory environment. Any changes and
developments, including commission or agency findings and decisions, updated planning documents, and other resources relied upon herein occurring or released
after October 2019 are not necessarily reflected in this report.
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Executive Summary

Executive Summary
This study examines the potential role of decarbonized pipeline gas fuels, and
the existing gas pipeline infrastructure, to help meet California’s long-term
climate goals. The term “decarbonized gas” is used to refer to gaseous fuels
with a net-zero, or very low, greenhouse gas impact on the climate. These
include fuels such as biogas, hydrogen and renewable synthetic gases produced
with low lifecycle GHG emission approaches. The term “pipeline gas” means any
gaseous fuel that is transported and delivered through the natural gas
distribution pipelines. Using a bottom-up model of California’s infrastructure
and energy systems between today and 2050 known as PATHWAYS (v.2.1), we
examine two “technology pathway” scenarios for meeting the state’s goal of
reducing greenhouse gas (GHG) emissions to 80 percent below 1990 levels by
2050:
 Electrification scenario, where all energy end uses, to the extent

feasible, are electrified and powered by renewable electricity by 2050;
 Mixed scenario, where both electricity and decarbonized gas play

significant roles in California’s energy supply by 2050.
Both scenarios meet California’s 2020 and 2050 GHG goals, to the extent
feasible, accounting for constraints on energy resources, conversion efficiency,
delivery systems, and end-use technology adoption. Across scenarios, we

© 2014 Energy and Environmental Economics, Inc.

Page |1|

Decarbonizing Pipeline Gas to Help Meet California’s 2050 Greenhouse Gas Reduction Goal

compare total GHG emissions, costs, and gas pipeline utilization over time
relative to a Reference scenario, which does not meet the 2050 GHG target.

The study concludes that a technology pathway for decarbonized gas could
feasibly meet the state’s GHG reduction goals and may be easier to implement in
some sectors than a high electrification strategy.

We find that the total costs of

the decarbonized gas and electrification pathways to be comparable and within
the range of uncertainty. A significant program of research and development,
covering a range of areas from basic materials science to regulatory standards,
would be needed to make decarbonized gas a reality.
The results also suggest that decarbonized gases distributed through the state’s
existing pipeline network are complementary with a low-carbon electrification
strategy by addressing four critical challenges to California’s transition to a
decarbonized energy supply.
 First, decarbonized pipeline gas can help to reduce emissions in sectors

that are otherwise difficult to electrify, either for technical or customeracceptance reasons. These sectors include: (1) certain industrial end
uses, such as process heating, (2) heavy duty vehicles (HDVs), and (3)
certain residential and commercial end uses, such as cooking, and
existing space and water heating.
 Second, the production of decarbonized gas from electricity could play

an important role in integrating variable renewable generation by
producing gas when renewables are generating power, and then storing
the gas in the pipeline distribution network for when it is needed.
 Third, a transition to decarbonized pipeline gas would enable continued

use of the state’s existing gas pipeline distribution network, eliminating
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the need for new energy delivery infrastructure to meet 2050 GHG
targets, such as dedicated hydrogen pipelines or additional electric
transmission and distribution capacity.
 Fourth, pursuit of decarbonized gas technologies would help diversify

the technology risk associated with heavy reliance on a limited number
of decarbonized energy carriers, and would allow consumers,
businesses and policymakers greater flexibility and choice in the
transition to a low-carbon energy system.

© 2014 Energy and Environmental Economics, Inc.
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1 Introduction
California has embarked on a path to dramatically reduce its GHG emissions
over the next four decades. In the nearer term, Assembly Bill 32 (AB 32)
requires the state to reduce GHG emissions to 1990 levels by 2020. The state
appears to be on track to meet this goal. In the longer term, Executive Order S3-05 sets a target for California to reduce GHG emissions by 80% relative to
1990 levels by 2050. Achieving this target will require significant changes in the
state’s energy systems over the coming decades; the state’s energy supply will
need to be almost entirely carbon free by mid-century.
Natural gas and other gaseous fuels face an uncertain future in California’s
energy supply mix. The need to reduce the carbon intensity of the state’s
transportation fuels and industrial output to meet near- to medium-term GHG
goals opens up opportunities for natural gas as a substitute for more carbonintensive oil and coal. However, natural gas from traditional fossil fuel sources
cannot represent a significant share of energy use by 2050 if the state is to meet
its long-term GHG goal.

By 2050, traditional uses of oil and natural gas,

including transportation fuels, water and space heating, and industrial boilers
and process heating, will need to be mostly, if not fully, decarbonized.
Solutions for achieving a deep decarbonization of California’s energy supply
have focused on extensive electrification using renewable energy sources, with
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some liquid biofuel and hydrogen fuel use in the transportation sector.
However, there are three principal challenges associated with this
decarbonization “pathway.” First, there are practical limits to electrifying some
energy end uses, such as HDVs and industrial process heating. Second, there
are physical limits on sustainable biomass resources, which limit the amount of
biomass that can be used as a primary energy source. Third, very high levels of
renewable penetration require large-scale energy storage solutions, to integrate
wind and solar generation on daily and seasonal timescales. Decarbonized 1 gas
fuels distributed through the state’s extensive existing gas pipeline network
offer a little-explored strategy for overcoming some of these challenges and
meeting the state’s GHG goals.
To examine the roles of gas fuels in California and utilization of the state’s
existing gas pipeline infrastructure from now until 2050, Southern California Gas
Company (SCG) retained Energy and Environmental Economics (E3) to address
four main questions:
1. Are there feasible technology pathways for achieving California’s nearerand longer-term GHG targets where gaseous fuels continue to play a
significant role?
2. If yes, how do these pathways compare against a reference case and a
“high electrification” strategy in terms of GHG emissions and costs?How
does the use of the state’s gas pipeline infrastructure differ under
scenarios where more and less of the state’s energy supply is electrified?
3. In what key areas would research, development, and demonstration
(RD&D) be needed to produce decarbonized gas on a commercial scale?

1

Throughout this report, the term “decarbonized gas” refers to gases that have a net-zero, or very low, impact on
the climate, accounting for both fuel production and combustion.

© 2014 Energy and Environmental Economics, Inc.
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To provide an analytical framework for addressing these questions, we develop
two “technology pathway” scenarios that represent different points along a
spectrum between higher and lower levels of electrification of energy end uses
by 2050:
(1) “Electrification” scenario, where most of the state’s energy
consumption is powered with renewable electricity by 2050;
(2) “Mixed” scenario where decarbonized gas replaces existing natural
gas demand and fuels HDVs, but renewable energy is used to produce
electricity and to power most light-duty vehicles (LDVs).
The decarbonized gas technologies examined in this study were selected to
represent a range of different options, but are not intended to be exhaustive.
The focus in this study is on more generally examining the role of gas fuels over
the longer term in a low-carbon energy system, not on comparing different
emerging decarbonized gas options. 2 These scenarios are compared to a
Reference scenario where current policies are unchanged through 2050 and the
state’s GHG target is unmet. Table 1 shows a high-level summary of key
differences among these three scenarios.

2

A number of emerging technology options for low-carbon gas, such as artificial photosynthesis, are thus not
included in the list of technology options examined in this study. Including these technologies would likely
reinforce many of the main conclusions in this study.
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Table 1. High-level summary of key differences among the three scenarios
examined in this analysis
Scenario

Source of residential,
commercial, industrial
energy end uses

Source of
transportation
fuels

Source of
electricity
supply

Source and
amount of
decarbonized
3
pipeline gas

Electrification

Mostly electric

Mostly electric
LDVs, mostly
hydrogen fuel
cell HDVs

Renewable
energy, some
natural gas
with CCS

Small amount of
biogas

Mixed

Decarbonized gas for
existing gas market
share of end uses

Electric LDVs,
Decarbonized
gas in HDVs

Renewable
energy, some
natural gas
with CCS

Large amount of
biogas, smaller
amounts of SNG,
hydrogen,
natural gas

Reference

Natural gas

Gasoline, diesel

Mostly natural
gas

None

Both the Electrification and Mixed scenarios were designed to meet California’s
2020 and 2050 GHG targets. For each scenario we analyzed its technical
feasibility and technology costs using a bottom-up model of the California
economy. This model (California PATHWAYS v2.1), which includes a detailed
“stock-rollover” representation of the state’s building, transportation, and
energy infrastructure, allows for realistic depiction of infrastructure turnover
and technology adoption; sector- and technology-based matching of energy
demand and supply; and detailed energy system representation and technology
coordination. The model includes hourly power system dispatch and realistic

3

Throughout this report, the term “pipeline gas” is used to encompass different mixes of gas in the pipeline,
including conventional natural gas, gasified biomass, hydrogen (initially limited to 4% of pipeline gas volume, with
up to 20% allowed by 2050), and gas produced from P2G methanation.

© 2014 Energy and Environmental Economics, Inc.
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operating constraints. An earlier version of the model was peer reviewed as
part of an article published in the journal Science. 4
The identification of realistic sources of decarbonized gas is a critical piece of
this analysis. We considered three energy carriers for decarbonized gas, each
with different potential primary energy sources:
 Biogas, which includes gas produced through biomass gasification

(biomass synthetic gas) and anaerobic digestion of biomass;
 Hydrogen, produced through electrolysis; and
 Synthetic natural gas (SNG), produced through electrolysis with

renewables (mostly wind and solar “over-generation”) and further
methanated into SNG in a process referred to as power-to-gas (P2G)
throughout this report.5
By 2050, there are a limited number of primary energy sources available to
supply decarbonized energy: renewable electricity, biomass, nuclear, or fossil
fuels with carbon capture and sequestration (CCS). Each has different scaling
constraints. For instance, wind and solar energy are intermittent and require
energy storage at high penetration levels. Hydropower and geothermal energy
are constrained by land and water use impacts and the availability of suitable

4
James H. Williams, Andrew DeBenedictis, Rebecca Ghanadan, Amber Mahone, Jack Moore, William R. Morrow
III, Snuller Price, Margaret S. Torn, “The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050: The
Pivotal Role of Electricity,” Science 335: 53-59.
5
P2G, though often used generically to refer to any process that converts electricity to gas, refers specifically to
electrolysis and hydrogen methanation in this report. The methanation reaction requires a source of CO2, which
we assume to be air capture in this study, although carbon capture from seawater is another promising, emerging
technology. This extra methanation step, and the costs of seawater carbon capture, or air capture, makes P2G
relatively expensive. We examined this technology in this study primarily for its electricity storage benefits. Other
potential low-carbon gas production technologies, such as synthetic photosynthesis, are not examined within the
scope of this study.
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sites for development. Bioenergy is limited by the amount of feedstock that can
be sustainably harvested. Nuclear is limited by public acceptance and the lack
of long-term storage and disposal of spent fuel.

Carbon capture and

sequestration is also limited by public acceptance and generates higher
emissions than the other options due to partial capture rates of CO2. Choices of
primary energy sources for a decarbonized energy supply require tradeoffs in
costs, reliability, externalities, and public acceptance.
Similar limits and tradeoffs exist with conversion pathways from primary energy
to secondary energy carriers, often with multiple interrelated options. Biomass,
for instance, can be converted into a number of different energy carriers (e.g.,
liquid biofuels, biogas, hydrogen, electricity) through multiple energy conversion
processes. P2G is only cost-effective from an energy system perspective when
there is significant renewable over-generation. Fossil fuels can be converted
into partially decarbonized energy with carbon capture and sequestration (CCS).
Evaluating different decarbonized gas technology options — primary energy
sources, energy conversion pathways, and energy carriers — thus requires
realistic scaling constraints, an integrated energy system perspective, and
strategies for managing uncertainty and complexity.
Our modeling framework addresses these requirements by: consistently
constraining physical resources (e.g., biomass availability), conversion
efficiencies (e.g., gasification efficiency), and gas distribution (e.g., limits on
hydrogen gas volumes in pipelines); allowing for interrelationships among
energy sources (e.g., electricity and gas); accounting for system costs and GHG
emissions across a range of technologies; and exploring different potential
options under a range of inputs and avoiding over-reliance on point estimate

© 2014 Energy and Environmental Economics, Inc.
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assumptions as the driver of technology adoption. The results of this study
confirm that the electricity sector will be pivotal to achieving a low-carbon
future in California — in both the Electrification and Mixed scenarios the need
for low-carbon electricity increases substantially. The results also suggest that
decarbonized gases distributed through the state’s existing pipeline network are
complementary with a low-carbon electrification strategy by addressing four
critical challenges to California’s transition to a decarbonized energy supply.
 First, decarbonized pipeline gas can help to reduce emissions in sectors

that are otherwise difficult to electrify, either for technical or customeracceptance reasons. These sectors include: (1) certain industrial end
uses, such as process heating, (2) HDVs, and (3) certain residential and
commercial end uses, such as cooking, existing space heating, and
existing water heating.
 Second, the production of decarbonized gas from electricity could play

an important role in integrating variable renewable generation by
producing gas when renewables are generating power, and then storing
the gas in the pipeline distribution network for when it is needed. At
high penetrations of variable renewable generation, long-term, seasonal
electricity storage may be needed to balance demand and supply, in
addition to daily storage. On these longer timescales, gas “storage”
may be a more realistic and cost-effective load-resource balancing
strategy than flexible loads and long-duration batteries. 6
 Third, a transition to decarbonized pipeline gas would enable continued

use of the state’s existing gas pipeline distribution network, reducing or

6

In this scenario, we assume that electrolysis for hydrogen production, powered by renewable electricity, can be
ramped up and down on a daily basis as a dispatchable load in the medium-term. In the long-term, P2G
methanation with air capture, or carbon capture from seawater to produce SNG could provide both a source of
low-carbon gas and a grid balancing service.
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eliminating the need for new energy delivery infrastructure to meet
2050 GHG targets, such as dedicated hydrogen delivery pipelines or
additional electric transmission and distribution lines. Increased use of
decarbonized gas in the coming decades would preserve the option of
continued use of existing gas pipelines as a low-carbon energy delivery
system over the longer term.
 Fourth, pursuit of decarbonized gas technologies would help diversify

the technology risk associated with heavy reliance on a limited number
of decarbonized energy carriers, and would allow consumers,
businesses and policymakers greater flexibility and choice in the
transition to a decarbonized energy system.
All of the decarbonized gas energy carriers in this study make use of proven
energy conversion processes — none require fundamental breakthroughs in
science.

Nonetheless, these processes remain relatively inefficient and

expensive, and would need significant improvements in conversion efficiency
and reductions in costs to be competitive in the medium- to long-term.
Additionally, existing gas pipelines and end use equipment were not designed to
transport and utilize hydrogen gas, and would require operational changes as
the blend of decarbonized gas shifts over time.
Developing a supply of sustainably sourced biomass presents an additional
challenge. Biomass resources have competing uses — food, fodder, and fiber —
which may limit the amount of sustainably-sourced biomass available for energy
production. The Electrification and Mixed scenarios both assume that a limited
quantity of sustainably sourced biomass would be available to California in the
2030 and 2050 timeframe. The same quantity of biomass is assumed to produce
electricity in the Electrification scenario, and biogas in the Mixed scenario.

© 2014 Energy and Environmental Economics, Inc.
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However, it remains uncertain whether it will be possible to increase the
production of biomass fuels to this scale, as would be needed to significantly
reduce fossil fuel use, without negatively impacting food supply or increasing
GHG emissions from changes in land use.
Furthermore, current RD&D efforts and policy initiatives have prioritized the
production of liquid biofuels, particularly ethanol, over the production of biogas.
More generally, the state does not appear to have a comprehensive
decarbonized gas strategy, in contrast to low-carbon electricity which is
promoted through the state’s Renewables Portfolio Standard (RPS) and the
decarbonized transportation fuels are encouraged through the state’s Low
Carbon Fuel Standard (LCFS).

Overcoming these challenges would require

prompt shifts in policy priorities and significant amounts of RD&D if biofuels,
and particularly biogas, are to become an important part of the state’s future
energy mix.
The results suggest priority areas and time frames, outlined in Table 2, for a
RD&D agenda that would be needed if California is to pursue decarbonized
pipeline gas as a strategy to help meet the state’s GHG reduction goals.
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Table 2. RD&D timescales, priorities, and challenges for decarbonized gas fuels
Timeframe of
RD&D payoff

RD&D Area

Challenge

Near-term

Energy efficiency

Achieving greater customer adoption and
acceptance

Reduction in methane
leakage

Cost-effectively identifying and repairing
methane leaks in natural gas mining,
processing, and distribution

Use of anaerobic digestion
gas in the pipeline and pilot
biomass gasification

Quality control on gas produced via anaerobic
digestion for pipeline delivery

Agronomic and supply chain
innovation for biomass
feedstocks

Competition with liquid fuels, food, fodder,
fiber may limit amount of biomass available as
a source of decarbonized gas

Pilot decarbonized SNG
technology to improve
conversion efficiency and
cost

Gasification, electrolysis, and methanation
need efficiency improvements, reductions in
cost to be competitive; safety, scale, and
location challenges must be addressed

Limits on hydrogen volumes
in existing pipelines

Need pipeline and operational changes to
accommodate higher volumes

Emerging technologies (e.g.,
P2G, artificial photosynthesis,
CO2 capture from seawater
for fuel production)

P2G must be scalable and available as a
renewable resource balancing technology; in
general, emerging technologies still require
innovations in material science

Medium-term

Long-term

The organization of the report is as follows: Section 2 develops the Reference
case and two afore-mentioned scenarios. Section 3 describes the modeling
approach and elaborates on the technology pathways for decarbonized gases.
Section 4 presents the results. The final section, Section 5, distills key
conclusions and discusses their policy and regulatory implications. Further
details on methods and assumptions are provided in an appendix.

© 2014 Energy and Environmental Economics, Inc.
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1.1 About this study
This study was commissioned by SCG to help the company consider their longterm business outlook under a low-carbon future, and to fill a gap in the existing
literature regarding long-term GHG reduction strategies that include the use of
decarbonized gas in the pipeline distribution network.
A number of studies have evaluated the options for states, countries and the
world to achieve deep reductions in GHG emissions by 2050. 7 These studies
each make different assumptions about plausible technology pathways to
achieve GHG reductions, with varying amounts of conservation and efficiency,
CCS, hydrogen fuel cells, nuclear energy, and biofuel availability, to name a few
key variables. However, few studies have undertaken an in-depth investigation
of the role that decarbonized pipeline gas could play in achieving a
decarbonized future. 8
In our prior work, we highlighted the pivotal role of the electricity sector in
achieving a low-carbon future for California. 9 This study for SCG uses an

7

See for example: “Reducing Greenhouse Gas Emissions by 2050: California’s Energy Future,” California Council
on Science and Technology, September 2012; “Roadmap 2050: A practical guide to a prosperous, low-carbon
Europe,” European Climate Foundation, April 2010; “EU Transport GHG: Road to 2050?,” funded by the European
Commission, June 2010; “EPA Preliminary Analysis of the Waxman-Markey Discussion Draft,” U.S. EPA, April 2009;
“Energy Technology Perspectives, 2008: Scenarios & Strategies to 2050,” International Energy Agency, 2008; “The
Power to Reduce CO2 Emissions: The Full Portfolio: 2008 Economic Sensitivity Studies,” EPRI, Palo Alto, CA: 2008.
1018431; “Building a Low Carbon Economy: The U.K.’s Contribution to Tackling Climate Change,” The First Report
of the Committee on Climate Change, December 2008; “Making the Transition to a Secure and Low-Carbon
Energy System: Synthesis Report,” UK Energy Research Center, 2009.
8
For an example of a deep decarbonization study from Germany that employs both electrolysis and P2G
(Sabatier), see Palzer, A. and Hans-Martin Henning, “A Future Germany Energy System with a Dominating
Contribution from Renewable Energies: A Holistic Model Based on Hourly Simulation,” Energy Technol. 2014, 2,
13 – 28.
9
James H. Williams, Andrew DeBenedictis, Rebecca Ghanadan, Amber Mahone, Jack Moore, William R. Morrow
III, Snuller Price, Margaret S. Torn, “The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050: The
Pivotal Role of Electricity,” Science 335: 53-59.
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updated version of the model (California PATHWAYS 2.1) employed in that prior
work, relying on the same fundamental infrastructure-based stock roll-over
modeling approach, and many of the same underlying input assumptions, such
as energy efficiency potential. However, important updates to the analysis
include:
 Updated forecasts of macroeconomic drivers including population and

economic growth;
 Updated technology cost assumptions where new information has

become available, including for solar photovoltaic (PV) and energy
storage costs;
 A more sophisticated treatment of electricity resource balancing,

moving from a four time period model (summer/winter & highload/low-load), to an hourly resource balancing exercise; and
 Slightly higher biomass resource potential estimates, based on new data

from the U.S. Department of Energy (DOE). 10
The model results are driven by exogenous, scenario-defined technology
adoption assumptions. Costs of technologies and fuels are exogenous,
independent inputs which are tabulated to track total costs. The model does
not use costs as an internal decision variable to drive the model results, rather
the model is designed to evaluate technology-driven, user-defined scenarios.

10

U.S. Department of Energy, “U.S. Billion-Ton Update: Biomass Supply for a Bioenergy and Bioproducts
Industry,” August 2011.
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2 Scenarios
2.1 Low-carbon scenarios
Two distinct low-carbon scenarios are developed and compared within this
study. Both of these scenarios result in lower GHG emissions than required by
California’s mandate of reducing emissions to 1990 levels by 2020, and are
designed to meet the 2050 goal of reducing GHG emissions 80% below 1990
levels. Each scenario is further constrained to achieve an approximately linear
path in GHG reductions between today’s emissions and the 2050 goal. The
differences between the two scenarios are not in GHG reduction achievements,
but between technology pathways, implied RD&D priorities, technology risks,
and costs.
The two low-carbon scenarios evaluated include:
 Electrification Scenario: This scenario meets the 2050 GHG reduction

goal by electrifying most end-uses, including industrial end uses, space
heating, hot water heating, cooking and a high proportion of light-duty
vehicles. Low-carbon electricity is produced mostly from renewable
generation, primarily solar PV and wind, combined with a limited
amount of natural gas with carbon capture and storage (CCS) and 20
GW of electricity storage used for renewable integration. Low-carbon
electricity is also used to produce hydrogen fuel for heavy-duty vehicles.
California’s limited supply of biomass is used largely to generate
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renewable electricity in the form of biomass generation.

In this

scenario, the gas distribution pipeline network is effectively un-used by
2050. With very few remaining sales by 2050 and significant remaining
fixed distribution costs, it seems unlikely that gas distribution
companies would continue to operate under this scenario.
 Mixed Scenario: This scenario meets the 2050 GHG reduction goal

with a blend of low-carbon electricity and decarbonized pipeline gas.
Existing uses for natural gas in California, such as industrial end uses (i.e.
boilers and process heat), space heating, hot water heating and cooking
are assumed to be supplied with decarbonized pipeline gas, such that
the current market share for pipeline gas is maintained over time.
California’s limited supply of biomass is used to produce biogas which is
injected into the pipeline. Over time, this scenario assumes that an
increasing share of hydrogen is blended into the pipeline gas, which is
assumed to be produced from renewable power (mostly solar and wind)
using electrolysis. This scenario includes a significant increase in electric
light-duty vehicles, while most heavy-duty vehicles are assumed to be
powered with compressed or liquefied decarbonized gas and liquid
hydrogen fuel.

Electricity is produced mostly from renewable

generation, primarily solar PV and wind, with a limited amount of
natural gas with CCS and 5 GW of electricity storage used for renewable
integration. Load balancing services are primarily provided by cycling
the production of decarbonized gas to match the renewable generation
profiles. In this way, the decarbonized pipeline gas provides both daily
and seasonal energy storage. The Mixed scenario represents neither a
significant expansion nor contraction of the gas pipeline distribution
system.

In this scenario, both the gas pipeline network and the

electricity transmission and distribution system operate as conveyors of
decarbonized energy.

© 2014 Energy and Environmental Economics, Inc.
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The key parameters of these scenarios are summarized in Table 3 below.
Table 3. Summary of Low-Carbon Scenarios Based on Key Parameters in 2050
Scenario

Source of
residential,
commercial,
industrial
energy end uses

Source of
transportation
fuels

Source of electricity
supply & resource
balancing

Uses of
biomass

Electrification

Mostly electric

Mostly electric
light-duty
vehicles, mostly
hydrogen HDVs

Renewable energy,
limited natural gas with
CCS, 5 GW of pumped
hydro energy storage
and 15 GW of battery
energy storage, some
hydrogen production

Electricity
generation,
small amount
of biogas

Mixed

Decarbonized
gas (biogas, SNG
& hydrogen) for
existing gas
market share of
end uses

Decarbonized
gas in HDVs;
electric light
duty vehicles
(LDVs)

Renewable energy,
limited natural gas with
CCS, 5 GW of pumped
hydro energy storage,
plus P2G and hydrogen
production assumed to
provide resource
balancing services

Biogas

Both of the low-carbon scenarios evaluated here entail different assumptions
about the future feasibility and commercialization of key technologies to
achieve an 80 percent reduction in GHGs relative to 1990. For the Electrification
scenario to be viable, significant amounts of long-term electricity storage must
be available on a daily and seasonal basis to balance intermittent renewable
generation.

The Electrification scenario also relies significantly on the

production of low carbon liquid biofuels and hydrogen fuel cell vehicles in the
transportation sector, for vehicles that are otherwise difficult to electrify. For
the Mixed scenario to succeed, it must be possible to produce large quantities
of biogas using sustainably-sourced biomass. Furthermore, the Mixed scenario
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depends on eventual adoption of P2G methanation with carbon capture from
sea water or air capture to produce SNG. All of the technologies that are
applied in these scenarios are technically feasible; the science exists today. The
challenge is commercializing and scaling these technologies to provide a
significant energy service to California before 2050. In Table 4 below, the
emerging technologies applied in the low-carbon scenarios are ranked based on
their “risk” to the scenario’s success. Risk is determined by ranking the amount
of energy that passes through each technology in 2050 for a given scenario
(higher energy use implies higher reliance on the technology), combined with a
measure of the technology’s current commercialization stage (lower availability
implies higher risk).

© 2014 Energy and Environmental Economics, Inc.
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Table 4. Ranking of emerging technology’s criticality to the Electrification and
Mixed scenarios

Emerging Technologies

Overall Ranking of Technology
Criticality by 2050
(maximum = 9 for most critical,
minimum = 0 for least critical)
Electrification
Mixed

Availability of sustainably-sourced biomass

6

9

Power-to-gas methanation using carbon capture from
seawater or air

0

6

Battery storage for load balancing

9

0

Carbon capture and storage

3

3

Cellulosic ethanol

6

0

Hydrogen production

4

4

Use of hydrogen in the distribution pipeline

0

4

Gasification to produce biogas

1

3

Fuel cells in transportation (HDVs)

6

3

Electrification of industrial end uses

2

0

2.2 Common strategies and assumptions across all
low-carbon scenarios
Both of the low-carbon scenarios described above include a number of other
carbon reduction efforts that must be implemented to achieve the state’s long-
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term GHG reduction goal. These other assumptions do not vary between
scenarios, and include low-carbon measures such as:
 Significant levels of energy efficiency in all sectors, including

transportation efficiency, industrial and building efficiency;
 Significant reductions in non-CO2 and non-energy GHG emissions, such

as methane emissions and other high-global warming potential gases
such as refrigerant gases;
 Improvements in “smart growth” planning as per Senate Bill 375,

11

leading to reductions in vehicle miles traveled (VMT) and increased
urban density leading to lower building square footage needs per
person;
 All scenarios include the use of sustainably-sourced biomass to produce

decarbonized energy. The scenarios differ in how the biomass is used,
to produce electricity, liquid or gas fuels.
 All scenarios include an increase in electrification relative to today; the

scenarios differ in how much additional electrification is assumed
relative to other sources of low-carbon energy;
 Flexible loads for renewable resource balancing, including limited use of

controlled charging of electric vehicles and a limited share of certain
residential and commercial electric thermal end uses. 12 Hydrogen and
P2G production are assumed to provide fully dispatchable, perfectly
flexible load-following services, helping to integrate variable renewable
generation in the low-carbon scenarios.

11

The Sustainable Communities and Climate Protection Act of 2008
Up to 40 percent of electric vehicle charging load is assumed to be flexible within a 24-hour period to provide
load-resource balancing services. Electric vehicles are not assumed to provide energy back to the electric grid, in
a “vehicle-to-grid” configuration.
12
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 Imports of power over existing transmission lines are limited to a

historical average and are assumed to maintain the same emissions
intensity throughout the study period. New, dedicated transmission
lines for out-of-state renewable resources are also tracked. Exports of
electricity from California of up to 1500 MW are allowed.

2.3 Reference case
In addition to the low-carbon scenarios evaluated here, a Reference case is
developed as a comparison point. The Reference case assumes a continuation
of current policies and trends through the 2050 timeframe with no incremental
effort beyond 2014 policies to reduce GHG emissions. This scenario is not
constrained to achieve specific GHG reduction goals. As a result, this scenario
misses the state’s GHG reduction targets in 2050 by a wide margin, with 2050
emissions 9% above 1990 levels. In the Reference case current natural gas end
uses, such as space heating and hot water heating, continue to be supplied with
natural gas through 2050. With no future efforts, California achieves a 33% RPS
by 2020 and maintains this share of renewable energy going forward. The
transportation sector continues to be dominated by the use of fossil-fueled
vehicles in the Reference case.
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3 Analysis Approach
3.1 PATHWAYS model overview
This analysis employs a physical infrastructure model of California’s energy
economy through 2050.

The model, known as PATHWAYS (v2.1), was

developed by E3 to assess the GHG impacts of California’s energy demand and
supply choices over time. The model tracks energy service demand (i.e. VMT) to
develop a projection of energy demand and the physical infrastructure stock
utilized to provide that service (i.e. types and efficiency of different vehicles).
End uses in the building sector, vehicles in the transportation sector, and power
plants in the electricity sector are tracked by age and vintage, such that new
technologies are adopted as older technologies and are replaced in a stock rollover representation of market adoption rates.
Technology lifetimes, efficiency assumptions and cost data are generally drawn
from the U.S. DOE National Energy Modeling System (NEMS), used to support
development of the Annual Energy Outlook 2013. Assumptions about new
technology adoption are highly uncertain, and are defined by E3 for each
scenario. New technology adoption rate assumptions are selected to ensure
that the low-carbon scenarios meet the state’s 2050 GHG reduction goal.
The model can contextualize the impacts of different individual energy
technology choices on energy supply systems (electricity grid, gas pipeline) and

© 2014 Energy and Environmental Economics, Inc.
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energy demand sectors (residential, commercial, industrial) as well as more
broadly examine disparate strategies designed to achieve deep de-carbonization
targets. Below, Figure 1 details the basic modeling framework utilized in
PATHWAYS to project results for energy demand, statewide GHG emissions, and
costs for each scenario.

Figure 1. Basic PATHWAYS modeling framework
 Energy Demand: projection of energy demand for ten final energy

types. Projected either through stock roll-over or regression approach.
 Energy Supply: informed by energy demand projections. Final energy

supply can be provided by either conventional primary energy types (oil;
natural gas; coal) or by decarbonized sources and processes (renewable
electricity generation; biomass conversion processes; CCS). The energy
supply module includes projections of costs and GHG emissions of all
energy types.
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 Summary Outputs: calculation of total GHG emissions and costs (end-

use stocks as well as energy costs). These summary outputs are used to
compare economic and environmental impacts of scenarios.
PATHWAYS V2.1 projects energy demand in eight sectors, and eighty subsectors, as shown below in Table 5.

© 2014 Energy and Environmental Economics, Inc.
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Table 5. PATHWAYS Energy Demand Sectors and Subsectors
Sector

Subsector

Residential

Water Heating, Space Heating, Central AC, Room AC, Lighting, Clothes
Washing, Dish Washing, Freezers, Refrigeration, Misc: Electricity Only,
Clothes Drying, Cooking, Pool Heating, Misc: Gas Only

Commercial

Water Heating, Space Heating, Space Cooling, Lighting, Cooking,
Refrigeration, Office Equipment, Ventilation

Transportation

Light Duty Vehicles (LDVs), Medium Duty Trucking, Heavy Duty Trucking,
Buses, Passenger Rail, Freight Rail, Commercial Passenger Aviation,
Commercial Freight Aviation, General Aviation, Ocean Going Vessels,
Harborcraft

Industrial

Mining, Construction, Food & Beverage, Food Processing, Textile Mills,
Textile Product Mills, Apparel & Leather, Logging & Wood, Paper, Pulp &
Paperboard Mills, Printing, Petroleum and Coal, Chemical Manufacturing,
Plastics and Rubber, Nonmetallic Mineral, Glass, Cement, Primary Metal,
Fabricated Metal, Machinery, Computer and Electronic, Semiconductor,
Electrical Equipment & Appliance, Transportation Equipment, Furniture,
Miscellaneous, Publishing

Agricultural

Sector-Level Only

Utilities (TCU)

Domestic Water Pumping, Streetlight, Electric and Gas Services Steam
Supply, Local Transportation, National Security and International Affairs,
Pipeline, Post Office, Radio and Television, Sanitary Service, Telephone,
Water Transportation, Trucking and Warehousing, Transportation Service,
Air Transportation

Petroleum Refining

Sector-Level Only

Oil & Gas Extraction

Sector-Level Only

For those sectors that can be represented at the stock level – residential,
commercial, and transportation – we compute stock roll-over by individual
subsector (i.e. air conditioners, LDVs, etc.). For all other sectors, a forecast of
energy demand out to 2050 is developed based on historical trends using
regression analysis. These two approaches are utilized to project eleven distinct
final energy types (Table 6).
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Table 6. PATHWAYS Final Energy Types and Sources of Energy
Final Energy Type
Electricity

Gasoline

•

•

many types of renewables, CCS, nuclear,
fossil, large hydro.

Pipeline Gas
•

Petroleum coke

natural gas, hydrogen, biogas, SNG

Diesel
•

Refinery and Process Gas

natural gas, hydrogen, biogas, SNG

Liquefied Pipeline Gas
•

Liquefied petroleum gas (LPG)

natural gas, hydrogen, biogas, SNG

Compressed Pipeline Gas
•

ethanol & fossil gasoline

Waste Heat

biodiesel & fossil diesel

Kerosene-Jet Fuel

These final energy types can be supplied by a variety of different resources. For
example, pipeline gas can be supplied with combinations of natural gas, biogas,
hydrogen, and SNG (produced through P2G processes). Electricity can be
supplied by hydroelectric, nuclear, coal, natural gas combined cycles and
combustion turbines, and a variety of renewable resources including utility-scale
& distributed solar PV, wind, geothermal, biomass, etc. These supply
composition choices affect the cost and emissions profile of each final energy
type. Further methodology description can be found in the Technical Appendix.

3.2 Modeled energy delivery pathways
A decarbonized technology pathway can be thought of as consisting of three
stages: (1) the provision of the primary energy itself, (2) the conversion of
primary energy into the energy carrier, and (3) the delivery of an energy carrier

© 2014 Energy and Environmental Economics, Inc.
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for final end use. In practice, there can be many variations on this theme,
including multiple conversion process steps and the use of CCS. The primary
decarbonized energy sources are biomass, renewable and nuclear generated
electricity, and natural gas with CCS. The main options for energy carriers in a
decarbonized system are electricity, liquid biofuels such as ethanol and
biodiesel, and decarbonized gases including biogas, SNG, and hydrogen and
decarbonized electricity.
Figure 2 illustrates the main decarbonized technology pathways for delivering
energy to end uses represented in the model. In the remainder of this section,
we sketch briefly the main low-carbon pathways considered in this study and
how they are modeled.
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Figure 2. Major low-carbon pathways for delivered energy, from primary energy
to conversion process to energy carriers
The technical opportunity for the gas distribution industry lies in providing an
alternative to widespread electrification of end uses as an approach to deep
decarbonization. The decarbonized gas technologies included in the Mixed
scenario have been well-understood and some have been used in commercial
applications for decades. For example, synthesized town gas, not natural gas,
was the prevalent energy carrier for the first gas distribution companies over a
century ago.
However, improvements in cost and efficiency will be required for decarbonized
pipeline gas supplies to outcompete other forms of low-carbon delivered
energy, such as electricity and liquid biofuels, and other issues require careful
consideration and research, such as long-term biomass resource potential and
carbon benefits. It is difficult at present to predict which pathways are the most

© 2014 Energy and Environmental Economics, Inc.
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likely to take root and become the dominant forms of energy delivery in a
deeply decarbonized world.

3.2.1 BIOMASS RESOURCE ASSUMPTIONS
The principal data source for biofuel feedstocks in our model is the DOE’s Billion
Ton Study Update: Biomass Supply for a Bioenergy and Bioproducts Industry led
by Oak Ridge National Laboratory, the most comprehensive available study of
long-term biomass potential in the U.S. 13 This study, sometimes referred to as
the BT2, updates the cost and potential estimates in the landmark 2005 Billion
Ton Study, assessing dozens of potential biomass feedstocks in the U.S. out to
the year 2030 at the county level (Figure 3). 14
The estimated future supply of California produced biomass stocks is relatively
small compared to the resource potential in the Eastern portion of the U.S., as
shown in Figure 3. In this study, we have assumed that California can import up
to its population-weighted proportional share of the U.S.-wide biomass
feedstock resource potential, or 142 million tons per year by 2030. In the case
of the Mixed scenario, where nearly all biomass is assumed to be gasified into
biogas, this could be accomplished through production of biogas near the
source of of the feedstock, which would then be distributed through the
national gas pipeline network.

California would not necessarily need to

physically import the biomass feedstock into the state in order to utilize, or
purchase credits for, the biogas fuel.

13

Under the emissions accounting

U.S. Department of Energy, “U.S. Billion-Ton Update: Biomass Supply for a Bioenergy and Bioproducts
Industry,” August 2011.
14
U.S. Department of Energy, “Biomass as a Feedstock for a Bioenergy and Bioproducts Industry: The Technical
Feasibility of a Billion-Ton Annual Supply,” April 2005.
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framework employed in this study, California would take credit for assumed
emissions reductions associated with these biofuels, regardless of where the
fuel is actually produced. This assumption may not reflect California’s long-term
emissions accounting strategy.

Furthermore, there remains significant

uncertainty around the long-term GHG emissions impacts of land-use change
associated with biofuels production.

Figure 3. DOE Billions Tons Study Update Biomass Resource Potential (Source:
DOE, 2011)

3.2.2 PIPELINE GAS AND LIQUID FUELS FROM BIOMASS
Biomass feedstocks ranging from purpose-grown fuel crops to a variety of
agricultural, forestry, and municipal waste products can be converted into
decarbonized gas. The main conversion method that is assumed in the Mixed

© 2014 Energy and Environmental Economics, Inc.
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scenario is gasification, including thermal and biochemical variants, which break
down complex biomass molecules through a series of steps into a stream of
SNG, consisting primarily of hydrogen and carbon monoxide. In the modeled
pathway, the SNG is cleaned, shifted, and methanated to produce a pipelineready biogas with a high methane content. The other main method for biomass
conversion represented in the model is anaerobic digestion. In anaerobic
digestion bacterial digestion of biomass in a low-oxygen environment produces
a methane-rich biogas which, after the removal of impurities, can be injected
into the pipeline. In addition to gas fuels, biomass can be turned into liquid
fuels directly through fermentation and distillation, as in the case of ethanol, or
through the transesterification of fats such as waste cooking oil to produce
biodiesel. Biogas from gasification can also be turned into liquid fuels, for
example through the Fischer-Tropsch process.

3.2.3 PIPELINE GAS AND LIQUID FUELS FROM ELECTRICITY AND
NATURAL GAS
Renewable energy, fossil generation with CCS and nuclear energy produce lowcarbon electricity that can either directly power end uses or be used to produce
pipeline gas or liquefied gases for transportation fuels. There are two P2G
pathways in the model. One pathway uses electricity for electrolysis to split
water and produce hydrogen, which can be injected into the pipeline for
distribution up to a certain mixing ratio, or can be compressed or liquefied for
use in hydrogen fuel cell vehicles. The other pathway modeled also begins with
electrolysis, followed by methanation to produce SNG, which is injected into the
pipeline.

The SNG pathway requires a source of CO2, which can come from

carbon capture from sea water, air capture or biomass, or under some
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circumstances from CCS (e.g. situations in which the use of CCS implies no
additional net carbon emissions, such as biomass power generation with CCS).
The CO2 and hydrogen are combined into methane through the Sabatier or
related process.
Continued use of natural gas under a stringent carbon constraint requires that
carbon be captured and stored. The low-carbon scenarios evaluated in this
study assume a limited amount of natural gas with CCS is used for electricity
generation in both of the low-carbon scenarios. There are two main types of
CCS: (1) post-combustion capture of CO2, and (2) pre-combustion capture of
CO2. In one pathway, CCS occurs after the natural gas has been combusted for
electricity generation in a combined cycle gas turbine (CCGT), and the delivered
energy remains in the form of decarbonized electricity. In the other pathway,
natural gas is subjected to a reformation process to produce hydrogen and CO2
streams. The CO2 is captured and sequestered, and the hydrogen can be
injected into the pipeline, liquefied for use in fuel cells, or combusted in a
combustion turbine.

3.3 Modeling Technology and Energy Costs
3.3.1 GENERAL DESCRIPTION OF APPROACH
For long-term energy pathways scenarios, future costs are particularly
uncertain. As a result, the PATHWAYS model does not use technology or energy
cost estimates to drive energy demand or resource selection choices. Rather,
total capital costs and variable costs of technologies are treated as input
variables, which are summed up for each scenario as an indicator of the
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scenario’s total cost. The model does not include a least-cost optimization, nor
does the model include price elasticity effects or feedback to macroeconomic
outcomes. As such, the model should be understood as primarily a technology
and infrastructure-driven model of energy use in California.
The model includes more resolution on cost for two key types of energy
delivery: pipeline gas and electricity. These approaches are described in more
detail below.

3.3.2 PIPELINE GAS DELIVERY COSTS
We model the California system of delivering pipeline gas as well as compressed
pipeline gas, and liquefied pipeline gas for transportation uses. We model these
together in order to assess the capital cost implications of changing pipeline
throughput volumes. Delivery costs of pipeline gas are a function of capital
investments at the transmission and distribution-levels and delivery rates, which
can be broadly separated into core (usually residential and small commercial)
and non-core (large commercial, industrial, and electricity generation)
categories.
Core service traditionally provides reliable bundled services of transportation
and natural gas compared to non-core customers with sufficient volumes to
justify transportation-only service. The difference in delivery charges can be
significant. In September 2013 the average U.S. delivered price of gas to an
industrial

customer
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$15.65/thousand cubic feet for residential customers. 15 This difference is driven
primarily by the difference in delivery costs and delivery charges for different
customer classes at different pipeline pressures.
To model the potential implications of large changes in gas throughput on
delivery costs, we use a simple revenue requirement model for each California
investor owned utility (IOU). This model includes total revenue requirements by
core and non-core customer designations, an estimate of the real escalation of
costs of delivery services (to account for increasing prices of materials, labor,
engineering, etc.), an estimate of the remaining capital asset life of utility assets,
and the percent of the delivery rate related to capital investments. 16

3.3.3 ELECTRICITY SECTOR AVERAGE RATES AND REVENUE
REQUIREMENT
Electricity sector costs are built-up from estimates of the annual fixed costs
associated with generation, transmission, and distribution infrastructure as well
as the annual variable costs that are calculated in the System Operations
Module. These costs are used to calculate an annual revenue requirement of
total annualized electric utility investment in each year. These costs are then
divided by total retail sales in order to estimate a statewide average electricity
retail rates. These average electricity rates are applied to the annual electricity
demand by subsector to allocate electricity costs between subsectors.

15

United States Energy Information Administration, 2013.
We assume that 50% of the revenue requirement of a gas utility is related to throughput growth and that
capital assets have an average 30-year remaining financial life. This means that the revenue requirement at most
could decline approximately 1.7% per year without resulting in escalating delivery charges for remaining
customers.
16
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Transmission and distribution costs are also estimated in the model.
Transmission costs are broken into three components: renewable procurementdriven transmission costs, sustaining transmission costs, and reliability upgrade
costs. Distribution costs are broken into distributed renewable-driven costs and
non-renewable costs. The revenue requirement also includes other electric
utility costs which are escalated over time using simple growth assumptions,
(“other” costs include nuclear decommissioning costs, energy efficiency
program costs and customer incentives, and overhead and administration
costs). These costs are approximated by calibrating to historical data.

The

methodology for calculating fixed generation costs in each year is described
below, more details are provided in the Technical Appendix.
3.3.3.1

Generation

Fixed costs for each generator are calculated in each year depending on the
vintage of the generator and assumed capital cost and fixed operations and
maintenance (O&M) cost inputs by vintage for the generator technology.
Throughout the financial lifetime of each generator, the annual fixed costs are
equal to the capital cost (which can vary by vintage year) times a levelization
factor plus the vintage fixed O&M costs, plus taxes and insurance.

This

methodology is also used to cost energy storage infrastructure and combined
heat and power (CHP) infrastructure. Input cost assumptions for generation
technologies are summarized below. 17

17
Cost assumptions were informed by E3, “Cost and Performance Review of Generation Technologies:
Recommendations for WECC 10- and 20-Year Study Process,” Prepared for the Western Electric Coordinating
Council, Oct. 9, 2012.
<http://www.wecc.biz/committees/BOD/TEPPC/External/E3_WECC_GenerationCostReport_Final.pdf>
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In general, cost assumptions for generation technologies, as for all technology
assumptions in the model, are designed to be conservative, and avoid making
uncertain predictions about how the relative costs of different technologies may
change over the analysis period. Generation capital cost changes are driven by
assumptions about technology learning. As a result, the cost of newer, less
commercialized technologies are assumed to fall in real terms, while the costs of
technologies that are widely commercialized are assumed to remain constant or
to increase.
Table 7. Generation capital cost assumptions
Capital Cost
from present 2026

Assumed
change in real
capital cost by
2050

Capital Cost from
2027 - 2050

(2012$/kW)

% change

(2012$/kW)

Nuclear

9,406

0%

9,406

CHP

1,809

0%

1,809

Coal

4,209

0%

4,209

Combined Cycle Gas (CCGT)

1,243

16%

1,441

CCGT with CCS

3,860

-3%

3,750

Steam Turbine

1,245

0%

1,245

Combustion Turbine

996

44%

1,431

Conventional Hydro

3,709

0%

3,709

Geothermal

6,726

0%

6,726

Biomass

5,219

0%

5,219

Biogas

3,189

0%

3,189

Small Hydro

4,448

0%

4,448

Wind

2,236

-9%

2,045

Centralized PV

3,210

-31%

2,230

Distributed PV

5,912

-30%

4,110

CSP

5,811

-25%

4,358

CSP with Storage

7,100

-30%

5,000

Technology
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3.3.4 COST ASSUMPTIONS FOR ENERGY STORAGE, DECARBONIZED GAS
AND BIOMASS DERIVED FUELS
Cost and financing assumptions for energy storage technologies are summarized
below. For this analysis, these costs are assumed to remain fixed in real terms
over the analysis period.
Table 8. Capital cost inputs for energy storage technologies
Technology

Capital Cost (2012$/kW)

Financing Lifetime
(yrs)

Useful Life
(yrs)

Pumped Hydro

2,230

30

30

Batteries

4,300

15

15

Flow Batteries

4,300

15

15

The modeling assumptions for hydrogen production and SNG production are
described in detail in Technical Appendix Sections 2.2.3 and 2.2.4, respectively.
Below, Table 9 shows final product cost ranges, levelized capital costs, and
conversion efficiencies for hydrogen and SNG pathways in the model.
Table 9. Renewable electricity-based pipeline gas final product cost, levelized
capital cost, and conversion efficiencies in model
Product

Process

Levelized Capital
Cost ($/kg-year for
hydrogen;
$/mmBTU-year for
SNG)

Conversion
Efficiency

Product Cost
Range ($/GJ)

SNG

Electrolysis plus
methanation

$7.60-$18.50

52%-63%

$30-$138

Hydrogen

Electrolysis

$0.65-$1.53

65%-77%

$24-$112

The modeling assumptions for biofuels are described in detail in Technical
Appendix Section 3. Below, Table 10 shows final product cost ranges, feedstock
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and conversion cost ranges, and conversion efficiencies for all biomass
conversion pathways in the model.
Table 10. Biomass final product cost, feedstock and conversion costs, and
conversion efficiencies in model
Product

Process

Feedstock
Cost Range
($/ton)

Conversion
Cost ($/ton)

Conversion
Efficiency
(GJ/ton)

Product Cost
Range ($/GJ)

Biogas
Electricity

Anaerobic
digestion

$40-$80

$96

6.5

$21-$27

Pipeline
Biogas

Gasification

$40-$80

$155

9.5

$20-$25

Ethanol

Fermentation

$40-$80

$111

6.7

$23-$29

Diesel

TransEsterification

$1000

$160

36.4

$32
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4 Results
4.1 Summary of results
The two low-carbon scenarios evaluated in this study present unique technology
pathways to achieve California’s 2050 GHG reduction goals. Each scenario
represents a different technically feasible, plausible strategy to decarbonize the
state’s energy system, resulting in different levels of energy consumption and
different mixes of fuels providing energy services. This section presents energy
demand by scenario and fuel type in 2050 for the Reference case and the two
low-carbon scenarios. Energy system cost projections for each scenario are
provided. The cost trajectories are highly uncertain and cannot be interpreted
as definitive at this point in time. Each of the low-carbon scenarios shows a
similar statewide GHG reduction trajectory.

4.2 Final energy demand
Figure 4 shows final energy demand by fuel type for each scenario in the year
2050. Of note, both the low-carbon scenarios have significantly lower total
energy demand than the Reference case due to the impact of energy efficiency
and conservation in the low-carbon scenarios.
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Waste Heat

2050 Final Energy Supply, Exajoules

6

Gasoline, diesel & other
fossil fuels

5

Natural gas for electricity

4

Natural gas distributed in
pipeline

3

Low-carbon liquids (H2,
ethanol & biodiesel)

2

Low-carbon gas
1
Low-carbon electricity
0
Reference

Electrification
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Figure 4. 2050 California economy-wide final energy demand by scenario and
fuel type
Final energy consumption in 2050 is lower in the Electrification scenario than
the Mixed Scenario due to the higher conversion efficiencies of electric batteries
and motors compared to combustion engines and fuel cell vehicles. 18
Low-carbon electricity is also used as an upstream energy source to produce
decarbonized gas and liquid hydrogen, so it plays a larger role in meeting the
state’s GHG reduction goals in the Mixed scenario than indicated by final energy
demand alone. To gain a more complete picture of energy supply by fuel type,
the next sections discuss the composition of the pipeline gas by scenario, the
sources of electricity in each scenario, and the composition of the

18
Note that upstream efficiency losses associated with energy production: i.e. P2G methanation, hydrogen
production and CCS, do not appear in the final energy supply numbers.
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transportation vehicle fleet energy consumption. These results are not meant
to be an exhaustive description of each assumption in each sector of the
economy, but rather are selected to provide some insights into the biggest
differences in energy use between the two low-carbon scenarios and the
Reference case.

4.2.1 PIPELINE GAS FINAL ENERGY DEMAND
There are important differences between the two low-carbon scenarios.
Pipeline infrastructure continues to be used extensively in the Mixed scenario,
with decarbonized gas substituting for the natural gas that would otherwise be
used in the pipeline. In the Electrification scenario, pipeline infrastructure is
nearly unutilized by 2050. This corresponds to much more widespread
electrification of industrial processes, vehicles, space heating, water heating,
and cooking. The limited demand for pipeline gas in this scenario is assumed to
be met with biogas (Figure 5).
The Mixed scenario includes a higher quantity of biogas, based on the
assumption that all of the available sustainably sourced biomass are used to
produce biogas. The remaining demand for decarbonized pipeline gas in this
scenario is met with a mix of two technologies: 1) SNG produced using P2G
methanation with air capture of CO2 19 and 2) hydrogen produced using
electrolysis with renewable electricity.

19

Methanation using CO2 capture from seawater is an alternative, potentially more efficient method to creating
produced gases that have a net-carbon neutral climate impact.
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In the Mixed Scenario, hydrogen use in the gas pipeline is limited by estimates
of technical constraints. By 2050, the share of hydrogen gas in the pipeline is
assumed to be limited to 20 percent of pipeline volume for reasons of safety as
well as compatibility with end-use equipment. 20
2
1.8
1.6

Exajoules

1.4
1.2

Natural Gas
Power to Gas

1

Hydrogen

0.8

Biogas

0.6
0.4
0.2
0
Reference

Electrification

Mixed

Figure 5. California pipeline gas final energy demand by fuel type by scenario,
2050

4.2.2 ELECTRICITY DEMAND
The 2050 electricity demand in each scenario tells a different part of the energy
supply story.

In the low-carbon scenarios, 2050 electricity demand is

significantly higher in the Reference case due to the impact of electrification,
particularly electric LDVs, and the electricity needs associated with P2G and

20
Note that this limit is only a rough estimate of technical feasibility limits and the actual limit may be lower;
additional research is needed to determine an appropriate limit for hydrogen gas in the pipeline.
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hydrogen production. The expanding role of the electricity sector in achieving a
low-carbon future is evident in each of these scenarios. Figure 6 shows the
generation mix by fuel type utilized in each of the scenarios in 2050.
800,000
700,000
600,000
Natural gas w/ CCS

GWh

500,000

Fossil

400,000

Hydro

300,000

Renewable

200,000

Nuclear

100,000
0
Reference

Electrification

Mixed

Figure 6. 2050 electricity sector energy demand by scenario and fuel type, GWh
4.2.2.1

Load resource balancing

Both of the low-carbon scenarios reflect a significant increase in intermittent
wind and solar PV renewable generation by 2050 (Table 11). This results in new
challenges that the grid faces to achieve load-resource balance.
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Table 11. Share of 2050 California electricity generation provided by wind and
solar PV

Intermittent renewables share of total electricity
generation in 2050 (wind and solar PV)

Reference

Low-Carbon
Scenarios

30%

60 -70%

In the model, electricity supply and demand must be equal in each hour of each
year. This load-resource balance is achieved using different strategies in each
scenario, which contributes to the differences in technology costs and risks. As
Table 12 indicates, the Electrification scenario relies heavily on the use of
electric energy storage, in the form of flow batteries and pumped hydroelectric
storage resources, while the Mixed scenario relies more heavily on P2G
production as a load-following resource. Natural gas with CCS is assumed to be
a load-following resource in both scenarios.

Furthermore, both scenarios

assume electric vehicles can provide limited load-resource balancing services
through flexible charging of EVs over a 24-hour period, and that hydrogen
production for fuel cell vehicles can be operated as a fully-dispatchable, flexible
load.
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Table 12. 2050 Load Resource Balancing Assumptions by Scenario
Load-resource
balancing tool

Electrification

Mixed

Electric energy
storage capacity

20 GW
75% 6-hour flow
batteries, 25% 12-hour
pumped hydro energy
storage

5 GW
100% 12-hour pumped hydro energy storage

P2G capacity

None

40 GW
P2G production cycles on during the daylight
hours to utilize solar generation and cycles off
at night, significant variation in production by
season for load balancing

Electric vehicles &
other flexible loads

40% of electric vehicle loads are considered “flexible” in both scenarios
and can be shifted within a 24-hour period. Vehicle batteries are not
assumed to provide power back onto the grid. Certain thermal electric
commercial and residential end uses are also assumed to provide limited
amounts of flexible loads to the grid. In both scenarios, hydrogen
production is assumed to be a fully dispatchable, flexible load.

4.2.3 ON-ROAD VEHICLE ENERGY CONSUMPTION BY FUEL TYPE
The decarbonization strategy pursed in the transportation sector differs by
scenario, as illustrated in Figure 7 (LDV vehicle energy use) and Figure 8 (HDV
energy use). Both of the low-carbon scenarios assume a significant reduction in
VMT and vehicle efficiency improvements in the LDV fleet compared to the
Reference scenario. This leads to a significant reduction in total energy demand
by LDVs by 2050 in these scenarios.

Among the HDV vehicle fleet, VMT

reductions and vehicle efficiency improvements are assumed to be more
difficult to achieve than in the LDV fleet. Furthermore, the Mixed scenario relies
on a high proportion of fuel cell vehicles using hydrogen or liquefied pipeline
gas, which have less efficient energy conversion processes than conventional
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diesel engines, leading to higher energy demand. As a result, the HDV sector
does not show a significant reduction in energy consumption by 2050 relative to
the Reference case, although total carbon emissions are significantly lower.
Electricity is the largest source of fuel for the transportation sector among LDVs
in both the Electrification and the Mixed scenarios. The HDV fleet is harder to
electrify, so the Electrification scenario assumes HDV energy demand is largely
met with hydrogen fuel and fuel cells. In the Mixed scenario, the majority of
HDV energy demand is assumed to be met with liquefied pipeline gas (an
equivalent to decarbonized LPG), with some compressed pipeline gas (the
equivalent to decarbonized compressed natural gas), electrification and
hydrogen fuel cell vehicles.
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Figure 7. 2050 LDV energy share by fuel type by scenario
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Figure 8. 2050 HDV energy share by fuel type by scenario

4.3 Greenhouse gas emissions
The Reference case shows GHG emissions that are relatively flat through 2030
before slightly increasing in the outer years through 2050. This increase occurs
because population growth and increasing energy demand overwhelm the
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emissions savings generated by current policies. The result is a 9 percent
increase in Reference case emissions relative to 1990 levels by 2050.
The GHG emissions trajectories for the two low-carbon scenarios evaluated in
this report are essentially the same. Both scenarios achieve the target of 80%
reduction in GHG emissions by 2050 relative to 1990 levels, and both scenarios
reflect a similar, approximately straight-line trajectory of emissions reductions
between current emissions levels and 2050.
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Figure 9. California GHG emissions by scenario, including historical emissions
and policy targets (2000 – 2050)

4.4 Energy system cost comparison
The total energy system cost of each of the scenarios analyzed is one metric by
which to evaluate different GHG scenarios. Total energy system cost is defined
here as the annual statewide cost of fossil fuels and biofuels, plus the levelized
cost of electricity and natural gas infrastructure, plus the cost of most energyconsuming customer products (e.g., clean vehicles in the transportation sector
and energy efficiency and fuel-switching equipment in the buildings sector).
The total energy system cost is calculated on a levelized basis in each analysis
year, from 2015 – 2050. Further detail on cost assumptions and how costs are
treated in the model is provided in the Technical Appendix.
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While the Reference case is the lowest total cost scenario from an energy
system perspective, it also does not succeed in meeting the state’s GHG
reduction goals. Of the two low-carbon scenarios, the Mixed scenario has
approximately 10 percent lower cost than the Electrification scenario in 2050
using our base case assumptions. This difference is well within the range of
uncertainty of projecting technology costs to 2050, and either scenario could be
lower cost.
It is, however, useful to examine the differences in base case scenario costs that
result from the modeling assumptions made in this analysis to identify the key
drivers. Using the base case assumptions, the Mixed case results in lower total
energy system costs in 2050 than the Electrification scenario for two main
reasons (Figure 10).

First, using the assumptions in this study, adding

decarbonized gas in the Mixed case has a lower cost than adding the low-carbon
electricity and end-use equipment necessary to electrify certain end-uses in the
Electrification case. Therefore, the reduction of electricity-related capital costs
between the Electrification and the Mixed scenario shown in Figure 10 is greater
than the increase in pipeline gas capital costs and biogas fuel costs between
these scenarios. Second, seasonal electricity storage needs are lower in the
Mixed scenario than in the Electrification scenario. As a result, the electricity
storage that is built in the Mixed scenario is utilized at a higher capacity factor
than the electricity storage in the Electrification scenario. This means that the
unit cost of electricity storage ($/MWh) is higher in the Electrification scenario
than in the Mixed scenario.
In order to evaluate the range of uncertainty, we define high and low cost
Scenarios for the key input assumptions. These do not reflect the range of all of
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the uncertainties in energy demands, population, or other key drivers
embedded in the analysis, but serve to provide a boundary of possible high and
low total costs given the same assumptions across the three cases. We then
evaluate the total costs of each of the cases; Reference, Electrification Case, and
Mixed Case with each cost scenario. Table 13, below, shows the range of the
cost uncertainties in the analysis.

Scenario 1 is purposefully designed to

advantage the Mixed Case, and Scenario 2 is designed to advantage the
Electrification Case.

Table 13 Cost sensitivity parameters

Cost Assumption

Scenario 1

Scenario 2

Renewable generation capital

+25%

-25%

Electrolysis capital equipment

-50%

+50%

SNG capital equipment

-50%

+50%

Fuel cell HDVs

+50%

-50%

Building electrification cost 21

+50%

-50%

Natural Gas Costs

-50%

+50%

Other Fossil Fuel Costs

+50%

-50%

Electricity storage costs

+50%

-50%

Biomass Availability 22

+0%

-50%

The 2050 cost results shown below indicate that there are conditions under
which either case is preferable from a cost standpoint. Given that, and given the

21
22

Costs of electrified water and space heating equipment
Biomass is replaced with addition P2G to maintain emissions levels +- 5MMT from base case.
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additional uncertainties not analyzed in terms of other technology costs, energy
demand drivers, etc., the preference for pursuing one mitigation case over the
other should come down to other factors than narrow cost advantages
displayed over these long term forecasts.

Figure 10. 2050 total energy system cost by scenario (levelized cost of fuel and
levelized capital cost of energy infrastructure)
Figure 11, below, shows the base case total levelized energy system capital
investment and fuel costs for each scenario along with the uncertainty range.
Given the uncertainties associated with forecasting technology and commodity
costs out to 2050, a difference in costs of approximately 10% ($27 billion)
between the two scenarios is not definitive.
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Figure 11. Total energy system cost by scenario, 2013 – 2050 (levelized cost of
fuel and levelized capital cost of energy infrastructure, billions, 2012$)
Figure 12, below, shows total electricity sector costs on an annualized basis, or
equivalently, the statewide electricity sector revenue requirement, in 2050.
Electricity costs are higher in the Electrification scenario both because total
electricity demand is higher, and because the unit cost of electricity is higher.
The cost of energy storage is highest in the Electrification scenario because
more storage is needed to balance intermittent renewables, and because
batteries are the primary means of storage. In the Mixed scenario, less energy
storage is needed because the production of decarbonized gases (hydrogen and
SNG) is dispatched to balance the grid, and because gas is a more cost-effective
form of seasonal energy storage, given the assumptions here, than batteries.
Again, however, cost forecasts for 2050 are highly uncertain and should be
interpreted with caution.
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Electricity Revenue Requirement
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Figure 12. 2050 California total electricity sector revenue requirement by
component and scenario (billions, 2012$)
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5 Discussion & Conclusions
California is committed to deeply reducing CO2 and other GHG emissions across
all sectors over the next several decades, as well as to sharply reducing groundlevel ozone and particulate matter to protect public health. Both of these
policies imply a dramatic transition of California’s economy away from fossil fuel
combustion as we know it, and indeed this transition is already underway. In
some places where coal is the dominant form of energy supply, natural gas is
often seen as a key transition fuel to a lower carbon system. In California,
however, natural gas is the main incumbent fossil fuel in electricity generation,
the building sector, and many industries, and is therefore the target of
transition to a lower carbon economy rather than its vehicle; the problem of
methane leakage in the natural gas production and supply chain, though not
modeled in this analysis, only increases the policy pressure to hasten this
transition.
It is possible for SCG and other gas distribution companies to be a contributor
rather than an impediment to California’s transition to a low carbon economy.
This path of decarbonizing pipeline gas will require a major technological
transformation in the coming years.

On the demand side, the transition

requires reducing demand in many existing applications and improving
combustion processes to increase efficiency. On the supply side, it requires
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developing decarbonized alternatives to conventional natural gas for delivering
energy to end uses.

This study examined the role of gas fuels in California’s energy supply from 2013
to 2050, using a bottom-up model of the California economy and its energy
systems. We examined the feasibility andcost associated with two distinct
technology pathways for achieving the state’s 2050 GHG targets: (1)
Electrification, and (2) Mixed (electricity and decarbonized gas).
To date, much of the literature on low-carbon strategies and policy strategies
for achieving deep reductions in GHG emissions in California by 2050 has
focused on extensive electrification. This study’s results support our prior
conclusions that the electricity sector must play an expanded and important
role in achieving a low-carbon future in California. In both of the low-carbon
scenarios, the need for low-carbon electricity increases significantly beyond the
Reference case level: to power electric vehicles, electrification in buildings and
as a fuel to produce decarbonized gases. We also demonstrate that, under
reasonable assumptions, there are feasible technology pathways where gas
continues to play an important role in California’s energy supply.
The costs of technologies in the 2050 timeframe are highly uncertain, making it
impossible to reach a definitive conclusion as to which of the low-carbon
pathways evaluated here would be the lowest cost. However, we show that the
Mixed scenario, where decarbonized gas meets existing natural gas market
share in residential, commercial, and industrial end uses, and is used to power
the heavy-duty vehicle fleet, could potentially be higher or lower cost
depending on the technology and market transformation. A key driver of this
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result is the ability to use the existing gas pipeline distribution network to store
and distribute decarbonized gas, and to use the production of decarbonized gas
as a means to integrate intermittent renewable energy production. Excess
renewable energy in the middle of the day is absorbed by P2G production of
SNG and hydrogen production in the Mixed scenario.

The Electrification

scenario, which does not utilize the P2G technology to produce decarbonized
gas, decreases gas pipeline use out to 2050 (shown for SCG, Figure 13) and
requires more relatively high-cost, long-duration batteries for energy storage. 23

23
In Figure 14 the slight increase in natural gas used for electricity generation observed in 2020 is due to an
existing coal generation contract being partially replaced with natural gas generation.
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Figure 13. Electrification Scenario, SCG pipeline gas throughput (2013 – 2050)
Strategic use of decarbonized gas would additionally help to overcome four
potential obstacles in California’s transition to a decarbonized energy system.
First, a number of current uses of natural gas and oil are difficult to electrify.
These include certain industrial processes such as process heat, HDVs and certain
end uses in the residential and commercial sectors such as cooking, where
customers have historically preferred gas fuels. Using decarbonized gas for these
end uses could avoid the need for economically and politically costly
electrification strategies.
Second, under a high renewable generation future, long-term, seasonal load
balancing may be needed in addition to daily load balancing. However, meeting
these seasonal balancing needs under the Electrification scenario requires
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uncertain technical progress in energy storage. Using the production of
decarbonized gas to provide daily and seasonal load balancing services may be a
more realistic and cost-effective strategy than flexible loads and long-duration
batteries for electricity storage.

Third, using decarbonized gas takes advantage of the state’s existing gas pipeline
distribution system, and reduces the need for other low-carbon energy
infrastructure such as transmission lines or a dedicated hydrogen pipeline
network.
Fourth, and finally, the Mixed scenario, by employing a range of energy
technologies, including electricity and decarbonized gas technologies, diversifies
the risk that any one particular technology may not achieve commercial
successes.
All of the decarbonized gas energy carriers examined in this analysis rely on
century-old conversion processes; none require fusion-like innovations in science.
However, these conversion processes — anaerobic digestion, gasification,
electrolysis, and methanation — require improvements in efficiency and
reductions in cost to be more competitive. Furthermore, existing pipelines were
not designed to transport hydrogen, and innovations in pipeline materials and
operations would be needed to accommodate a changing gas blend.
Sustainably-sourced biomass feedstock availability is another large source of
uncertainty in both of the low-carbon strategies evaluated here. In the Mixed
scenario, biogas plays a particularly important role in achieving the GHG emission
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target. In the Electrification scenario, biomass is used to produce low-carbon
electricity. However, biomass feedstocks are constrained by competing uses with
energy supply, including food, fodder and fiber.

The amount of biomass

resources available as a feedstock for fuels, or for biogas production specifically,
will depend on innovations in biosciences, biomass resource management, and
supply chains. None of the above three challenges — conversion technology
efficiency and cost, pipeline transport limits, and biomass feedstock availability —
is inherently insurmountable. For decarbonized gas to begin to play an expanded
role in California’s energy supply in the coming decades, however, a program of
RD&D to overcome these challenges would need to begin very soon. This report
identifies research priorities with near-term, medium-term and long-term payoff.
As a whole, California policy currently explicitly encourages the production of lowcarbon electricity, through initiatives such as the RPS, and the production of
decarbonized transportation fuels, through initiatives such as the LCFS. Biogas
from landfill capture and dairy farms are encouraged, however, the state does not
currently have a comprehensive policy around decarbonized gas production and
distribution.

This analysis has demonstrated that a technologically diverse,

“mixed” strategy of electrification and decarbonized gas may be a promising route
to explore on the pathway to a long-term, low-carbon future in California.
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1 Demand Projections
1.1 Stock demand projections
The basic stock roll-over methodology is used both in the development of our
demand unit projections as well as our supply unit stock analysis. For example,
we use the stock roll-over to project square feet of indoor space and we also
use a stock roll-over to estimate the stock efficiency of air conditioners used to
cool that indoor space. The basic mechanics of stock roll-over are used
throughout the model in estimating basic energy service demands, calculating
current and future baseline stock efficiencies, and calculating the impacts of our
mitigation measures.

Our stock roll-over modeling approach necessitated

inputs concerning the initial composition of stocks (vintage, fuel type, historical
efficiencies, etc.) as well as estimates of the useful lives of each stock type.
Stock roll-overs are determined by technology useful lives, scenario-defined
sales penetration rates, and the shapes of those sales penetrations (S-curves
that might more closely mirror market adoption; and linear adoptions that may
more accurately reflect policy instruments). Given that the model is designed to
provide information on the technologies and policies necessary to reach longterm carbon goals, these are not forecasts: they are not dynamically adjusted
for consumer preference, energy costs, payback, etc. that might inform actual
technological uptake.
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We model a stock roll-over at the technology level for a limited set of subsectors
in which homogeneous supply units could be determined (i.e. residential water
heating). Figure 1 shows an example stock roll-over of the residential water
heating stock to 2050. This example shows the water heating stock rolling over
to high efficiency devices – i.e. standard gas tank water heaters roll over to
condensing and tankless gas water heaters. Stock roll-overs like these are then
used to project energy demand as well as costs using the methodology
described in section 1.1.5.
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Figure 1. Residential water heater example stock roll-over

1.1.1 STOCK ROLL-OVER: TECHNOLOGIES
For those subsectors measured at the technology level, a stock roll-over is
employed to model energy demand under different scenarios of policy and
technological emphasis. This influences the stock composition as shown above
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in Figure 1. These stocks therefore influence energy demandand costs as a
function of defined technology characteristics.

Technology

Description

Characteristic

Primary Energy Type

Determines primary final energy type used by demand stock (i.e.
gasoline, electricity, etc.)

Secondary Energy Type

Determines final energy type used by demand stock (i.e. gasoline,
electricity, etc.)

Utility Factor
(Transportation Only)

Allocates share of energy use between primary energy type and
secondary energy type. Used for dual-fuel applications like plug-in
hybrid electric vehicles.

Useful Life

Determines stock decay function of technology units

Initial Unit Costs

Starting y-coordinate (cost) on technology cost function

Initial Unit Cost Year

Starting x-coordinate (year) on cost estimation function

Forecast Unit Costs

Ending y-coordinate (cost) on technology cost function

Forecast Unit Cost Year

Ending x-coordinate (year) on cost estimation function

Efficiency

Normalized, or unitless, conversion of service demand to energy use
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1.1.2 STOCK ROLL-OVER: DECAY AND REPLACEMENT
We model the decay of technology based on Poisson distributions with mean
values equal to our assumed EULs. When a technology decays, it is replaced at a
rate determined by scenario inputs that influence technology uptake rates and
sales penetration. This determines an overall stock composition by technology
and vintage. The figure below shows this for gasoline light duty vehicles (LDVs)
as they are gradually phased out in an example scenario.

Figure 2. Example gasoline LDV stock composition
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1.1.3 STOCK ROLL-OVER: ENERGY
Final energy demand by year for each subsector is determined by the
technology composition of each stock. Each technology has a specified energy
type and efficiency (by technology vintage). The percentage of the subsector
service demand that is met by each technology and vintage combination is
divided by the efficiency of the technology and summed over the applicable
energy type. This converts our service demand projections into energy demand.
Equation 1.
∑𝒕 𝑺𝑺𝑺𝑺𝑺 % ∗ 𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑫𝑫𝑫𝑫𝑫𝑫 ∗ 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬

1.1.4 STOCK ROLL-OVER: GHG EMISSIONS

To determine GHG emissions from the stock in each subsector, we multiply the
energy demand in each subsector for each final energy type by the energy
type’s GHG emissions rate. The methodology for determining the emissions rate
of each final energy type is described in detail in Section 2.
Equation 4.
� 𝑺𝑺𝑺𝑺𝑺 % ∗ 𝑬𝑬𝑬𝑬𝑬𝑬 𝑫𝑫𝑫𝑫𝑫𝑫 ∗ 𝑮𝑮𝑮 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑹𝑹𝑹𝑹
𝒕
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1.1.5 STOCK ROLL-OVER: COSTS
Stock roll-over measure costs are calculated as a function of the levelized
incremental cost of the replacement technology over the cost of the reference
technology that would otherwise have been installed. These incremental cost
trajectories are unique for each replacement year, reflecting unique cost
trajectories for every technology by year.
𝑺𝑺𝑺𝑺𝑺 𝑹𝑹𝑹𝑹 − 𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑪𝑪𝑪𝑪𝑪 = 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑪𝑪𝑪𝑪 ($/
𝒚𝒚) − 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑪𝑪𝑪𝒕($/𝒚𝒚) ∗ 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑼𝑼𝑼𝑼𝑼

This methodology is employed for all stock roll-overs where incremental
measure costs could be determined. For some stock roll-overs where it was not
possible to develop technology level cost estimates, cost differences are
primarily driven by the technology’s energy types. An example is shown below
for residential water heaters. As advanced technologies are rolled into the
stock, the incremental measure costs rise; as the incremental costs of those
technologies decline, we see a decrease in the total measure costs despite an
increase in the technology penetration. The energy savings of these advanced
technologies are not accounted for in the figure and represent the benefit of
these incremental capital costs.
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Figure 3. Residential water heater example stock roll-over measure costs

1.2 Regression demand projections
We utilize a linear regression approach to project the industrial energy demand
for subsectors not able to be represented by homogenous equipment level
stocks. Equation 1 shows an example regression function (GJ/year) for pipeline
gas use in the chemical manufacturing subsector.
Equation 1.
Where Year= Year-1990
(𝟑𝟑𝟑. 𝟐 𝑴𝑴𝑴𝑴𝑴𝑴𝑴 + (𝒀𝒀𝒀𝒀 ∗ 𝟒. 𝟓 𝑴𝑴𝑴𝑴𝑴𝑴𝑴)
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1.2.1 SUBSECTOR GHG EMISSIONS
The equation below is used to calculate subsector GHG emissions as a function of
final energy demand and GHG emissions factors calculated endogenously on an
annual basis in the model.
Equation 2
𝑮𝑮𝑮 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬[𝒚, 𝒆]

= 𝑭𝒊𝒊𝒊𝒊 𝑬𝑬𝑬𝑬𝑬𝑬 𝑫𝑫𝑫𝑫𝑫𝑫[𝒆] ∗ 𝑮𝑮𝑮 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑭𝑭𝑭𝑭𝑭𝑭 [𝒚, 𝒆]

1.2.2 SUBSECTOR COSTS

Subsector costs include the costs of fuel switching measures as well as energy
efficiency measures which are calculated on a levelized basis. These levelized
costs represent any incremental costs of end-use equipment for fuel switching
or efficiency purchases.
Equation 3
𝑭𝑭𝑭𝑭 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑪𝑪𝑪𝑪𝑪[𝒚]

= 𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝑪𝑪𝑪𝑪 ∗ 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 𝑬𝑬𝑬𝑬𝑬𝑬 𝑫𝑫𝑫𝑫𝑫𝑫[𝒚]1

Equation 4
𝑬𝑬𝑬𝑬𝑬𝑬 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑪𝑪𝑪𝑪𝑪[𝒚] = 𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝑪𝑪𝑪𝑪 ∗ 𝑬𝑬𝑬𝑬𝑬𝑬 𝑺𝑺𝑺𝑺𝑺𝑺𝑺[𝒚]
1

Replacement energy demand represents the demand for the new energy (i.e. fuel switching to electricity
calculates the costs as a function of the new electricity demand).

© 2014 Energy and Environmental Economics, Inc.
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Equation 5
𝑻𝑻𝒕𝒕𝒕 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑪𝑪𝑪𝑪𝑪[𝒚]

= 𝑬𝑬𝑬𝑬𝑬𝑬 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑪𝑪𝑪𝑪𝑪[𝒚] + 𝑭𝑭𝑭𝑭 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑪𝑪𝑪𝑪𝑪[𝒚]
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2 Energy Supply Modeling
The final energy demand projections developed in the previous section are used
to project energy supply stocks and final delivered energy prices and emissions.
This makes our supply and demand dynamic and allows us to determine
inflection points for emissions reductions and costs for each final energy type
(i.e. electricity, pipeline gas, etc.) as well as potential synergies and
opportunities

for

emissions

reduction

using

a

variety

of

different

decarbonization strategies. We model the twelve distinct final energy types
listed in Table 1 that can be broadly categorized as electricity, pipeline gas,
liquid fuels, and other. For each final energy type, we model different primary
energy sources and conversion processes. Additionally, we model delivery costs
for some final energy types. The methodology for calculating the costs and
emissions of these supply choices is modeled in this section.

© 2014 Energy and Environmental Economics, Inc.
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Table 1. Final energy types
Energy Type

Energy Type Category

Electricity

Electricity

Pipeline Gas
Liquefied Pipeline Gas (LNG)

Pipeline Gas

Compressed Pipeline Gas (CNG)
Gasoline
Diesel

Liquid Fuels

Kerosene-Jet Fuel
Hydrogen
Refinery and Process Gas
Coke

Other

LPG
Waste Heat

2.1 Electricity
The electricity module simulates the planning, operations, cost, and emissions
of electricity generation throughout the state of California.

P a g e | 14 |
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interacts with each of the energy demand modules so that the electricity system
responds in each year to the electricity demands calculated for each subsector.
Both planning and operations of the electricity system rely not only on the total
electric energy demand, but also on the peak power demand experienced by
the system, so the module includes functionality to approximate the load shape
from the annual electric energy demand.

Interactions between the load

shaping, generation planning, system operations, and revenue requirement
modules are summarized in Figure 4 and each module is described in this
section.

© 2014 Energy and Environmental Economics, Inc.
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Figure 4. Summary of electricity module

2.1.1 LOAD SHAPING
Single year hourly load shapes were derived for 18 sectors/subsectors based on
available hourly load and weather data. For each subsector, shapes were
obtained from publicly available data sources, including DEER2008, DEER 2011,
CEUS, BeOpt, and PG&E Static and Dynamic load shapes. For each temperaturesensitive subsector, corresponding temperature data was obtained from each of
the 16 climate zones.

The shapes obtained for this analysis and the

corresponding weather year or weather data source are listed in Table 2.
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Table 2. Input load shapes and sources
Load
Shape

Sector/Subsector

Source

1

Residential
Heating

Water

2

Residential
Heating

3

Identifier

Region

Weather Year or
Source

DEER2008

PG&E

2008 Title 24

Water

DEER2008

SCE

2008 Title 24

Residential
Heating

Water

DEER2008

SDG&E

2008 Title 24

4

Residential
Cooling

Space

DEER2008

PG&E

2008 Title 24

5

Residential
Cooling

Space

DEER2008

SCE

2008 Title 24

6

Residential
Cooling

Space

DEER2008

SDG&E

2008 Title 24

7

Residential
Cooling

Space

DEER2011

HVAC_Eff_AC

PG&E

2008 Title 24

8

Residential
Cooling

Space

DEER2011

HVAC_Eff_AC

SCE

2008 Title 24

9

Residential
Cooling

Space

DEER2011

HVAC_Eff_AC

SDG&E

2008 Title 24

10

Residential Lighting

DEER2011

Indoor_CFL_Ltg

PG&E

2008 Title 24

11

Residential Lighting

DEER2011

Indoor_CFL_Ltg

SCE

2008 Title 24

12

Residential Lighting

DEER2011

Indoor_CFL_Ltg

SDG&E

2008 Title 24

© 2014 Energy and Environmental Economics, Inc.
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Load
Shape

Sector/Subsector

Source

Identifier

Region

Weather Year or
Source

13

Residential Clothes
Washing

DEER2011

ClothesWasher

PG&E

2008 Title 24

14

Residential Clothes
Washing

DEER2011

ClothesWasher

SCE

2008 Title 24

15

Residential Clothes
Washing

DEER2011

ClothesWasher

SDG&E

2008 Title 24

16

Residential
Dishwashing

DEER2011

Dishwasher

PG&E

2008 Title 24

17

Residential
Dishwashing

DEER2011

Dishwasher

SCE

2008 Title 24

18

Residential
Dishwashing

DEER2011

Dishwasher

SDG&E

2008 Title 24

19

Residential
Refrigeration

DEER2011

RefgFrzr_HighEff

PG&E

2008 Title 24

20

Residential
Refrigeration

DEER2011

RefgFrzr_HighEff

SCE

2008 Title 24

21

Residential
Refrigeration

DEER2011

RefgFrzr_RecycUnConditioned

PG&E

2008 Title 24

22

Residential
Refrigeration

DEER2011

RefgFrzr_RecycUnConditioned

SCE

2008 Title 24

23

Residential
Refrigeration

DEER2011

RefgFrzr_RecycUnConditioned

SDG&E

2008 Title 24

24

Residential Clothes
Drying

DEER2008

PG&E

2008 Title 24

25

Residential Cooking

BEopt

CZ3

BEopt
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Load
Shape

Sector/Subsector

Source

26

Residential Other

27

Residential
Heating

28

Identifier

Region

Weather Year or
Source

BEopt

CZ3

BEopt

Space

BEopt

CZ3

BEopt

Residential
Heating

Space

BEopt

CZ6

BEopt

29

Residential
Heating

Space

BEopt

CZ10

BEopt

30

Residential
Heating

Space

BEopt

CZ12

BEopt

31

Commercial Water
Heating

DEER2008

PG&E

2008 Title 24

32

Commercial Water
Heating

DEER2008

SCE

2008 Title 24

33

Commercial Water
Heating

DEER2008

SDG&E

2008 Title 24

34

Commercial Space
Heating

CEUS

35

Commercial Space
Cooling

DEER2011

HVAC_Chillers

PG&E

2008 Title 24

36

Commercial Space
Cooling

DEER2011

HVAC_SplitPackage_AC

PG&E

2008 Title 24

37

Commercial Space
Cooling

DEER2011

HVAC_Chillers

SCE

2008 Title 24

38

Commercial Space
Cooling

DEER2011

HVAC_SplitPackage_AC

SCE

2008 Title 24

Historical - 2002
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Load
Shape

Sector/Subsector

Source

Identifier

Region

Weather Year or
Source

39

Commercial Space
Cooling

DEER2011

HVAC_Chillers

SDG&E

2008 Title 24

40

Commercial Space
Cooling

DEER2011

HVAC_SplitPackage_AC

SDG&E

2008 Title 24

41

Commercial
Lighting

CEUS

42

Commercial
Lighting

DEER2011

Indoor_CFL_Ltg

PG&E

2008 Title 24

43

Commercial
Lighting

DEER2011

Indoor_NonCFL_Ltg

PG&E

2008 Title 24

44

Commercial
Lighting

DEER2011

Indoor_CFL_Ltg

SCE

2008 Title 24

45

Commercial
Lighting

DEER2011

Indoor_NonCFL_Ltg

SCE

2008 Title 24

46

Commercial
Lighting

DEER2011

Indoor_CFL_Ltg

SDG&E

2008 Title 24

47

Commercial
Lighting

DEER2011

Indoor_NonCFL_Ltg

SDG&E

2008 Title 24

48

Commercial
Cooking

CEUS

49

Streetlights

PG&E
Static

LS1

PG&E

Historical - 2010

50

Agriculture

PG&E
Static

AG1A

PG&E

Historical - 2010

51

Agriculture

PG&E
Static

AG1B

PG&E

Historical - 2010

P a g e | 20 |

Historical - 2002

Historical - 2002

Energy Supply Modeling

Load
Shape

Sector/Subsector

Source

Identifier

Region

Weather Year or
Source

52

Agriculture

PG&E
Static

AG4A

PG&E

Historical - 2010

53

Agriculture

PG&E
Static

AG4B

PG&E

Historical - 2010

54

Agriculture

PG&E
Static

AG5A

PG&E

Historical - 2010

55

Agriculture

PG&E
Static

AG5B

PG&E

Historical - 2010

56

Agriculture

PG&E
Static

AGVA

PG&E

Historical - 2010

57

Agriculture

PG&E
Static

AGRA

PG&E

Historical - 2010

58

Industrial

PG&E
Dynamic

A6

PG&E

Historical - 2010

59

Industrial

PG&E
Dynamic

E19P

PG&E

Historical - 2010

60

Industrial

PG&E
Dynamic

E19V

PG&E

Historical - 2010

61

Industrial

PG&E
Dynamic

E20P

PG&E

Historical - 2010

2.1.1.1

Load shaping methodology

The load shaping module first requires normalization of each input load shape
from its corresponding weather year to the simulation year. This process occurs
in two steps. First, the load shape is approximated as a linear combination of
the hourly temperature in each climate zone, the hourly temperature in each
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climate zone squared, and a constant. This regression is performed separately
for weekdays and weekends/holidays to differentiate between behavioral
modes on these days.

𝒙𝒊 ≈ � �𝒂𝒊𝒊 𝒘𝟐𝒊𝒊 + 𝒃𝒊𝒊 𝒘𝒊𝒊 � + 𝒄𝒊𝒊
𝒌∈𝑪𝑪

where 𝑥𝑖 is the input load shape, 𝑤𝑖𝑖 is the hourly temperature in climate zone

𝑘 in the weather year associated with the input load shape, and 𝑎𝑖𝑖 , 𝑏𝑖𝑖 , and 𝑐𝑖𝑖

are constants. Next, the hourly temperature data for the simulation year in
PATHWAYS is used to transform the input load shapes into the same weather
year. This process also occurs separately for weekdays and weekends/holidays.

𝒚𝒊 ≈ � �𝒂𝒊𝒊 𝑾𝟐𝒌 + 𝒃𝒊𝒊 𝑾𝒌 � + 𝒄𝒊𝒊
𝒌∈𝑪𝑪

where 𝑊𝑘 is the hourly temperature in climate zone k in the PATHWAYS

simulation weather year. Each set of weekday and weekend/holiday shapes are
then combined into a single yearlong hourly shape to match the
weekend/holiday schedule of the PATHWAYS simulation year. This results in 61

load shapes that reflect the same weather conditions and weekend/holiday
schedules as the PATHWAYS simulation year.
The next step is to combine the load shapes to best reflect both the total
historical hourly load and the annual electricity demand by subsector. The
model achieves this by normalizing each load shape so that it sums to 1 over the
year and selecting scaling factors that represent the annual electricity demand
associated with each shape. These scaling factors are selected to ensure that
the total electricity demand associated with the load shapes in each subsector
sums to the electricity demand in that subsector in a selected historical year. An
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optimization routine is also used to minimize the deviation between the sum of
the energy-weighted hourly load shapes and the hourly demand in the same
historical year.
The optimization routine includes two additional sets of variables to allow for
more accurate calibration to the historical year. The first set of variables
addresses limitations in the availability of aggregate load shapes by subsector.
Because some of the load shapes being used represent a single household or a
single building, aggregation of these shapes may result in more variable load
shapes than are seem at the system level. To account for this, the model shifts
each load shape by one hour in each direction and includes these shifted load
shapes in the optimization in addition to the original load shape. The model
then selects scaling factors for each of the three versions of each shape to
automatically smooth the shapes if this improves the fit to hourly historical
data.
In addition to the load shape smoothing variables, a set of constants are also
included in the model for each subsector. This allows the model to translate
load shapes up and down (in addition to the scaling) to best approximate the
hourly historical load. The constraints that ensure that the load shapes within
each subsector sum to the annual electricity demand by subsector are adjusted
to ensure that that the energy contribution of the constant term is reflected.
The scaling factors and constants solved for in the optimization routine are then
used to construct a single shape for each subsector. These shapes are input into
PATHWAYS and are scaled in each year according to the subsector electricity
demand to form the system-wide hourly load shape. Example load shapes
derived using this process are shown in Figure 5. At left, the average daily load
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shape for weekdays in September corresponding to historical 2010 demand is
shown. The load shape at right reflects the impacts of reducing all lighting
demands by 50% from the 2010 historical demand.

Figure 5. Example load shaping: impact of 50% reduction in lighting demand in
average California load shape for weekdays in September, 2010.
Some subsectors in PATHWAYS do not have available representative load
shapes.

The load shaping module combines these subsectors into an

“undefined” subsector and models their contribution to the demand in the
optimization routine as a linear combination of all of the available load shapes
and a constant.

After the optimization routine has solved, the difference

between the historical hourly demand and the aggregated hourly shape of all
defined subsectors is normalized to sum to 1 and this shape is used to represent
any subsectors in PATHWAYS with no specific load shape information.

P a g e | 24 |

Energy Supply Modeling

2.1.2 GENERATION PLANNING
Generation planning occurs in three stages: user-specified resources, renewable
policy compliance, and reliability requirement compliance. These are described
below.
1. First, the user specifies the capacity (in MW) of or annual energy (in
GWh) from each generating resource in each year. Vintages must also
be supplied for this fleet of specified resources so that they can be
retired at the end of their useful life. Early retirement can be imposed
by reducing the total installed capacity of a resource type in future
years. The model will retire resources of this type according to age
(oldest retired first) to meet the yearly capacities specified by the user.
In addition, the model will replace generators at the end of their useful
life with new resources (with updated cost and performance
parameters) of the same type to maintain the user specified capacity in
each year. If the resource capacities are not known after a specific year
then the user can specify the capacity to be “NaN” and the model will
retire resources without replacement at the end of their useful lifetime.
2. In the second stage of generation planning, the model simulates
renewable resource procurement to meet a user-specified renewable
portfolio standard (RPS). In each year, the renewable net short is
calculated as the difference between the RPS times the total retail sales
and the total sum of the renewable generation available from specified
resources and resources built in prior years. This renewable net short is
then supplied with additional renewable build according to user-
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specified resource composition rules in each year (e.g. 50% wind, 50%
solar PV).
3. The final stage in generation planning is to ensure adequate reliable
generating capacity to meet demand. In each year, the model performs
a load-resource analysis to compare the reliable capacity to the peak
electricity demand. The reliable capacity of the renewable resources is
approximated by the total renewable generation level in the hour with
the highest net load in the year, where the net load equals the total
load minus the renewable generation. The reliable capacity of
dispatchable resources is simply equal to the installed capacity. When
the total reliability capacity does not exceed the peak demand times a
user-specified planning reserve margin, the model builds additional
dispatchable resources with a user-specified composition in each year.
The default planning reserve margin is equal to 15% of peak demand.
The specified resource capacities by year and their corresponding vintage data
were obtained from the Transmission Expansion Planning Policy
Commission (TEPPC) 2022 Common Case. Additional input assumptions
for renewable resources are listed in Table 3 and
Table 4.
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Table 3. Aggregate renewable resource inputs by scenario (% renewable)
Scenario

Year 1

RPS 1

RPS
2
33%

Year
3

RPS
3

Year
4

RPS
4

0

Year
2
2020

Reference

2013

Electrification

2010

15%

2020

33%

2030

50%

2050

90%

Mixed

2010

20%

2020

33%

2030

50%

2050

90%

Table 4. Renewable resource inputs by scenario and resource type (% of
technology type that meets renewable % goal)
Scenario
Year

Reference
2030

Electrification

Mixed

2050

2030

2050

2030

2050

Geothermal

0%

5%

0%

5%

0%

Biomass

0%

0%

0%

0%

0%

Biogas

0%

0%

0%

0%

0%

Small Hydro

0%

0%

0%

0%

0%

Wind

20%

30%

30%

30%

30%

Centralized PV

80%

55%

60%

55%

60%

Distributed PV

0%

0%

0%

0%

0%

CSP

0%

0%

0%

0%

0%

CSP with Storage

0%

10%

10%

10%

10%

The final resource stack determined for each year by the electricity planning
module feeds into both the system operations and the revenue requirement
calculations. These calculations are described in the following sections.
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2.1.3 SYSTEM OPERATIONS
System operations are modeled in PATHWAYS using a loading order of
resources with similar types of operational constraints and a set of heuristic
designed to approximate these constraints. The system operations loading
order is summarized in Figure 6.
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Figure 6. Summary of electricity system operations logic
Consistent with this modeling framework, generation resources must each be
classified into one of the following operational modes: must-run; variable
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renewable; energy-limited; and dispatchable. These classifications are listed for
the resource types in this analysis in Table 5.
Table 5. Operational modes by resource type
Technology

Operational Mode

Nuclear

Must-run

CHP

Must-run

Coal

Dispatchable

Combined Cycle Gas (CCGT)

Dispatchable

Steam Turbine

Dispatchable

Combustion Turbine

Dispatchable

Conventional Hydro

Energy-Limited

Geothermal

Must-run

Biomass

Must-run

Biogas

Must-run

Small Hydro

Must-run

Wind

Variable Renewable

Centralized PV

Variable Renewable

Distributed PV

Variable Renewable

CSP

Variable Renewable

CSP with Storage

Variable Renewable

2.1.3.1

Must run resources

Must run resources are modeled with constant output equal to their installed
capacity in each year or with constant output that sums to the input annual
energy, depending on user specifications. These resources run regardless of the
conditions on the system and are therefore scheduled first.
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2.1.3.2

Variable renewable resources

Variable renewable resources include any resource that has energy availability
that changes over time and has no upward dispatchability. This includes all
wind and solar resources. For each of these resources, a resource shape is
selected, which characterizes the maximum available power output in each
hour. These shapes are scaled in each year to match the total annual energy
generation determined by the renewable procurement calculation.

These

resources can either be constrained to never generate in excess of these scaled
renewable shapes (curtailable) or constrained to generate at levels that always
exactly match the scaled renewable shapes (non-curtailable). The curtailment is
affected by both the load and the ability of other resources on the system to
balance the renewable resources.

Renewable curtailment is therefore

approximated as a system imbalance after all other resources have been
modeled. The curtailability assumptions for variable renewable resources are
summarized in Table 6.
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Table 6. Operating assumptions for renewable resources
Technology

Able to Curtail?

Geothermal

No

Biomass

No

Biogas

No

Small Hydro

No

Wind

Yes

Centralized PV

Yes

Distributed PV

No

CSP

Yes

CSP with Storage

No

2.1.3.3

2

Flexible loads

Flexible loads are modeled at the subsector level. For each demand subsector,
the user specifies what fraction of the load is effectively perfectly flexible within
the week. Note that this does not imply that the subsector contains loads that
can be delayed for up to a week. The model instead approximates each flexible
load shape as the weighted sum of a 100% rigid load shape component and a
100% flexible load shape component, which in most extreme case can move in
direct opposition to the hourly rigid load shape. It is up to the user to select the
weights that best approximate technically feasible load flexibility. Flexible loads
in the model are dynamically shaped to flatten the net load (load net of mustrun resources and variable renewables) on a weekly basis in each year. The

2

CSP with Storage resources must generate according to the hourly shape in each hour, but the hourly shape
utilizes the energy storage module logic to approximate the dispatchability of these resources.
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flexible load dispatch therefore changes both with demand measures and
renewable supply measures.

Figure 7. Example of flexible load shifting – 5% of the gross load assumed to be
100% flexible within the week.
The effects of introducing flexible loads on the total net load is shown in Figure
7 for an example week in which 5% of the gross load is approximated as 100%
flexible within the week. The input flexible load assumptions are described
below.
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Table 7. Flexible load assumptions
Scenario
Subsector

Reference

Electrification

Mixed

Start
Year
2010

Target
Year
2040

% Flexible

% Flexible

% Flexible

0%

20%

20%

2010

2040

0%

20%

20%

2010

2040

0%

20%

20%

Residential Room AC

2010

2040

0%

20%

20%

Residential Clothes
Washing
Commercial Water
Heating
Commercial Space
Cooling
Commercial Space
Heating
Light Duty Vehicles

2010

2040

0%

20%

20%

2010

2040

0%

20%

20%

2010

2040

0%

20%

20%

2010

2040

0%

20%

20%

2010

2040

0%

40%

40%

Residential Water
Heating
Residential Space
Heating
Residential Central AC

2.1.3.4

Energy-limited resources

Energy-limited resources include any resource that must adhere to a specified
energy budget over a weekly time horizon. Some energy-limited resources, like
conventional hydropower, have energy budgets that change over time to
account for seasonal fluctuations in resource availability and other constraints.
Other energy-limited resources, like biomass and biogas, use a dynamic weekly
energy budget that distributes resource use between weeks according to the
relative electricity imbalance (between load and must-run plus renewable
resources) across the weeks.

For renewable energy-limited resources, the

energy budget ensures that energy from the resources is being delivered for RPS
compliance and the energy-limited dispatch also allows the resource to
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contribute to balancing the system. In addition to the weekly energy budgets,
these resources are constrained by weekly minimum and maximum power
output levels as well. The dispatch for these resources is approximated using
the following heuristic. The method is illustrated in Figure 8 and Figure 9.
1. A normalized hourly demand shape is calculated from the load net of all
must-run and variable renewable resources. This net load shape is first
translated on a weekly basis so that it averages to zero.
2. The zero-averaged demand shape is then scaled so that the minimum to
maximum demand over the course of each week is equal to the
minimum to maximum power output of the energy-limited resource.
3. The scaled demand shape is then translated so that the total weekly
demand sums to the energy budget of the energy-limited resource.
4. The transformed demand shape calculated in Step 3 will necessarily
violate either the minimum or maximum power level constraints for the
energy-limited resource in some hours, so two additional steps are
required to meet the remaining constraint. In the first of these steps,
the transformed demand shape is forced to equal the binding power
constraint in hours when it would otherwise violate the constraint. This
truncation adjustment impacts the summed weekly energy of the
transformed demand shape, so a final step is required to re-impose the
energy budget constraint.
5.

In the weeks in which the transformed demand shape exceeds the
energy budget, the model defines a downward capability signal equal to
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the difference between the transformed demand shape and the
minimum power level. A portion of this signal is then subtracted from
the transformed demand shape so that the weekly energy is equal to
the energy budget. In the weeks in which the transformed demand
shape does not meet the energy budget, the model defines an upward
capability signal equal to the difference between the maximum power
level and the transformed demand shape. A portion of this signal is
then added to the transformed demand shape so that the weekly
energy is equal to the energy budget.
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Figure 8. Energy-limited resource dispatch Steps 1 & 2 - normalization and
scaling of the net load shape

© 2014 Energy and Environmental Economics, Inc.
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Figure 9. Energy-limited resource dispatch Steps 3 - 5 – translation, truncation,
and energy budget adjustment
2.1.3.5

Energy storage

Energy storage resources in PATHWAYS are aggregated into a single equivalent
system-wide energy storage device with a maximum charging capacity,
maximum discharging capacity, maximum stored energy capacity, and roundtrip
efficiency. The simplified energy storage device is described schematically in
Figure 10.
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Figure 10. Energy storage model
The storage system acts by storing any renewable energy in excess of the load in
each hour (subject to constraints on maximum charging and maximum stored
energy) and discharging any stored energy in hours in which the load exceeds
the generation from must-run, variable renewable, and energy-limited
resources. In PATHWAYS, this functionality is modeled using the following
equations in each time step:

𝐂𝐭 = �

𝐦𝐦𝐦 ��𝐆𝐭 − 𝐋𝐭 , 𝐂𝐦𝐦𝐦 ,

𝐃𝐭 = �

𝟎

𝐒𝐦𝐦𝐦 − 𝐒𝐭−𝟏

𝟎

𝐦𝐦𝐧 ��𝐋𝐭 − 𝐆𝐭 , 𝐃𝐦𝐦𝐦 ,

�𝛈𝐫𝐫

𝐒𝐭−𝟏

�𝛈𝐫𝐫

𝐒𝐭 = 𝐒𝐭−𝟏 + �𝛈𝐫𝐫 𝐂𝐭 −

��

��

𝐢𝐢 𝐆𝐭 > 𝐋𝐭
𝐢𝐢 𝐆𝐭 ≤ 𝐋𝐭

𝐢𝐢 𝐆𝐭 > 𝐋𝐭
𝐢𝐢 𝐆𝐭 ≤ 𝐋𝐭

𝐃𝐭

�𝛈𝐫𝐫

where 𝐺𝑡 is the total generation from must-run, variable renewable, and

energy-limited resources, 𝐿𝑡 is the load, 𝐶𝑚𝑚𝑚 is the maximum charging level,

and 𝐷𝑚𝑚𝑚 is the maximum discharging level. The hourly year-long dispatch
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simulation is run in an iterative mode to ensure that the stored energy level at
the end of the year matched the stored energy level at the beginning of the year
(𝑆𝑇 = 𝑆0 ). This ensures that the storage system provides no net energy to the

system. This heuristic storage dispatch algorithm is intended to alleviate short-

and long-term energy imbalances, but it is not intended to represent optimal
storage dispatch in an electricity market. The operating parameters for the
equivalent system-wide energy storage device in each year are calculated from
the operating parameters of each storage device that is online in that year. The
maximum charging level, maximum discharging level, and maximum stored
energy are each calculated as the sum of the respective resource-specific
parameters across the full set of resources.

The round-trip efficiency is

calculated using the following approximation. Consider a storage system that
spends half of its time discharging and discharges at its maximum discharge
level. For this system, the total discharged energy over a period of length 𝑇 will
equal:

𝑻

� 𝑫𝒊 (𝒕) 𝒅𝒅 = 𝒉𝒊 × 𝑫𝒎𝒎𝒎
×
𝒊
𝟎

×𝑻
𝑻
𝑫𝒎𝒎𝒎
𝒊
=
𝟐
𝟐𝒉𝒊

where ℎ𝑖 is the duration of discharge at maximum discharging capability, 𝐷𝑖𝑚𝑚𝑚 .

For this system, the total losses can be described by:

𝑳𝑳𝑳𝑳𝑳𝑳𝒊 = �

𝑻

𝟎

(𝟏 − 𝜼𝒊 )𝑫𝒎𝒎𝒎
×𝑻
𝟏 − 𝜼𝒊
𝒊
𝑫𝒊 (𝒕) 𝒅𝒅 =
𝜼𝒊
𝟐𝜼𝒊

If the system has several storage devices operating in this way, the total losses
are equal to:

P a g e | 40 |

Energy Supply Modeling

𝑳𝑳𝑳𝑳𝑳𝑳 =

𝑻
𝟏 − 𝜼𝒊 𝒎𝒎𝒎 𝑻
𝑫𝒎𝒎𝒎
𝒊
�
𝑫𝒊
= ��
− 𝑫𝒎𝒎𝒎 �
𝜼𝒊
𝜼𝒊
𝟐
𝟐
𝒊

𝒊

where 𝐷𝑚𝑚𝑚 is the aggregated maximum discharge capacity.

The total

discharged energy is equal to:

𝑬𝑬𝑬𝑬𝑬𝑬 = �
𝒊

×𝑻 𝑻
𝑫𝒎𝒎𝒎
𝒊
= 𝑫𝒎𝒎𝒎
𝟐
𝟐

The system-wide roundtrip efficiency is therefore approximated by:
𝑬𝑬𝑬𝑬𝑬𝑬
=
𝑬𝑬𝑬𝑬𝑬𝑬 + 𝑳𝑳𝑳𝑳𝑳𝑳

𝑫𝒎𝒎𝒎
𝑫𝒎𝒎𝒎
=
𝑫𝒎𝒎𝒎
𝑫𝒎𝒎𝒎
𝑫𝒎𝒎𝒎 + ∑𝒊 𝒊 − 𝑫𝒎𝒎𝒎 ∑𝒊 𝒊
𝜼𝒊
𝜼𝒊

The energy storage operational parameters used in this analysis are summarized
in Table 8 and the energy storage build assumptions are listed in
Table 9.
Table 8. Energy storage technology operational parameters
Technology

Year 1

Year 2

2010

Roundtrip Efficiency
in Year 1
70.5%

2020

Roundtrip
Efficiency in Year 2
80%

Pumped Hydro
Batteries

2010

75%

2020

80%

Flow Batteries

2010

75%

2020

80%

© 2014 Energy and Environmental Economics, Inc.

P a g e | 41 |

Decarbonizing Pipeline Gas to Help Meet California’s 2050 Greenhouse Gas Reduction Goal

Table 9. Energy storage scenario assumptions
Scenario

Technology

MW

Start Year

Target Year

2,427

Hours at Max.
Discharge
93

Reference

Pumped Hydro

2010

2011

Electrification

Pumped Hydro

2,427

93

2010

2011

Electrification

Pumped Hydro

5,000

12

2020

2040

Electrification

Flow Batteries

15,000

6

2020

2050

Mixed

Pumped Hydro

2,427

93

2010

2011

Mixed

Pumped Hydro

5,000

12

2020

2040

2.1.3.6

Dispatchable resources

Dispatchable resources are used to provide the remaining electricity demand
after must-run, variable renewable, energy-limited, and storage resources have
been used. Dispatch of these resources, which include thermal resources and
imports, is approximated using a stack model with heuristics to approximate
operational constraints that maintain system reliability. In the stack model,
resources are ordered by total operational cost on a $/MWh basis.

The

operational cost includes: fuel costs equal to the fuel price times the heat rate;
carbon costs equal to the price of carbon times the fuel carbon intensity times
the heat rate; and input variable operations and maintenance costs. Resources
are dispatched in stack order until the remaining load is met. The default
operational constraint is to require 10% of the gross electricity load to be met
with dispatchable thermal resources in all hours. Imports have user-specified
heat rates and capacities to best approximate historical path flows and import
constraints. Dispatchable resource operational parameters are listed in Table
10 and
Table 11.
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Table 10. Dispatchable technology heat rate assumptions 3
Technology

Year 1

Year 2

2012

Heat Rate in Year 1
(MMBtu/kWh)
10,130

2027

Heat Rate in Year 2
(MMBtu/kWh)
9,000

Coal
Combined Cycle Gas
(CCGT)
Steam Turbine

2012

7,000

2027

6,900

1980

14,000

2027

14,000

Combustion Turbine

2012

10,500

2027

9,200

Table 11. Dispatchable technology variable O&M assumptions 4
Technology

Variable O&M Cost
(2008$/MWh)
4.32

Coal
Combined Cycle Gas (CCGT)

4.92

Steam Turbine

5

Combustion Turbine

5

2.1.3.7

System imbalances

Once the dispatch has been calculated for each type of resource, the model
calculates any remaining energy imbalances. The planning module is designed
to ensure that no unserved energy is experienced in the operational simulation,
but the system might encounter potential overgeneration conditions, in which
the generation exceeds demand.

These conditions might arise due to a

combination of factors, including low load, high must run generation, high
variable renewable generation, and minimum generation operating constraints.

3

Heat rate assumptions were informed by E3, “Cost and Performance Review of Generation Technologies:
Recommendations for WECC 10- and 20-Year Study Process,” Prepared for the Western Electric Coordinating
Council, Oct. 9, 2012.

<http://www.wecc.biz/committees/BOD/TEPPC/External/E3_WECC_GenerationCostReport_Final.pdf>
4

Derived from operating parameters in TEPPC 2022 Common Case

© 2014 Energy and Environmental Economics, Inc.
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Overgeneration conditions are first mitigated with exports to neighboring
regions, based on the user-specified maximum export level.

For accounting

purposes, the exported power emissions rate is approximated as the
generation-weighted average emissions rate of all resources generating in each
hour.

If excess generation remains after accounting for exports, then

overgeneration is avoided by curtailing renewable resources. Curtailment is not
attributed to specific renewable resources, but does impact the total annual
delivered renewable energy. Both the delivered renewable energy and the
percent of renewable generation that is curtailed in each year are outputs of the
model. The model does not procure additional renewable resources to meet
RPS targets if renewable curtailment results in less delivered RPS energy than is
required for compliance. This renewable overbuild must be decided by the
user.
The system operations module outputs include:
•

Total annual generation from each technology and fuel type

•

Total annual electric sector emissions

•

Total electric sector fuel, variable O&M, and carbon costs

•

Expected annual delivered renewable energy and percent of renewable
generation curtailed

2.1.4 REVENUE REQUIREMENT
The revenue requirement calculation includes the annual fixed costs associated
with generation, transmission, and distribution infrastructure as well as the
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annual variable costs that are calculated in the System Operations Module. The
methodology for calculating fixed costs in each year is described below.
2.1.4.1

Generation

Fixed costs for each generator are calculated in each year depending on the
vintage of the generator and the user-specified capital cost and fixed O&M cost
inputs by vintage for the generator technology.

Throughout the financial

lifetime of each generator, the annual fixed costs are equal to the vintaged
capital cost times a levelization factor plus the vintage fixed O&M costs, plus
taxes and insurance. For eligible resources, taxes are net of production tax
credits and/or investment tax credits. If the plant’s useful lifetime is longer than
its financing lifetime, then no fixed costs are calculated for the years between
the end of the financing lifetime and the retirement of the plant.

This

methodology is also used to cost energy storage infrastructure and combined
heat and power infrastructure. Input cost assumptions for generation are
summarized below. 5

5

Cost assumptions were informed by E3, “Cost and Performance Review of Generation Technologies:
Recommendations for WECC 10- and 20-Year Study Process,” Prepared for the Western Electric Coordinating
Council, Oct. 9, 2012.
<http://www.wecc.biz/committees/BOD/TEPPC/External/E3_WECC_GenerationCostReport_Final.pdf>
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Table 12. Capital cost assumptions
Capital Cost
from present 2026

Assumed
change in real
capital cost by
2050

Capital Cost from
2027 - 2050

(2012$/kW)

% change

(2012$/kW)

Nuclear

9,406

0%

9,406

CHP

1,809

0%

1,809

Coal

4,209

0%

4,209

Combined Cycle Gas (CCGT)

1,243

16%

1,441

CCGT with CCS

3,860

-3%

3,750

Steam Turbine

1,245

0%

1,245

Combustion Turbine

996

44%

1,431

Conventional Hydro

3,709

0%

3,709

Geothermal

6,726

0%

6,726

Biomass

5,219

0%

5,219

Biogas

3,189

0%

3,189

Small Hydro

4,448

0%

4,448

Wind

2,236

-9%

2,045

Centralized PV

3,210

-31%

2,230

Distributed PV

5,912

-30%

4,110

CSP

5,811

-25%

4,358

CSP with Storage

7,100

-30%

5,000

Technology
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Table 13. Fixed O&M cost assumptions
Technology
Nuclear

Year
1
2012

Fixed O&M in Year 1
(2012$/kW-yr)
72.62

Year
2
2027

Fixed O&M in Year 2
(2012$/kW-yr)
72.62

CHP

2012

0

2027

0

Coal

2012

35.6

2027

35.6

Combined Cycle Gas (CCGT)

2012

11.9

2027

11.9

CCGT with CCS

2012

18.4

2027

18.4

Steam Turbine

2012

11.9

2027

11.9

Combustion Turbine

2012

7.1

2027

14.2

Conventional Hydro

2012

35.6

2027

35.6

Geothermal

2012

155.6

2027

155.6

Biomass

2012

184

2027

184

Biogas

2012

154

2027

154

Small Hydro

2012

35.6

2027

35.6

Wind

2012

71.2

2027

71.2

Centralized PV

2012

59.3

2027

59.3

Distributed PV

2012

65.2

2027

65.2

CSP

2012

71.2

2027

71.2

CSP with Storage

2012

60.0

2027

60.0

Financing assumptions and other technology-specific inputs are listed below.

© 2014 Energy and Environmental Economics, Inc.
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Table 14. Financing assumptions 6
Technology

Financing
Lifetime
(yrs)
20

% ITC
Eligible

Insurance
Rate

Property
Tax Rate

0%

MACRS
Term
(yrs)
20

0.5%

1%

Useful
Life
(yrs)
50

CHP

20

0%

20

0%

0%

20

Coal

20

0%

20

0.5%

1%

40

Combined Cycle Gas
(CCGT)
CCGT with CCS

20

0%

20

0.5%

1%

40

20

0%

20

0.5%

1%

40

Steam Turbine

20

0%

20

0.5%

1%

60

Combustion Turbine

20

0%

20

0.5%

1%

40

Conventional Hydro

20

0%

20

0.5%

0%

80

Geothermal

20

0%

5

0%

0%

20

Biomass

20

0%

20

0%

0%

20

Biogas

20

0%

20

0%

0%

20

Small Hydro

20

0%

20

0.5%

1%

20

Wind

20

0%

5

0%

0%

20

Centralized PV

20

95%

5

0%

1%

20

Distributed PV

20

95%

5

0%

0%

20

CSP

20

95%

5

0%

0%

20

CSP with Storage

20

95%

5

0%

0%

20

Nuclear

Cost and financing assumptions for energy storage technologies are summarized
below.

6

Consistent with financing assumptions used in Williams et al, “The Technology Path to Deep Greenhouse Gas
Emissions Cuts by 2050: The Pivotal Role of Electricity,” Science: 335 (6064), 53-59.
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Table 15. Capital cost inputs for energy storage technologies
Technology

Capital Cost
(2012$/MW)
2.23M

Financing Lifetime (yrs)

Useful Life (yrs)

30

30

Batteries

4.3M

15

15

Flow Batteries

4.3M

15

15

Pumped Hydro

2.1.4.2

Transmission

Transmission costs are broken into three components: RPS-driven transmission
costs, sustaining transmission costs, and reliability upgrade costs. RPS-driven
costs are approximated as a fixed input $/MWh times the total renewable
generation in each year. Sustaining transmission costs are calculated in a
reference year as the difference between the total transmission costs in that
year and the RPS-driven costs calculated for that year. A user-specified portion
of these costs are then escalated with the peak demand and the remaining
portion is escalated according to a user-specified real cost escalation rate.
Reliability upgrade costs are specified by the user in a reference year and are
escalated using the same method that is used for the sustaining transmission
costs. Input assumptions for transmission costs are listed below.

© 2014 Energy and Environmental Economics, Inc.
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Distribution Table 16. Transmission cost assumptions
Cost Component
Reliability Upgrades

Reference
Year
2012

Total Cost
Reference
Year
$120M

Sustaining Transmission

Real
Escalation
Rate
1%

Portion that
Escalates with
Peak Demand
50%

2%

50%

RPS-Driven Transmission
Total Transmission Cost

Renewable
Cost
Multiplier

$34/MWh
2012

$2.6B

2.1.4.3
Distribution costs are broken into distributed renewable-driven costs and nonrenewable costs. Renewable-driven costs are approximated as a fixed input
$/MWh times the total renewable generation in each year. This calculation
assumes that distributed renewable energy grows at the same rate as
centralized renewable energy. The user must also use care to ensure that the
$/MWh input reflects only distribution costs relative to the entire renewable
portfolio, rather than just distributed resources. Non-renewable distribution
costs are input by the user for a reference year and escalated with the peak
demand.
Table 17. Distribution cost assumptions
Cost Component

Reference
Year

Total Cost
Reference
Year

Non-renewable
Renewable-driven
Total Distribution Cost
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Real
Escalation
Rate
2.5%

Portion that
Escalates with
Peak Demand
50%

Renewable
Cost
Multiplier
$0/MWh

2012

$10B

Energy Supply Modeling

2.1.4.4

Calibration to reference year

The revenue requirement also includes other costs, like program costs and
customer incentives.

These costs are approximated with an adder that is

calibrated to a historical reference year. For this calibration, the user specifies
the average electricity rate in a historical year. The total revenue requirement
in the historical reference year is then calculated by multiplying the average rate
by the total sales calculated for the year in PATHWAYS. The cost adder in the
reference year is equal to the difference between the calculated reference
revenue requirement and the sum of the generation, transmission, and
distribution costs. The cost adder is then scaled with the total sales in each year
and added to the generation, transmission, and distribution costs calculated by
the model in each year to arrive at the total revenue requirement. Average
electricity rates are approximated by dividing the total revenue requirement by
the total sales in each year, which reduces to:

𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑹𝑹𝑹𝑹 =
𝑓𝑓𝑓𝑓𝑓

where 𝐶𝑔𝑔𝑔

𝒇𝒊𝒊𝒊𝒊

𝒇𝒇𝒇𝒇

𝑪𝒈𝒈𝒈 + 𝑪𝒗𝒗𝒗
𝒈𝒈𝒈 + 𝑪𝒈𝒈𝒈 + 𝑪𝒕𝒕𝒕𝒕𝒕 + 𝑪𝒅𝒅𝒅𝒅
𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺

+ 𝑹𝑹𝑹𝑹 𝑨𝑨𝑨𝑨𝑨
𝑓𝑓𝑓𝑓

𝑣𝑣𝑣
includes all generator fixed costs, 𝐶𝑔𝑔𝑔
and 𝐶𝑔𝑔𝑔 are determined

by the system operations calculation, 𝐶𝑡𝑡𝑡𝑡𝑡 includes all transmission costs, and

𝐶𝑑𝑑𝑑𝑑 includes all distribution system costs for a given year. The rate adder

reflects the constant revenue requirement adder in the reference year,
normalized by the total sales in the reference year.
These average electricity rates are applied to the annual electricity demand by
subsector to allocate electricity costs between subsectors.

For a given

subsector, the electricity costs in a given year are therefore:

© 2014 Energy and Environmental Economics, Inc.
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𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑪𝑪𝑪𝑪𝑪 = 𝑨𝒗𝒆𝒆𝒆𝒆𝒆 𝑹𝑹𝑹𝑹 × 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑫𝑫𝑫𝑫𝑫𝑫

2.1.5 EMISSIONS
The electricity module also calculates an average emissions rate for electricity
generation based on the emissions rates specified for each generating
technology and the energy generated by each technology in each year. The
average emissions rate, 𝐸, for electricity is therefore:
𝑬=

∑𝒌,𝒕 𝑷𝒌,𝒕 × 𝒆𝒌
𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺

where 𝑃𝑘,𝑡 is the power output in hour 𝑡 (within the year of interest) from

generating technology 𝑘, and 𝑒𝑘 is the emissions rate of generating technology,
which is equal to the carbon intensity of the fuel times the heat rate. The
emissions associated with electricity demand for each subsector is therefore
approximated by:
𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 = 𝑬 × 𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒄𝒄𝒄𝒄 𝑫𝑫𝑫𝑫𝑫𝑫

2.2 Pipeline gas
We use the term pipeline gas here to acknowledge the potential of the pipeline
to deliver products other than traditional natural gas. We model multiple
decarbonization strategies for the pipeline including biomass conversion
processes, hydrogen, and synthetic methane from power-to-gas processes.
Below is a description of the commodity products included in the pipeline in our
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decarbonization scenarios as well as a discussion of our approach to modeling
delivery charges for traditional as well as compressed and liquefied pipeline gas.

2.2.1 NATURAL GAS
Natural gas price forecasts are taken from the EIA’s Annual Energy Outlook 2013
（EIA，2013） for its reference case scenario and are shown below.

Figure 11. Natural gas commodity forecast

2.2.2 BIOMASS
A full description of the biomass methodology employed in PATHWAYS for all
energy delivery types (liquid fuels, electricity, and pipeline gas) is available in
section 3.

© 2014 Energy and Environmental Economics, Inc.
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2.2.3 HYDROGEN
Hydrogen production in the model comes from both low carbon electricity
generation – nuclear and renewable energy – and from natural gas with precombustion CCS. The data for estimating hydrogen production and delivery costs
is adapted from the DOE Hydrogen Analysis Project (H2A). The production portion of
the hydrogen module draws current and future assumptions from version 2.1 of
the H2A production modeling, utilizing both centralized grid electrolysis and
centralized natural gas reformation with CCS technology case studies. Hydrogen
delivery draws current and future assumptions from version 2.3 of the H2A
delivery model. The values used in the model are shown in Table 18 below.
Table 18. Hydrogen production parameter values from DOE Hydrogen Analysis
Project.
Parameter
Plant Life

40

Natural Gas with CO2
Sequestration
40

Initial Year

2005

2005

Initial Levelized Fixed Capacity Costs ($/kG-year)

1.53

0.14+0.45+0.09

0.74*0.88

0.71*0.88

Forecast Year

2030

2030

Forecast Levelized Fixed Capacity Costs ($/kG-year)

0.65

0.12+0.35+0.07

Forecast Efficiency (LHV)

0.884*0.88

0.711

Production Feedstock

Electricity

Pipeline Gas

Non-energy Variable Operating Costs ($/kG)

0.05

0.17

Capacity Factor

0.25

0.9

0

0.9

Initial Efficiency (LHV)

CO2 Capture Ratio

Grid Electrolysis

Conversion efficiencies are the product of the efficiency of the hydrogen
production process, either electrolysis of water or reformation of natural gas,
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times a factor of 0.88, which includes energy losses in gas cleaning and other
system inefficiencies. The time trajectory of overall system efficiency for grid and
natural gas CCS hydrogen production is shown in Error! Reference source not
found..

Figure 12. Conversion efficiency of hydrogen production from grid electrolysis
and natural gas CCS
Levelized capital costs in the current year were calculated based on the respective
H2A models for centralized grid electrolysis and centralized natural gas
reformation. Capital cost reductions for 2030 were taken from H2A modeled
future cases. The rate of decline to 2030 was assumed to follow the function
𝐂𝐂𝐂𝐭 𝐘𝐘 = 𝐂𝐂𝐂𝐭 𝐢 ∗ 𝐞

𝐂𝐂𝐂𝐭 𝐟 (𝐘𝐘−𝐂𝐂𝐂𝐭 𝐢 )
�𝐥𝐥�
�∗
�
𝐂𝐂𝐂𝐭 𝐢
(𝐘𝐫𝐟 −𝐘𝐫𝐢 )

The overall levelized capital cost trajectory is shown in Figure 13.
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Figure 13. Levelized capital cost of hydrogen from grid hydrolysis and natural gas
pre-combustion CCS.
Total annual hydrogen production is a user input. Hydrogen production capacity
is built within the model to meet the user defined production level, with a stock
roll-over constraint. Capacity factors are taken from the H2A models, with
electrolysis running at a low capacity factor to take advantage of periods with low
electricity prices. Total costs are the sum of capacity costs and variable costs,
including input energy (natural gas or electricity) cost and non-fuel variable cost
components. The model assumes that electrolysis-based hydrogen production
pays the California average electricity rate.

2.2.4 SYNTHETIC NATURAL GAS (SNG)
SNG is produced in the model from low carbon electricity, which is used to
produce hydrogen from electrolysis. In the model, the hydrogen undergoes
methanation using CO2 from air capture. The data used for estimating SNG
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production costs from this process is adapted from Power to Gas – a Technical
Review authored by Gunnar Benjaminsson, Johan Benjaminsson, and Robert

Boogh Rudberg, and published by the Swedish Gas Technology Center (SGC).
These are summarized in Table 19. It should be emphasized that while SNG from
power to gas is currently being demonstrated on small scale (6 MW is the largest
current plant in the world), and includes air capture of CO2, the cost estimates
used here are still highly speculative due to the lack of data from large
commercial operation of SNG plants.
Table 19. SNG production parameters in model based on Swedish Gas
Technology Center report
Parameter

Value

Plant Life

15

Initial Year

2012

Initial Levelized Fixed Capital Costs ($/mmBtu-year)

18.5

Initial Efficiency

0.52

Forecast Year

2032

Forecast Levelized Fixed Capital Costs ($/mmBtu-year)

7.6

Forecast Efficiency

0.78*0.81

Production Feedstock

Electricity

Non-energy Variable Operating Costs ($/mmBtu)

6.5

Capacity Factor

0.25

Current year process efficiency is 52%, which is the product of an electrolysis
efficiency of 65% and methanation efficiency (catalytic or biological) of 81%.
Forecast efficiency in 2032 is 63%, based on the same methanation efficiency and
an improved electrolysis efficiency of 78%. Process efficiency improves linearly
from 2013 to 2032, and remains constant thereafter (Error! Reference source not
found.).

© 2014 Energy and Environmental Economics, Inc.
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Figure 14. SNG production efficiency over time, based on SGC report
Levelized current capital cost of SNG production capacity is based on the SGC
report, assuming production on the order of 25 mmBtu per hour. The capital cost
assumption is probably optimistic both in terms of production volume (the
throughput rate is higher than any facility currently operating) and because it
leaves out plant maintenance costs, which would add approximately 10% to the
levelized capital cost. Capital cost reductions to 2032 are assumed to follow the
function below:

𝑪𝑪𝑪𝒕𝒀𝒀 = 𝑪𝑪𝑪𝒕𝒊 ∗ 𝒆

�𝒍𝒍�

𝑪𝑪𝑪𝒕𝒇 (𝒀𝒀−𝑪𝑪𝑪𝒕𝒊 )
�∗
�
𝑪𝑪𝑪𝒕𝒊
(𝒀𝒓𝒇 −𝒀𝒓𝒊 )

The levelized cost trajectory is shown in Figure 15.
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Figure 15. SNG production levelized capital cost
Annual SNG production is a model input. SNG production capacity is built by the
model to meet the annual production level, based on a capacity that is assumed
to be driven by the electrolysis process and is therefore identical to the
assumption of electrolysis capacity factor of 25%. Total costs are a function of
capacity costs and variable costs for production, including fuel/electricity costs.
SNG capacity follows a stock roll-over that assumes a 15 year plant life. New
capacity is added as necessary to meet the target annual production. Production
energy costs are simply electricity costs, which are the average electricity rate for
California. CO2 air capture costs are assumed to be included within plant capacity
costs.

2.2.5 DELIVERY COSTS
We model the California pipeline system’s delivery of pipeline gas as well as
compressed pipeline gas, and liquefied pipeline gas for transportation uses. We

© 2014 Energy and Environmental Economics, Inc.
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model these together in order to assess the capital cost implications of changing
pipeline throughput volumes. Delivery costs of pipeline gas are a function of
capital investments at the transmission and distribution-levels and delivery
rates can be broadly separated into core (usually residential and small
commercial) and non-core (large commercial, industrial, and electricity
generation) categories. Core service traditionally provides reliable bundled
services of transportation and sales compared to non-core customers with
sufficient volumes to justify transportation-only service. The difference in
delivery charges can be significant. In September, 2013 the average U.S.
delivered price of gas to an industrial customer was $4.39/thousand cubic feet
compared to $15.65/thousand cubic feet for residential customers （United
States Energy Information Administration，2013）. This difference is driven
primarily by the difference in delivery charges for different customer classes.
To model the potential implications of large changes in gas throughput on
delivery costs, we use a simple revenue requirement model for each California
IOU. This model includes total revenue requirements by core and non-core
customer designations, an estimate of the real escalation of costs (to account
for increasing prices of commodities, labor, engineering, etc.) of delivery
services, an estimate of the remaining capital asset life of utility assets, and the
percent of the delivery rate related to capital investments. These last two
model inputs influence the rate at which the rate base depreciates, which will
affect the delivery rates under scenarios where there is a rapid decline in
pipeline throughput that outpaces capital depreciation. We assume that 50% of
the revenue requirement of a gas utility is related to throughput growth and
that capital assets have an average 30-year remaining financial life. This means
that the revenue requirement at most could decline 1.7% per year and that any
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decline in throughput exceeding this rate would result in escalating delivery
charges for remaining customers. This is a result of utilities being forced to
recover revenue from a declining amount of throughput, increasing rates for
remaining customers and potentially encouraging fuel switching, thus
accelerating the process. These costs will have to be recovered and so need to
continue to be represented even in scenarios where there are rapid declines in
pipeline throughput.
2.2.5.1

Compressed pipeline gas

We model the costs of compression facilities at $.87/Gallons of Gasoline
Equivalent (GGE) based on an average of cost ranges reported by Argonne
National Laboratory （Argonne National Laboratory，2010）. Additionally, we
model the electricity use of compressing facilities at 1 kWh per GGE based on
the same report. These inputs affect the emissions associated with compressed
pipeline gas relative to pipeline gas.
2.2.5.2

Liquefied pipeline gas

We model the non-energy costs of liquefaction facilities at $.434/Gallons of
Gasoline Equivalent (GGE) based on an analysis by the Gas Technology Institute
（Gas Technology Institute，2004）. Additionally, we model the electricity use
of liquefaction facilities using electric drive technologies at $3.34 kWh per GGE
based on the same report. These inputs affect the emissions associated with
liquefied pipeline gas relative to pipeline gas.
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2.3 Liquid fuels
Liquid fuels are primarily fuels used for transportation and include diesel,
gasoline, jet-fuel, and hydrogen as well as LPG. We model biofuel processes for
both diesel fuel as well as gasoline that are described further in section 3. Jetfuel and LPG are only supplied as conventional fossil fuels. The sections below
discuss conventional fossil price projections as well as liquid hydrogen delivery.

2.3.1 FOSSIL FUELS
Conventional fossil fuel price projections are taken from the AEO 2013
reference case scenario. They include both commodity as well as delivery costs
for fuels delivered to the Pacific census division.
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Figure 16. Fossil fuel price projections

2.3.2 LIQUID HYDROGEN
The hydrogen that is simply injected into the pipeline for distribution to end
uses incurs no additional delivery costs in the model. The hydrogen that is
liquefied for use in transportation, however, does incur delivery costs in
addition to production costs. Delivery costs include liquefaction in a large scale
plant, delivery by truck, and refueling. Parameter values for hydrogen delivery
are based on H2A, as summarized in Table 20.
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Table 20. Liquefied hydrogen delivery parameters.
Parameter

Value

Plant Life

30

Initial Year

2007

Initial Levelized Fixed Capacity Costs ($/kG-year)

1.01

Initial Efficiency (kWh/kg)

9.32

Forecast Levelized Fixed Capacity Costs ($/kG-year)

0.44

Forecast Year

2025

Forecast Efficiency (kWh/kg)

6.3

Production Feedstock

Electricity

Non-energy Variable Operating Costs ($/kG)

0

Capacity Factor

0.5

Levelized capital costs for the current year and 2030 were calculated based on the
H2A delivery model, with the the rate of capital cost decline to 2030 assumed to
follow the function
𝑪𝑪𝑪𝒕𝒀𝒀 = 𝑪𝑪𝑪𝒕𝒊 ∗ 𝒆

�𝒍𝒍�

𝑪𝑪𝑪𝒕𝒇 (𝒀𝒀−𝑪𝑪𝑪𝒕𝒊 )
�∗
�
𝑪𝑪𝑪𝒕𝒊
(𝒀𝒓𝒇 −𝒀𝒓𝒊 )

The overall levelized capital cost trajectory for liquefied hydrogen delivery is
shown in Error! Reference source not found..
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Figure 17. Levelized capital cost of liquefied hydrogen delivery, based on H2A
Forecast efficiency of delivery is taken from the H2A model and is assumed to
improve over time. The improvement in process efficiency assumes a functional
form identical to the cost reduction.

Figure 18. Liquefied hydrogen delivery efficiency, based on H2A.
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As in the case of hydrogen production, the annual amount of delivered hydrogen
is a user-defined input. Delivery capacity follows a basic stock roll-over model,
with new capacity added as necessary to enable delivery. Delivery variable costs
include electricity costs, based on the California average electricity rate.

2.3.3 REFINERY AND PROCESS GAS; COKE
We do not model any costs associated with refinery and process gas. We do
model the costs of coke from the 2013 AEO Reference Case scenario （EIA，
2013）.

Figure 19. Petroleum coke price projection
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3 Biomass
3.1 Resource assessments
The U.S. Department of Energy’s 2011 Billion Ton Study Update (BT2) provides the
most comprehensive analysis of biomass feedstock potential through 2030 for the
United States. It provides a well-documented and publicly vetted foundation for
analysis of the cost and magnitude of the US biomass resource base. However,
there are a number of valid criticisms of the methods used that must be
incorporated into a neutral assessment. Some of the most important critiques of
the BT2 and their implications for long-term biomass supplies are described
below.
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Figure 20. 2030 Billion Ton Study Update feedstock breakdown by weight at
$80/ton. (Parker, 2011)

3.1.1 ENERGY CROPS
Energy crops are grown for the purpose of being used in energy production, and
are chosen for high yields of biomass.

They must compete with either

conventional crops or pasture for land. The yield and production cost of an energy
crop are therefore the two most important factors that impact its profitability and
therefore whether it is competitive with incumbent land uses. The BT2 takes an
optimistic view of both yields and costs in its baseline assessment and performs
no sensitivity on more pessimistic parameter values.
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On yield, modeled values used in BT2 are based on data from relatively smallscale trials on good agricultural lands. These yields are then used to represent the
yield of an energy crop on all agricultural lands. Not surprisingly, in the modeling
this leads to significant displacement of incumbent crops and pasture on
marginally productive lands, but there is little evidence that the energy crop yields
applied are representative of achievable yields on those marginal lands. This is a
common assumption for large scale energy crop production in agricultural
economic models. There is no way to systematically correct for this bias in the
data.
The BT2 costs are optimistic relative to available estimates from university
extension specialists who are advising farmers considering whether to grow these
new crops (Duffy 1999; Wilkes 2007). Parker (2011) developed a production cost
model that varied with yield based on the crop budget provided by Duffy. The
costs are significantly higher especially at the high yields that are likely to induce
adoption. The difference appears to be a large difference in the harvest cost and
in how the harvest cost scales with yield. Based on the INL feedstock supply
logistics model, the harvesting equipment is throughput limited at 2 tons per acre
leading to no reductions in harvest costs as yield go over 2 tons per acre. On
average, adding $17/ton of energy crop would bring the BT2 costs in line with the
cost reported by extension specialists. This analysis applies to herbaceous energy
crops. Further analysis would be needed to understand the quality of the woody
energy crop estimate in BT2.

© 2014 Energy and Environmental Economics, Inc.

P a g e | 69 |

Decarbonizing Pipeline Gas to Help Meet California’s 2050 Greenhouse Gas Reduction Goal

Figure 21. Variable production costs versus yield by region (Parker, 2011)

3.1.2 AGRICULTURAL RESIDUES
Agricultural residues are straws, stovers and other plant components remaining in
the field after harvest of the crop. They play a role in maintaining soil health and
preventing erosion (Lal, 2009; Wilhelm et al., 2007). Limited removal of the
residues has been proposed as a source of biomass. The scale of this resource
potential depends on how much excess residues exist beyond what is required for
soil maintenance, or on the existence of an economic alternative for providing the
soil maintenance functions.
Muth et al (2012) provides the modeling basis for sustainable removal of the
residues. Residues are available only if their removal will not increase soil erosion
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beyond the tolerable soil loss limit or cause soil organic carbon metrics to decline.
This method has been questioned because its metrics for sustainability are weak,
but it is a good estimate of maximum possible potential. At high prices, the BT2
estimate approaches this maximum.

3.1.3 FOREST RESIDUES
Woody biomass is available from forestry operations, and can come from three
sources – integrated harvesting operations, “other forest removals,” and mill
residues. Residues are also available from “other forest removals” including
urban land clearing and cultural operations. Integrated harvesting operations
produce residues as part of the management of the forest to produce high value
timber products. Costs for this woody biomass are estimated based on the cost of
road-siding and chipping, as well as a fraction of historical stumpage fees for the
removal of small trees.
The BT2 forest residue assessment comes from the US Forest Service and is a fair
assessment. One critique is that it requires historical logging operations in a
region as a screen for whether the forests will be managed. This leads to ignoring
some potentially important resources such as the beetle-kill region in Colorado
and some overstocked forests in the East. On the other hand, in a resource
assessment by the Union of Concerned Scientists (2012), “other forest removals”
and thinnings were excluded due to concerns about the climate impact of wholetree removal. These residue categories are an area for focused study based on a
life-cycle assessment, which needs to account for the dynamics of forest growth
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and fire risk.

Leaving out these categories from potential estimates is

conservative.

3.1.4 CONVENTIONAL WOOD
Wood production for the pulp industry could be expanded or diverted to energy
production if the price of biomass for energy is high enough. The BT2 estimate
comes from Skog et al (2010). The quantity of pulpwood that would become
available at higher prices from both increases in supplies and decreases in
demand from pulp mills in response to the price shift were found using estimates
of the elasticity of pulpwood supply. At a county level, increases in pulpwood
supply are limited to not exceed annual timber growth. Displacement of current
pulpwood uses is also limited to below 20% of 2007 use due to uncertainties in
the elasticity estimates, especially the range over which they are valid.

3.1.5 MUNICIPAL WASTE
There is a significant resource of organic wastes that are currently disposed of in
the municipal waste stream. The MSW resource is not fully counted in BT2, as
only woody MSW resources are counted in BT2. Other resources that are not
currently included could play a role. Of particular interest are food wastes and
green wastes (yard wastes) that are already seeing some market in anaerobic
digesters for energy production and waste diversion purposes. The scale of the
current food waste and yard waste disposal is 30% of the wood waste stream.
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Table 21. Comparison of 2030 Biomass Resource Assessments (Parker, 2014)
Feedstock

BT2
($80/ton)
512

Khanna
($90/ton)
350-650

Muth
(baseline)

Muth
(all no till)

UCS ($60/ton)

Stover and
Straws
Other Ag
Residues
Forest Residues

208

187-197

228.70

327.25

129

Pulpwood
Urban wood
wastes

Energy Crops

400

26

26

62

21

24

-

43

43

3.1.6 SUMMARY
The Billion Ton Study update is a generally good source for a reasonable estimate
of long-run biomass supply in the United States, given the critiques mentioned
above. Its estimates for the most part fall in line with other estimates that have
been made Table 21. The principal objection is that the prices for biomass in BT2
are too low. The National Academies of Science’s report on the Renewable Fuel
Standard (RFS) has a significantly higher estimate of the price that biomass
providers would be willing to accept. These numbers suggest that prices 10-50%
higher would be required to deliver the resource potential in BT2 at $80/ton
(Table 22).
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Table 22. Required feedstock prices from NAS (2011) (Parker 2014)
Feedstock

Farmer’s Willingness-to-Accept ($/dry ton)

Stover (CS)

$92

Stover-Alfalfa

$92

Alfalfa

$118

Switchgrass (MW)

$133

Switchgrass (MW LQ)

$126

Switchgrass (App)

$100

Switchgrass (SC)

$98

Miscanthus (MW)

$115

Miscanthus (MW LQ)

$119

Miscanthus (App)

$105

Wheat Straw

$75

SRWC

$89

3.2 Biomass transport costs
The cost of transporting biomass to biorefineries will depend on the optimal size
of the biorefinery, the moisture content of the feedstock, the spatial layout of the
resource, and the cost of trucking (fuel, etc). The Geospatial Bioenergy Systems
Model (GBSM) optimizes the layout of the biofuels industry for a given resource
base, set of conversion technologies, and fuel markets. In a case study of the
2022 RFS mandate, Parker found that the average transport cost for woody
biomass was significantly higher than herbaceous biomass in an optimized system
for producing biofuels. These are reasonable estimates for the average transport
costs. They will be high for technologies that can operate at small scale, like
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anaerobic digestion, and they will be low for very large centralized production.
They do match the conversion costs in terms of the assumed scale of the
biorefineries.
Table 23. Biomass transport costs by feedstock type based on Parker (2012)
Feedstock Type

Avg. Transport Cost ($/dry ton)

Woody

26.71

Straws/grasses/stovers

9.89

3.3 Biomass conversion technologies
Biomass can be converted to fuels or electricity to serve all energy markets.
Processes exist to convert biomass to compete in the gasoline market, the diesel
market, the jet fuel market, the natural gas market and the electricity market. A
few of these technologies are currently in use, but many bioenergy conversion
technologies are not currently commercial. To assess the potential process
efficiency and cost of these technologies, cost models are based on simulations of
the biorefinery. These studies have obvious limitations but are the best available
information. Table 3 shows a summary of conversion process efficiencies and
costs.
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Table 24. Summary of conversion technology performance and cost (Parker,
2014 based on Rhodes, 2005, and CEC cost of generation)
Pathway
Feedstock
Group
Cellulosics

Conversion
Technology
AD

Yield
Fuel

Basis

NG

gge/ton

Esti
mate
77.5

Range
32-112

Conversion Cost
($/dry ton)
2020
2020
est.
range
$185
167-205

Cellulosics

Gasification

NG

HHV

66%

66-73

$124

Cellulosics

IGCC

Electricity

HHV

32%

30-35%

$132

Cellulosics

Electricity

HHV

25%

20-35%

$120

94-172

Ethanol

67-82%

$120

83-166

Diesel

Theoretical
Ethanol
HHV

76%

Cellulosics

Solid fuel
Combustion
Enzymatic
Hydrolysis
F-T Diesel

42%

39-50%

$185

115-220

Cellulosics

Fast Pyrolysis

Diesel

HHV

36%

24-50%

$80

50-103

Cellulosics

Fast Pyrolysis

Jet fuel

HHV

36%

24-50%

$80

50-103

Cellulosics

Fast Pyrolysis

Gasoline

HHV

36%

24-50%

$80

50-103

Lipids
(biodiesel
precursors)
Lipids
(biodiesel
precursors)
Manure

Hydrotreatment

Diesel

gge/ton

256

267-305
gge/ton

$314

150-

Hydrotreatment

Jet fuel

gge/ton

248

267-305
gge/ton

$345

75-150

AD

NG

gge/ton

87

55-111

$40

30-40

Cellulosics

118-165

3.3.1 RENEWABLE METHANE
The production of methane or renewable natural gas from biomass can follow
two potential routes: anaerobic digestion and gasification combined with
methane synthesis. The choice between the two appears to be mainly driven by
moisture content, feedstock biodegradability, and cost. Anaerobic digestion is a
technology that is currently in use for waste and residue feedstocks such as
manures, waste water, and food wastes. In these cases, anaerobic digestion is
used largely as a waste management technology that happens to produce energy.
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More sophisticated anaerobic digester processes are under development to
maximize the energy yield. The gasification and synthesis route is not currently
commercial. Commercial projects exist for coal gasification and synthesis to
methane, which is a similar process (Kopyscinski, 2010).
Anaerobic digestion is a complex biological process with four steps: hydrolysis,
acidogenesis, acetogenesis, and methanation. The carbohydrates, proteins, and
fats in biomass are broken down into simple sugars, amino acids, and fatty acids
during hydrolysis. Through acidogensis, acetogenesis and methanation, these
hydrolysis products are converted to methane and carbon dioxide following a few
different paths.

The effectiveness of anaerobic digestion depends on the

biodegradability of the feedstock.

Feedstocks with high lignin content or

crystalline cellulosic structure are difficult to break down. Pretreatment of these
feedstocks to make the carbohydrates available to the hydrolase enzymes can
lead to good yields (Chandra, 2012). The AD technology is modeled based on
Krich et al (2005) for manures and Shafiei et al (2013) for cellulosic feedstocks.
The yield of methane is highly variable with reports of between 85 and 550 m3 of
CH4 per dry ton depending on feedstock and study. The 77.5 gge/ton value
suggested corresponds to approximately 265 m3 of CH4 per dry ton and is the
reported yield for wheat straw with pretreatment.
The gasification route breaks down biomass into a syngas comprised mainly of
hydrogen and carbon monoxide in a hot oxygen starved environment. The syngas
is then converted to methane through a series of three synthesis reactors. The
process is reported to be highly efficient, converting approximately 66% of the
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energy content of biomass into methane.

A small amount of co-product

electricity and a high quality waste heat stream can make the overall efficiency
approach 80% if it can be co-located with a heat load. Only a few studies have
assessed the economics of this pathway. They estimate the cost of production
between $2.55-3.65/gge at scales that seem reasonable in the next decade
(Glassner, 2009; Tuna, 2014). Like most thermochemical PATHWAYS, the cost of
the gasification route is heavily dependent on scale economies, with scale-up
potentially leading to cost reductions of 20% or more.

3.3.2 CELLULOSIC ETHANOL
Ethanol production from cellulosic biomass is not currently a commercially viable
technology. Estimates for the cost of production rely on a number of engineering
studies with process-level modeling of the biorefinery. The majority of studies of
cellulosic ethanol consider the biochemical pathway in which the cellulose and
hemicellulose are converted to sugars through enzymatic hydrolysis and
saccharification, and then fermented to make ethanol. Tao and Aden considered
the thermochemical pathway via gasification and synthesis, and found the cost
and performance to be similar to the biochemical pathway at a scale of 45 million
gallons of ethanol per year (Tao and Aden, 2009). The biochemical route is taken
to be the model cellulosic ethanol technology due to the larger base of supporting
literature. The thermochemical pathway may prove to be the better technology
in certain cases, but given the overall uncertainty in the technology costs and
performance the performance of the thermochemical pathway is assumed to fall
within the study range.
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The biochemical pathway begins with feedstock pretreatment to make the
cellulose available to the enzymes. There are a number of techniques under
research and development for this pretreatment, including dilute acid hydrolysis,
ammonia fiber explosion, liquid hot water, and steam explosion. In the process
of exposing the cellulose, the hemicellulose is broken into its component sugars
(xylose, arabinose, etc.). The exposed cellulose is then converted to glucose with
cellulase enzymes. Glucose is fermented to ethanol and the 5-carbon sugars are
fermented to ethanol either in a combined reactor using recombinant
Zymomonas mobilis or in separate reactors using yeast for the C6 sugars and Z.
mobilis for the C5 sugars. In the advanced designs of Laser et al. (2010) and
Hamelinck et al. (2005) a consolidated bioprocessing (CBP) approach is taken
where all biological conversions (enzyme production, enzymatic hydrolysis, and
fermentation) occur in the same reactor. This design is attractive but the catalyst
to make it possible has yet to be identified. In most designs, the lignin is
separated from the beer, dried, and combusted to produce steam and electricity
for the biorefinery, with some net export of electricity.
There is a large range of projected costs using “current” technology.

There are

three main sources of variation in the costs estimates. First is the expected yield
of ethanol from cellulosic material. Estimates range from 52.4 gallons per ton to
76.4 gallons of ethanol per dry ton of switchgrass or corn stover. This variation is
due to difference in the performance of the pretreatment, cellulase enzymes, and
fermentation organisms each study assumes. Dutta et al. (2010) and Kazi et al.
(2010) use experimentally verified performance measures and show the highest
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production costs.

The second source of variation is the capital investment

required. This is due to the variety of configurations studied, as well as yield
differences. Within the same study, capital costs varied by 42% due to different
configurations of pretreatment, hydrolysis, fermentation, and distillation (Kazi et
al., 2010). The third factor is the variable operating cost – mainly the cost of
cellulase enzymes. For example, Aden (2008) projects cellulase enzymes available
at $0.32/gal of ethanol where Kazi et al. (2010) puts the cost at $1.05/gal. Also of
interest is that the estimate for year 2000 technology in Wooley et al. (1999) falls
below the more recent estimates of current costs, demonstrating that as more is
learned about these technologies, limitations are identified that lead to additional
costs.
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Figure 22. Comparison of estimated levelized cost of production for cellulosic
ethanol. Near term technology assessments are represented by
squares, mid-term technology (7-15 years ahead) are triangles; longterm projections are shown as diamonds. (Parker, 2014)
The yield for biochemical ethanol is presented as a percentage of maximum
theoretical yield. The maximum theoretical yield is the production of ethanol if all
the component sugars in the cellulose and hemicellulose fractions of biomass are
fully converted to ethanol. The theoretical yield ranges from 73 to 122 gallons per
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dry ton for the feedstocks considered here. The range shrinks to 100-117 gallons
per ton if considering only feedstocks with a large potential (corn stover, wheat
straw, energy crops, and woody resources). Studies show a range of actual yields
between 67% and 82% of the maximum theoretical yield. The equation for
calculating ethanol yield for a given feedstock composition is below.
𝒈𝒈𝒈
𝒀𝒀𝒀𝒀𝒀 �
� = (𝟏. 𝟏𝟏 ∗ 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 ∗ %𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 + 𝟏. 𝟏𝟏𝟏
𝒕𝒕𝒕
∗ 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 ∗ % 𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄)
∗ 𝟎. 𝟓𝟓 ∗ 𝟐𝟐𝟐𝟐/𝟔. 𝟓𝟓

Where: Cellulose fraction = fraction of dry matter that is cellulose
Hemicellulose fraction = fraction of dry matter that is
hemicellulose
% cellulose conversion =

𝒂𝒂𝒂𝒂𝒂𝒂 𝒚𝒚𝒚𝒚𝒚 𝒐𝒐 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒕𝒕 𝒆𝒆𝒆𝒆𝒆𝒆𝒆

% hemicellulose conversion =

𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒚𝒚𝒚𝒚𝒚

𝒂𝒄𝒄𝒄𝒄𝒄 𝒚𝒚𝒚𝒚𝒚 𝒐𝒐 𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉 𝒕𝒕 𝒆𝒆𝒆𝒆𝒆𝒆𝒆
𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒚𝒚𝒚𝒚𝒚

3.3.3 FISCHER-TROPSCH DISTILLATE FUELS
Thermochemical conversion of biomass to fuels can take many routes. The
Fischer-Tropsch synthesis process is among the most studied and furthest
developed. Commercial facilities exist or have existed in the past for production
of F-T fuels from both coal and natural gas. Advances in biomass gasifiers and the
optimizing of gas clean-up and the F-T synthesis process for biomass-based
synthesis gas will be required for commercialization. A number of biomass
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gasifier configurations have been studied, the details of which can be found in
Hamelinck et al. (2004), Larson et al. (2009) and Swanson et al. (2010).
There is a large range in the projected cost for current technology F-T diesel
production. This represents disagreement on which technologies are current and
which are unproven, as well as difference in design. The Swanson study states
that hot gas clean up (tar cracking) is not yet commercial while all other studies
employ it is if it were commercial. The Antares study uses an indirectly fired
atmospheric gasifier, while most others use pressurized oxygen blown directly
fired gasifiers.

In projecting future technology versus current technology,

Hamelinck et al. (2004) foresees no changes in the design but projects reductions
in capital and operating costs due to incremental improvements and increases in
scale. Larson et al. (2009) presents a case with mature technology where a oncethrough configuration is designed for greater electricity production than found in
other studies. The EPA projection is significantly lower compared to other studies
at similar scale and timeframe (EPA, 2010). Little information was provided to
support this estimate.
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Figure 23. Comparison of estimated levelized cost of production for FischerTropsch diesel technologies. Near term technology assessments are
represented by squares, mid-term technology (7-15 years ahead) are
triangles; long-term projections are shown as diamonds. (Parker, 2014)
3.3.3.1

Fast pyrolysis of cellulosic biomass to hydrocarbons

Fast pyrolysis of cellulosic biomass generates a crude bio-oil that then must be
upgraded using petroleum refinery technologies. This technology can produce a
range of hydrocarbons with some control over the fraction that goes to gasoline,
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diesel, and jet fuel. Upgrading this method requires hydrogen, and there have
been two designs considered for fast pyrolysis; one in which he hydrogen is
produced from the bio-oil itself and another in which the hydrogen is produced
from natural gas. The technologies shown here all assume the hydrogen is
produced from the bio-oil to simplify accounting in the model. One fast pyrolysis
biorefinery at pre-commercial scale began operations in 2013.

Wright et al

(2010) found that hydrocarbon fuels could be produced via fast pyrolysis at
between $2.60 and $3.75 per gallon.
3.3.3.2

Lipid (fats and oils) to diesel or jet fuels

Conversion of lipids to diesel replacement fuels is currently performed using a
transesterfication process to create fatty acid methyl esters (FAME) or
conventional biodiesel. Emerging technologies seek to create a hydrocarbon fuel
that can be freely blended with diesel through a hydrotreatment process. These
two technologies can be modeled as competitors for the lipid feedstocks, or one
can be chosen as representative. The hydrotreatment technology is presented
here due to its flexibility in meeting diesel and jet demands.
Techno-economic analyses of the hydrotreatment process are based on the
UOP/Eni process (Holmgren et al., 2007). In the process, the lipids and hydrogen
pass through a hydroprocessing unit in which the oxygen is stripped from the
lipids through decarboxylation and hydrodeoxygenation reactions. The resulting
products are a combination of “green diesel” and lighter hydrocarbons (naphtha
and/or propane) with byproducts of water and carbon oxides (CO and CO2). The
green diesel fuel is reported to have a number of desirable properties – high
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cetane number (70-90), energy density equivalent to ultra-low sulfur diesel, sulfur
content of less than 1 ppm (USLD < 10 ppm sulfur), and good stability. Holmgren
et al (2007) identify the potential to use green diesel as a premium blendstock
allowing for the use of lower valued light-cycle oil as part of a diesel blend.
The Antares model considers two configurations for the hydrotreatment process;
one as a stand-alone unit within a petroleum refinery and one as co-processing
within the same hydroprocessing units as petroleum products. The stand-alone
units have higher capital costs but lower hydrogen demand and higher green
diesel yields. The coprocessing design has higher hydrogen requirements because
the hydroprocessing units for crude oil operate in conditions that favor the
hydrodeoxygenation reactions over the decarboxylation reactions, which
consume 3.75 times the hydrogen per oxygen removed (Antares, 2009).
The EPA’s estimate of the cost of hydrotreament-based diesel is slightly higher
than the Antares model. The EPA model is based on the stand-alone design but
assumes higher hydrogen consumption (0.224 lb/gal compared to 0.117 lb/gal)
(EPA, 2010). The higher hydrogen cost is offset somewhat by an assumed lower
capital and operating expenses besides hydrogen.
Pearlson et al (2013) provided an updated estimate with a distinction between
diesel and jet fuel facilities. The jet fuel facilities require more hydrogen and
produce less distillate fuel overall, as more fuel falls in the naphtha range. The
costs are significantly higher than earlier estimates.
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Figure 24. Comparison of estimated levelized cost of production for
hydrotreatment of lipids to distillate fuels. All estimates are for midterm technologies (7 – 15 years ahead) (Parker, 2014)
Table 25. Biomass feedstock composition and theoretical ethanol yield
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Feedstock

17%

Theoretical
ethanol yield
(gal/ton)
93

Theoretical
ethanol yield
(gge/ton)
61

23%

19%

104

68

38%

23%

13%

106

70

17.6

35%

24%

25%

103

68

Solids

17.9

34%

23%

14%

100

66

Solids

17.6

49%

18%

23%

117

77

Solids

18.1

32%

25%

18%

100

66

Solids

19.5

45%

19%

26%

110

72

Solids

19.0

45%

22%

28%

116

76

Solids

19.0

45%

22%

28%

116

76

Solids

19.0

45%

22%

28%

116

76

Solids

19.0

45%

22%

28%

116

76

Solids

20.2

45%

22%

28%

116

76

Solids

20.2

45%

22%

28%

116

76

Solids

18.4

45%

19%

26%

110

72

Solids

18.4

45%

19%

26%

110

72

Solids

16.0

41%

15%

29%

98

64

Solids

16.0

31%

11%

28%

73

48

-

-

PATHWAYS
Category

HHV
(GJ/tonne)

Cellulose

Hemicellulose

Lignin

Barley straw

Solids

16.1

33%

20%

Corn stover

Solids

17.1

36%

Oat straw

Solids

17.9

Solids

Sorghum
stubble
Wheat straw
Annual
energy crop
Perennial
grasses
Woody crops
Composite
Removal
residue
Conventional
wood
Treatment
thinnings
Secondary
mill residue
Primary mill
residue
Urban wood
waste other
Urban wood
MSW
Cotton gin
trash
Cotton
residue
Manure
Orchard and
vineyard
prunings
Rice hulls
Rice straw
Sugarcane
trash
Wheat dust

Biogas
Precursors
Solids

17.8

45%

19%

26%

110

72

Solids

16.8

40%

19%

25%

103

68

Solids

15.1

39%

20%

23%

102

67

Solids

17.8

45%

25%

18%

122

80

Solids

16.8

36%

18%

16%

94

62
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Fuelwood

Solids

19.0

45%

22%

28%

116

76

Mill residue

Solids

20.2

45%

22%

28%

116

76

Solids

15.0

-

-

Solids

18.4

110

72

-

-

99

65

Pulping
liquors
Existing forest
MSW
Existing
biodiesel
precursors
Existing
Agricultural
MSW

45%

19%

26%

Biodiesel
Precursors
Solids

14.0

50%

7%
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5 Stock Characterization and
Demand Projection References
Sector

Subsector

Activity
Sources

Residential

Water
Heating

2009 RASS

Residential

Space
Heating

2009 RASS

2009 RASS;
California
Appliance
Standards

Residential

Air
Conditioning

2009 RASS

2009 RASS;
California
Appliance
Standards; 2013
Navigant EE
Potential Model
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Baseline
Efficiency and
Stock
Characterization
Sources
2009 RASS;
California
Appliance
Standards

New
Technology
Sources

Cost Sources

Calibration
Sources

DOE Residential
Heating
Products Final
Rule Technical
Support
Documents
DOE Life Cycle
Cost
Spreadsheet
DHE
Equipment;
DOE Furnace
and Central Air
Conditioners
and Heat Pump
Life Cycle Cost
and Payback
Period
Spreadsheets
2013 Navigant
EE Potential
Model

DOE Residential
Heating
Products Final
Rule Technical
Support
Documents
DOE Life Cycle
Cost
Spreadsheet
DHE
Equipment;
DOE Furnace
and Central Air
Conditioners
and Heat Pump
Life Cycle Cost
and Payback
Period
Spreadsheets
2013 Navigant
EE Potential
Model

CEC Energy
Demand
Forecast
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Sector

Subsector

Activity
Sources

Residential

Lighting

Calculated
from CEC
Demand
Forecast and
residential
sq. footage
projections

Residential

Misc.

Calculated
from CEC
Energy
Demand
Forecast

Transportati
on

Light Duty
Vehicles

CARB EMFAC

CARB EMFAC;
ARB LDV OffRoad Model

Transportati
on

Passenger
Rail

National
Transit
Database,
Federal
Transit
Administrati
on, 2011

National Transit
Database,
Federal Transit
Administration,
2011
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Baseline
Efficiency and
Stock
Characterization
Sources
2013 California
Building Energy
Efficiency
Standards: Draft
Measure
Information
Template Residential
Lighting; 2010
Lighting Market
Characterization
2009 RASS; DOE
Pool Heater Life
Cycle Cost
Model; DOE
Clothes Washer
Life-Cycle Cost
and Payback
Period Analysis;
Draft DOE Oven
Life Cycle Cost
Spreadsheet;
DOE Dishwasher
Life Cycle Cost
Spreadsheet;
DOE National
Impact Analysis:
Refrigerators
and Freezers;
DOE Clothes
Dryer Lifecycle
Cost Model

New
Technology
Sources

Cost Sources

Calibration
Sources

DOE: Energy
Savings
Potential of
Solid-State
Lighting in
General
Illumination
Applications

DOE: Energy
Savings
Potential of
Solid-State
Lighting in
General
Illumination
Applications

CEC Energy
Demand
Forecast

DOE Pool
Heater Life
Cycle Cost
Model; DOE
Clothes Washer
Life-Cycle Cost
and Payback
Period Analysis;
Draft DOE Oven
Life Cycle Cost
Spreadsheet;
DOE
Dishwasher Life
Cycle Cost
Spreadsheet;
DOE National
Impact
Analysis:
Refrigerators
and Freezers;
DOE Clothes
Dryer Lifecycle
Cost Model
"Transitions to
Alternative
Vehicles and
Fuels", National
Academies
Press, 2013
EIA

DOE Pool
Heater Life
Cycle Cost
Model; DOE
Clothes Washer
Life-Cycle Cost
and Payback
Period Analysis;
Draft DOE Oven
Life Cycle Cost
Spreadsheet;
DOE
Dishwasher Life
Cycle Cost
Spreadsheet;
DOE National
Impact
Analysis:
Refrigerators
and Freezers;
DOE Clothes
Dryer Lifecycle
Cost Model
"Transitions to
Alternative
Vehicles and
Fuels", National
Academies
Press, 2013
APTA U.S.
Average New
Vehicle Costs
for 2010 and
2011 Vehicles
by Type

CEC Energy
Demand
Forecast
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Sector

Subsector

Activity
Sources

Transportati
on

Bus

National
Transit
Database,
Federal
Transit
Administrati
on, 2011

Transportati
on

Commercial
Aviation

Transportati
on

General
Aviation

Transportati
on

Freight Rail

US DOT:
Research
and
Innovative
Technology
Administrati
on; Bureau
of
Transportati
on Statistics
2010
General
Aviation
Statistical
Databook
and Industry
Outlook
CARB Vision
Off-Road
Model

Transportati
on

Ocean Going
Vessels

Transportati
on

Heavy Duty
Trucking

Baseline
Efficiency and
Stock
Characterization
Sources
National Transit
Database,
Federal Transit
Administration,
2011; AQMD
Emissions
Factors; 2013
APTA Vehicle
Database
US DOT:
Research and
Innovative
Technology
Administration;
Bureau of
Transportation
Statistics

New
Technology
Sources
Department of
Transportation
Fuel Cell Bus
Life Cycle
Model: Base
Case and
Future Scenario
Analysis
US DOT:
Research and
Innovative
Technology
Administration;
Bureau of
Transportation
Statistics

Department of
Transportation
Fuel Cell Bus
Life Cycle
Model: Base
Case and
Future Scenario
Analysis
EIA Annual
Energy Outlook
2013: Air Travel
Energy Use

2010 General
Aviation
Statistical
Databook and
Industry Outlook

Calibration
Sources

CARB
Emissions
Inventory

CARB
Emissions
Inventory

CARB Vision OffRoad Model

CARB Vision
Off-Road
Model

CARB Vision
Off-Road
Model

CARB Vision OffRoad Model

CARB Vision
Off-Road
Model

CARB EMFAC

CARB EMFAC

Assessment of
Fuel Economy
Technologies
for Mediumand HeavyDuty Vehicles;
2012 MODEL
YEAR
ALTERNATIVE
FUEL VEHICLE
(AFV) GUIDE
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Cost Sources

Assessment of
Fuel Economy
Technologies
for Mediumand Heavy-Duty
Vehicles
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AQD
Emissions
Inventories
; CARB
Emissions
Inventory
AQD
Emissions
Inventories
; CARB
Emissions
Inventory
AQD
Emissions
Inventories
; CARB
Emissions
Inventory
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Sector

Subsector

Activity
Sources

Transportati
on

Commercial
Harbor Craft

CARB Vision
Off-Road
Model

Transportati
on

Off-Road

2011 CARB
Off-Road
Diesel
Emissions
Inventory
Model

2011 CARB OffRoad Diesel
Emissions
Inventory Model

Agriculture

Other

CEC Demand
Forecasts;
EIA Diesel
Farm Fuel
Sales

N/A

N/A

N/A

Oil & Gas
Extraction

Other

CEC Demand
Forecasts;
CARB
Gasoline
Sales
Estimates

N/A

N/A

N/A

Petroleum
Refining

Other

CEC Demand
Forecasts

N/A

N/A

N/A

Transportati
on,
Communica
tion, and
Utilities

Other

CEC Demand
Forecasts

N/A

N/A

N/A
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Baseline
Efficiency and
Stock
Characterization
Sources
CARB Vision OffRoad Model;

New
Technology
Sources

Cost Sources

CARB Vision
Off-Road
Model

Calibration
Sources

AQD
Emissions
Inventories
; CARB
Emissions
Inventory
EMISSIONS
INVENTORY
DEVELOPM
ENT FOR
IN-USE
OFF-ROAD
EQUIPMEN
T
CEC
Demand
Forecast
(Gas and
Electricity);
AQD
Emissions
Inventories
CEC
Demand
Forecast
(Gas and
Electricity);
AQD
Emissions
Inventories
CEC
Demand
Forecast
(Gas and
Electricity);
AQD
Emissions
Inventories
CEC
Demand
Forecast
(Electricity)
; AQD
Emissions
Inventories

Stock Characterization and Demand Projection References

Sector

Subsector

Industrial

Unspecified
(by industry)

Commercial

Lighting

Commercial

All other
Sectors

Activity
Sources

Baseline
Efficiency and
Stock
Characterization
Sources
N/A

New
Technology
Sources

Cost Sources

Calibration
Sources

N/A

N/A

CEC Demand
Forecasts

2010 Lighting
Market
Characterization

CEC Demand
Forecasts;
California
Commercial
End-Use
Survey;

2013 Navigant EE
Potential Model

DOE: Energy
Savings
Potential of
Solid-State
Lighting in
General
Illumination
Applications
2013 Navigant
EE Potential
Model

DOE: Energy
Savings
Potential of
Solid-State
Lighting in
General
Illumination
Applications
2013 Navigant
EE Potential
Model

CEC
Demand
Forecasts;
AQD
Emissions
Inventories
CEC Energy
Demand
Forecast

© 2014 Energy and Environmental Economics, Inc.

P a g e | 99 |

CEC Energy
Demand
Forecast

Decarbonizing Pipeline Gas to Help Meet California’s 2050 Greenhouse Gas Reduction Goal

6 References
Argonne National Laboratory Natual Gas Vehicles: Status, Barriers, and
Opportunities．Argonne, Illinois，s.n.，2010．
EIAAnnual Energy Outlook 2013: Natural Gas Supply Disposition and Prices．
United States Energy Information Administration．[Online]2013．
http://www.eia.gov/oiaf/aeo/tablebrowser/#release=AEO2013&subject=0AEO2013&table=13-AEO2013&region=0-0&cases=ref2013-d102312a．
Gas Technology Institute Small Scale Liquefier Development．Washington, D.C.，
U.S. Department of Energy: Energy Efficiency and Renewable Energy Technical
Committee，2004．
United States Energy Information AdministrationWashington D.C.，s.n.，2013
．

P a g e | 100 |

Y
7#5#1(ÿW0@A'0A#ÿX

ÿ1
23456ÿ78
6
8 
7668ÿÿ5868
 8
4 8
468
53ÿ24 68ÿ 

V
9
9
9
9
9
9
9

!"# ÿ%&!'(ÿ)* ÿ+#,*ÿ-ÿ.'(/#012 ÿ+#,*ÿ3!!"
ÿ4'&561ÿ708#(9ÿ4!,#/ÿ72'(!88ÿ:4747;ÿ<ÿ=#>?@#/A6B0(6!@

4'&561ÿ708#(9ÿ4!,#/ÿ72'(!88ÿ:4747;ÿ<ÿ=#>?@#/A6B0(6!@
ÿ

C20(ÿ6*ÿ4747Dÿ6*(!/9ÿ0@EÿF01GA/!'@E
.H#/ÿ(2#ÿ50*(ÿE#10E#IÿJ0568!/@60ÿ20*ÿ#KL#/6#@1#Eÿ6@1/#0*#EIÿ6@(#@*#Iÿ0@Eÿ/#1!/E>&/#0G6@Aÿ,65E86/#*ÿ6@ÿ+!/(2#/@
0@Eÿ7!'(2#/@ÿJ0568!/@60MÿN2#*#ÿ86/#*ÿ20H#ÿ/#*'5(#Eÿ6@ÿE#H0*(0(6@Aÿ5!**ÿ!8ÿ568#ÿ0@Eÿ&6556!@*ÿ!8ÿE!550/*ÿ6@ÿE0"0A#ÿ(!
L/!L#/(9ÿ0@Eÿ6@8/0*(/'1('/#Mÿ?5#1(/61ÿ'(656(9ÿ6@8/0*(/'1('/#ÿ20*ÿ26*(!/610559ÿ&##@ÿ/#*L!@*6&5#ÿ8!/ÿ5#**ÿ(20@ÿ(#@
L#/1#@(ÿ!8ÿ/#L!/(#Eÿ,65E86/#*Oÿ2!,#H#/Iÿ86/#*ÿ0((/6&'(#Eÿ(!ÿL!,#/ÿ56@#*ÿ1!"L/6*#ÿ/!'A259ÿ2058ÿ!8ÿ(2#ÿ"!*(
E#*(/'1(6H#ÿ86/#*ÿ6@ÿJ0568!/@60ÿ26*(!/9MÿC6(2ÿ(2#ÿ1!@(6@'6@Aÿ(2/#0(ÿ!8ÿ,65E86/#Iÿ'(656(6#*ÿ"09ÿL/!01(6H#59ÿ1'(ÿL!,#/ÿ(!
#5#1(/6105ÿ56@#*ÿ(20(ÿ"09ÿ8065ÿ6@ÿ1#/(06@ÿ,#0(2#/ÿ1!@E6(6!@*ÿ(!ÿ/#E'1#ÿ(2#ÿ56G#562!!Eÿ(20(ÿ(2#6/ÿ6@8/0*(/'1('/#ÿ1!'5E
10'*#ÿ!/ÿ1!@(/6&'(#ÿ(!ÿ0ÿ,65E86/#MÿN26*ÿ#88!/(ÿ(!ÿ/#E'1#ÿ(2#ÿ/6*Gÿ!8ÿ86/#*ÿ10'*#Eÿ&9ÿ#5#1(/61ÿ6@8/0*(/'1('/#ÿ&9
(#"L!/0/659ÿ('/@6@Aÿ!88ÿL!,#/ÿ(!ÿ*L#16861ÿ0/#0*ÿ6*ÿ1055#Eÿ0ÿ4'&561ÿ708#(9ÿ4!,#/ÿ72'(!88ÿ:4747;Mÿ!,#H#/Iÿ0
4747ÿ10@ÿ5#0H#ÿ1!""'@6(6#*ÿ0@Eÿ#**#@(605ÿ801656(6#*ÿ,6(2!'(ÿL!,#/Iÿ,2612ÿ&/6@A*ÿ6(*ÿ!,@ÿ/6*G*ÿ0@Eÿ20/E*26L*I
L0/(61'50/59ÿ8!/ÿH'5@#/0&5#ÿ1!""'@6(6#*ÿ0@Eÿ6@E6H6E'05*MÿP/!"ÿQRSTÿ(!ÿ(2#ÿ#@Eÿ!8ÿQRSUIÿJ0568!/@60ÿ#KL#/6#@1#E

0123ÿ567888ÿ9 32ÿ123ÿ7888ÿ23ÿ23ÿ ÿ2ÿ322ÿ32ÿ223ÿ02ÿ0 2 ÿÿÿ2
223 0!
"ÿ#8$#7ÿ2ÿ%&%ÿ32 ÿÿ% 03ÿ'ÿ&2ÿ%0 2ÿ20ÿ(5$ÿ ÿ))!#ÿ12ÿ223ÿ2
03ÿ0ÿÿ0 ÿ223ÿ0923ÿÿ0323ÿ0ÿ302ÿ'ÿ2!ÿ*ÿ09ÿ2ÿ223ÿ02ÿ+,-.7
,-.7ÿ%.7ÿ/'237ÿ023ÿ12ÿ ÿ %03ÿ0ÿÿ0 ÿ0923ÿ03ÿ2ÿ32120ÿ0ÿ32ÿ9232ÿ30
9 7ÿ2ÿ2127ÿ ÿ322 ÿ0 0ÿ32ÿ322!
"ÿ#8$67ÿ32ÿ32 ÿÿÿ207ÿ/0ÿ3227ÿ ÿ123ÿ4ÿÿ02ÿ0ÿ2ÿ0ÿ21ÿ9 32
20ÿÿ% 035ÿ03!ÿ"ÿ3202ÿ0ÿ2ÿ#8$6ÿ9 32ÿ ÿ22ÿ0 ÿ0ÿ)8$7ÿ2ÿ%00
3212 ÿ2323ÿ 22ÿ0ÿ2ÿ2223 0ÿ0ÿ09232!
*2ÿ%&%ÿ 02 ÿ2ÿ0ÿ332ÿ2ÿ0ÿÿ 22ÿ0ÿ62ÿ57ÿ#8#8!
"ÿ#8#87ÿ2ÿ223ÿ025ÿÿÿ 2ÿ3010ÿ03ÿ%71"+$)ÿ232!ÿ% 4ÿ232ÿ03ÿ2
25ÿ#8#8ÿÿ03ÿ'ÿ2ÿ0923ÿ0 ÿ!
32ÿ0ÿ030ÿ'0ÿ023ÿ23ÿ322ÿ3020ÿ03ÿ023ÿ0ÿ 22 ÿ32ÿ3ÿ
232 ÿ2ÿ0ÿ22327ÿ ÿ9 327ÿÿ1'2ÿ0ÿÿ%&%ÿ829ÿ00!
ÿ

.100ÿ0ÿ'ÿ2ÿ0923ÿ0 ÿÿ% 03

*2ÿ%&%ÿ02ÿ0ÿ42ÿ0ÿ0ÿ2ÿ2ÿÿ0ÿÿ2129
7ÿ62ÿ$$7ÿ#8#87ÿ2ÿ%&%ÿ 02 ÿ0323ÿ30ÿ0ÿ32232ÿ:303 ÿ+202ÿ ÿ023
32 2ÿ00ÿÿ+20ÿ#88;8$6!
7ÿ:ÿ#7ÿ#8#87ÿ2ÿ%00ÿ 02 ÿ 2 ÿ ÿ 0ÿÿ 22ÿ0ÿ2ÿ9 32
34ÿ ÿ2ÿÿ0ÿ023ÿ92ÿÿÿ0 23ÿ22ÿÿ!ÿ*22ÿ 22ÿ9232
3012 ÿÿ+20ÿ#88585$7ÿ9ÿ0ÿ32 <ÿ37ÿ9ÿÿ2ÿ#ÿ0ÿ224ÿ$$#885!
*2ÿ%&%ÿ022 ÿÿ324ÿ0ÿ2<2ÿ2223 0ÿ0ÿ0923ÿ2ÿ!
7ÿ:ÿ#7ÿ#8#87ÿ2ÿ%&%ÿ22ÿ0ÿ222ÿ ÿ0'030ÿ03ÿÿÿ212!
=ÿ22ÿ2327ÿ 2 ÿ70'23ÿ#8#8!
*2ÿ332ÿÿ 22ÿ+!#88585$ÿ32ÿ2ÿ223ÿ2ÿ0ÿ032ÿ12ÿ ÿ0ÿ42ÿ0
0ÿ2ÿ22 ÿ ÿÿ0ÿ2ÿ32ÿ ÿ=0ÿ822 ÿ3=8ÿ07ÿ ÿ123'2
00ÿ ÿ332ÿ ÿ02ÿ2'2ÿ2 ÿ'22ÿ023!
,01232ÿ%0 2ÿ5)!ÿ22ÿ>2ÿ ÿ0ÿ22 ÿ00?ÿÿ 1 ÿ90ÿ12ÿ2
009ÿ0 09ÿ+21202ÿ03ÿ22ÿ' 27ÿÿ' 27ÿ30ÿ0 07ÿ@327
2 ÿ.ÿ302ÿ03ÿ90ÿ32ÿ0.ÿ247ÿ0 23ÿ 7ÿ 327ÿ202ÿ1ÿ
0 2 ÿ27ÿ02ÿ90ÿ32ÿ09ÿ027ÿ0227ÿ3030ÿ 12 7ÿ ÿ02
90ÿ32ÿ22 2ÿ0ÿ'ÿ37ÿ02ÿ90ÿ32ÿ32!ÿÿ*2ÿ%&%ÿ ÿ2ÿ,0123035ÿ7 2ÿ0
.232ÿ2312ÿ12ÿ 02 ÿÿ20ÿÿ92!
% 4ÿ232ÿ03ÿÿÿ0ÿ3=8ÿ0ÿ2ÿ 22ÿ32ÿ2ÿ223ÿ2ÿ0ÿ42ÿ3ÿÿÿ212!
2ÿ#ÿ 22ÿ32ÿÿ322ÿ%&%ÿ0ÿ32ÿ2ÿ223ÿ02ÿ'20327ÿ3ÿ ÿ23ÿÿ
212!ÿ*22ÿ332ÿ 22ÿ232ÿ2ÿ"7&ÿ22ÿ027ÿ02332 ÿ00ÿ'2032
 ÿ3ÿÿ2127ÿ 2ÿ2ÿÿ0ÿ023ÿ92ÿ223ÿÿ02ÿ22ÿ
2127ÿ ÿ322ÿ0' ÿ9ÿ2 ÿ320ÿA034ÿ,30ÿ ÿ3203!

012ÿ4566278ÿ91 2ÿÿ5272ÿ62ÿ62422ÿÿ7ÿ5ÿ57ÿ 8ÿ9ÿ487ÿ2462ÿ2
7ÿ6ÿÿ ÿ812ÿ9ÿ 28ÿ7ÿ7642!278ÿ"#7ÿ$ "%ÿ4!282ÿÿ954ÿ&268ÿ7ÿ812
' 82ÿ()ÿ954ÿ 28ÿ926ÿ158ÿ#278ÿ$8841!278*ÿ9 68ÿ(ÿ9 68ÿ%ÿ81 8ÿ 2 2ÿ812
266! 742ÿÿ9+, ÿ ÿ7ÿ"+, ÿ567 ÿ812ÿ82ÿ- ÿ()ÿ99ÿ2#278ÿ$ "ÿ26#2ÿ8ÿ&268
7ÿ.572ÿ ÿ8ÿ812ÿ/()0((0(ÿ26#42ÿ8ÿ7ÿ812ÿ&268ÿ ÿ746682ÿ78ÿ812ÿ6246ÿÿ&(10( 0
2ÿ7ÿ282!26ÿ %ÿ
012ÿ82ÿ()ÿ99ÿ#278ÿÿ812ÿ81622ÿ588ÿ4! 72ÿ452ÿ458!26ÿ4757ÿ7 26ÿ7
62582ÿ7ÿ!2ÿ458!26ÿ7457 ÿ!24ÿ 272ÿ458!26ÿ78ÿ27 ÿ782ÿÿ812ÿ99ÿ0122
99ÿ2#278ÿ5662ÿ! 7ÿ9ÿ487ÿ
7ÿ48ÿ(1ÿ()ÿ812ÿ9ÿ12ÿ7ÿ!26274ÿ32287 ÿ8ÿ12 6ÿ6!ÿ8ÿ9 44ÿ+ ÿ7ÿ24864
! 7ÿ$9+, %ÿ242458#2ÿ8ÿ54ÿ62 ÿ812ÿ!852ÿ7ÿ2687 ÿ ÿ2782ÿ7ÿ812
5886ÿ4826ÿ()ÿ99ÿ2#278ÿ7ÿ8ÿ6#2ÿ2 7ÿ2 672ÿ8ÿ27562ÿ812ÿ62ÿ78ÿ622 82ÿ
362ÿ76! 87ÿ58ÿ812ÿ!2287 ÿ7ÿ9ÿ487ÿ7ÿ6272ÿ8ÿÿ81622ÿ4! 726ÿ' 82ÿ- ÿ()
99ÿ#278ÿÿ#2ÿ7ÿ812ÿ74826ÿ()ÿ99ÿ#2787ÿ2 2ÿÿ
ÿÿ
91 2ÿ(ÿ5272ÿ262ÿ6#2ÿ7ÿ3 ÿÿ()ÿ7ÿÿ24787ÿ812ÿ&(10( 02ÿ64227 ÿ8
62 62ÿ6ÿ812ÿ()ÿ62ÿ2 7
012ÿ9ÿ272ÿÿ72ÿ&52! 57 8$&(10( 02%ÿ7ÿ"242!26ÿ(ÿ(1ÿ8ÿ24!72ÿ812ÿ58829
99ÿ642 2ÿ7ÿ64842ÿ7ÿ6272ÿ8ÿÿ27 82ÿ:ÿ)(
&2587ÿ&:01ÿ ÿ82ÿ7ÿ.5ÿ( ÿ(1ÿ8ÿ8627 8127ÿ458!26ÿ78487ÿ62;562!278
262ÿ202726<87ÿ2#278ÿ7ÿ62;562ÿ5882ÿ8ÿ5!8ÿÿ6268ÿ817ÿ(ÿ ÿ826ÿ2 41ÿ20
2726<87ÿ2#278
7ÿ6ÿ()ÿ( ÿ812ÿ9ÿ6#2ÿ8ÿ68ÿ99ÿ5 742ÿ8ÿ5882ÿ7ÿ"247ÿ( 0=0 =ÿ7
6272ÿ8ÿ"+, 6ÿ487ÿ10( 0 (ÿ62;5287 ÿ244ÿ58168ÿ8ÿ158ÿÿ26ÿ ÿÿ620
62#2787ÿ!2 562ÿ 78ÿ2#262ÿ 78ÿ7 ÿ7ÿ7ÿÿ62#2ÿÿ"+, 9ÿ6 48#2ÿ202726<87
!2 562
ÿ

88ÿ! 7ÿ99ÿ98ÿ#278ÿ&268ÿ

012ÿ6268ÿ7ÿ81ÿ2487ÿ62ÿ5!882ÿÿ812ÿ588ÿ4! 72ÿ7ÿ446 742ÿ81ÿ&2587ÿ&:01
6267 ÿ9 6 61ÿ(ÿÿ 67ÿ954ÿ882ÿ!! 7ÿ$9%ÿ"247ÿ$"%ÿ()020= ÿ$91 2ÿ(%ÿ7
6267 ÿ9 6 61ÿ(ÿÿ"247ÿ$"%ÿ0202(ÿ$91 2ÿ%
&268ÿ62ÿ82ÿÿ812ÿ 82ÿÿ812ÿ99ÿ2#278ÿ6ÿ784 82ÿ99ÿ2#278ÿ78ÿ812ÿ 82ÿ812ÿ6268ÿ
5!882
>?@>ÿ?B?BÿCDEEFGHÿIJKLÿMNOPÿQRSDFTRÿUVJLÿPOWÿMNMN
ÿ
MNMOÿ@KXEXKYÿ>DZG[\Yÿ?B?Bÿ?D]Kÿ^_V\KÿCVGDSK]
?`a^
.7ÿ()ÿ (*ÿ99ÿ98ÿ#278ÿ&268
B>^

0123ÿ567589ÿ6 65ÿ ÿÿÿ12
3ÿ567659ÿ6 65ÿ ÿÿÿ12ÿ
0ÿ3ÿ567659ÿ6 65ÿ ÿÿÿ12
ÿ

3ÿ575 9ÿ6 65ÿ ÿÿÿ12
ÿ
!"!"ÿ$%&'&%(ÿ)*+,-.(ÿ//ÿ/*0%ÿ12.%ÿ32,*4%0
!"56ÿ$%&'&%(ÿ)*+,-.(ÿ//ÿ/*0%ÿ12.%ÿ32,*4%0
!"57ÿ$%&'&%(ÿ)*+,-.(ÿ//ÿ/*0%ÿ12.%ÿ32,*4%0
!"58ÿ$%&'&%(ÿ)*+,-.(ÿ//ÿ/*0%ÿ12.%ÿ32,*4%0

9:ÿ;1<ÿÿ=:1>ÿ29<ÿ?29@ÿA72@9B9
ÿ?2ÿCÿ<?9<9ÿ29<ÿD9::ÿ2<9ÿ9CC29@ÿ::ÿCÿ29<ÿD>ÿ>92ÿ1292ÿ:ÿ1D23
E?9<9ÿ29<ÿ1292ÿ2ÿ2F?92ÿ?2ÿA<99ÿ5 7576 ÿÿ91:ÿ12@2ÿÿ?<
>92ÿ<?2ÿÿ>ÿ9CC2ÿG1ÿCÿH<Iÿ?1ÿ1D2ÿ?11:9ÿÿ>DÿÿH9ÿ>3

J9::ÿGÿ:1>ÿD2Iÿ9ÿÿ72@9B9ÿKÿ;ÿ13

J92:9ÿ<?2ÿD>ÿ?H<29HÿÿL= ÿM1:9ÿ:ÿ:1>ÿ29<Nÿ9<ÿ29<ÿ?9@ÿ<112ÿ:9
@2::Gÿ>ÿ29<ÿ?29@ÿÿ1D2ÿ?@3ÿ=>9ÿ9ÿH<?ÿ>ÿ<2:ÿCC9<ÿ>ÿ2ÿ>ÿ29<
ÿH<I?1ÿ1D29ÿD>9<>ÿ129ÿ>ÿ:<29<9Gÿ<2Gÿÿ12ÿÿD92ÿ:1>ÿ?29@ÿÿ1D2
?@3
=>ÿE OEÿÿÿ>ÿ2?:ÿ9@ÿH<I?1ÿ1D2ÿC2ÿ>9ÿ29<9ÿ>D2ÿÿ<2:
CC9<ÿÿ>ÿÿ99ÿH<I?1ÿ1D23
E2:ÿ1>ÿ2F?92ÿ>ÿÿ?2ÿÿ99ÿ>ÿH29ÿ9ÿ>ÿ9<9ÿÿ>ÿ>ÿ>
129ÿCÿ>ÿ:1>ÿ29<ÿ<ÿ12ÿ9ÿÿ1D2ÿ?@3
ÿ
P2ÿQ;ÿ<?29ÿ29<ÿ?29@ÿÿ1D2ÿ?@ÿ1ÿÿ>ÿ?2:G9@ÿC<9:9Gÿ?ÿHGÿ>
12923ÿÿQ;ÿ1292ÿD9::ÿ99ÿ:9ÿ1D2ÿMÿ29ÿCÿA RNÿ?29@ÿÿ?@9ÿ
>2ÿ2:GÿÿD2Iÿ1D2ÿD>9<>ÿGÿ2ÿGÿÿHÿ123
EH:ÿ?H<29H2ÿD9>ÿ9<ÿ29<ÿGÿ2ÿGÿÿ>ÿ29<ÿ9ÿÿ1D2ÿ?@3
=>ÿE OEÿÿÿ>ÿ2?:ÿ9@ÿH<I?1ÿ1D2ÿC2ÿ>9ÿG1ÿCÿ29<3
ÿ
J92:ÿM<::?:2Nÿ<?2ÿGÿ2ÿGÿÿ>ÿ9<ÿ29<ÿ9ÿÿ1D2ÿ?@9ÿ19@ÿÿ>
H<I?1ÿ1D2ÿ9::ÿÿ<::ÿ93
=>ÿE OEÿÿÿ>ÿ2?:ÿ9@ÿH<I?1ÿ1D2ÿC2ÿ>9ÿG1ÿCÿ29<3
ÿ
;ÿ9ÿ>ÿ219H9:9GÿCÿ>ÿ<?2ÿÿH9ÿ>ÿ2F?92ÿH<I?1ÿ1D2ÿ9ÿ>ÿ29<ÿÿ>
D2I9@ÿ:1>ÿ29<ÿ?29@ÿÿ?@ÿ3ÿ=>9ÿ9@>ÿ9<:?ÿH29ÿC2ÿ<2:ÿ1>9
2?29ÿJ;P;9ÿC9H2ÿ299ÿ9<9ÿÿ>2ÿ<?2ÿ129ÿF?913

!1 ÿÿ1 43314ÿ813 8ÿÿ1ÿ813 ÿ 83ÿ1 ÿ1
"ÿ 83ÿ813 8ÿÿ3ÿ 354 ÿÿ98838ÿ17ÿ0ÿ# 18ÿ$9%0#&ÿ ÿ1778ÿ3ÿ 83ÿ1ÿ
8 3 43ÿ 1 8ÿ34ÿ3ÿ88318'ÿ4 8ÿ! 3314ÿ()*()*+,-ÿ.3ÿ34 ÿ"./.ÿ91413ÿ081438
4ÿ(,ÿ ÿ88ÿ8838 ÿ31ÿÿ3ÿ17ÿÿ ÿ9%0# ÿ4ÿÿ ÿ17ÿ 38ÿ 83ÿ883183 ÿÿ
%4 ÿ82 38ÿ 4ÿ17ÿ3ÿ 83ÿ3ÿ718ÿ9%0# ÿ1ÿ813 ÿ78 ÿ ÿ1ÿ3*(*(
. ÿ949ÿ1 ÿ41ÿÿ8 ÿ718ÿ 83ÿ813 8ÿ1ÿ2 ÿ14 ÿ 83ÿ1 8314ÿ 8345ÿ
44 ÿ11 8ÿ1 5
ÿ
7ÿ'1 ÿÿÿ1 34ÿ1 ÿ'1 8ÿ14 ÿ 83ÿ738ÿÿ'1 8ÿ 83ÿ813 8ÿ7ÿ 'ÿ145ÿ736ÿ3
 4ÿ ÿÿ ÿ9495ÿ914 8ÿ"7738ÿ784ÿÿ$-++&ÿ893*:;:+ÿ1ÿ  3ÿ4ÿ34718 ÿ1 34

ÿ
. ÿ9495ÿ< 4 8ÿ%8 8ÿ(8-ÿ# ÿ,ÿ82 38 ÿ1 43314ÿ813 8ÿ11ÿ1778ÿ4* 8ÿ ÿ1ÿ
 3ÿ13 ÿ14 ÿ4 1182ÿ1ÿ813 ÿ ÿ1ÿ3*(*(ÿ 85 4'ÿ 83 ÿ1ÿÿ8 3 43ÿ 1 8
4ÿ138 ÿ 3 ÿ# ÿ,ÿ1 ÿ41ÿ82 38ÿ8838ÿ1ÿ813 ÿ ÿ1ÿ3*(*(ÿ 8345ÿÿ11 8ÿ1 5 ÿ18ÿ *
4 853=314ÿ4
949ÿ# 1314ÿ>#7*-ÿ82 38 ÿ83ÿ333 ÿ1ÿ 2ÿÿ83ÿ ÿ1ÿ4137'ÿ4ÿ11834ÿ13
ÿ143'ÿ77ÿ1 43314ÿ 83ÿ813 8ÿ 718ÿ4ÿ78ÿÿ *4 853=314ÿ4
?ÿ(8ÿ)+)+@ÿ949ÿ# 2 38 ÿ38 ÿ91 43 ÿ1ÿ7 8ÿ 8ÿ9 1 8ÿ34ÿ> 85 43 ÿ$949
8 ÿ#  &
ÿ

18ÿ4718 314

018ÿ3314ÿ34718 314ÿ34345ÿ33'ÿ1 4'ÿ8158 ÿ# 18ÿ51ÿ1ÿ ÿ1 4'ÿ1 3
ÿ

914

914ÿ ÿ9495ÿ 3ÿ"3185ÿ%773ÿÿ 3318A 51ÿ18ÿ4ÿ 3ÿÿ949ÿ 3
"3185ÿ%773ÿ;+;ÿ4ÿB ÿ" ÿ4ÿ08431ÿ9"ÿ39(+)ÿ37ÿ'1 ÿÿ2 314ÿ18ÿ11 ÿ32ÿ1ÿ1 4
ÿ

0112345ÿ718ÿ914

8ÿ4718 314

4718 314ÿ14ÿ1 8ÿ8158 ÿ1 34ÿ81 ÿ81 8 ÿ4ÿ 18
33ÿ ÿ914 8ÿ4718 314ÿ 3

 345ÿ14ÿÿ
 ÿ33ÿ1 8ÿ4ÿ48ÿ718ÿ1 345ÿ 345

0123ÿ567ÿ56589ÿ ÿ2ÿ22ÿ21ÿÿÿ21ÿ1!ÿ"ÿ21
2#!ÿÿÿÿ$ $ÿ2%2!
&!ÿ02'
0%!
2!
&!23ÿ5(7ÿ56589ÿ)ÿ ÿ5656ÿ$ $ÿ21
&!ÿ02'
0%!
!*"21ÿ2!
ÿ2!
$+ÿ2!
&!23ÿ5,7ÿ56589ÿ&%ÿÿ"2ÿ-ÿ0!'ÿ-.
&!ÿ02'
0%!
*'!ÿ2!
&!23ÿ87ÿ56589ÿ$ ÿ5656ÿ$ $ÿ22*ÿ0*ÿ !ÿ&%
&!ÿ02'
0%!
$ ÿ2!
#*!ÿ-*2%
)!3ÿ5,7ÿ56589ÿ$ ÿ&%ÿÿ/*.ÿ"ÿ5656ÿ$ $ÿÿ
&!ÿ02'
$ ÿ2!
0%!
#*!ÿ-*2%
)!3ÿ8(7ÿ56589ÿ.#*ÿ&%
)!3ÿ8(7ÿ56589ÿ2ÿ0!122ÿ32ÿÿ$ 
)!3ÿ557ÿ56589ÿ$ 2ÿ-1'ÿ32
4#3ÿ857ÿ56589ÿ$ 2ÿ22*ÿ0*ÿ !
0.%3ÿ857ÿ56569ÿÿ$ $ÿ.#*ÿ02"%
0.%3ÿ887ÿ56569ÿ$ ÿ$ $ÿ.#*ÿ02"%
0.%3ÿ867ÿ56569ÿ$+ÿ$ $ÿ.#*ÿ02"%

$ $ÿ67ÿÿ1!

).3ÿ587ÿ56589ÿ ÿ/*.ÿ+2*2ÿ2ÿÿÿÿ2ÿ22
).3ÿ597ÿ56589ÿ ÿ.ÿ0!ÿ.ÿ!ÿ-.ÿÿ.!ÿ12ÿÿ'
/*.ÿ"ÿ.#*ÿ$!"'ÿ72ÿ$.""
4#3ÿ857ÿ56589ÿ$ 2ÿ22*ÿ0*ÿ !
4#3ÿ8(7ÿ56589ÿ ÿ21ÿ0!ÿ.ÿ"2ÿÿÿ&:ÿÿ1!*ÿ"ÿ.#*ÿ$!"'
72ÿ$.""
)!3ÿ557ÿ56589ÿ$ ÿ-1'ÿ32ÿÿ2ÿ0!12
)!3ÿ8(7ÿ56589ÿ ÿÿ;ÿ&%ÿÿ)!3ÿ5,ÿÿ;!2ÿ42ÿ$ ÿ0#.ÿ/*.ÿ"ÿ-*ÿ$ $

)!3ÿ8(7ÿ56589ÿ ÿ2ÿ&!2'#ÿ0!12ÿ2ÿÿ$ ÿ29ÿ5656ÿ$ $ÿ
)!3ÿ897ÿ56589ÿ ÿ01ÿ$2!%ÿÿ;1ÿ4!*!ÿ2*!:!ÿ"ÿ&*2%2ÿ$!7
$13ÿ87ÿ56569ÿÿ-1ÿ32ÿ011/ÿ<ÿ.'ÿ-.2*ÿ2ÿ!ÿ$.11!
"2!

01234ÿ67ÿ8989ÿ ÿ121ÿ1331
01234ÿ67ÿ8989ÿ0ÿ121ÿ1331
01234ÿ67ÿ8989ÿ0 ÿ121ÿ1331
4ÿ87ÿ8989ÿ113ÿ31ÿ!!"#$2ÿ1331ÿ3ÿ 7ÿ07ÿÿ0 ÿÿ$3!3%ÿ0 0ÿ&!'
1(
24ÿ)97ÿ8989ÿ0ÿ1*1ÿÿ'2%ÿ(ÿ3ÿ&!'ÿ123ÿÿ3+1ÿ31ÿ89,-ÿ0 0ÿ*13ÿ3ÿ3+1ÿ1*'1ÿ!3ÿ(
.4,-#,,#9,)
/*4ÿ,7ÿ89,-ÿ01ÿ31'3ÿÿ1'1ÿ(ÿ1!(1ÿ2'30

$3!3%ÿ02%ÿ0 0ÿ0

ÿÿ1!3ÿ(ÿ1!3ÿ0#67ÿ3+1ÿ1!1'3'ÿ3!31ÿ1*1!21ÿ1#1133ÿ207ÿ1(11ÿ3ÿ
4&!'ÿ0(13%ÿ"1ÿ0+3((4ÿ50 06ÿÿÿ21*133*1ÿ011ÿ(ÿ!3ÿ13ÿ(ÿ3+1ÿ3!3%ÿ1&!%ÿ&1!1*1
3+3ÿ3+11ÿÿÿ0013ÿÿ('3ÿ7ÿ3+3ÿ3ÿ"ÿ0%ÿ322!1ÿ2"1ÿ!1ÿÿ'1ÿ0
*1133#1!31ÿ1ÿ!1ÿ3ÿ'11ÿ7ÿ(ÿ(14ÿ8+1ÿ20ÿ3!1ÿ'31ÿ3+1ÿ3!3%ÿ!%31ÿ"+1
'1ÿ+33ÿ((ÿ2"1ÿ3ÿ1ÿ(ÿ01ÿ1!1'3'ÿ3&3ÿÿ30ÿ!17ÿÿ23'!ÿ(ÿ"+1
ÿ+"ÿ'301ÿ1ÿ3(14ÿ.(03ÿ&3ÿ3+1ÿ3!319ÿ0 0ÿ20ÿ'ÿ&1ÿ(ÿÿ3+1ÿ!7ÿ&1!"4
$1ÿ1'+ÿ3!3%ÿ0 0ÿ20ÿ!7ÿ&1!"7ÿ'!'7ÿ3ÿ1ÿ3+1ÿ3!3%9ÿ1ÿ123ÿ1'&ÿ3
02!10133ÿ(ÿ3+1ÿ0 0ÿ1!1ÿ3+3ÿ"11ÿ231ÿÿ1'ÿ546ÿ,-#9:#9;87ÿ221<ÿ4

'('ÿÿÿ!1'3'ÿ02%ÿ5 6
ÿ0 0ÿ0

03+1ÿ!(ÿÿ506
0ÿ0 0ÿ0

0ÿ1ÿÿÿ!1'3'ÿ50 6
0 ÿ0 0ÿ0

'(2
'(2ÿ0 0ÿ0

&13%ÿ$3!31ÿ5!1'ÿ!1'3'6ÿ5&13%6
&13%ÿ0 0ÿ0

0123ÿ526617ÿ861939ÿ1391ÿ058 
058 ÿ  ÿ332

  ÿ1391
1ÿ13ÿÿ01ÿ31231
21ÿÿ2632ÿ 631ÿ11ÿ1391
 !ÿ"#8ÿ$ÿ127ÿ3ÿ 631
26ÿ%8 ÿ$ÿ&133'ÿ%91ÿÿ813197ÿ1391
#ÿÿ1ÿ16$&1132ÿ#91 1ÿ332
  ÿ"31(167ÿ)1ÿ*1

ÿ

029)ÿÿ
991+67
 ÿÿ,1
29
-+
86711
3297ÿ697
12
+69ÿ921ÿ%91
73ÿ.ÿ/0/1ÿ 21ÿÿ2632

ÿ

ÿ
ÿ
ÿ
VWXWYZ[\ÿ^_ÿ̀aaWbÿ

cWbZdXÿeZXWf[dXÿ
gWhiaj[dXkÿgWaj[Zdblÿ

mmÿnWjaWÿc[XWW[oÿgddpÿqrstÿÿÿ
cjbÿuXjbfZlfdoÿv`ÿÿwstxyÿ
ÿ
z{|}|~ÿ ÿ
jfZZfÿjlÿjbYÿ^aWf[XZfÿvdpjbkÿ
__ÿndÿmmxxxxÿ
VjZaÿvdYWÿnqr`ÿ
cjbÿuXjbfZlfdoÿv`ÿÿwstmmÿ
ÿ
Wa_ÿstywmrqÿ
VWXWYZ[\_`aaWbhW_fdpÿ

ÿ
ÿ
12345647ÿ89ÿ ÿ ÿ
ÿ
34ÿ42ÿ
4ÿ434ÿ74279ÿ!4ÿ"ÿ!27454ÿÿ
#!27ÿ$6ÿ%4ÿ#2552ÿ ÿ
&&ÿ'ÿ14ÿ(344ÿ ÿ
ÿ)729ÿ#(9ÿ* ÿ
ÿ
ÿ
47ÿ+ÿ42,ÿ
ÿ
-ÿ-2647ÿ&9ÿ 9ÿ$./ÿ654"ÿÿ254ÿ7427ÿ!27ÿ4ÿ7234ÿ"4044712ÿ
434ÿÿ2ÿ4"ÿ2ÿ-2647ÿ9ÿ ÿ"ÿ!ÿ74274"ÿ2ÿ-2647ÿ 9ÿ +ÿÿ$./ÿ
654"ÿÿ7427ÿÿ74374"ÿ6ÿ4422ÿ 4508ÿ"ÿÿ27"4ÿ2ÿ-7"471ÿ
$717ÿÿ2!ÿ#!27ÿ$6ÿ%4ÿ#2552ÿ6#25527ÿ42ÿ6+7ÿ 0&0*+ÿ
ÿ
82"9ÿ$./ÿÿ651ÿÿ54"54ÿ2ÿÿ7427+ÿÿ$./9ÿ54"54ÿ"4ÿ4ÿ
"4ÿ2!ÿ"514ÿ!2"9ÿ4ÿÿ2!ÿ7ÿÿ2474ÿ"4044714"9ÿ"ÿ5647ÿ2!ÿ54"ÿ
2547+ÿÿ%"4ÿ74ÿ723"4"ÿÿ74"4+ÿÿ8ÿ7427ÿÿ644ÿ347!4"ÿ6ÿÿ$./ÿ2!!47ÿÿ
:;;<=>:?;@ÿBCDEÿFGH@ÿIJIIÿ<KÿDE@ÿL<MMCNNC<?9NÿFGH@Nÿ<KÿO=:;DC;@ÿ:?>ÿO=<;@>G=@Jÿÿ
ÿ
P!ÿ2ÿ34ÿÿ3429ÿ44ÿ"2ÿ2ÿ44ÿ2ÿ+ÿ
ÿ
4749ÿ
ÿ
474"ÿ+ÿ(4ÿ
427ÿ7427ÿQÿ44127ÿ442ÿ
ÿ
274ÿ
ÿ
,ÿR44ÿ$5479ÿÿ
ÿÿÿÿÿÿ(2ÿ129ÿÿ
ÿÿÿÿÿÿ#724ÿ847S479ÿÿ
ÿÿÿÿÿÿÿ529ÿÿ
ÿÿÿÿÿÿ 45T#254)1U++123ÿÿ
ÿÿÿÿÿÿ47132#47)4U++123ÿ

2345646ÿ89 4ÿ8 ÿÿ8ÿ ÿ88ÿÿÿÿ8ÿ
 ÿ!"#$%ÿ$&#!ÿ6"4'()'ÿ4*'ÿ
4+ *ÿ ,,ÿ
-./ÿ1/234535678ÿ96:1;6</4ÿ=;ÿ5./ÿ>345ÿ59=ÿ?/3<4ÿ.32/ÿ@31/ÿ65ÿ=2/<9./:@678:?ÿA:/3<ÿ5.35ÿ
@=</ÿ@B45ÿC/ÿ1=7/Dÿ371ÿ965.ÿ8</35/<ÿB<8/7A?Dÿ5=ÿ313>5ÿ5=ÿ371ÿ311</44ÿ5./ÿ8<=9678ÿ
5.</35ÿ=;ÿ96:1;6</4ÿ371ÿ/E5</@/ÿ9/35./<ÿ;3A678ÿ=B<ÿ4535/Fÿ
G4ÿ8B45?ÿ96714ÿ371ÿ1<?ÿA=71656=74ÿ67A</34/ÿ5./ÿ<64Hÿ=;ÿ13@38/ÿ5=ÿ5./ÿ/:/A5<6Aÿ
67;<345<BA5B</ÿ371ÿ5./ÿ>=5/7563:ÿ;=<ÿ<3>61ÿ;6</ÿ4></31Dÿ65ÿ96::ÿC/ÿ7/A/443<?ÿ;=<ÿI3A6;6AÿJ34ÿ
371ÿK:/A5<6AÿL=@>37?ÿMIJNKÿ=<ÿ5./ÿL=@>37?Oÿ5=ÿ5B<7ÿ=;;ÿ/:/A5<6A65?ÿ67ÿA/<5367ÿ3</34ÿ67ÿ
5./ÿ675/</45ÿ=;ÿ>BC:6Aÿ43;/5?Fÿ
IJNKÿH7=94ÿ.=9ÿ@BA.ÿ=B<ÿAB45=@/<4ÿ</:?ÿ=7ÿ/:/A5<6Aÿ4/<26A/Dÿ371ÿ5./ÿ6@>3A54ÿ5.35ÿ
5./4/ÿ4.B5=;;ÿ/2/754ÿA37ÿ.32/ÿ=7ÿ5./@Dÿ5./6<ÿ;3@6:6/4DÿCB467/44/4ÿ371ÿA=@@B7656/4Fÿÿ
IJNKÿA=7461/<4ÿ5/@>=<3<6:?ÿ5B<7678ÿ=;;ÿ>=9/<DÿC34/1ÿ=7ÿ9/35./<ÿ371ÿ;6</P<64Hÿ
A=71656=74Dÿ=7:?ÿ67ÿ5./ÿ675/</45ÿ=;ÿ43;/5?ÿ5=ÿ</1BA/ÿ5./ÿ<64Hÿ=;ÿ96:1;6</Fÿ
Q7ÿRB713?DÿQA5=C/<ÿSDÿTUVWÿ35ÿVXUUDÿIJNKÿ3A56235/1ÿ654ÿK@/<8/7A?ÿQ>/<356=74ÿL/75/<ÿ
MKQLOÿ67ÿ3756A6>356=7ÿ=;ÿ3ÿIRIRÿ/2/75ÿ6@>3A5678ÿ@B:56>:/ÿY6</ÿZ71/EÿG</34ÿMYZGOFÿÿ-.64ÿ
>3<56AB:3<ÿIBC:6AÿR3;/5?ÿI=9/<ÿR.B5=;;ÿMIRIROÿ/2/75ÿC/A3@/ÿ5./ÿ:3<8/45ÿ5=ÿ135/Dÿ
6@>3A5678ÿ[TXDWXUÿ[\TD\]XÿAB45=@/<4ÿ67ÿ\^ÿA=B756/4ÿ3A<=44ÿ5./ÿR3A<3@/75=ÿ_3::/?Dÿ
R6/<<3ÿY==5.6::4Dÿ̀=<5.ÿa3?DÿR=B5.ÿa3?DÿK345ÿa3?DÿL/75<3:ÿL=345Dÿ371ÿ>3<54ÿ=;ÿR=B5./<7ÿ
L3:6;=<763Fÿ
a/59//7ÿQA5=C/<ÿSÿ371ÿQA5=C/<ÿVTDÿTUVWDÿIJNKÿ</4>=71/1ÿ5=ÿ3ÿ;=</A345/1ÿ=;;4.=</ÿ
9671ÿ9/35./<ÿ/2/75ÿC?ÿ><=3A562/:?ÿ5B<7678ÿ=;;ÿ>=9/<ÿ67ÿ@B:56>:/ÿ>.34/4Dÿ67ÿ37ÿ/;;=<5ÿ5=ÿ
</1BA/ÿ5./ÿ<64Hÿ=;ÿ96:1;6</ÿ687656=7Fÿ
G4ÿIJNKÿ></>3</1ÿ5=ÿ53H/ÿ5./4/ÿ45/>4ÿ;=<ÿ>BC:6Aÿ43;/5?Dÿ65ÿ;=::=9/1ÿ/453C:64./1ÿ><=5=A=:4ÿ
371ÿA=@@B76A35/1ÿ5=ÿAB45=@/<4ÿ16</A5:?Dÿ><=261678ÿ31237A/1ÿ7=56;6A356=7ÿ9./7ÿ371ÿ
9./</ÿ>=446C:/ÿ263ÿ3B5=@35/1ÿA3::4Dÿ5/E54Dÿ/P@36:4ÿ371ÿ=7:67/ÿ7=56A/4Fÿÿb/16A3:ÿC34/:67/ÿ
AB45=@/<4ÿ3:4=ÿ</A/62/1ÿ</>/35ÿ3B5=@35/1ÿA3::4ÿ371ÿ5/E54ÿ35ÿ.=B<:?ÿ675/<23:4ÿB756:ÿ5./?ÿ
A=7;6<@/1ÿ</A/6>5ÿ=;ÿ7=56;6A356=74FÿÿIJNKÿH7=AH/1ÿ=7ÿ5./ÿ1==<4ÿ=;ÿ@/16A3:ÿC34/:67/ÿ
AB45=@/<4ÿ9.=ÿ161ÿ7=5ÿA=7;6<@ÿ</A/6>5ÿ=;ÿ5./4/ÿ7=56;6A356=74ÿ371ÿ9/</ÿ7=5ÿ=5./<964/ÿ
</3A./1FÿÿIJNKÿ</></4/753562/4ÿ9.=ÿ26465/1ÿ@/16A3:ÿC34/:67/ÿAB45=@/<4ÿ3:4=ÿ:/;5ÿ3ÿ1==<ÿ
.378/<ÿ965.ÿ67;=<@356=7ÿ6;ÿ5./ÿAB45=@/<4ÿ9/</ÿ7=5ÿ.=@/ÿ35ÿ5./ÿ56@/ÿ=;ÿ26465Fÿ
-.<=B8.=B5ÿ5./ÿIRIRÿ/2/75DÿIJNKÿA=@@B76A35/1ÿA=7567B=B4:?ÿ965.ÿ4535/ÿ371ÿ:=A3:ÿ
=;;6A63:4ÿ371ÿ><=3A562/:?ÿ/7838/1ÿ5./ÿ@/163ÿ263ÿ7/94ÿC<6/;6784Dÿ7/94ÿ</:/34/4Dÿ675/<26/94ÿ
371ÿ4=A63:ÿ@/163ÿB>135/4Fÿÿ-.64ÿ67A:B1/1ÿ4.3<678ÿ67;=<@356=7ÿ67ÿ5./ÿ23<6=B4ÿ</cB6</1ÿ
:378B38/4Fÿ
-./ÿ1/A646=7ÿ5=ÿ1/P/7/<86d/ÿ934ÿ@31/ÿC?ÿ3ÿ1/468735/1ÿQ;;6A/<P67PL.3<8/ÿMQZLOÿ35ÿ
efghijÿhlmnÿopqrpÿosjÿjtsuuvwÿxyÿefghijÿvzvrt{qrÿ|}v{stq|~jnÿvtv|{|z|ynÿrjt|v{ÿ
A3</Dÿ>BC:6Aÿ67;=<@356=7ÿ371ÿ8=2/<7@/75ÿ:6364=7ÿ;B7A56=74Dÿ34ÿ9/::ÿ34ÿ=5./<ÿ;B7A56=74Fÿ
-./ÿ;6<45ÿ>.34/ÿ=;ÿ4.B5=;;4ÿ6@>3A5/1ÿAB45=@/<4ÿ4.=<5:?ÿ3;5/<ÿ@61768.5ÿ=7ÿQA5=C/<ÿWÿ67ÿ
>=<56=74ÿ=;ÿ5./ÿ;=::=9678ÿA=B756/4ÿÿG@31=<DÿaB55/DÿL3:32/<34DÿL=:B43DÿL=75<3ÿL=453Dÿ
0ÿ
ÿ

23ÿ567896ÿ3 ÿ639ÿ8 ÿ87 ÿ 966ÿ88ÿ 898ÿ387ÿ38ÿ
88ÿ778ÿ6ÿ638 6ÿ6 68ÿ 88ÿ7ÿ!636ÿ8 9ÿ!8ÿ6 "ÿ
 ÿ6 9ÿ8 9ÿ79ÿ8ÿ6#ÿ ÿÿ ÿ$8 ÿ387ÿ ÿ8 ÿ98ÿ% 9 98ÿ
&67ÿ'ÿ8ÿ876(83ÿ)*++ÿ8 9ÿ,,++ÿ73ÿ8$ÿ676 ÿ6#ÿ ÿ
#6336-$ÿ6 .ÿÿ/38 98ÿ/3 ÿ083878ÿ06 78ÿ068ÿ8768ÿ 966ÿ
 79ÿ8 ÿ1682 ÿ8 ÿ86ÿ8 8ÿ03878ÿ8 8ÿ073ÿ8 38ÿ8 9ÿ63 "ÿ
 ÿ38ÿ8ÿ-8ÿ(9ÿ8ÿ876(83ÿ+'*4ÿ6 ÿ798ÿ&67ÿ)+ÿ#67ÿ
676 ÿ6#ÿ5 7ÿ06 "ÿ
678ÿ:7;<=>=?@ÿ
ABCDÿFGGHIJKFLIMÿLNIÿOIIPQFJRÿSIÿNFTIÿHIJIKTIPÿOHUVÿLNIÿBUTIHWUHXMÿUOOKJIYÿMLFLIÿ
8$ ÿ67ÿ6 7ÿ8 9ÿ67ÿ6 ÿÿ ÿ38ÿÿ "ÿÿ Z2ÿ8ÿ
8 ÿ6ÿ72 ÿ8 9ÿ$$6 ÿ763ÿ8 9ÿÿ-67$ÿ6ÿ3 ÿ8 ÿ6#ÿ
 ÿ#67ÿÿ8 9ÿ#7ÿÿ "ÿÿ%3ÿ Z2ÿ76$ 3ÿ8ÿ ÿ6ÿ6#ÿ ÿ
&67ÿ'ÿ ÿÿ 883ÿÿ ÿ36 $ÿ7 ÿÿ-8ÿ ÿ7$ÿ96 ÿ$ ÿ ÿ
387$[83ÿ- 8 7ÿ ÿ8 9ÿÿ ÿ988$ÿLUÿABCDXMÿI\IJLHKJÿM]MLIVÿ8ÿ #6399ÿ
876ÿ67ÿ7ÿ878"ÿÿ Z2ÿ878ÿÿ6##7ÿ6#ÿ6 $6$ÿ88 ÿ#76ÿ8ÿ
8$ ÿ8 9ÿ-33ÿ6  ÿ6ÿ-67ÿ363ÿ-ÿ ÿ77 8ÿ#76ÿ ÿ083#678ÿ
^IGFHLVIWLÿUOÿ_UHIMLH]ÿFWPÿ_KHIÿAHULIJLKUWÿ̀abcÿ_deDfYÿgNIÿBUTIHWUHÿUOÿaF\KOUHWKFXMÿ
&##ÿ6#ÿ2 7$ ÿ7ÿh083ÿ&2iÿ8 9ÿ ÿ083#678ÿ3ÿj3ÿ066 ÿ
h0j0ÿ67ÿ066 iÿ8ÿ- 7ÿ999ÿÿ67ÿ2&0ÿ97$ÿÿ ÿ6786 83ÿ
769"ÿ
 Z2ÿÿ8 6-39$ÿ#833$ÿ67ÿÿ783ÿ878ÿ6#ÿ(6 ÿ-ÿÿ-ÿ Z2ÿÿ
69ÿ6ÿ36$ÿ9 #9ÿ$8ÿ23"ÿÿk7ÿ8 9ÿ#676ÿ Z2ÿ8ÿ7#679ÿ
ÿ- ÿ8 9ÿ7979ÿ8##$ÿÿÿ833ÿ 7ÿ6ÿ8 93ÿ8ÿÿ$ 7ÿ63 ÿ
#67ÿ#7ÿ "ÿ
lÿ ÿ67ÿ7 ÿ8 9ÿ#67ÿ 98ÿ#7ÿ ÿ833ÿ6 7ÿ$ÿ$"6ÿ67ÿÿ
[8$ÿ-33ÿÿ7979ÿ6ÿ8ÿ6787ÿ- ÿ- 7ÿ783ÿ#6786 ÿÿ8ÿ
ÿ8997ÿ366ÿ06 ÿm 67ÿ0 7ÿh0m0iÿ3686 ÿ8 9ÿ6 7ÿÿ
 [7389ÿ#6786 ÿ-33ÿÿ88383"ÿÿ ÿ797ÿ-33ÿ67ÿnÿ#67ÿÿ
6#86 ÿ87ÿ ÿ6ÿ6 7ÿ8ÿ876(83ÿ ÿ*o[67ÿ87ÿ767ÿ6ÿ9 [
7$386 "ÿ
 Z2ÿ-8 ÿ6ÿ 7ÿ8ÿ783ÿ#6786 ÿÿ88383ÿ6ÿ6 7ÿ8ÿ833ÿ "ÿÿ
ÿ83ÿ ÿ- ÿ8ÿ ÿ9ÿ6ÿ8 93ÿ$ÿ63 ÿ8 9ÿ Z2ÿ96ÿ6ÿ
(ÿ$ #8 ÿ776 ÿ6ÿ- ÿ83ÿ97$ÿ8 ÿ ÿ-3ÿ- ÿ(ÿ
6 ÿ8ÿ67ÿ78 ÿ636 ÿ#67ÿ$"6"ÿÿ8 ÿ6 3 ÿ7ÿ39$ÿ ÿ83ÿ
6ÿ8ÿ 7$ÿ33ÿ-33ÿÿ 88383ÿ-3ÿ- ÿ87ÿ797$ÿ78##ÿ#76ÿ$"6ÿ6ÿ
$837"6"ÿ
/996 833ÿ8 9ÿ#67ÿ 98ÿ#7ÿÿ ÿ Z2ÿ833ÿ 7ÿ-33ÿÿ#69ÿ
6 ÿ8$ÿ 7$ ÿ8 9ÿÿ833ÿ6 3"ÿ
 Z2ÿ836ÿ 978 9ÿ8ÿ67ÿ0m0ÿ99ÿ6ÿ89283ÿ ÿ ÿ 9ÿ6#ÿ ÿ
6 7ÿ-6ÿ9ÿ ÿ#67ÿÿ7ÿ387$ÿ "ÿÿk67ÿ#7ÿ ÿ- ÿ8ÿ$ ÿ6ÿ
0ÿ
ÿ

2345678ÿ 238ÿ 2ÿ278ÿ2338 68ÿÿ338 ÿ2ÿ5362ÿ88ÿÿ 526ÿ
2ÿ6ÿ88ÿ 8ÿ57ÿÿ 8726ÿÿÿ57ÿÿ8ÿÿ2ÿÿÿÿÿ!"#ÿÿ6ÿ
2787ÿ6 ÿ32ÿ2$8368ÿÿ686ÿ 878ÿ%&% ÿ 5ÿ8ÿ328ÿÿ 8ÿ2ÿ2ÿ
%&% ÿ237 ÿ 8ÿ6 238ÿ87'638ÿ2782ÿ2ÿ 68ÿ2ÿÿ ÿ326ÿ2ÿ57ÿÿ
$83ÿ
62ÿ8ÿ278ÿ7(6$ÿÿ78$ 8ÿ37626ÿ6 ÿ$'878ÿ2$8368ÿ6ÿ
2763527ÿ 8ÿ3568ÿ3668ÿ2ÿ762ÿ$'878 ÿ6ÿ57ÿ87'638ÿ2782ÿÿ#836'8ÿ
68628ÿ8ÿ2'8ÿ8 26 8ÿ2ÿ6$8ÿ6ÿÿ323ÿ7ÿ823ÿ35ÿÿ)8ÿ2'8ÿ
37828ÿ2ÿ86328ÿ2$83ÿ868ÿ678ÿ*+,-ÿ7ÿ 8362ÿ78458 ÿ7ÿ57ÿ
3568ÿ2ÿ768ÿÿ.ÿ266ÿ8ÿ278ÿ876$ÿ823ÿ35ÿ2ÿ788ÿ7ÿ68ÿ
!8$72 63ÿ.726ÿ/ 8ÿ!./ÿ2 6$ÿ 83626ÿÿ7'68ÿ78ÿ782068ÿ
6726ÿ2ÿ83632ÿ5 7ÿ
1234567ÿ9ÿ:ÿ;<=>?@?ABC@ÿCEÿFGH;IJÿKLMBJBC@ÿACÿKLNO72PQ5R2ÿ
S387ÿ+Tÿÿ) 68ÿ78276$ÿÿ88358ÿ 8ÿS387ÿU0Vÿ/ /ÿ8'8ÿ!"#ÿ8$2ÿ
676$ÿ2ÿ862ÿ7$87ÿ 78ÿ6ÿ8'8ÿ827ÿ6088(ÿ 8ÿ6$ÿ
88(ÿ275ÿS387ÿWÿ7ÿXYÿ
Zÿ \ 8ÿ78636'8ÿ/87'638ÿ56ÿÿ 8ÿ7 87ÿ%26762ÿ!8$72 63ÿ782ÿ
%7626ÿ%887ÿ7 ÿS ÿ-0]^_ÿabcde^fgÿhijhe^gdjÿklmnopqrnsrÿpnsurvwpnxÿ
omuÿvÿymzrnzpv{{|ÿwzumnxruÿ}~}~moowmurÿpnqÿrrnzÿrq~ uÿvwÿpxÿyurwwurÿ
ur~ p{qwÿvnqÿsm {qÿvuuvnzÿvÿpxÿpwÿpnÿzrÿsmpnxÿqv|wÿ
Zÿ !2ÿ82 87ÿ8ÿ2'2628ÿ53ÿ2ÿ 8ÿ!2ÿ7832 ÿ/ 8ÿ!/ÿ2ÿ 8ÿ
#57 82ÿ%878ÿ7ÿ865ÿ&2$8ÿ)82 87ÿ7832 6$ÿ#%)ÿ8ÿ2ÿ
78 836'8ÿ8ÿ888ÿhijhe^gdjÿ^ÿjc_ÿbaafbcdÿbcÿk]h^bÿ^ijÿk^ig^ÿi^ÿ
6ÿ8'8ÿÿ\ 8ÿ 87262ÿ75ÿÿ 8ÿXY,+,*YXWÿYYYYÿ%7628ÿ6'872ÿ
\68ÿ\%ÿ#%)ÿ8ÿ66328ÿ82(ÿ&86$ÿ2677ÿ&ÿÿ/23728ÿ
677ÿ/%ÿ78 578ÿ$7268 ÿ827ÿVÿ6627ÿÿ2ÿ/2ÿ72363ÿ2677ÿ
/Sÿÿ)685332ÿ2677ÿ6ÿ8'22ÿ)%ÿ78 578ÿ$7268 ÿ827ÿ0Xÿÿÿ
.ÿ 7ÿ 8ÿ#%)ÿ8ÿ2ÿ7832 6$ÿ 8ÿ7$8 ÿ 78ÿ6ÿ8'8ÿÿ
8ÿ82ÿ 5ÿ27ÿ
Zÿ fÿ]_i^heÿ^ggdciÿ^ijÿi^bÿ^gedc9ÿ ÿ 8ÿ 2ÿ 8ÿ8 ÿ22$ÿ
23ÿÿ 8ÿ5 36$ÿ7832 ÿ2ÿS387ÿ0Wÿ*YX-ÿ 8ÿ8'872ÿ322 7 63ÿ
hjahcdfÿ^jÿbeeccdjÿhghiÿfÿgdcchgbc_¡ÿ
!"#ÿ887$ÿ6 58ÿ 8ÿ563ÿ2'2628ÿ-02ÿ/ /ÿ862ÿ7832 ÿ 63ÿ
2ÿ56 8ÿÿ$83,82 87ÿ2ÿ66328ÿ568ÿ¢8ÿ6ÿ2ÿ88'28ÿ
28ÿ7ÿ)882ÿ6ÿ\ 572ÿS387ÿXYÿÿ!"#ÿ887$ÿ3658ÿÿ
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
9
ÿfÿ]ÿhfÿ^iÿhigdci^_08'8 8ÿ7832 6$ÿÿ 2ÿ252632ÿ238ÿ!/ÿ
7832 ÿ7ÿ 8ÿ8ÿ-ÿ2ÿ2$26 ÿ 8ÿ7 ÿ87632ÿ&8$62ÿ&8226ÿ&&ÿ7ÿ
£2527ÿXWWUÿ 75$ ÿ£5ÿ*YXWÿ56$ÿ8'8ÿ2 8763ÿ68TÿÿUYY0ÿ2ÿ-YY0ÿ83 232ÿ
 2ÿ$8 862ÿ86$ ÿ*UY0ÿ2ÿUYY0 2ÿ6ÿ-YY0 2ÿ8 872578ÿ7836628ÿ
287ÿ2ÿ8208'8ÿ78 578ÿÿ ÿ7857ÿ 8ÿ ÿ*Yÿ6 7632ÿ22$ÿ 2ÿ32ÿ8ÿ
568ÿ6ÿ78ÿ826ÿÿ2ÿ!"#ÿ887$6 ÿ

ÿ

0ÿ

234567ÿ697ÿ 5ÿÿ6765ÿ756ÿ54ÿ754ÿ23ÿ6ÿ54ÿ692926ÿ697ÿ
776ÿ
67ÿÿÿ !ÿ"767ÿ35635674ÿÿ5ÿ6757ÿ777ÿ5ÿ9674ÿÿ
#69ÿ3ÿ6956ÿ$5ÿ5ÿ5667474ÿÿ5ÿ#565ÿ%75697ÿ77ÿ&#%'ÿ7ÿÿ
(977ÿ$5ÿ72ÿ5"6ÿ"7676ÿ6956ÿ5ÿ6ÿ97ÿ$4ÿ776ÿ$5ÿ6ÿ
7ÿ756ÿÿ697ÿ)69ÿ54ÿ*+69ÿÿ5ÿ756ÿ"47ÿ
,ÿ #69ÿ3ÿ ./0ÿ23456/78ÿ595:/85;ÿ83ÿ<=>?@ÿA>7BCÿ>D;>6/8>D?ÿ/ÿE4>8>6/9ÿFG4Dÿ
!"76ÿ6956Hÿ7ÿ5ÿ6Hÿ56ÿ7ÿ$69ÿ$ÿ2Iÿ427ÿ6ÿ5ÿ
"56ÿÿ276ÿ4ÿ27ÿ54ÿ65ÿ$75697ÿ46ÿ
,ÿ (97ÿ*+JJK+*)ÿ*K++ÿL(Mÿ!MN%Oÿ37565ÿ$75697ÿ"47ÿ75674ÿ375Pÿ
3727ÿ5476ÿ6ÿ7ÿ5"ÿ697ÿ676ÿÿ697ÿ !ÿ3727ÿ5476ÿ
597Hÿ$99ÿ4567ÿ5Pÿ6ÿQ525ÿ*Hÿ*))ÿÿR6ÿ$5ÿ5ÿ674ÿ6956ÿÿ6977ÿ3727ÿ
5476ÿ477374ÿ5ÿ75674Hÿ69ÿ$24ÿ7ÿ697ÿ676ÿ776ÿ774ÿ7ÿ
67ÿK+*ÿ
,ÿ Sÿ47369ÿ55ÿÿ965ÿ776ÿÿ !ÿN767ÿ2ÿ697ÿSNÿ6ÿ
45674ÿ697ÿ$75697ÿÿ67ÿTÿ54ÿ)HÿK+*ÿ5ÿ697ÿ"6ÿ"5ÿ"569ÿ6ÿ697ÿ
23"ÿ776ÿÿ
U574ÿÿ"56ÿ"ÿ697ÿ5ÿ756ÿ"47Hÿ !ÿN767ÿ34274ÿ5ÿ
65ÿ456ÿ37Hÿ5ÿRÿ3Hÿÿ697ÿ36765ÿ"35674ÿ575ÿ$977ÿ26ÿ$4ÿ
V/0ÿW43;G65ÿ4>7Bÿ32ÿ3G8/?5ÿ/68>:>80XÿÿY0W>6/990Zÿ8@5ÿ[5:5D8ÿ763W5\ÿ>ÿ34274ÿ7ÿ6ÿ697ÿ
776ÿ7ÿ26326ÿ"ÿ697ÿ !ÿ99ÿ726ÿ"47ÿ7"7ÿ5557]ÿ9$77Hÿ
6977ÿ$5ÿ774ÿ6ÿ76"567ÿ697ÿ37ÿ574ÿÿ697ÿ57ÿ5ÿ"47ÿ757ÿ427ÿ6ÿ
697ÿ36765ÿ727ÿ54ÿ"56247ÿÿ697ÿ776ÿÿSÿ697ÿ67ÿT)HÿK+*ÿ776ÿ
5337574ÿ6ÿ7ÿ5ÿ5333567ÿ55Hÿ"7675ÿ54ÿ7ÿ36765ÿ4565ÿ"ÿ6956ÿ
776ÿ$5ÿ5ÿ26^74ÿ6ÿ973ÿ7567ÿ697ÿ456ÿ37ÿ
2ÿ697ÿ55Hÿ6$ÿ466ÿPÿ374ÿ$77ÿ47674ÿÿ(97ÿ6ÿ55674ÿ$69ÿ
69ÿ$4ÿ4$ÿ697ÿ55"76ÿ_57ÿ54ÿ545̀76ÿ675ÿ24ÿ697ÿ#69ÿU5ÿ
54ÿ75ÿ69ÿ656ÿÿ697ÿ"ÿÿ67ÿ)ÿÿO756ÿÿ375Pÿ$4ÿ26ÿ
$77ÿ76"5674ÿ6ÿ7ÿ75ÿ+ÿ"7ÿ37ÿ92ÿ&"39'ÿ$69ÿ$473754ÿ26ÿabÿ"39ÿÿ
(97ÿ74ÿ374ÿÿPÿ$5ÿ7c37674ÿ6ÿ2ÿ796ÿ54ÿ55674ÿ$69ÿ6ÿ
54ÿ4$37ÿ69756ÿ$4ÿÿ(956ÿ374ÿ$5ÿ47674ÿ6ÿ7ÿ524ÿ276ÿÿ
67ÿ)ÿÿO756ÿÿ375Pÿ$4ÿ26ÿ7ÿ697ÿ9976ÿ375Pÿ54ÿ$4ÿ37ÿ36ÿ
$77ÿ76"5674ÿ6ÿ759ÿd+dÿ"39ÿ$69ÿ$473754ÿ26ÿÿb+ÿ"39ÿ77$977ÿÿ
(97ÿ694ÿ374ÿÿ$4ÿPÿ55674ÿ$69ÿ565ÿS5ÿ$4ÿÿ697ÿ(795953ÿ$5ÿ
76ÿ6ÿ7ÿ47674ÿ
67ÿdÿÿO756ÿ6274ÿ6ÿ9$ÿ5ÿ6Hÿ267Hÿ99Pÿ776ÿÿU574ÿÿ
72ÿ5"6ÿ756ÿ"47Hÿ$ÿ437ÿÿ697ÿ756ÿ"47ÿ77"7Hÿ
54ÿ72ÿ5"ÿ697ÿ7c376Hÿ477ÿ6274ÿ6ÿ$ÿ524ÿ69ÿ776ÿ
342ÿ4757ÿ54ÿ4572ÿ7ÿ$75697ÿ54ÿ7ÿ36765ÿ
ÿIÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ

ÿ9663JJ$$$3746777J26PJ 5e426e 73634ÿ

ÿ

0ÿ

2ÿ 456ÿ899 ÿÿ48 ÿ98ÿÿ8ÿ  ÿÿ5  ÿ5 ÿ98ÿ ÿ
8 ÿÿÿ8ÿ ÿ6 8ÿÿÿÿ456ÿ899 ÿ ÿÿ
5  ÿ5 ÿ98ÿ5  ÿ8ÿ!ÿ98ÿ ÿ8 ÿ" #ÿ
9ÿ$  ÿ%ÿ8&'ÿ)&ÿ*+,*ÿ-)./0..)1&.ÿ234567ÿ9:6ÿ;6<=66ÿ>?ÿ@>;6Aÿ
B>7C4C967BDÿE7;ÿE<=66@679Fÿ?>=6BEC9ÿB>7?4;67B6ÿ4Cÿ:4<:GHÿ
2ÿ IJ5ÿ ÿ ÿ98ÿ ÿKLMNMOLKPÿLLLLÿQ!ÿ98 ÿ8ÿ8ÿ
 ÿÿ8%ÿ8ÿÿÿJÿ ÿ98 ÿ ÿ ÿ
8ÿ89ÿÿÿ8ÿÿÿ ÿ88ÿ 8ÿ
2ÿ 48ÿR  ÿÿ8  ÿ  8ÿS4R Tÿ68ÿU 8ÿ
 ÿS6UTÿ  ÿ ÿ8 ÿÿÿÿ ÿ9ÿÿÿ
8ÿÿ98 ÿ  8ÿ
VWX10'Wÿ*W+ÿ/10X.+ÿ1Yÿ*W+ÿ-Z[\ÿ]^_`a.ÿW)'W" 88ÿ$  ÿ8ÿSUbcIÿ
R8ÿJ 8 ÿJ8ÿ6ÿSURJJ6TTÿÿ8ÿ 8ÿ ÿ%ÿ
8$ÿ8ÿÿ ÿÿ! ÿ" 88ÿ8ÿÿÿ8ÿdeÿ8%ÿÿ
ÿÿKfLLÿ8ÿKLMNMOLKPÿ98 ÿÿ$ÿÿ8ÿKKÿÿ8ÿKLMPMOLKPÿÿ
! ÿURJJ6ÿ8ÿ$ÿ8ÿÿ 8 ÿÿ8ÿ8ÿ ÿÿgLÿÿ8ÿÿ
 8 ÿ$ÿ ÿÿÿhÿÿ h%ÿÿ8ÿÿ ÿ98 ÿÿ
 ÿ 8 ÿÿRÿKLMPMOLKP%ÿ ÿ98 ÿ$ÿ ÿÿÿ88ÿ
$ ÿiPPÿ ÿ 8 ÿ ÿ
ÿ ÿ 8ÿ89ÿ ÿÿÿÿÿ$ %ÿÿ ÿj ÿ89ÿÿRI6%ÿ
UbcIÿ ÿÿÿÿÿ8ÿ89 ÿÿKdLLÿ8ÿÿÿ456ÿ
899 ÿ98ÿ ÿÿ48 ÿ98%ÿÿ$ ÿÿ48ÿRÿÿ! ÿ8 ÿ89ÿ ÿ
/ZkkÿlZ.ÿ*1ÿ.WZX+ÿ]^_`a.ÿZ&Zk[.+.ÿl)*WÿZ'+&/)+.\ÿ]^_`a.ÿ*W10'W*.ÿZm10*ÿ*W+ÿY1X+/Z.*ÿ
ÿ8ÿ 8ÿÿ ÿ8ÿÿ8ÿ98ÿ8 ÿnÿÿUbcIÿ ÿÿ
ÿÿ$ÿ8ÿ8ÿ ÿÿÿ ÿÿ$ 8 ÿÿ8ÿ8ÿ8ÿ ÿ
 #ÿUbcIÿ  ÿÿo   ÿ98ÿ48ÿR%ÿ456ÿ6 8%ÿÿÿ
ÿI#ÿ ÿ8ÿ ÿÿÿÿ 888 ÿÿ89 ÿ$ÿ
UbcIÿ$ÿ pÿÿÿ" #ÿÿ$ÿ8ÿ98ÿ9 ÿ9 ÿÿ! ÿ$ÿ
8 ÿ ÿ$ÿ88#ÿ#ÿ ÿ ÿ #ÿÿ89ÿ ÿ 8qÿ#ÿ ÿ8 ÿ
 ÿR 8ÿOLKrÿÿ48 ÿ98ÿ ÿÿ$ ÿ ÿ8ÿ ÿÿRI6ÿ ÿ
ÿÿ ÿIR%ÿ$8ÿÿ89 ÿ ÿÿÿÿ ÿ ÿ8 ÿ
8ÿÿRI6ÿÿ
 ÿ8ÿ ÿ98ÿ8%ÿUbcIÿÿ ÿ 8ÿ8ÿÿ ÿIRÿÿKdLLÿ8ÿ
KLMNMOLKP%ÿ8ÿ9ÿ8 ÿÿ98ÿ ÿR 8ÿf"Nÿ%ÿ8ÿÿ98ÿ ÿ8 ÿ
$  ÿÿ
4 ÿOOLLÿ8ÿKLMNMOLKP%ÿUbcIÿ 888ÿ8 ÿQÿÿU8ÿsnÿSUsTÿ
8ÿ8ÿÿÿÿÿ8ÿLLLLÿKLMKLMOLKPÿÿRÿU8 ÿ
5 ÿSRU5Tÿÿÿ8ÿLfLLÿ8ÿKLMKLMOLKPÿÿ ÿ8ÿ ÿ%ÿ
 888ÿ9 ÿ ÿ 888 ÿ988ÿ89ÿ ÿ9ÿ$8ÿ #ÿ8ÿ9 ÿ
ÿ88ÿÿ8ÿÿ8ÿ89ÿ #ÿÿÿ88ÿ89ÿt ÿ8ÿ$ ÿ6ÿ
ÿ$ÿ$ ÿn ÿ8ÿ8ÿÿ
J 888ÿ8ÿÿ ÿ$ÿ98 ÿ$ ÿÿ988$ pÿÿÿ
ÿ

0ÿ

2ÿ 45678ÿ ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿÿ8ÿÿ
2ÿ !66ÿ4" ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿÿ8ÿ
2ÿ # 7ÿ ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿ$ÿÿÿ8ÿ%ÿ
2ÿ !578ÿ ÿ&ÿ!%7ÿ'6(ÿ)5%7%ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿ
$ÿ8*ÿ
+,75-6ÿ.ÿÿÿ+"6%87ÿ78ÿ/77ÿ786ÿ5/ÿ"/-/ÿ6ÿ% /(ÿ%ÿ85ÿ
%5ÿ%0,%7ÿ,8 %ÿ%ÿ78ÿ76%78ÿ50ÿ78ÿ"%7*ÿ
2ÿ 1&#ÿ7565/5ÿ,5%7%ÿ75ÿ7 ÿ78ÿ6ÿ/"/ÿ%ÿ60,ÿ056,7ÿ
 776%ÿ8,8ÿ ÿÿ%57,ÿ7ÿ056ÿÿ2-/5ÿ%ÿ"%7ÿ78 7ÿ-6%ÿ,5/ÿ%ÿ
6ÿ%75ÿ78ÿ ,0,ÿ456787ÿ%ÿ78ÿ6ÿ67ÿ %ÿ65,%ÿ765%ÿ500856ÿ
66ÿ6%7ÿ%ÿ6ÿ500856ÿ%*ÿ
2ÿ 34567ÿ9:;ÿ<46=>ÿ?<ÿ67=?5ÿ@45=AB;6ÿ<46=>ÿCDEDFDGHHIÿFKLMENÿOPQRÿTUVWXYZ[\ÿ]^_ÿ
%ÿ78 7ÿ786ÿÿ̀CabNcÿdMEebfgEdgÿeMLÿGÿhijKcÿkgLdgEKbHgÿabNcÿlbFmÿGKnMFkcgLbdÿ
gogEKpqÿ
2ÿ r/ÿ6ÿ6567ÿ75ÿ-ÿ00,%7/ÿ6ÿ75ÿ,66ÿ%ÿ567ÿ%0,%7ÿ06ÿ%ÿ7ÿ
 ÿ%75%ÿ78ÿ0/ÿ/5%ÿ50ÿ0%ÿ0/ÿ8,8ÿ8 "ÿ%5ÿ,6ÿ ÿ-5"ÿ
%56 /ÿÿ75ÿ056ÿ,5%,7"ÿ6ÿ50ÿ-5"ÿ%56 /ÿ6ÿ6578*ÿ
2ÿ s8ÿ!,6%75ÿ4t!ÿ500,ÿÿÿ06ÿ786ÿ 7,8ÿ,65ÿÿ"7ÿ5675%ÿ50ÿ
34567=5<ÿuBÿB<>ÿ<46=>ÿCgGFbgLÿebLgÿFKGLKFqvÿCwMKgEKbGHÿeMLÿKcgÿLGkbfÿFkLgGfÿMeÿebLgqÿ
%ÿ%ÿ7ÿÿ75ÿÿ8ÿ/5,//ÿ886*ÿÿ!,6%75ÿ4t!ÿ/5ÿÿÿ%ÿ
"56ÿ056ÿ78ÿ!,6%75ÿx //ÿy,%7ÿ/"7ÿ766%ÿ%,/%ÿ78ÿ!66ÿ
05578//ÿ%ÿz ÿ,5%7ÿ056ÿ57%7//ÿ  %ÿ%ÿÿ75ÿ765%ÿ%ÿ7*ÿ
{754|}7ÿ67=ÿ>B~vÿ;ÿÿB<>ÿ9ÿ4>=;ÿ5=B?<=>ÿA4<;?;6=<6ÿ?<ÿ;74?<}ÿB;6ÿ
5675%ÿ50ÿ78ÿ/"7ÿ766%ÿ50ÿ78ÿ ÿ6ÿ%5678ÿ,57/ÿ5%7%ÿ%ÿ!66ÿ78ÿ
/"7ÿ06ÿ57%7/ÿ,5-%ÿ78ÿ57%7/ÿ056ÿ57ÿ,7"7*ÿ
7ÿÿ78ÿ+'ÿ"ÿ78ÿ78567ÿ75ÿ,7ÿ,756ÿ%570,75%ÿ%ÿ76% /ÿ
,5%,75%ÿ056ÿ78ÿ05576%7ÿ)7565/5ÿ6"5/ÿ%70ÿ056ÿ78ÿ067ÿ
75ÿ65ÿ50ÿ6*ÿÿs8ÿ75ÿ6ÿ65ÿ6ÿ"%7 //ÿ6066ÿ75ÿÿ8 ÿÿÿ
%ÿ$*ÿ
46ÿÿ5%ÿÿ1&#ÿ7565/5ÿ5-7%ÿrÿ5/ÿ577ÿ78 7ÿ8 ÿ 7ÿ
"/-/ÿ78658ÿÿÿ%ÿ+tÿ 7ÿ"/-/ÿ78658ÿÿ5%ÿ
*ÿÿ ÿ5%ÿ78ÿ 7ÿ7565/5ÿ60%ÿ78ÿ7565/5,/ÿ05576%7ÿ50ÿ
78ÿ"%7ÿ056ÿ78ÿ067ÿ75ÿ65ÿ50ÿ6ÿ%ÿ"/5ÿÿ05576%7ÿ056ÿÿ5675%ÿ50ÿ
6%ÿ'5%7ÿ86ÿ!%7ÿ% ÿ%ÿ6ÿ,7ÿ75ÿ"/5*ÿ
ÿ7ÿ6ÿ,5%,7ÿÿ05//5.ÿ
2ÿ 45678ÿ ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿÿ8ÿ
2ÿ !66ÿ4" ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿÿ8ÿ
2ÿ # 7ÿ ÿÿÿ7ÿÿ8ÿ78ÿ6ÿ7ÿ$ÿ8ÿ%ÿ
0ÿ
ÿ

2ÿ 45678ÿ ÿÿ47ÿ6ÿ567ÿÿÿ67ÿÿ8ÿ78ÿ!!ÿ67ÿ
"#ÿ8$ÿ
%&75'ÿ()ÿÿÿ5!*ÿ+5&7ÿ&576!ÿ75ÿ ÿ&577ÿ78ÿ78ÿ6&5ÿ75ÿ
!ÿ,7ÿ!ÿ85 !ÿ5ÿ+&7ÿ&8 ÿ+5ÿ,56ÿ+5&7ÿ5!*ÿ5*675$ÿ
2ÿ -8ÿ./4ÿ ÿ0ÿ5++&ÿ6!!ÿ+ÿ78ÿ 7&8ÿ75ÿ1!ÿ2*ÿ/ ÿ
34567ÿ9:;<9=ÿ>?@ABÿDEDFGÿ@HBÿG@DÿIJGDFGAHKÿGJÿLDÿG@DÿBGMJFNDBGÿJOOB@JMDÿPAFQÿDEDFGÿ
AFÿG@DÿHMDHÿBAFRDÿG@DÿSRGJLDMÿTUVWÿXJMG@ÿYHZÿ[AMDB\]ÿ^_`aÿbcd:ÿ<dde`fÿbÿg<9fÿ
bfh<d:iaÿj:iÿ;_`ÿk:i;_ÿb9fÿlbd;ÿmbaÿn<ccdÿbo:h`ÿpqqqÿj``;ÿb9fÿ9:;`fÿ>RMAGARHKÿOAMDÿ
PDHG@DMÿRJFQAGAJFBrÿÿsJBBALKDÿQJPFDQÿGMDDBÿHFQÿIJPDMKAFDB\]ÿ
2ÿ -8ÿ./4ÿ4&75ÿ!ÿt6ÿ5++&ÿ*5ÿ6!!ÿ+ÿ78ÿ 7&8ÿ
75ÿ12/$ÿ
2ÿ -8ÿ475ÿ!&75ÿ7ÿ+5&7ÿ*5ÿ85 !ÿ*,7!ÿ75ÿ&7&*ÿ+ÿ78ÿ
j:iÿhbd;ÿu:i;<:9dÿ:jÿvwxlydÿ;`ii<;:iaÿ;_b;ÿbcd:ÿ̀9z:{ubdd`fÿ;_`ÿ{755*5&*ÿ
+5577ÿ| tÿ755*5ÿ!7+!ÿ+5ÿ78ÿ,7$ÿ
2ÿ vwxlydÿ};:i{ÿ~e;b=`ÿvi`f<z;<:97ÿ8vi:`z;ÿ3}~vv7ÿ{:f`cÿbcd:ÿui`f<z;`fÿz:9d<f`iboc̀ÿ
567ÿ&7,7ÿ5ÿ78ÿ78ÿ!ÿ $ÿ
07ÿ(ÿ78ÿ%ÿ,ÿ78ÿ67857ÿ75ÿ&67ÿ&675ÿ57+&75ÿ!ÿ7 *ÿ
&56&75ÿ+5ÿ78ÿ755*5&*ÿ+5577ÿÿÿ567$ÿÿ-8ÿÿ5!ÿ ÿ
,76 **ÿ+!ÿ75ÿÿ8 ÿ#$ÿ-8ÿ%ÿ*5ÿ5,!ÿ78ÿ!&5ÿ75ÿ!ÿ
78ÿ+7ÿ7 5ÿ5!ÿ5+ÿ$ÿÿ-8ÿ&*6!!ÿÿ 5ÿ5+ÿ78ÿ755*5&*ÿ&5ÿ
5,!ÿ+5ÿ!75ÿ'!ÿ5ÿ ÿÿ5+ÿ88ÿÿ!7+!ÿ78ÿ*77ÿ
%4ÿ5!*ÿ6$ÿÿ-8ÿ!75ÿ&5ÿ ÿ5,!ÿ75ÿ !ÿ78ÿ,56*ÿ
!7+!ÿ+5577ÿÿ78ÿt 7ÿ ÿ47ÿ6ÿ!ÿ $ÿ
%&75'ÿ)ÿÿÿ25&7ÿ+5ÿ78ÿ./4ÿ!ÿ.578ÿ%ÿ85 !ÿ*77*ÿ&8 ÿ78ÿ,7ÿ ÿ
'ÿ75ÿ6+5*!ÿ78ÿ67ÿ578*ÿ!ÿ!,*5ÿ!5 ÿ78ÿ4&75ÿ **$ÿ
2ÿ 0**ÿ+5&7ÿ77ÿ| tÿ./4ÿ.578ÿ%ÿ45678ÿ%ÿ4ÿÿ*!ÿ78 7ÿ
78ÿ,7ÿ*55!ÿ*ÿ78ÿ757ÿ5++85ÿ!ÿ!ÿ887ÿ+ÿÿ,7ÿ5+ÿ78ÿ
5ÿ!ÿ**ÿ757ÿ&ÿ%&75'ÿ$ÿ
2ÿ 456dÿb9fÿ>_<=_i<d]ÿj:i`zbd;dÿi`{b<9`fÿ<9ÿ̀jj`z;ÿji:{ÿ;_`ÿk6}ÿb9fÿk:i;_ÿ%ÿ
&7,*ÿ78ÿ##ÿ5+ÿ(ÿ *+5ÿ&567ÿ7ÿ*7ÿ 7**ÿ&5,!ÿ'ÿÿ12/ÿÿ
78ÿ,7ÿ78ÿ"ÿ5+ÿ785ÿ&567ÿÿ78ÿ| tÿ775$ÿ
2ÿ -8ÿ%4ÿ2ÿ5!*ÿ&576!ÿ75ÿ67ÿ88ÿ577*ÿ5+ÿ+&7ÿ+ÿ
bzi:ddÿhbd;ÿu:i;<:9dÿ:jÿk:i;_`i9ÿbc<j:i9<bÿb9fÿvwxlydÿ~v6ÿ{:f`cÿbcd:ÿde==`d;ÿ
88ÿÿ5+ÿ567ÿ+ÿ*ÿ !ÿ!$ÿ
.ÿÿ5ÿÿ| tÿ755*5ÿ+!ÿ78ÿ755*5&*ÿ+5577ÿ5+ÿ78ÿ
ÿ567ÿ,7ÿ6ÿ78ÿ*77ÿ2ÿ%/ÿ!ÿ&ÿ! 7ÿ,*'*$ÿÿ07ÿ"ÿ5ÿ
ÿÿ%ÿ!&5ÿ7ÿ75ÿ!ÿ ÿ&5,!ÿ+5ÿ78ÿÿ&567ÿ
*5&75$ÿÿ/!ÿ67ÿÿ&56&7!ÿÿ!!ÿ67ÿ"ÿ8ÿ78ÿÿ
67ÿ5+ÿÿ8$ÿ
ÿ

0ÿ

23ÿ5677ÿ389ÿ ÿ9ÿ389ÿ ÿ9ÿÿ9993ÿÿ389ÿ9ÿ3ÿ
33ÿÿ
89ÿ ÿ389ÿ3!ÿÿ389ÿ9ÿ8 9ÿÿ389ÿ"389ÿ ÿ#9389ÿ
993$ÿ389ÿ!939ÿ 3ÿ39ÿ38 3ÿ389ÿ#ÿ993ÿ#ÿ33ÿ3ÿ39ÿ38 ÿ
9%939ÿÿ389ÿ3!9ÿÿ389ÿ&3ÿÿÿ389ÿ' 3ÿ( ÿÿ( 9ÿÿ38ÿ
! 3$ÿ389ÿ ÿ9)939ÿ38 3ÿ389ÿ9993ÿ33ÿ3!9ÿ*9ÿ99ÿ!ÿ5+,,ÿ
3ÿ--,,ÿÿ5,./ÿ3ÿ389ÿ!339ÿÿ3!9ÿ! 3ÿ
(ÿ389ÿ99$ÿ389ÿ389ÿ!93ÿÿ389ÿ993ÿ# ÿ#ÿ#$ÿ*3ÿÿ9ÿÿ
! ÿ8 ÿ9339ÿ9ÿ"389ÿ ÿ#38ÿÿ8!3ÿ*93ÿÿ389ÿ
399ÿ3ÿ9ÿ3ÿÿ23ÿ50,,ÿ389ÿ#9389ÿ33ÿÿ389ÿ3ÿÿ13ÿ&3ÿ299 ÿ
99ÿ#ÿ99ÿÿ3,ÿ!8ÿ#38ÿ3ÿ3ÿ65ÿ!8ÿÿ#38ÿ42ÿ3ÿ+ÿ993ÿ
3*9ÿ5,5ÿÿ689ÿ393ÿ#ÿ#99ÿ99ÿ3ÿ,6,,ÿÿ,65,ÿÿ389ÿ5,38ÿ#899ÿ
39ÿ#ÿÿ70ÿ!8ÿ#99ÿ*99ÿ#38ÿ3ÿ3ÿ++ÿ!8ÿÿ8 39ÿ38 3ÿ!ÿÿ
99#ÿÿ*ÿ93ÿ39ÿÿ! 9ÿ8 9ÿ
:ÿ 4< ÿ#99ÿ3ÿÿ993ÿÿ3ÿ3ÿÿ ÿ=66ÿ39>$ÿ"38ÿÿ
3ÿ93ÿ99ÿ?&2ÿÿ88@ÿ=37ÿ39ÿÿ389ÿ?AB'ÿ393>ÿ
:ÿ " 22ÿ&? ÿ939ÿ9939$ÿ3ÿÿ9%39!9ÿ9ÿ#9389ÿÿ3ÿ
3ÿÿ ÿ#38ÿ3-$3,5ÿ)ÿ!9ÿÿ ÿ9ÿ3ÿ9ÿ#9389$ÿ
#88ÿ9! 9ÿÿ3ÿÿ/-ÿ!ÿ ÿ
688ÿ389ÿ9ÿÿ389ÿ$ÿ?AB'ÿ!939ÿ!39ÿ#ÿ99$ÿ99ÿ
CDEFGHIJKÿEIFÿMNDHOEKJÿPNFHQKÿGIÿNDFHDÿJNÿDHONPPHIFÿEIÿREQQOQHEDSÿKNÿJTEJÿODHUKÿONVQFÿ
*9ÿ3ÿ93ÿ9ÿÿ99ÿÿ<93ÿ!9ÿ939ÿ#ÿ#ÿ39ÿ
3ÿ39ÿÿÿ!3ÿÿ9ÿÿ"389ÿ ÿ9%93ÿÿ389ÿ389ÿ&9ÿ
#899ÿ389ÿÿÿ89ÿ#ÿ# ÿ9%939ÿÿ389ÿ99ÿÿ( 9ÿÿ#$ÿ
WDHKKVDHÿCDEFGHIJKÿEIFÿMNDHOEKJÿPNFHQKXÿJTHÿYEQQOQHEDZÿUEKÿ9ÿ*ÿ389ÿ ÿÿ389ÿ
&3ÿÿ!3$ÿ' 3ÿ( $ÿ1 ÿ3$ÿÿ9ÿ38ÿÿ0,ÿÿ"9ÿ56,,$ÿ
*9ÿÿ389ÿ!9ÿ39$ÿ389ÿ9ÿ# ÿ9ÿ*ÿ389ÿ ÿÿ389ÿ9! 9ÿÿ389ÿ
"389ÿ ÿ9ÿ
ÿ&389ÿ $ÿ389ÿ2 ÿ" &ÿ9ÿ39ÿÿ4< ÿÿ9ÿ3ÿÿ
38939ÿ69ÿ3ÿ!3$ÿ#88ÿ# ÿÿ993ÿ!ÿ5,ÿ!ÿÿ389ÿ5,38ÿ
388ÿ7ÿ!ÿÿ389ÿ5538ÿÿÿ389ÿ4< ÿ389ÿ39ÿ38 3ÿ#9ÿÿ9ÿ)@ÿ
ÿ8 9ÿ93ÿÿ23ÿ-553ÿ!ÿÿ389ÿ5,38ÿ389ÿ49!39ÿ23! 39ÿ 9389ÿ&33$ÿ
A99ÿ?9@$ÿ99ÿ#ÿ3ÿ3ÿ75ÿ!8ÿ#38ÿ42ÿ3ÿ7ÿ993ÿ
3*9ÿ555ÿÿ23ÿ-553ÿ!ÿÿ389ÿ5,38ÿ389ÿ49!39ÿ23! 39ÿ 9389ÿ&33$ÿ
A99ÿ?9@$ÿ99ÿ#ÿ3ÿ3ÿ75ÿ!8ÿ#38ÿ42ÿ3ÿ7ÿ993ÿÿ?AB'ÿ
!939ÿ39ÿ!3ÿ#ÿ99$ÿ99ÿ93ÿÿ93ÿ!9ÿ
GIÿNDFHDÿJNÿDHONPPHIFÿEIÿREQQOQHEDSÿKNÿJTEJÿODHUKÿONVQFÿ[HCGIÿJNÿGIKWHOJÿQGIHKÿJNÿ
9999ÿÿ"9ÿ,0,,$ÿ#ÿ8 ÿ93ÿ999ÿÿ389ÿ9ÿ# ÿ9ÿÿ
389ÿ389ÿ&9ÿÿ689ÿ4< ÿÿ389ÿ9ÿ#ÿ9%9ÿ3ÿ5,,,ÿÿ389ÿ5538ÿÿÿ389ÿ9ÿ
3ÿ33ÿÿ389ÿ?&?&ÿ993$ÿ389ÿ9ÿ# ÿ939!9ÿ9ÿ57,,ÿÿ389ÿ5538$ÿ-ÿ
8ÿ*99ÿ389ÿ4< ÿ#ÿ9%9ÿÿ23ÿ38ÿ3ÿÿ3!9$ÿÿ9ÿ! 39ÿ*ÿ389ÿ
?&?&ÿ993ÿ8 ÿ*99ÿ9ÿ389ÿ9ÿ
0ÿ
ÿ

2345678ÿÿÿ 457ÿ78633ÿ68ÿ346678ÿ
ÿÿÿ!ÿ"ÿ!ÿÿ!#$%ÿÿ&'()ÿ*+ÿ,-ÿÿ
./ÿÿÿ-"ÿ!.ÿÿ0-ÿ"*!ÿ/ÿ*!ÿÿÿ0*/ÿ+%ÿÿ
1"ÿÿ!/!ÿ/-ÿ-ÿ!!ÿÿ"ÿ"ÿ!ÿÿ!#$ÿÿ
2/ÿ3#456ÿÿÿ
7"6ÿÿ8&9ÿ!ÿ2&7ÿ:ÿÿ.!ÿ!ÿ!ÿ*ÿÿ*ÿ:ÿ
"ÿÿ!ÿ0*ÿ!:ÿ.ÿÿ"ÿ,:ÿ"*+ÿ-!ÿ:ÿ"ÿ
*0!!ÿ.ÿ,ÿ0:ÿ,ÿ"*.!+ÿ:ÿÿ,-ÿÿ;ÿ
+ÿ:ÿÿ-"ÿ-"ÿ!ÿ<87ÿ*!ÿ/+ÿ7=ÿÿ:ÿ7!ÿ
!,ÿ*!ÿ/+ÿ">ÿ@ABCÿ@DEFGÿHIJÿKE>LMNFMO>ÿB>EOMN>JÿPGMQGÿEMJRSÿTDE>NUJFJÿTDEÿ
,ÿ&=V%ÿÿW=ÿ!!ÿ!0ÿÿ=ÿ4ÿ!ÿ=ÿ4Xÿÿ!!ÿ
.ÿ!ÿ*!ÿ.;ÿ-!0!ÿ/+ÿ*+%Yÿÿ
Zÿ 8!ÿ\6ÿÿ<#FM]>ÿLUFUÿTED]ÿK^_`aJÿb>UFG>EÿJFUFMDcÿc>FbDERÿUcLÿK^_`aJÿ
7!ÿ=+ÿ20ÿdÿW7=2dYÿ0!ÿ"*+ÿÿ"ÿ"*ÿ
00"ÿ!#$%ÿÿ1"ÿ-ÿÿ;0ÿÿ,ÿÿÿ!ÿ
/,ÿ0!ÿ/+ÿ7=2dÿ.0ÿ"ÿ!ÿÿ!#$%ÿÿ7"ÿ
ÿ!ÿ!ÿ/,ÿ*ÿ"!"!ÿeÿ-!ÿ.ÿ-ÿ*!ÿÿ
.ÿ-!ÿ0!ÿÿ"ÿ%ÿ
Zÿ 1.ÿfÿ=06ÿÿ)"!ÿ0ÿ.0!ÿÿÿ.ÿ
ÿ-"ÿ"ÿ0ÿ&=&=ÿ0ÿÿÿ0ÿÿ"ÿ7!ÿ=+ÿ90ÿ
&.ÿW7=9&Y%ÿÿ9"ÿ.ÿ"!ÿ0ÿ!ÿ"ÿÿ""ÿ!ÿ
McTDE]>LÿUJJ>JJ]>cFÿDTÿ>UNGÿFEUcJ]MJJMDcÿgMc>aJÿbMgLTME>ÿEMJRhÿbGMNGÿMcNgiL>Jÿ
"ÿ*jÿ0ÿ.ÿjÿ!ÿÿ"ÿÿ,ÿ0jÿ!ÿ
,ÿf!ÿ!%ÿÿV.ÿ*ÿ.ÿÿ""ÿ!ÿ-ÿ-!ÿkÿ
ÿ"ÿ.l+ÿÿ.ÿÿ-"ÿ"ÿ0ÿ&=&=ÿ0jÿ*ÿÿ
"ÿ/+ÿÿ+ÿ.ÿ0-ÿÿ"ÿÿ!ÿÿ!*ÿ*.ÿ.0%ÿ
Zÿ &-ÿ8-ÿV+6ÿÿd.0ÿÿ0-ÿ-ÿ+ÿÿ.ÿÿ
-"ÿ"ÿ&=&=ÿ0jÿ-""ÿ+$ÿ0ÿ!-.ÿ.0ÿÿ!ÿ
"!!jÿ!ÿ-"ÿdV9=2jÿ!ÿ.ÿ*ÿ/+ÿ-"ÿ
1.ÿ=+.ÿ&%ÿÿ<*ÿ.ÿ"ÿ+ÿ.!ÿ"ÿ/+ÿÿ
.ÿ!ÿ+ÿ!*ÿ"ÿ0ÿ,jÿ!ÿ!!ÿ"ÿ-ÿ
/ÿ*.ÿ.0%ÿ

ÿ

0ÿ

3ÿ 56789 ÿ 8ÿÿ6  ÿ9ÿ6789 7ÿ 8ÿÿ8 ÿ988ÿ  89ÿ
78 8ÿ8ÿ8 ÿ8 ÿ8 ÿ79ÿ7ÿ ÿ7ÿ9 8ÿ
!"#$%%%&ÿ6789 7'ÿÿ(ÿ897ÿ6789 7$ÿ9 8ÿ)$"%%ÿ ÿ8ÿ
6789 7ÿÿ9 8ÿ*%$+%%ÿ ÿ ÿ7 ÿ6789 7'ÿÿ,7ÿ
 8ÿ7ÿ97 ÿÿ9-689ÿ8ÿ987ÿ89ÿ 88ÿ8 ÿ 87ÿ9ÿ
  89'ÿ
3ÿ .8 8/7ÿ89ÿ0 1 89ÿÿ26ÿ9ÿ8 8/7ÿ89ÿ  89$ÿ
6ÿ8 ÿ9ÿ787ÿ83ÿÿ6ÿ89ÿ8 ÿ988ÿ4545ÿ/8ÿÿÿ
6ÿ .89ÿ/889ÿ  8ÿ9ÿ89ÿ 77ÿ8/ÿ9ÿ87ÿ
7''$ÿ/889ÿ 8ÿ78ÿ68ÿ98ÿ8ÿ 8ÿ8ÿ8 ÿ988ÿ
4545ÿ799ÿ:93ÿ9 8ÿ9ÿÿ989ÿ9ÿ87ÿ96899ÿ8 ÿ ÿÿ
ÿ99'ÿ
6ÿ 4 89ÿ9ÿ87 779ÿ7ÿ8ÿ8 ÿ988ÿ4545ÿ79ÿ67ÿ
 98 7'ÿ
6ÿ .ÿ689 8ÿ 97ÿ7ÿÿ, ÿ#;, ÿ*'ÿ
6ÿ 589ÿ  8ÿ89ÿ8 ÿ 88ÿ977$ÿ 6ÿ8 ÿ988ÿ4545ÿ
 8ÿÿ9 8ÿ!!$%%%ÿ6789 7'ÿ
3ÿ <8897ÿ89ÿ8 ÿ 87ÿ9ÿ0 1 89ÿÿ=87ÿ9ÿ8 ÿ9ÿ99ÿ
889ÿ987ÿ89ÿ77ÿ8 ÿ 8ÿ9ÿ6ÿ78ÿÿ6789 7ÿ
6ÿ 59 89ÿ9ÿ98897ÿ78ÿ89ÿ6789 7ÿ988ÿ 8ÿÿ8 ÿ
4545ÿ79$ÿ6ÿ8ÿ87ÿÿ ÿ7 ÿ6789 7'ÿ
6ÿ 59 89ÿ9ÿ#>ÿ5?57ÿ ÿ89ÿ7 /ÿ#>ÿ9687$ÿ8ÿ>ÿ9ÿ8 ÿ#>ÿ78ÿ
ÿ7ÿ78ÿ989ÿ7#>ÿ  787ÿ5?57ÿ39ÿ8ÿ8 ÿ8 ÿ9ÿ8 ÿ
79'ÿÿ(9ÿ987ÿ 768ÿÿÿ898ÿ9ÿ**ÿ5?57ÿ68 8ÿ7899ÿ6ÿ9ÿ
87ÿ/8'8'ÿ
6ÿ 59 89ÿ88ÿ 796ÿ 79 ÿ768 8ÿ9/ ÿ@$%%%8ÿ7ÿ9ÿ83ÿ8ÿ
8 ÿ9-8/ÿ9ÿ9ÿ9ÿ8 ÿ 9ÿ9ÿ(89 ÿ>ÿ9ÿ8$ÿ99 ÿÿ
 78ÿÿ8 ÿÿ89ÿ967ÿ9ÿ89ÿ 8 ÿÿ9ÿ89ÿ788ÿÿ
6ÿ 59 89ÿ9ÿ#)ÿ58ÿÿ78686 ÿ49889ÿ,  ÿ754,8ÿ 7ÿ
  ÿ89ÿ968ÿ97 /897ÿÿ7698ÿ 8 8 8$ÿ78$ÿÿ
989ÿ-67897ÿ ÿ ÿ896968ÿ8 ÿ/8'ÿ
ÿ&ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ

ÿ.86ÿ968ÿ9ÿ6789 7ÿ ÿ ÿ/ÿ9 ÿ ÿ6789 7ÿ 8ÿ6ÿ89ÿ
778 ÿ9897ÿ968 ÿ6ÿ86ÿ 89ÿ6ÿ68ÿ9689ÿ
ÿ 7ÿ8 ÿ86ÿÿ7 9ÿ 8'ÿÿ56789 ÿ8987ÿ9ÿ89ÿ
 89ÿ6ÿ8/ÿ6789 ÿ96879ÿ8 ÿ  89$ÿ86ÿ6789 ÿ
968ÿ8987ÿ9ÿ98ÿ6ÿ8/ÿ6789 ÿ9687'ÿÿ? 989ÿ 7687ÿÿÿ68ÿ
6789 ÿ 8ÿ8989ÿ898ÿ6789 ÿ 8ÿ8 ÿ978/8ÿ 989ÿÿ7ÿ 98ÿ
896968ÿ87ÿ 98ÿ7ÿ9 8ÿ!#>$%%%ÿ!*#$%%%ÿ6789 7'ÿ

ÿ

01ÿ

2345678ÿÿÿ6 3ÿ43ÿ8ÿ5678ÿ
ÿÿ!"ÿ#$ÿ$%$&'ÿ(!)(ÿÿ'ÿ*+*+ÿ(',ÿ#)!-ÿ"'ÿ'ÿ.!))!"-ÿ.!%ÿ
#$ÿ$%$&'/ÿÿ" '%ÿ'ÿ#%#ÿ#..$'ÿ01ÿ'ÿ2%-3#'!ÿ#%ÿ$)#.ÿ#ÿ4!ÿ5,ÿ
6%ÿ7,ÿ!%ÿ6%ÿ8,ÿ#ÿ%ÿ'ÿ.'!ÿÿ9%#)ÿ:%%ÿ;9:<ÿ=>,ÿ?&)ÿ75@72ABÿ'ÿ'#%'ÿ
'Cÿ!.ÿ'ÿ!&'#-Bÿ$!CC&'ÿ%(Bÿ#ÿ'ÿ%'!%#'!ÿ#'#ÿ#ÿ'Cÿ.!%ÿ'ÿ)#'ÿ
$&'!C%ÿ%2%-3@ÿÿ?'!%#'!ÿ!.ÿ'ÿ$%$&'ÿ'#Dÿ)#$ÿÿ$'!@ÿÿ6 ÿ
%'!%#'!ÿ'Cÿ%%'ÿ'ÿ#'ÿ#ÿ'Cÿ" ÿ'ÿ)#'ÿ$'!ÿ!.ÿ'ÿ$%$&'ÿ#ÿ
#!$#'ÿ$&'!C%ÿ"%ÿ%'!%@ÿ
6 ÿ('ÿ0-#ÿ!ÿ:$'!0%ÿ=,ÿ7E5=ÿ#'ÿEEE=ÿ" ÿ'ÿ.%'ÿ$%$&'ÿ"#ÿ2%-3@ÿÿ
6 ÿ('ÿÿ!ÿ:$'!0%ÿ57,ÿ7E5=ÿ#'ÿ5FG5ÿ" ÿ'ÿ)#'ÿ$%$&'ÿ"#ÿ%'!%@ÿÿ6 ÿ
2%-3#'!ÿ!$$&%%ÿÿ'ÿ$!CC&'ÿ)'ÿÿ'ÿÿ@ÿ*9HIÿ#''C'ÿ
'!ÿCC3ÿ'ÿ&%#'!ÿ#ÿ)!$#'!ÿ!.ÿ2%-3#'!ÿ01ÿ #ÿ2%-3#'!ÿ!.ÿ
$%$&'ÿ'!ÿ#)-ÿ"'ÿ'ÿ'C-ÿ!.ÿ"#'%ÿ#%%(-ÿÿ..%'ÿ%-!@ÿÿ
2345678ÿJÿÿKL57 3LÿM N453ÿ
*)#ÿÿÿOÿ.!%ÿ#$ÿ'%0&'!ÿ#ÿ'%#C!ÿ$%$&'ÿ(!)(,ÿ'ÿ'!'#)ÿ
&C0%ÿ!.ÿ$&'!C%ÿC#$'ÿ!ÿ#$ÿ$%$&',ÿ#ÿ'ÿ&C0%ÿ!.ÿ$&'!C%ÿC#$'ÿ
!ÿ#$ÿ$%$&'ÿ01ÿ'1@ÿ
%!C#')1ÿF7=,EEEÿF87,EEEÿ'%0&'!ÿ$&'!C%ÿ#ÿ8>ÿ'%#C!ÿ$&'!C%ÿ
"%ÿ2%-3ÿ&%-ÿ'ÿ('@ÿ
6 ÿ#%!C#'ÿ'%0&'!ÿ$&'!C%ÿ01ÿ'1ÿ#%ÿ#ÿ.!))!"/ÿ
Pÿ R8R,EEEÿR8=,EEEÿ%'#)Bÿ
Pÿ S5,EEEÿS7,EEEÿ$!CC%$#)T&'%#)Bÿ
Pÿ 55,8EEÿ!'%Bÿ#ÿ
Pÿ :.ÿ'ÿ#%!C#'ÿ'!'#)ÿF7=,EEEÿF87,EEEÿ$&'!C%,ÿ#%!C#')1ÿ8E,EEEÿ#%ÿ
C$#)ÿ0#)@ÿ
6 ÿ8>ÿ'%#C!ÿ$&'!C%ÿ"%ÿ#))ÿ$!CC%$#)T&'%#)@ÿÿ+ÿÿOÿ.!%ÿ
$&'!C%ÿ01ÿ'1ÿ%ÿ$%$&'ÿ2%-3@ÿ

ÿ

ÿ

UVWXYÿ[ÿ\ÿ]^__V`aÿbcÿdYeYfY`ghiVjhbfÿ]jV`jÿVfkÿlYmjb`VjhbfÿWaÿnoVmYÿ
pL3ÿ3qr83s6t5678ÿu3L575678ÿ
255ÿ6 3ÿ K7 N353ÿ
5ÿ 5ETE=T7E5=ÿ 5ET57T5=ÿ
EEE=ÿ
5FG5ÿ
7ÿ 5ETE=T7E5=ÿ 5ET57T5=ÿ
58>5ÿ
5E7Eÿ
8ÿ 5ETE=T7E5=ÿ 5ET57T5=ÿ
7788ÿ
577>ÿ
Gÿ 5ET5ET7E5=ÿ 5ET57T5=ÿ>7>ÿ
E=GFÿ

00ÿ

3456789ÿÿÿ 4ÿ68ÿ44ÿ577674ÿ
ÿ!"##$ÿ%&"$$'ÿ%$$ÿ!(&)"#!ÿ"*ÿ'+#,)-'ÿ..ÿ()(/)&!ÿ*"ÿ!%*&0ÿ)"ÿ&"ÿ
+#,)-)#,1ÿÿ2/)#,ÿ&3"!ÿ%&"$!4ÿÿ')!("5'ÿ678ÿ669ÿ)#!&%#(!ÿ"*ÿ:)#'+$%&'ÿ
)!!/!ÿ%("!!ÿ);%(&'ÿ')5)!)"#!ÿ&3%&ÿ</)'ÿ;')%&)"#ÿ)"ÿ&"ÿ+#,)-)#,1ÿÿ=3!ÿ
)#($/''ÿ9>ÿ9?ÿ)#!&%#(!ÿ"*ÿ'%;%,ÿ&"ÿÿ%!!&!ÿ!/(3ÿ%!ÿ("#'/(&"!4ÿ!5)(ÿ'"!4ÿ
%#'ÿ"$!1ÿÿ@#ÿ%(3ÿ(%!4ÿÿ%)'ÿ"ÿ$%('ÿ&3ÿ'%;%,'ÿ</);#&ÿ)"ÿ&"ÿ
+#,)-)#,1ÿÿ@#ÿ%'')&)"#ÿ&"ÿ&3!ÿ'%;%,'ÿ%!!&!4ÿÿ!"##$ÿ')!("5'ÿ
?6ÿ)#!&%#(!ÿ"*ÿ'"(/;#&'ÿ3%-%'!4ÿ%$$ÿ5,&%&)"#+$%&'4ÿ!/(3ÿ%!ÿA%#(3!ÿ*"/#'ÿ
$0)#,ÿ%("!!ÿ("#'/(&"!4ÿ:3)(3ÿ:ÿ($%'ÿ)"ÿ&"ÿ+#,)-)#,1ÿ
Bÿ 9>ÿ9?ÿ(%!!ÿ"*ÿ'%;%,!Dÿ
Eÿ 79ÿ7?ÿ:3ÿ5,&%&)"#ÿ:%!ÿ)'#&)*)'ÿ%!ÿ&3ÿ(%/!ÿ
Eÿ FGÿF8ÿ(%!!ÿ"*ÿ:)#'+(%/!'ÿ%!!&ÿ'%;%,ÿ"ÿ:3ÿ&3ÿ(%/!ÿ("/$'ÿ#"&ÿAÿ
)'#&)*)'ÿ
Bÿ ?6ÿ(%!!ÿ"*ÿ3%-%'!ÿ
.ÿH#')Iÿ2ÿ*"ÿI%;$ÿ3"&",%3!ÿ"*ÿ'%;%,ÿ%#'ÿ3%-%'!1ÿ
ÿ
3456789ÿJÿÿKL684ÿM867N756789ÿ
=3"/,3ÿ')(&ÿ#"&)*)(%&)"#!4ÿÿ"%(&)5$0ÿ%(3'ÿ"/&ÿ&"ÿ"&#&)%$$0ÿ);%(&'ÿ
(/!&";!ÿ5)%ÿ%/&";%&'ÿ(%$$!4ÿ&I&ÿ;!!%,)#,4ÿ+;%)$4ÿ%#'ÿ!"#%$ÿ3"#ÿ(%$$!4ÿ:3)$ÿ
%$!"ÿ;%)#&%)#)#,ÿ%ÿ!&"#,ÿ;')%ÿ!#(ÿ:)&3ÿ(/!&";!1ÿÿÿ&""Oÿ%'')&)"#%$ÿ!&!ÿ
PQÿSQPTUVÿWXYPQZ[\Yÿ[S\Q]][^ÿTSÿ_`abcYÿZ[^TWd]ÿedY[]TS[ÿf\Qg\dZhÿijQÿ\[]VÿQSÿ[][WP\TWÿ
!5)(ÿ*"ÿ;"A)$)&0ÿ"ÿ$)*ÿ!/!&%)#)#,ÿ;')(%$ÿ%!"#!4ÿ&"ÿ#!/ÿ&30ÿ("#*);'ÿ()&ÿ
"*ÿ&3ÿ#"&)*)(%&)"#ÿ&"ÿ%'</%&$0ÿ%ÿ*"ÿ%#ÿ"/&%,1ÿÿk/!&";ÿ#"&)*)(%&)"#ÿ'&%)$!4ÿ
)#($/')#,ÿ;')%ÿ#,%,;#&ÿ%#'ÿ'),)&%$ÿ/'%&!4ÿ%ÿ*/&3ÿ'!()A'ÿA$":1ÿ
l')%ÿ#,%,;#&ÿ
m&:#ÿ./#'%04ÿn(&"Aÿ9ÿ%#'ÿ.%&/'%04ÿn(&"Aÿ674ÿÿ#,%,'ÿ:)&3ÿ(/!&";!ÿ
%#'ÿ&3ÿ/A$)(ÿ&3"/,3ÿ&3ÿ;')%ÿ)#ÿ&3ÿ*"$$":)#,ÿ:%0!Dÿ
Bÿ "5)''ÿ)#*";%&)"#ÿ&"ÿ%ÿ&"&%$ÿ"*ÿ&"ÿ96Gÿ#:!ÿ",%#)-%&)"#!ÿ"#ÿ%ÿ,/$%ÿ%#'ÿ
"#,")#,ÿA%!)!1ÿÿHÿ&"&%$ÿ"*ÿo?9ÿ/#)</ÿ!&")!ÿ:ÿ)!!/'ÿA0ÿ&3ÿ;')%ÿ)#ÿ"#$)#ÿ"ÿ
)#&ÿ"/&$&!pÿ
Bÿ @!!/'ÿ%&ÿ$%!&ÿ&:"ÿ#:!ÿ$%!q!ÿ%ÿ'%0ÿ:)&3ÿ/'%&!ÿ%&ÿO0ÿ&);!ÿ'/)#,ÿ&3ÿ5#&4ÿ
*"ÿ%ÿ&"&%$ÿ"*ÿ67ÿ#:!ÿ$%!!pÿ
Bÿ k"#'/(&'ÿ*)5ÿ'%)$0ÿ9ÿ1;1ÿ;')%ÿA)*)#,!ÿ:)&3ÿ!#)"ÿ"**)(!ÿ%#'ÿ;;A!ÿ"*ÿ
_`abcYÿr[P[Q\Q]QgTWd]ÿP[dZsÿ
ÿqÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
ÿ3&&!Dtt:::1,1(";t#t%A"/&t#:!"";t#:!$%!!t)#'I1%,1ÿ

ÿ

01ÿ

3ÿ 56789678 ÿ6ÿ 6ÿ68 ÿ878ÿ76ÿ 76ÿ 8ÿ8ÿ97ÿ69ÿ
78 78ÿ9 ÿÿÿ 9ÿ 89ÿ5 6ÿÿ9 ÿ79ÿ97 ÿÿ ÿ7 ÿ
!"#$ÿ76ÿ 76ÿ9ÿ%7ÿ% ÿ6 ÿ ÿ968ÿ&'(##ÿ97 )ÿ
3ÿ 56789678 ÿ*9ÿ69ÿ68 ÿ6ÿ+%799 ÿ68 ÿ9ÿ*ÿ6*ÿ9ÿ ÿ 7,ÿ
969ÿ786978ÿ9ÿ9 ÿ68 ÿ96- )ÿ
3ÿ .7/9 6 ÿ9 ÿ!ÿÿ67,ÿ 76ÿ*778ÿ8ÿ*9ÿ+%799 ÿ68 ÿ06*-ÿÿ9 ÿ
79ÿ97 ÿÿ1 ÿ78-ÿ9ÿ9 ÿ*778ÿ78ÿ28 7ÿ)ÿ
3ÿ 2 89 ÿ67ÿ6 / 9778ÿ*,ÿ78 678ÿ 76ÿ*,ÿ8ÿ9/778ÿ68 ÿ7796ÿ
99ÿÿ969 ÿ6 ÿ 678ÿ69 78ÿ9 ÿ*7ÿ6*9ÿ9 ÿ11)ÿ68 ÿ
3ÿ 3 69 ÿ6ÿ6 7ÿ9ÿ96978ÿ 76ÿ*678 ÿ9 ÿ%ÿ% ÿ89ÿ68% 78ÿ
9 ÿ8 ÿ99ÿÿ467ÿ6*9ÿ9 ÿ11ÿ89776978ÿ
 ÿ5 *79ÿÿ
ÿ9ÿ68 ÿ78ÿ97ÿ11ÿ/89ÿ ÿ%- ÿ9ÿ697/,ÿ/7 ÿ/89ÿ 69ÿ8ÿ
%%%ÿ68 ÿ7 89 ÿ9ÿ9ÿ 7/ÿ967ÿ9ÿ9 ÿ11ÿ/89ÿ 69ÿ6ÿ69ÿ
%%%6 69ÿÿ+7ÿ79ÿ78 ÿ6ÿ9ÿÿ9 ÿ*7ÿ69,ÿ
698 ÿ68 ÿ789 9 ÿ697ÿ9ÿ/7%ÿ,8ÿÿ9 ÿ98976ÿ11ÿ769ÿ6 6ÿ8ÿ6ÿ
6ÿ/7 ÿ68ÿ6 ÿ-ÿ9ÿÿ9 ÿ9ÿ 9 78 ÿ7ÿ9 7ÿ ÿÿ
*78ÿ6,ÿ*ÿ78 ÿ78ÿ9 ÿÿÿ9 ÿ697/ÿ11ÿ/89ÿ79 ÿ6978ÿÿ9 ÿ
373ÿ9 ÿÿ*,ÿ ÿ9ÿ9ÿ9 ÿ78ÿ9 ÿ/89ÿ68 ÿ6% ÿ
/ 8 89ÿ687ÿ9ÿ%86 ÿ81ÿ6ÿÿ769 ÿ 78ÿÿ2 79786,ÿ8ÿ
58 6,ÿ99* ÿ:ÿ78ÿ 66978ÿÿ78 6 ÿ% *79ÿ967ÿ ÿ9ÿ9 ÿ6ÿÿ9 ÿ
688 ÿ11ÿ/89ÿ ÿ* ÿ9 ÿ696*6ÿ6679,ÿÿ9 ÿ79ÿÿ
;<=>ÿ@ABÿ@C>BÿDEFGHIÿGJKÿLMIÿMN@COM@BPÿ=QÿRSQPMTÿJN@=UB<ÿVÿ@=ÿ@ABÿ@C>Bÿ@ABÿWMI@ÿ
9 ÿ% ÿ 9 ÿ8ÿ169 6,ÿ99* ÿ&'\ÿ9 ÿ ÿ% *79ÿ 78 ÿ68ÿ
SQX<BNBPBQ@BPÿM>=SQ@ÿ=YÿSIB<ÿ@<MYYCNÿMQPÿZU=@[ÿ967ÿ% 8ÿ6/676*ÿÿ9/ ÿ&:ÿ778ÿ
87] ÿ/779ÿ% 89ÿ9ÿ9 ÿ87ÿ/ 78^ÿÿ9 ÿ11ÿ/89ÿ 69ÿ6ÿ69ÿ&#ÿ
97 ÿ9 ÿ86ÿ967ÿ
ÿ\ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ

ÿZ_=@[ÿ@<MYYCNÿCIÿ<BWM@BPÿ@=ÿI=Y@LM<BÿMXXWCNM@C=QIÿ@AM@ÿ<SQÿMS@=>M@BPÿ@MI`IÿaIN<CX@Ibÿ=OB<ÿ@ABÿ
889 8 9ÿ% *,ÿ9B<ÿLBUIC@BIÿLB<BÿN=QQBN@CQcÿ@=ÿDEFGHIÿLBUIC@Bÿ@=ÿ@CBÿ@=ÿDEFGHIÿDRDRÿ
/89ÿ6ÿ68 ÿ/89ÿ 69ÿ
^ÿ ÿ
 496869 ÿ78ÿ:ÿ686ÿ8989ÿÿ9 ÿ11ÿ/89ÿ 69ÿ6ÿ9ÿ8 ÿ9 ÿ
786978ÿÿ*ÿ*7 ÿ69ÿ7968 ,ÿ99ÿ/89ÿ78ÿ87ÿ
1687ÿ378 ÿd7986 ÿe 68ÿ7768ÿ68 ÿ+66ÿÿ88ÿ6 7978ÿ784686ÿ
789978ÿ% ÿ/7 ÿÿ78ÿ9 ÿ11ÿ6 ÿ-ÿ9ÿ% 8ÿ6/676*ÿÿ+ ÿ
%78ÿ8* ÿÿ87]ÿ/779ÿ% ÿ6 ÿ9ÿ6ÿÿ9 ÿ96869 ÿ79ÿÿ11ÿ 69ÿ
ÿ99* ÿ!ÿ9ÿ&'fÿÿ1687g("':ÿ378 g"h::ÿ+66g"h"ÿ7768g:#'ÿ
d7986 g&#:"ÿe 68g&#h"ÿ

ÿ
ÿ

01ÿ

345ÿ78ÿ795ÿ 5ÿ8ÿ795ÿ557ÿ575ÿ5 ÿ75ÿ  7ÿ795ÿÿ575ÿ
5555ÿ 7ÿ 45ÿÿ ÿ757757ÿ 5ÿ78ÿ85ÿ4785ÿ
8 78ÿ
!ÿ"55 ÿ55ÿ! 785ÿ#ÿÿ88 75ÿ79ÿÿ775ÿ5ÿ$ 8ÿ
35 '757ÿ8ÿ%5988ÿ78ÿ55 5ÿÿ758ÿ79& 7ÿ75ÿ79ÿ55 ÿ5ÿ
  ÿÿ%9849ÿ87ÿ ÿ55ÿ ÿ795ÿ5 ÿ88(4ÿ788ÿ4785ÿ84ÿ575ÿ795ÿ
5 ÿ78ÿ55ÿ9 7ÿ5 ÿ55ÿ55 ÿ5575ÿ78ÿ5ÿ 75ÿÿÿ 5ÿ
4785ÿ 5ÿ8ÿ79ÿ5ÿ75ÿ79849ÿ87 78ÿ78ÿ8 ÿ8557ÿ55ÿÿ
ÿ5 ÿ55 5ÿ8ÿ8 ÿ5 ÿ778ÿ78ÿ9 5ÿ79ÿ795ÿ4ÿ
ÿÿ8(ÿ78ÿ87ÿ85ÿ5845ÿ8ÿ4745ÿ))ÿ557ÿÿ*5ÿ))ÿ
 78ÿ49ÿ ÿ795ÿ5 ÿ88(4ÿ788ÿ5ÿ5ÿ547ÿ8ÿ795ÿ84ÿ99ÿÿ
8ÿ8ÿÿ78ÿ 5ÿ5ÿ7ÿ ÿ555ÿ4ÿÿ557ÿ
$4785ÿ+87 78ÿ
, ÿ5 5ÿÿ578ÿ-ÿ4785ÿ55ÿ5&55.5ÿÿ84ÿ557ÿ9 5ÿ 5ÿ8ÿ
5795ÿ7ÿÿ557ÿ589ÿ58 ÿÿ+87 78ÿ55ÿ 5ÿ79849847ÿ795ÿ
557ÿÿ 8 5ÿ79ÿ7955ÿ9 5 ÿÿ
%9849847ÿ7195ÿ7588ÿ8ÿ/8 ÿ! 785ÿ0ÿÿ57ÿ795ÿ7ÿ))ÿ557ÿ
87 78 ÿ78ÿ8757 ÿ 75ÿ4ÿ 57ÿ 75ÿ7 ÿ 75ÿ5 ÿ
 55ÿÿ ÿ55 ÿ4785ÿ7 ÿ575ÿÿ9 5ÿ2ÿ3ÿÿ4ÿÿ)88ÿ75ÿ
ÿ57ÿ478 75ÿ87 78ÿ78ÿ8757 ÿ 75ÿ7 8ÿ4785 ÿÿ
ÿ875ÿ4785ÿ457ÿ5678995:ÿ<6ÿ=>5ÿ?8@AB6CDEÿ@5H:<FB9ÿGBE59<65ÿ
8ÿ 4ÿ4785ÿ79 7ÿIJ5ÿ75 7ÿ8ÿÿ 75ÿ575ÿÿ775ÿ795ÿ
5 ÿ 55ÿ88ÿ(8(ÿ85 ÿ8ÿ85ÿKLMMÿ4785ÿ79 7ÿ9 ÿ87ÿ85ÿ
ÿ'ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
ÿ  8NN$ 5N597 OP MKQL -03KK-L4Q -5KKLKLÿ
1ÿR8ÿ
8757 ÿ 75ÿ4785ÿ))ÿ87 78ÿ55ÿ ÿ555ÿÿ9ÿ
8ÿ) 9ÿÿ4 5ÿ5555ÿ ÿ 5ÿÿ$4785ÿ 8ÿ9 ÿÿ878ÿ78ÿ75ÿ8ÿ
5ÿ795ÿ87 78ÿÿ) 9ÿÿ795ÿ4 5ÿ5555ÿ ÿ4(8ÿ8ÿ 5 ÿ557ÿ
<6S87@B=<86ÿ=7B6E9B=5:ÿ<6ÿTUVÿ9B6WXBW5EÿGCÿFB99<6WÿYZ[\DEÿ?86=BF=ÿ?56=57ÿ=8ÿBFF5EEÿ8X7ÿ
$4785ÿ)55ÿ]555775ÿ3-ÿ984ÿÿ ÿ4ÿ795ÿ557ÿ
Hÿ58ÿ
79 7ÿ@55=ÿ=>5ÿF7<=57<Bÿ8SÿYZ[\DEÿ@5:<FB9ÿGBE59<65ÿFXE=8@57E^ÿGX=ÿB75ÿ68=ÿBÿYZ[\ÿ
847ÿ985ÿ ÿÿ8ÿ795ÿÿ5 ÿ 55ÿ8ÿÿ 75ÿ795ÿ5ÿ
75 7ÿ8ÿÿ 75ÿ575ÿ 847ÿ79ÿÿÿ%9849ÿ79ÿ5 78ÿ795ÿ555ÿ795ÿ
5 ÿ 55ÿ 8475ÿ75ÿ 8 5ÿÿÿ 8ÿ555ÿ57ÿ87 78ÿÿ
ÿ4ÿÿ))ÿ557ÿ 4ÿ795ÿ85ÿ85 ÿ5 5ÿ8ÿ ÿ5 ÿ
 55ÿ4785 ÿ
IJÿR8ÿ
87 78ÿ4ÿÿ))ÿ557ÿ5 ÿ 55ÿ4785ÿ555ÿ478 75ÿ ÿ
757ÿÿ5& ÿ7ÿ795ÿ 5ÿ75 ÿ ÿ795ÿ55 ÿ4785ÿ87 78 ÿÿ_ÿ78ÿ
7955ÿ4785ÿ555ÿ557ÿ478 75ÿ ÿÿ757ÿ7ÿ54 ÿ̀984aÿ75 ÿ47ÿ
795ÿ4785ÿ8 ÿ557ÿ8ÿ795ÿ87 78ÿÿ5795ÿ5ÿ795ÿ985ÿ8ÿ
58ÿ78ÿ795ÿ757ÿÿ_ÿ8 78ÿÿ87ÿ555ÿÿÿ555775ÿ7ÿ795ÿ
FXE=8@57ÿ>8@5ÿ=8ÿF>5Fbÿ86ÿ=>5ÿFXE=8@57ÿc75S5775:ÿ=8ÿBEÿ=>5ÿd:887ÿb68FbÿA78F5EEefgÿÿhSÿ=>5ÿ

ÿ
ÿ

01ÿ

3454678ÿ ÿ84ÿ638ÿ884ÿ 866586ÿ3ÿ6ÿ 8ÿ4ÿ5858ÿ6 386ÿÿ64ÿÿ
 3ÿÿ465ÿ464ÿ5843ÿ8865ÿ 866586ÿ348364ÿ434ÿ!6! 4ÿ 3ÿ
686ÿ447 4ÿ 43ÿ384586ÿ58ÿÿ534ÿ 364 ÿ6ÿ734ÿ8ÿ
84ÿ 3ÿ" 5"ÿ7354 ÿÿÿ 866586 ÿ48ÿ7363ÿ8ÿ4#443$6%86ÿ434ÿ ÿ48ÿ8ÿ
&'()*+,-(ÿ(/01,2ÿ'3ÿ4*-ÿ56789(ÿ5:5:ÿ;/3ÿ<*2,ÿ=>,-)(?ÿ
@ABÿÿ6ÿ63458ÿ56586ÿ68ÿ46$ 8ÿ84456586ÿ73643ÿÿ64ÿ
67584ÿ 68ÿ 654ÿ$$34$83ÿÿ83$ 8ÿ84ÿ448ÿÿ@ABÿ
3473448864ÿCD(,2ÿ/1ÿ56789(ÿ>*&D>ÿE3,-D)/*1(ÿ8+,-0,1&Fÿ<,1),-(ÿGE8<Hÿ3-*I/2,2ÿ
56%4ÿ77 38ÿ 3ÿ843ÿ765ÿ48ÿ73843ÿ536865ÿ566864ÿ5ÿÿ843ÿ$4564ÿ
ÿ 768ÿ
JÿJ5843ÿKÿ84ÿ4843ÿ 87368ÿ4L74ÿ3486$ÿ6ÿ84ÿ64866586ÿ ÿ
686ÿ5843ÿ6758ÿÿÿ738ÿ ÿ 4ÿMÿNÿÿOÿÿÿ48ÿ ÿ 866586ÿ434ÿ
6 4ÿ66586$ÿ7 43ÿ ÿ4ÿ 8 ÿ436$ 8ÿÿ 6ÿ48ÿ ÿ 866586ÿÿ84ÿ
45ÿ 866586ÿ 3ÿ84ÿP368ÿ ÿ5843ÿÿ84ÿ638ÿ 866586ÿ 3ÿ84ÿ
5843ÿ648664ÿ6ÿ574ÿ88ÿ 36$ÿÿ3ÿ84ÿ4ÿ864ÿÿ84ÿ 36$ÿ ÿ
J5843ÿKÿ843ÿ6ÿ 4ÿQÿ345464ÿ8463ÿ638ÿ 866586ÿ88ÿ8463ÿ7 43ÿÿ4ÿ
8 ÿ686ÿORÿ8ÿQKÿ 3ÿÿ 4ÿ574ÿ648664ÿÿ8434 34ÿ84ÿ5843ÿ
 8664ÿ 3ÿ7 4ÿQÿÿ3$4ÿ8ÿ86ÿ864ÿÿ4S48ÿ334ÿÿJ5843ÿTÿ
Uÿ84ÿ843 ÿ68ÿÿ5634ÿ88ÿ4#443$6%86ÿ ÿ838ÿ 3ÿ 4ÿMÿ
5843ÿ436$ 8ÿ8ÿ773L684ÿ66$ 8ÿÿ 4ÿNÿÿOÿ4#443$6%86ÿ
 ÿ838ÿ8ÿ773L684ÿMVWWÿÿJ5843ÿTÿÿ843ÿ 866586ÿ434ÿ48ÿ
5536$ÿÿ 4ÿMÿ5843ÿ434ÿ 8664ÿ7 43ÿ ÿ4ÿ834ÿ ÿ436$ 8ÿÿ
 4ÿNÿÿOÿ5843ÿ434ÿ 8664ÿ7 43ÿÿ4ÿ834ÿ ÿ6ÿNQÿ8ÿORÿ 3ÿÿ
Jÿ84ÿ 36$ÿ ÿJ5843ÿTÿ 4ÿNÿÿOÿ5843ÿ656$ÿ848ÿ ÿÿ843ÿ
4843ÿ465ÿ464ÿ5843ÿ345464ÿÿ 866586ÿ88ÿ8463ÿ7 43ÿ ÿ ÿ
4ÿ 8 ÿ
 ÿÿ84ÿ 36$ÿ ÿJ5843ÿTÿ5843ÿ6ÿ 4ÿQÿ656$ÿ848ÿ ÿÿ843ÿ
4843ÿ465ÿ464ÿ5843ÿ345464ÿ 866586ÿ88ÿ8463ÿ7 43ÿ ÿ4ÿ
8 ÿ686ÿNQÿ 3ÿÿUÿ84ÿ43ÿ843 ÿ ÿJ5843ÿTÿ84ÿ 4ÿQÿ574ÿÿ
886ÿ3454ÿ4ÿÿÿ334ÿÿ56%4ÿ4843$65ÿ 87368ÿ6$ÿ
$33ÿ4843ÿ 46$ÿÿ@ABÿ48ÿÿ55486ÿ 866586ÿ8ÿ844ÿ5843ÿ
ÿ84ÿ446$ÿ ÿJ5843ÿTÿ66586$ÿ88ÿ84ÿ ÿ 8ÿ4ÿ4#443$6%4ÿ6ÿ84ÿ
756$ÿXX#3484ÿ 8 ÿÿ8ÿ84ÿ4ÿ864ÿ84ÿ3466$ÿ5843ÿ6ÿ 4ÿQÿ
34ÿ345464ÿÿ 866586ÿ88ÿ8463ÿ7 43ÿ ÿ ÿ4ÿ 8 ÿÿ
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
5843ÿ 4ÿ 8ÿ43ÿÿ 3ÿ$43ÿ6ÿ48ÿ8ÿ84ÿ 4ÿÿUÿ 8ÿ54ÿ84ÿ 866586ÿ6ÿ
56434ÿ554 ÿ
!!ÿ34ÿ 3ÿ
34ÿ4844ÿNMWWÿÿWKWWÿ 434ÿÿ43ÿ84ÿ34ÿ ÿ84ÿ443ÿ
 6586ÿ 6 6ÿ ÿ34S634ÿ ÿ884ÿ5ÿ3ÿ84L8ÿ4ÿ4ÿ8ÿ
5843ÿ36$ÿ86ÿ6 ÿ 3ÿ8443"486$ÿÿ4386448ÿÿY 64ÿXXÿ 8654ÿ ÿ
 8ÿÿ43ÿ86ÿ73 6686ÿ@ABÿ6 ÿ8ÿ6$ÿ68ÿ844ÿ$6464ÿÿZ 443ÿ@ABÿ
6ÿ5643ÿ 866586ÿ36$ÿ534ÿ 3ÿÿÿ54ÿÿ54ÿ6ÿ4$ÿ5ÿ8ÿ465ÿ
464ÿ5843ÿ36$ÿ534ÿ 3ÿ4ÿ8ÿ4ÿ5$6$ÿ5686 ÿ

ÿ

01ÿ

34456789 ÿÿ69 5ÿ6ÿ6ÿ ÿÿÿ69 5ÿ  58ÿ
8ÿ6ÿ58 ÿ688 86ÿ45865ÿ6ÿ  58 86ÿ!4456789 ÿ"ÿ6ÿ#8ÿ# 5ÿ
9 8 ÿ$ 8 ÿ69 5%&ÿÿ'8ÿ# ÿ4589 58ÿ ÿ6ÿ ÿ6 6#8ÿ5 6(ÿ
)ÿ +6ÿ69 5ÿ6 ÿ8659 86ÿ6ÿ8,ÿ
)ÿ 3$659 ÿ#88ÿ685 86ÿ# 5$ÿ69 5ÿ6ÿ$ÿ645 86 ÿ8ÿ
6ÿ6 ÿ858ÿ ÿ# ÿ894  ÿ$ÿ ÿ-.-.ÿ ÿ$ÿ 85ÿ688 86ÿ# 5ÿÿ
$ÿ6ÿ ÿ659 ÿ858ÿ685 86ÿ#8ÿ# 5ÿ6ÿ894  ,ÿÿ
)ÿ / ÿ5 ÿ6ÿÿ55 ÿ9  ÿ456ÿ6ÿ 08ÿ ÿ5 ÿ888ÿÿ
8580ÿ$ÿ9 6566ÿ5 8ÿ ÿ5 ÿ86ÿ ÿ6ÿ ÿ 58ÿ58ÿÿ
655 8ÿ6ÿ894  ÿ69 5ÿ55 ÿ5185ÿ9  ÿ 4&ÿ
2 8 ÿ3  8 ÿ/69 5ÿ
458ÿ-.-.ÿ ÿ-567ÿ68 ÿ6ÿ 94ÿ6 ÿ#8ÿ9 8 ÿ$ 8 ÿ
69 5ÿ8ÿ ÿ/694 ÿ8ÿ6ÿ$ ÿ6ÿ6859ÿ584ÿ6ÿ 85ÿ688 86&ÿÿ3ÿ4 5ÿ6ÿ
89:;<=ÿ?@ABCD?ÿ8E8EÿDFD?@G@==ÿHDIJDKAGLÿDCCÿI@MKHDCÿND=@CKG@ÿHB=OPI@?=ÿ?@H@KQ@MÿDÿ
465ÿÿ9 8ÿ!6ÿ6ÿ#8ÿ9 8ÿ6ÿ8%ÿ# 0ÿ45865ÿ6ÿ8ÿ ÿ5988ÿ
 9ÿ6ÿ$ÿ6ÿ 5ÿ6ÿ# 5ÿ ÿ569ÿRST"ÿ546ÿ6ÿ 7ÿ688 86ÿ
569ÿUÿÿ6ÿ64ÿ9 8ÿ569ÿ-5769 558V688 86&4&69&ÿ
-567ÿ888 ÿ888ÿÿ6 ÿ6ÿ4456789 ÿRÿ9 8 ÿ$ 8 ÿ69 5ÿ
 ÿ6ÿ$ÿ46 8 ÿ  58ÿ8ÿ8ÿ &ÿÿW65ÿ ÿSTÿ9 8 ÿ$ 8 ÿ
69 5ÿ888ÿ8ÿ ÿ888 ÿ64ÿ6ÿ ÿ ÿ ÿ ÿ6ÿ6 ÿ8659 86ÿ6ÿ
8ÿ-567ÿ$ÿ899 8 ÿ8ÿ6ÿ545 8 ÿ6ÿÿ ÿ69 5ÿ6ÿ
6859ÿ688 86ÿÿ6ÿ6 ÿ6 ÿ8659 86ÿ8ÿ468$ &ÿÿXÿ ÿUÿ
ÿ9 8 ÿ$ 8 ÿ69 5ÿ894  ÿ-567ÿ 588ÿRTTÿRSTÿ58 YÿZ
68ÿ45865ÿ6ÿ  58 86&ÿÿ3ÿ6 ÿ6ÿSRÿ6859 ÿ584ÿ6ÿÿ688 86ÿ
#8ÿ8ÿ"Sÿ665ÿ060&ÿÿ' ÿ9 8 ÿ$ 8 ÿ69 5ÿ ÿ8ÿ6ÿ
6859ÿ584ÿ6ÿÿ69 8ÿ688 86ÿ45865ÿ6ÿ  58 86ÿ ÿ58 ÿ
9 84 ÿ6 ÿ 94&ÿ
79 ÿ[8ÿ\6 ÿ- 5 5ÿ' ÿ.4465ÿ3W+ÿ-64 86ÿ
-567ÿ68ÿ85ÿ6 $65 86ÿ#8ÿ ÿ/ 8658ÿW6 86ÿ65ÿ]4ÿ
\88ÿ/  5ÿ!/W]\/%ÿ58ÿ8ÿ-.-.ÿ ÿ8ÿÿ65ÿ6ÿ4465ÿ 5$ ÿ
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
YZ

ÿ^PGODHOÿFKO_ÿDÿHB=OPI@?ÿK=ÿHPG=KM@?@Mÿ̀=BHH@==aBCbÿKaÿPG@ÿPaÿO_@ÿaPCCPFKGAÿPHHB?=cÿÿ^B=OPI@?ÿ
# 5ÿ ÿ46 ÿ65ÿ68ÿ9 ÿ8ÿÿ 7ÿ9 ÿ8ÿ 8 5ÿ65ÿ 7ÿ8ÿ58 ÿ$ 0ÿ
569ÿ ÿ69 5ÿ9 8ÿ8ÿ 8 5ÿ65ÿ64 ÿ65ÿÿ80ÿ#88ÿ ÿ9 8ÿ8ÿ80&ÿÿ
^PGODHOÿFKO_ÿDÿHB=OPI@?ÿK=ÿHPG=KM@?@Mÿ̀?@H@KQ@MbÿKaÿPG@ÿPaÿO_@ÿaPCCPFKGAÿPHHB?=cÿÿ^B=OPI@?ÿ
# 5ÿ ÿ46 ÿ 7ÿ8ÿ58 ÿ$ 0ÿ569ÿ ÿ69 5ÿ65ÿ9 8ÿ8ÿ64 ÿ65ÿÿ80ÿ
#88ÿ ÿ9 8ÿ8ÿ80&ÿÿW65ÿ+62 8 ÿ3  8 ÿ69 5(ÿÿ#6ÿ886 ÿ5 58ÿ#8ÿ
$ÿ699 ÿ8ÿR98 ÿ8 5 &ÿÿW65ÿ2 8 ÿ3  8 ÿ69 5(ÿÿ]ÿÿ6859 86ÿ
 ÿ6ÿ$ ÿ58 ÿ56ÿ 9ÿ688 86ÿ-567ÿ699 ÿ ÿ665ÿ060ÿ
456ÿ#8ÿ8ÿÿ8456ÿ88ÿ$ÿ-567ÿ456 ÿ8ÿ4 5 ÿ#8ÿ 9ÿ688 86ÿ
6558ÿ 5ÿ65ÿ!8ÿ5#ÿ65ÿ-567ÿ4%&ÿÿ-567ÿ#8ÿ ÿÿ665ÿ 5ÿ ÿ
69 5ÿ4598ÿ8ÿ468$ &ÿ

ÿ

01ÿ

343567894 ÿ9659ÿ976ÿ769ÿ584ÿÿÿ9ÿ7ÿ7694977ÿ
4 3498ÿ47 97894 ÿ4ÿ476ÿ9ÿ84ÿ97ÿ7 ÿ7 ÿ576ÿ433485 98ÿ4ÿ
343567894 ÿ98ÿ9796989ÿÿ5969ÿ8ÿ73798ÿ4ÿ93 8ÿ69!9ÿÿ"#$%ÿ7ÿ
44978ÿ98ÿÿ84ÿ34 ÿ84ÿ584ÿ878ÿ59ÿ4 89545ÿ34ÿ4ÿ
976ÿ587979698ÿ4ÿÿ7 987 ÿ79ÿ976ÿ!9ÿ59ÿ8ÿ"&"&ÿ
! 8ÿÿÿ'39 ÿ7ÿ9ÿ!465ÿ4ÿ766ÿ84ÿ89ÿ6476ÿ49ÿ9ÿ9378ÿ77ÿÿ
"#$%ÿ8ÿ3 ÿ67ÿ84ÿÿ4ÿ8ÿ456ÿ34!9ÿ947894 ÿ84ÿ89ÿ
4 5ÿ845458ÿ8ÿ57894 ÿ4ÿ8ÿ! 8ÿ
())*+*,-.//01ÿ34563ÿ7899,:+;)ÿ7,<;ÿ,=ÿ>?@AB7ÿ;7C./.+*,-7ÿ=:,<ÿ>?@AB7ÿ3,-+.C+ÿ3;-+;:ÿ
7 ÿ6476ÿ49ÿÿ34!99ÿ!76ÿD89ÿEFFFÿ7889ÿG6 ÿ87 ÿHFIÿ84ÿ584ÿ9ÿ
ÿ4ÿ8347ÿ7J53ÿ34ÿÿKÿ764ÿÿ584ÿ84ÿ6476ÿ45ÿ
845ÿ89ÿ'989ÿ45 98ÿ84Jÿ7 ÿ6476ÿ7 9ÿ
LMNOPQRÿTÿUÿVQNWXÿYQZZ[RPO\ÿ]M^_M`MROWOPaM`ÿYQROWNOMbÿ
"#$%ÿ8ÿ458ÿ4!ÿHEFFÿ48997894 ÿ84ÿ4!ÿHcFÿ98ÿ7 ÿ45 8ÿ49ÿ7458ÿ89ÿ
"&"&ÿ! 8ÿÿd33 9'ÿÿ4 ÿ8ÿ6476ÿ4! 8ÿ8976ÿ3 8789! ÿ7 ÿd ÿ
4 878ÿ394ÿ84ÿ 97894 ÿ8ÿ998976ÿ78ÿ4 ÿ9ÿ8ÿ87J46ÿÿ
4 878ÿ7 ÿ8ÿ8ÿ77ÿ78ÿÿ 97894 ÿ7ÿ67 99ÿ7ÿe4 ÿHÿ
K9ÿfÿ4ÿK9ÿEÿ7ÿ3ÿ8ÿ99894 ÿ9ÿ#gÿhiÿj56ÿfHfkÿk78ÿ7Jÿ98ÿ7 ÿ
789Jÿ7ÿ3 8789!ÿ4ÿ9!ÿ568936ÿ48997894 ÿ59ÿ8ÿ! 8ÿ
LMNOPQRÿlÿUÿVQNWXÿWRbÿLOWOMÿm[nXPNÿLWoMO\ÿmW_ORM_ÿpRqWqMZMROÿ
&9ÿfFHrÿ"#$%ÿ7ÿ ÿ89ÿ98ÿ989 ÿ45 89 ÿ89 ÿ878ÿ7 9ÿ7 ÿ
48ÿ3569ÿ78ÿ378ÿ84ÿ34!9ÿ947894 ÿ7,8+ÿ>?@AB7ÿ>s>sÿ>:,t:.<uÿÿ
K9ÿ7ÿ965ÿ58ÿ7ÿ48ÿ6998ÿ84vÿ
wÿ j!99ÿJÿ48997894 ÿ9684 ÿ98ÿ3569ÿ78ÿ378yÿ
wÿ  899ÿfz{,8:ÿC,-+.C+ÿ-8<|;:7ÿ=,:ÿ.//ÿ}8:*7)*C+*,-7ÿ~*+{*-ÿ>?@AB7ÿ
!9ÿ77yÿ
wÿ 449789ÿ98ÿ989ÿ7 ÿ45 89ÿ84ÿ4 9ÿ98976ÿ796989ÿ9ÿ89ÿ
599894 yÿ
wÿ % 87699ÿ7 ÿ84ÿ8ÿ5ÿ787ÿ87 ÿ34876ÿ7 ÿ59ÿ4 9645ÿ
7 8ÿGkdIÿ98ÿ989ÿ7 ÿ45 89ÿ4ÿ79894 76ÿ584ÿ947894 ÿ
ÿ84ÿ7 98ÿ6476ÿ34 ÿ48ÿ59ÿ7 ÿ! 8yÿ7 ÿ
wÿ %'37 9ÿ4587ÿ84ÿJÿ87J46ÿ7 ÿ6476ÿ45 989ÿ79ÿ8ÿ
97ÿ43ÿ4ÿ8ÿ347ÿ84ÿ965ÿ87 9 94 6!6ÿ7 8ÿ7 ÿ8ÿ
93487 ÿ4ÿ ÿ337  ÿ
ÿfFHhÿ84ÿ78ÿ"#$%ÿ7ÿ6ÿccEÿ89ÿ98ÿ989 ÿ45 89 ÿ7 ÿ3569ÿ78ÿ
378ÿ79ÿ"&"&ÿ9659ÿHÿ367 9ÿ4J43ÿ788 ÿÿ4ÿ87 ÿ
hEFÿ3569ÿ78ÿ378ÿÿK45458ÿ8ÿ7ÿ"#$%ÿ764ÿ6ÿ567ÿ89ÿ98ÿ
878ÿ7 9ÿ9659ÿ8ÿ"ÿ76ÿg%&ÿ7 ÿdÿj%ÿ7 ÿ8ÿ48ÿ
9!844 ÿ5896989ÿGgIÿ79ÿ"&"&ÿ34 ÿ7 ÿ87 7ÿ
01ÿ
ÿ

34ÿ36789 ÿÿÿ487ÿ77ÿ46ÿÿ3ÿÿ4ÿ8 48ÿ36ÿÿ
!"#$%ÿ#'(ÿ)*+' ÿ,#%%-ÿ+.ÿ#ÿ)+/'/$#%ÿ0101ÿ2'/3ÿÿ456$'7ÿ/* ÿ)6$+(ÿ$'ÿ8*69ÿÿ
:;<ÿ8#-ÿ#,/$2=ÿ0>?:ÿ-5@"$//(ÿ#'(ÿ,+'/$'5(ÿ/+ÿ)6+2$(ÿ5)(#/-ÿ/+ÿ<#%ÿ;:1ÿ2$#ÿ/* ÿ
0101ÿ1/#/ÿA+/$.$,#/$+'ÿB+6"ÿ#'(ÿ/8$,!(#$%Cÿ1/#/ÿ:D,5/$2ÿ<#%%-3ÿÿE "@6-ÿ+.ÿ/* ÿ
<0F<=ÿ<#%ÿ;:1=ÿ#'(ÿ<GHÿIJKÿL ÿ8ÿM9ÿ4ÿÿ3ÿ4ÿ 6ÿ
6#%!/$" ÿ-/#/5-ÿ5)(#/-3ÿÿÿ
05@%$,ÿ1#./CÿG'-8 6$'7ÿ0+$'/-ÿN01G0O=ÿ<+5'/Cÿ;:1ÿ#'(ÿ/6$@#%ÿ" 67',Cÿ6-)+'(6-ÿ
8 6ÿ'+/$.$(ÿ+.ÿ)+/'/$#%%Cÿ$")#,/(ÿ,+""5'$/$-ÿ/*6+57*ÿ%$2ÿ)*+' ÿ,#%%-3ÿÿ456$'7ÿ/* ÿ
P 8ÿ4ÿL969ÿÿ3ÿLÿ67 ÿ8Q47Rÿ3ÿ4ÿ79ÿ+26'" '/-ÿ6,$2(ÿ
-/#/5-ÿ5)(#/-ÿ/*6+57*ÿ/* ÿ/*6$,!(#$%Cÿ;)6#/$+'#%ÿS6$.$'7ÿ,#%%-3ÿÿ0>?:ÿ#%-+ÿ$('/$.$(ÿ
#ÿ(($,#/(ÿ0>?:ÿ)+$'/!+.!,+'/#,/ÿ.+6ÿ#,*ÿ$")#,/(ÿ<+5'/Cÿ/+ÿ6-)+'(ÿ/+ÿ5'$T5 =ÿ%+,#%ÿ
$'T5$6-3ÿÿU'ÿ#(($/$+'=ÿ0>?:ÿ%$#$-+'ÿ6)6-'/#/$2-ÿ8 6ÿ"@(((ÿ$'ÿ/* ÿ%+,#%ÿ
VQ6784ÿ3ÿÿ WQ 7ÿ4ÿ848Mÿ8Q47RÿX8ÿ8ÿQP 8ÿ4ÿ8Q47Rÿ
3ÿL ÿM9ÿ4ÿÿ3ÿ4ÿ 6ÿ !/$" ÿ-/#/5-ÿ5)(#/-3ÿ
G(($/$+'#%ÿ+5/6#,*ÿ/++Yÿ)%#,ÿ$'ÿ/* ÿ.+6"ÿ+.ÿ#5/+"#/(ÿ!"#$%-=ÿ)*+' ÿ,#%%-=ÿ#'(ÿ/D/ÿ
" --#7-ÿ/+ÿ/* ÿ,+'/#,/-ÿ%$-/(ÿ$'ÿ1,/$+'ÿZÿ[ÿ\]^_ÿ̀b]ccdefghÿijkljmjeg_gfnjmÿ
b]eg_^gjoÿ#/ÿ675%#6ÿ$'/62#%-3ÿÿ
G%/*+57*ÿ0>?:ÿ-5,,--.5%%Cÿ,+'/#,/(ÿ#%%ÿ)+/'/$#%%Cÿ$")#,/(ÿ,$/$-=ÿ,+5'/$-=ÿ/6$@-=ÿ
-/#/ÿ#7',$-=ÿ#'(ÿ+/* 6ÿ)5@%$,ÿ-#./Cÿ)#6/' 6-ÿ$'ÿ#(2#',ÿ+.ÿ-*5//$'7ÿ+..ÿ)+8 6=ÿ0>?:ÿ
$('/$.$(ÿ#6#-ÿ.+6ÿ,+'/$'5(ÿ$")6+2" '/ÿ67#6($'7ÿ'7#7" '/ÿ8$/*ÿ$/-ÿ)5@%$,ÿ-#./Cÿ
)#6/' 6-3ÿÿ0%#-ÿ- ÿ1,/$+'ÿpqÿ[ÿ\jmm]emÿ\j_lejoÿrl]cÿsnjegÿ.+6ÿ.56/* 6ÿ(/#$%3ÿÿU/ÿ$-ÿ
$")+6/#'/ÿ/+ÿ'+/ÿ/*#/ÿ0>?:ÿ$-ÿ$'ÿ/* ÿ)6+,--ÿ+.ÿ6#,*$'7ÿ+5/ÿ/+ÿ$")#,/(ÿ,+""5'$/$-ÿ
/+ÿ-+%$,$/ÿ. (@#,Yÿ#'(ÿ$('/$.Cÿ.56/* 6ÿ#6#-ÿ.+6ÿ)#6/' 6-*$)ÿ#'(ÿ$")6+2" '/3ÿ
tuvwxyzÿ|ÿ}ÿ~uÿzÿ~wuÿyÿyxzwÿuvuxuÿ
G-ÿ+.ÿ;,/+@6ÿ=ÿ0>?:ÿ*#(ÿ6,$2(ÿ/*6 ÿ86$//'=ÿ/*6 ÿ)*+' ÿ#'(ÿ+' ÿ!"#$%ÿ<0F<ÿ
,+")%#$'/-3ÿÿ* -ÿ,+")%#$'/-ÿ6%#/ÿ/+ÿ
ÿ 5 -/$+'-ÿ#@+5/ÿ)6+76#"-ÿ/+ÿ)56,*#-ÿ7' 6#/+6-ÿ#'(ÿ#ÿ6T5 -/ÿ/*#/ÿ0>?:ÿ)#C-ÿ.+6ÿ
79 ÿ6Q78M ÿ4 78ÿ
ÿ B (@#,Yÿ/*#/ÿ" ($,#%ÿ@#-%$' ÿ'+/$.$,#/$+'-ÿ#6ÿ/++ÿ.6T5 '/ÿ#'(ÿ8#'/(ÿ,#%%-ÿ
/+ÿ-/+)ÿ
ÿ 5 -/$+'-ÿ6%#/(ÿ/+ÿ8*Cÿ/* ÿ)+8 6ÿ8#-ÿ-*5/ÿ+..ÿ#'(ÿ8* 'ÿ)+8 6ÿ8+5%(ÿ@ÿ6-/+6(ÿ
ÿ  T5 -/ÿ.+6ÿ,6($/ÿ(56$'7ÿ/* ÿ-*5/ÿ+..ÿ)6$+(ÿ
ÿ 8+ÿ,+")%#$'/-ÿ/*#/ÿ/* ÿ,5-/+" 6ÿ($(ÿ'+/ÿ6,$2ÿ'+/$.$,#/$+'-ÿ)6$+6ÿ/+ÿ( !
' 67$#/$+'ÿ#'(ÿ
ÿ B (@#,Yÿ/*#/ÿ/* ÿ8 @-$/ÿ($(ÿ'+/ÿ8+6Yÿ(56$'7ÿ/* ÿ2'/3ÿ
tuvwxyzÿÿ}ÿxÿxuÿuvuÿyÿttÿuzwÿ
G-ÿ+.ÿ;,/+@6ÿp=ÿp=ÿ0>?:ÿ*#-ÿ6,$2(ÿqÿ,%#$"-ÿ.+6ÿ/* ÿ;,/3ÿ!pÿ0101ÿ2'/3ÿÿ
qZÿ+.ÿ/*+-ÿ,%#$"-ÿ8 6ÿ6-$('/$#%ÿ#'(ÿqÿ8 6ÿ,+"" 6,$#%3ÿ
01ÿ
ÿ

3ÿ 567789 ÿ
ÿ ÿ8ÿ89968667 ÿ6ÿ
ÿ ÿ9689ÿ 7 8ÿÿ8ÿ
ÿ ÿ9689ÿ 7 8ÿ
ÿ ÿ66ÿ6ÿ
3ÿ !88 ÿ
ÿ "#ÿ8667 ÿ6ÿ
ÿ $#ÿ9689ÿ 7 8ÿÿ8ÿ
ÿ %#ÿ9689ÿ 7 8ÿ
ÿ #ÿ66ÿ6ÿ
ÿ ÿ  8ÿ
ÿ $ÿ6 ÿ&9ÿ
'()*+,-ÿ//ÿ0ÿ1(*2+3(4ÿ1(5)6+7*+,-ÿ,8ÿ'*(75ÿ92:(-ÿ*,ÿ;(5*,6(ÿ<,=(6ÿ
>?ÿA?ABACDÿECDDÿFDGCHIÿJCKÿAKKLGMÿNOÿBPGÿQRSÿCBÿTTUVÿW?ÿQFBWNGHÿTVXÿCYBGHÿJA?MKÿMGFHGCKGMÿ
86ÿ68Z96 ÿ986ÿ69ÿÿ696ÿ6ÿ[\]^_ÿ89` 8ÿ89969aÿÿb6 ÿ
c ÿ89cÿ8 6ÿ898ÿ7 8ÿ69ÿ8ÿ987 ÿ7 8ÿ98ÿÿ889ÿ8988ÿ
86ÿ68Z96 ÿ986ÿ69ÿ8ÿ69986ÿ696ÿ6ÿ[\]^_ÿ89` 8ÿ
89969aÿÿd8698ÿ8ÿ ÿ89eÿ[\]^ÿ ÿ76 f8ÿ98698ÿ967ÿ6Z7 8ÿ
`6ÿ6ÿ69ÿ8ÿ8g86ÿ6ÿ8ÿ 96ÿÿ98Z889f6ÿ98aÿÿhÿ69ÿ
6ÿ 8ÿ98696eÿ[\]^ÿ 96 8ÿ ÿ 8ÿ9ÿÿ$ÿ7 8ÿ6ÿ8 ÿc ÿ
89cÿ8 6ÿ6ÿi 689ÿ$jÿÿ$$ÿ6ÿ8ÿÿ 7 8ÿ8698ÿ98Z889faÿÿ
k6ÿ988ÿ8ÿ68ÿ7 ÿ6ÿ6789eÿ[\]^ÿ f8ÿ8 689ÿ 96ÿÿ98ÿ
898ÿ̀ ÿ ÿ6ÿ7 8ÿÿ̀886aÿÿlÿ8ÿh 8ÿ5677 ÿm87ÿ
nh5moÿÿÿ8ÿ9868ÿ97869peÿ8 ÿ9ÿ ÿ8ÿÿp698ÿ6ÿ6ÿ
89`69eÿ98eÿ96878eÿÿ869aÿÿkÿ998ÿ 68ÿ[\]^ÿ6ÿ 96ÿ
ÿ89697ÿ8ÿ98696ÿÿ 78ÿÿ8ÿ7 8ÿ89 f8ÿ696ÿ
889aÿÿi`89ÿejjjÿ9ÿ7 8ÿ898ÿ̀ ÿ 96 8ÿ69ÿ 8aÿÿ[\]^ÿ f8ÿ
96g7 8ÿ#ejjjÿ8ÿ8968ÿÿ""ÿ8 689ÿ6ÿ8ÿÿ 8ÿ689ÿ
ÿ7 p8ÿ889ÿ98 9ÿ969ÿ6ÿ98696aÿÿ[\]^ÿ98698ÿ689ÿ6ÿ6789ÿÿ
 96ÿ898ÿ6788ÿÿ6788ÿ98698ÿ89` 8ÿ6ÿ ÿ6789ÿÿ
96g7 8ÿ$%jjÿ6ÿi 689ÿ$aÿ
'()*+,-ÿ/qÿ0ÿ'()*+,-23+r2*+,-ÿ
s9ÿÿ8`8eÿ[\]^ÿ8897 8ÿ ÿÿ6ÿ7878ÿ[m[mÿ69ÿ"#ÿ6ÿ8ÿ
Z68ÿ9ÿÿ86 fÿÿ8Z889fÿ6ÿ696ÿ6ÿ8 ÿ9ÿ
nÿ668ÿ6ÿ8ÿ ÿ9oaÿÿk68ÿ"#ÿ9ÿ98ÿ7 9p8ÿÿÿ8ÿ89pÿÿ
k 8ÿ$aÿÿkÿ988ÿ8ÿ789ÿ6ÿ6789ÿ7 8ÿÿÿ[m[mÿ8`8ÿÿ
tte$ÿ6789aÿ
ÿ

01ÿ

3456789ÿ ÿÿ8976ÿ76954ÿ856789ÿ
ÿ!"ÿ#$#ÿ% ÿ$!&!!ÿ'!ÿ($')ÿ%ÿ#**+,-ÿ.,%!ÿ/%,0ÿ
%ÿ1!&&ÿ%ÿ2%3+4ÿ5!!"%,ÿ+44",6ÿÿ78ÿ!,ÿ!"2!ÿ,8!!ÿ"!+"!ÿ*% !ÿ
%9%&%2&!ÿ,ÿ+,*!"ÿ+"5ÿ,8ÿ::ÿ!9!,6ÿ
$!&!!ÿ'!ÿ
.ÿ$'ÿÿ%ÿ!5%,!ÿ%"!%ÿ18!"!ÿÿ%ÿ%;!&-ÿ4"9!ÿ!&!,",-ÿ,ÿ**+,-ÿ
"!+"!ÿ2-ÿ"%4&-ÿ&%,5ÿ,ÿ;"*ÿ,8!ÿ1!"ÿ5"ÿ% ÿ"!<!!"5=5ÿ,ÿ+5ÿ
,!*4"%"-ÿ*2&!ÿ5!!"%,ÿ%,ÿ%ÿ4"!<,%&&! ÿ,!"!,ÿ8+2ÿ(>?)ÿ+"5ÿ%ÿ
+,%5!6ÿÿ78+58ÿ!%8ÿ$'ÿ1&&ÿ9%"-ÿÿ%&!ÿ% ÿ4!0ÿ,8!ÿ;&&15ÿ!@+4*!,ÿ1&&ÿ
!%2&!ÿ!%8ÿ,!Aÿ
Bÿ >&%,ÿ!9!ÿ+!ÿ,ÿ!,ÿ,8!ÿ"+,ÿ;"*ÿ,8!ÿ1!"ÿ5"ÿ+"5ÿ%ÿ4+2&ÿ
%;!,-ÿ+,%5!Dÿ% ÿ
Bÿ .ÿ>?ÿ,8%,ÿ!%2&!ÿÿ,ÿ"%4&-ÿ!,ÿ,!*4"%"-ÿ4"*%"-ÿ5!!"%,ÿ% ÿ
EFEGHIJEÿLMEÿINOPQLERÿSIGSTILÿULMEGEVWÿXOGYIFHÿQFÿEFEGHIJERÿZINPQFR[\]ÿ
^OLEÿLMQLÿ_MIPEÿ̀abcdNÿOVeESLIfEÿINÿLOÿgGOfIREÿgO_EGÿSOFLIFTILWÿIFÿhiNÿLOÿNTggOGLÿ
**+,-ÿ"*%&-0ÿÿÿ,ÿÿ%ÿ4,ÿ,ÿ5+%"%,!!ÿ!"9!ÿÿ2!8%&;ÿ;ÿ%-ÿ
+,*!"ÿ!!"5=!ÿ1,8ÿ%ÿ$'6ÿ
j+"5ÿ,8ÿ::ÿ!9!,0ÿÿ"!% !ÿ% ÿ!k!+,!ÿ4&%ÿ,ÿ;+",8!"ÿ*,5%,!ÿ,8!ÿ
*4%,ÿ;ÿ!<!!"5=%,ÿÿ+,*!"ÿ2-ÿ%;!&-ÿ!,%&=5ÿ% ÿ!!"5=5ÿ
4"!<!;!ÿ%"!%ÿÿ.51ÿ% ÿ#%&,5%ÿ+5ÿ,!*4"%"-ÿ4"*%"-ÿ5!!"%,ÿ
2!55ÿ,8!ÿ*"5ÿ;ÿ7+!%-0ÿl,2!"ÿmÿ,8"+58ÿ&%,!ÿ!9!5ÿ78+"%-0ÿ
l,2!"ÿno6ÿÿ78!!ÿ4&,ÿ!;;",ÿ%"!ÿ4%95ÿ,8!ÿ1%-ÿ;"ÿÿ,ÿ%&!ÿ+4ÿ,ÿ%2&,-ÿ,ÿ
%;!&-ÿ4"9!ÿ41!"ÿ,+,-ÿ+5ÿ,!*4"%"-ÿ5!!"%,ÿ+"5ÿ::ÿ!9!,ÿ,ÿ*"!ÿ
**+,!0ÿ% ÿ,8!"!2-ÿ"!+!ÿ,8!ÿ;,4",ÿ;ÿ::6ÿ
pMEÿqFH_IFÿhirÿ̀abcdNÿXIGNLÿgIPOLÿhirÿEFEGHIJERÿQÿNESLIOFQPIJERÿQFÿQGEQÿOXÿLMEÿLO_FÿLMQLÿ
&+ !ÿ,8!ÿ&%&ÿ;"!ÿ!4%",*!,ÿ% ÿ,+ !,ÿ8+5ÿ+"5ÿ,8ÿ::ÿ!9!,6ÿÿs2&!ÿ
5!!"%,"ÿ1!"!ÿ,%5!ÿ% ÿ!,!ÿ%,ÿ,8!ÿ>?6ÿ

ÿ

01ÿ

345678ÿÿÿ 748ÿ78ÿ878ÿÿÿ8448 8ÿ!8ÿ4ÿ5"4ÿ

ÿ

ÿ
345678ÿ$ÿÿ%48ÿ8874ÿ58ÿÿ5"4ÿ&'ÿ

ÿ

ÿ

ÿ

01ÿ

2345ÿ789ÿ8 ÿ 7ÿÿ7ÿ7ÿÿÿ898ÿÿÿ8ÿ2ÿ78ÿ9ÿ ÿ
ÿ7ÿ9 ÿ789ÿÿ898ÿ89ÿ8ÿÿ7ÿ  ÿÿ8ÿ2ÿ!89ÿ
"#$%&'#ÿ&'$ÿ)*+,'&*-ÿ*.'$&"#ÿ*/ÿ'0#ÿ12314$ÿ5&#6ÿ7ÿ,-"ÿ5&#6ÿ8ÿ/&6#78ÿ8899ÿ7ÿ
:;ÿ<ÿ 9ÿ78ÿÿ9ÿ9!98 ÿ ÿ77ÿ=ÿ>ÿ8 ÿ?ÿ889ÿ ÿ@A9ÿ
BCDEBF;ÿ78ÿ78ÿ! ÿ 9ÿÿ2G2Gÿ 9ÿ 99ÿ 8< ÿ898ÿ ÿÿ7ÿ
 9ÿ 9ÿ<ÿÿ!ÿ 8ÿ!ÿ2G2Gÿ 9ÿÿ898ÿ89ÿ9 9ÿ2345ÿ7ÿ
 ÿÿÿ8ÿ2ÿ 8 ÿ8 ÿ999ÿÿ9ÿ8ÿ9 8 ÿ8ÿ
HIÿ78 ÿ78ÿ ÿ ÿA  ÿÿ
A77ÿ898ÿ9ÿÿÿ78ÿ8ÿ2ÿ ÿ89ÿ2345ÿ9ÿ 8ÿ 8ÿ
 89ÿ78ÿÿ88ÿ98 ÿ8ÿ7ÿ8ÿ9!98 ÿÿ7ÿ<ÿÿ Jÿ
8ÿ ÿÿ898ÿ78ÿ78ÿ9ÿ!ÿ  ÿ89ÿ98ÿÿ Jÿ ÿ
2G2Gÿ87ÿ  9ÿ
HIÿGÿG ÿ 98 9ÿK>;>;Lÿ
M-ÿ"#'#6N&-&-Oÿ'0#ÿ)*+,'&*-$ÿ*/ÿ%*'#-'&,)ÿ/.'.6#ÿPQ$Rÿ2STU4$ÿ',6O#'&-Oÿ%6*+#$$ÿV#O&-$ÿVWÿ
 9 ÿ  9ÿ78ÿ8ÿ 9ÿ<ÿÿX ÿ2G2Gÿÿ@ÿ79ÿ
  99ÿ2345ÿ899999ÿ9 ÿÿ!ÿ< ÿYÿ
Zÿ 99ÿÿ978ÿ99ÿ ÿ  ÿ9ÿ78ÿ8 ÿ9ÿ  ÿ
 8\ÿ
Zÿ 5ÿ 89ÿ78ÿ9ÿ98ÿÿ Jÿ ÿ8ÿ2G2Gÿ ÿK9ÿ 8ÿ
8 ÿ 99ÿ78 ÿ 89L\ÿ
Zÿ  7ÿ 8ÿÿ ÿ89ÿ!89ÿ ÿ8 ÿ8 ÿ7ÿÿ 89ÿ
9 ÿ7ÿ88\ÿ8 ÿ
Zÿ ]98 ÿÿ889ÿ78ÿ8ÿ99ÿ<ÿÿX ÿ8ÿ2G2Gÿ ÿ
2345ÿÿ 8Jÿ9ÿ8 ÿ9 9ÿ!ÿ8< ÿ ÿ8 ÿ   8 ÿ
89!ÿ8 ÿ7ÿ!8<ÿÿ9ÿ2!ÿG8ÿ289ÿ8!ÿ8 ÿ8!ÿ
8 ÿ8ÿ 89ÿ

ÿ

00ÿ

345678ÿÿÿ 748ÿ78ÿ878ÿÿÿ8448 8ÿ!8ÿ4ÿ"45ÿ

ÿ

ÿ

$%&&'()*+ÿ,-.%'/0-ÿ$-(*-/.ÿ
12-(ÿ3ÿ4545ÿ-6-(*ÿ%00'/.7ÿ$,$.ÿ8/%6)9-ÿ)&830*-9ÿ0'.*%&-/.ÿ3(9ÿ/-.)9-(*.ÿ3ÿ.830-ÿ
*23*ÿ).ÿ.3:-7ÿ-(-/;)<-9ÿ3(9ÿ3)/=0%(9)*)%(-9ÿ>3.ÿ388?)03@?-Aÿ9'/)(;ÿ93+?);2*ÿ2%'/.Bÿÿ
C).)*%/.ÿ3/-ÿ8/%6)9-9ÿD)*2ÿ'8=*%=93*-ÿ4545ÿ-6-(*ÿ)(:%/&3*)%(ÿ@+ÿ9-9)03*-9ÿ4EFGÿ.*3::7ÿ
D3*-/ÿ3(9ÿ/-.*/%%&.7ÿ*3@?-.ÿ3(9ÿ023)/.7ÿ3.ÿD-??ÿ3.ÿ8%D-/ÿ.*/)8.ÿ*%ÿ&--*ÿ@3.)0ÿ023/;)(;ÿ
(--9.7ÿ)(0?'9)(;ÿ023/;)(;ÿ:%/ÿ0-??ÿ82%(-.ÿ3(9ÿ?38*%8.7ÿ.&3??ÿ&-9)03?ÿ9-6)0-.ÿ3(9ÿ1)=H)ÿ
300-..ÿ>D2-/-ÿ8%..)@?-ABÿÿI2-ÿ$,$.ÿ3/-ÿ9-.);(-9ÿ*%MNÿ&--*ÿ*2-ÿ:%??%D)(;ÿ0/)*-/)3Jÿÿ
K&-/)03(.ÿD)*2ÿL).3@)?)*)-.ÿK0*ÿ>KLKAÿ0%&8?)3(*7ÿ0383@?-ÿ%:ÿ300%&&%93*)(;ÿ'8ÿ*%ÿ
388/%O)&3*-?+ÿPMQQÿ
0'.*%&-/.ÿ3*ÿ3ÿ*)&-7ÿ.)*-ÿ%D(-/ÿ388/%63?7ÿ3(9ÿ%8-(ÿ*+8)03??+ÿ:/%&ÿ
TU
M
V
Rÿ3B&Bÿ*%ÿSÿ8B&B ÿ
W(ÿ3963(0-ÿ%:ÿ3ÿ8%*-(*)3?ÿ4545ÿ-6-(*7ÿ4EFGÿ23.ÿ0%%/9)(3*-9ÿD)*2ÿ?%03?ÿ;%6-/(&-(*ÿ
3;-(0)-.ÿ)(ÿ3(ÿ-::%/*ÿ*%ÿ;3)(ÿ)(8'*ÿ3(9ÿ8/-=)9-(*):+ÿ)9-3?ÿ.)*-ÿ?%03*)%(.ÿ:%/ÿ3ÿ$,$ÿ9'/)(;ÿ
3(ÿ-6-(*ÿ*23*ÿ&--*ÿ*2-ÿ0/)*-/)3ÿ(%*-9ÿ3@%6-BÿÿW(ÿ%/9-/ÿ*%ÿ.)&8?):+ÿ3(9ÿ300-?-/3*-ÿ*2-ÿ
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
MN
ÿXYYÿ[\ÿ]^_`abÿcdcÿbefghegfibÿjfiÿkiblmnikÿjbÿXoXÿh[pqYljnerÿÿ^[lnmÿ\[fsjfktÿ]^_`ÿslYYÿ
D%/uÿ)(ÿ0%%/9)(3*)%(ÿD)*2ÿ?%03?ÿ3;-(0)-.ÿ*%ÿ-(.'/-ÿ$,$.ÿ3/-ÿ.)*-9ÿ)(ÿ3/-3.ÿ*23*ÿ3/-ÿKLKÿ
300-..)@?-7ÿ.'02ÿ3.ÿ(-3/ÿKLKÿ0%&8?)3(*ÿ*/3(.8%/*3*)%(ÿ2'@.Bÿ
MTÿ$,$.ÿ
&3+ÿ0?%.-ÿ-3/?+ÿ):ÿ%'*3;-ÿ).ÿ:'??+ÿ/-.*%/-9ÿ)(ÿ*2-ÿ3/-3ÿ%/ÿ):ÿ3(+ÿ.3:-*+ÿ0%(0-/(.ÿ3/-ÿ
)9-(*):)-9Bÿÿ5%&-ÿ$,$.ÿ/-&3)(-9ÿ%8-(-9ÿ83.*ÿSÿ8B&Bÿ):ÿ*2-/-ÿD3.ÿ9-&3(9ÿ:/%&ÿ*2-ÿ
0%&&'()*+7ÿ(%ÿ.3:-*+ÿ0%(0-/(.ÿ3*ÿ23(97ÿ3(9ÿ8'@?)0ÿ.3:-*+ÿ%::)0)3?.ÿD-/-ÿ8/-.-(*ÿ*%ÿ
.'88%/*ÿ.-0'/)*+ÿ*%ÿ*2-ÿ?%03*)%(>.ABÿ
MVÿvjbikÿ
[nÿ\iikwjhxÿfihilyikÿkgflnmÿezlbÿiyinetÿ]^_`abÿcdcÿz[gfbÿzjyiÿwiinÿi{einkikÿe[ÿ
Rÿ3B&Bÿ*%ÿRÿ8B&Bÿ

ÿ

01ÿ

345678693ÿ 4977ÿ4ÿ463665ÿÿÿ686ÿ4ÿ ÿÿ 7ÿ7 3ÿ7865ÿ
587ÿ6ÿ39ÿ7ÿ33ÿ7ÿ48863ÿ768ÿ3498647ÿ6866ÿ4ÿÿÿ  ÿ8ÿ
67ÿ933!ÿÿ"63ÿ87ÿ #6866ÿ3498647ÿ ÿ34 ÿ84ÿ76 36ÿÿ4 866ÿ
8ÿ4636864ÿ4ÿÿÿ8ÿ 4$668ÿ4ÿ87ÿ3498647ÿ84ÿ8ÿ 78ÿ4%857ÿ9ÿ
 ÿ7ÿ4ÿ8ÿ545 ÿ4ÿ8ÿ564ÿÿ8ÿ3498647ÿ865ÿ8ÿ433465ÿ
&%687'ÿÿ9 968ÿ4ÿ8ÿ378ÿ())ÿ4 3ÿ*+*ÿ997766368ÿ9,#% ÿ5 864ÿ
636368ÿ78ÿ7ÿÿ 43ÿ4ÿ8ÿ 4 8ÿ4!ÿÿ
-49864ÿ. ÿÿ.636ÿ4ÿ7'ÿÿ+%65ÿ867ÿ  ÿ8ÿÿ96ÿ
7%5578ÿÿ3498647ÿ4ÿ%369ÿ78ÿ 87ÿ8 8ÿ4%3ÿÿ4ÿ9468ÿ4ÿ
9%7847ÿ7ÿ4ÿ8ÿ4%85ÿ 7/ÿ4ÿ8ÿÿ7 3ÿ9478 687ÿ6ÿ39ÿ
ÿ74ÿ7%5578ÿ7687ÿ94%3ÿ48ÿ8ÿ87ÿ9686ÿ48ÿ4ÿ69ÿ67ÿÿ74ÿ
7653ÿ4ÿ 4 68ÿ3498647ÿÿ48ÿ%7!ÿ
+%ÿ84ÿ8ÿ793ÿ4ÿ867ÿ  ÿ8ÿÿ 46ÿÿ8483ÿ4ÿ00ÿ7ÿ84%54%8ÿ8ÿ
6 98ÿ 7ÿ6ÿ8ÿ8 684ÿ68ÿ8ÿ688ÿ4ÿ 65ÿ8ÿ378ÿ4ÿÿ6ÿ8ÿ94%867ÿ
98!ÿÿ.ÿ4ÿ8ÿ00ÿ7ÿÿ644ÿ3498647'ÿÿ*394%ÿ4%68ÿ8ÿ6ÿ
1 54ÿ24%7ÿ3 3,ÿ64ÿ8ÿ6ÿ3 3,ÿÿ2  ÿ347ÿ8ÿ6ÿ
44 !ÿÿ.ÿ 665ÿÿ8 4 ÿ8 637ÿ4ÿ88ÿ3498647ÿ6ÿÿ4 ÿ7 9ÿ
7%9ÿ7ÿÿ ,65ÿ348ÿ4ÿ5 77ÿ ÿ8ÿÿ74 65ÿ98ÿ9%9ÿ786%ÿ78% 8ÿ
6ÿ78864ÿ483ÿ%78ÿ ,ÿ94%68ÿ98ÿÿ654%!ÿ
1ÿ"7 ÿ1984ÿ4ÿÿ4 ÿ56ÿ7ÿ9477ÿ57ÿ94%867!ÿÿ1ÿ.%7 ÿ
1984ÿ()ÿ6ÿ6864 3ÿ7ÿÿ4 ÿ 7ÿ4ÿ 9,ÿ4ÿ%369ÿ78ÿ
87ÿÿ8ÿ8696 8ÿ86ÿ4ÿ#56864ÿ6ÿ8ÿ7% 4%65ÿ 7!ÿÿ*ÿ8483ÿ4ÿ
00ÿ7ÿ6ÿ56ÿ94%867ÿÿ633ÿ84ÿ8ÿ%369ÿ4ÿ.%7!ÿÿ1ÿ86 ÿ1984ÿ((ÿ
7 3ÿ7ÿÿ4636ÿ99347:ÿ8ÿ74ÿ3498647ÿ ÿ769ÿ784ÿ4ÿ
88 9ÿ 7ÿ66 3!ÿÿ*ÿ8483ÿ4ÿ5;ÿ7ÿ 6ÿ4 ÿ9477ÿ55ÿ94%867ÿ4ÿ
86 !ÿÿ"68ÿ478ÿ9%7847ÿ784ÿÿ86 ÿ65ÿÿ,8ÿ4%ÿ7ÿ4 ÿ4ÿ
8% ÿ1984ÿ(5ÿ6ÿ4%ÿ94%867ÿ%863ÿ4ÿ 7ÿ784ÿ84ÿ8ÿ 7!ÿ
%784ÿ<6768864'ÿÿ1 33ÿ 4$6 83ÿ70))ÿ676847ÿ88ÿ4ÿ4ÿ8ÿ00ÿ7ÿ
84ÿ%7ÿ8ÿ7697ÿ 46ÿÿ!ÿÿ4ÿ9%7847ÿ8%ÿ84ÿ8ÿ7ÿ9477ÿ
%3863ÿ 7ÿÿ8ÿ358ÿ4ÿ78ÿ 6=4ÿÿ748ÿ6768ÿ84ÿ9 5ÿÿ4ÿ4ÿ
693ÿ&%68ÿÿ58ÿ  #38ÿ64 864ÿ84ÿ765ÿ478ÿ4ÿ8ÿÿ84ÿ%7ÿ
8ÿ"6#86ÿ63ÿ4,65!ÿÿ*6864 33ÿÿ96ÿÿ8483ÿ4ÿ;>ÿ676847ÿ4ÿ8ÿ
6ÿ9477ÿ87ÿ00ÿ3498647!ÿÿ%784ÿ88 9ÿ 7ÿ6578ÿ6ÿ 77ÿ< 33ÿ68ÿ
3478ÿ4))ÿ4 3ÿ8865ÿ9477ÿ8ÿ4%ÿ7ÿ68ÿ 7ÿ4 !ÿÿ.ÿ7ÿ6ÿ3 ÿ- ,ÿ
*%%ÿÿ44 ÿ9ÿ ÿ4ÿ?))ÿ6ÿ88 9ÿ9477ÿ8ÿ8ÿ 7ÿ8ÿ
ÿ4 !ÿ
ÿ* 6$ÿÿ4ÿ%8ÿ8637ÿ4ÿ8ÿ7ÿ8 8ÿÿ4636ÿ%65ÿ8ÿ  ÿ
8ÿ693%65ÿ79669ÿ3498647ÿ 87ÿÿ867ÿ633ÿÿ8483ÿ%ÿ4ÿ
@ABACDEBÿCGHCÿICAJAKLMÿCGLÿNONBPÿBLE@AQLBRÿ
ÿ* 6$ÿÿ4ÿÿ3678ÿ4ÿ8ÿ7ÿ4ÿÿ68ÿ5967ÿ8 8ÿÿ67ÿ ÿ
4!ÿÿ 9669ÿ 467ÿ ÿ%,4ÿÿ8ÿ3678ÿ67ÿ48ÿ$ %786!ÿ
ÿ

01ÿ

345678ÿÿÿ ÿ64ÿ887ÿ4ÿÿ8ÿ6ÿ

ÿ

ÿ

345678ÿÿÿ ÿ64ÿ887ÿ4ÿ4887ÿ7ÿ6ÿ

ÿ

ÿ

345678ÿÿÿ ÿ64ÿ887ÿ4ÿ7 48ÿ!68ÿ6ÿ

ÿ

ÿ

01ÿ

345678ÿÿÿ ÿ64ÿ887ÿ4ÿ54ÿ68ÿ6ÿ

ÿ

ÿ

!"ÿ#$%&'ÿ(!""$')ÿ*$'ÿ+,&")-$./ÿ0-'!12).&2ÿ31")-.4ÿ#!5/-ÿ(*&)6ÿ7!'-.4ÿÿ
#(#(ÿ+8&.)ÿ
9:;<=>ÿ>@ABCA'Dÿ*$'ÿD&"/$6-.4ÿ"$')5/&ÿ4&.&')$'2ÿ)$ÿ2!""/6ÿ)&1"$''6ÿ"$%&'ÿD!'-.4ÿ
"/..&Dÿ$'ÿ!."/..&Dÿ$!)4&2ÿ"'-$'-)-E&2ÿ'-)-/ÿ2$-&)/ÿ-.*'2)'!)!'&ÿ-*ÿD&F&.&'4-E-.4ÿ
)G&ÿ*-/-)-&2ÿ-2ÿD&&1&DÿÿG-4Gÿ'-2ÿ)$ÿ"!5/-ÿ2*&)6Hÿ)G&ÿ&.8-'$.1&.)Hÿ$'ÿ)$ÿ&22&.)-/ÿ
&1&'4&.6ÿ2!""$')ÿ*-/-)-&2Iÿÿ
7!'-.4ÿ)G-2ÿ&8&.)Hÿ#JK+ÿD&"/$6&Dÿ$8&'ÿLÿ1&4%))2ÿMNOPÿ$*ÿ1$5-/&ÿ4&.&')-$.ÿ)$ÿQRÿ
2-)&2ÿ)ÿ)G&ÿ'&S!&2)ÿ$*ÿ!2)$1&'2ÿ)$ÿ1-)-4)&ÿ"!5/-ÿ2*&)6ÿ'-22Hÿ-./!D-.4ÿTÿNOÿ)$ÿ)G&ÿ
0/D&$))ÿU!..&/Hÿ2ÿ%&//ÿ2ÿVÿNOÿ$*ÿ21//&'ÿ!.-)2ÿ)$ÿ2!""$')ÿ1!/)-"/&ÿ"!5/-ÿ%)&'ÿ
W@XYX@XZ>=ÿ[W\[XB]ÿ>@A@X^B>_ÿ̀AaÿbcZAÿdA[XCÿecAB>X@ÿf`bdegÿhAiXYX@XZ>_ÿ\WY@X[YZÿicX@XiAYÿ
\ZCXiAYÿiAcZÿY^iA@X^B>_ÿi^WB@a=>ÿ<jkÿABCÿYAlÿZBh^ciZ\ZB@ÿhAiXYX@XZ>_ÿAÿ\XBZ=>ÿ
%2)&%)&'ÿD-8&'2-$.ÿ262)&1Iÿÿÿ
J&.&')-$.ÿ%2ÿD&"/$6&Dÿ)$ÿ.ÿQQ)Gÿ2-)&ÿ%G-Gÿ-./!D&Dÿÿ#(#(ÿ'-)-/ÿG&/-$")&'ÿG.4&'ÿ
@^ÿ>W[[^c@ÿcZ>@^cA@X^BÿZhh^c@>mÿÿ9:;<=>ÿ<jkÿ>@AhhZCÿ[Zc>^BBZYÿnoÿG$!'2ÿ"&'ÿD6ÿ)$ÿ-.)&ÿ
&/&8)&Dÿ!2)$1&'ÿ$.&'.2ÿ.Dÿ1.4&ÿ4&.&')$'ÿD&"/$61&.)2Iÿÿ
3.ÿDD-)-$.ÿ)$ÿ)G&2&ÿD&"/$61&.)2Hÿ.ÿDD-)-$./ÿQQÿ4&.&')$'ÿ!.-)2ÿ%&'&ÿD&"/$6&Dÿ)$ÿ
"'&F&2)5/-2G&Dÿpq2ÿ.Dÿ#JK+ÿ*-&/Dÿ'&%ÿG$!2-.4Iÿ
ÿ

ÿ

01ÿ

345678ÿÿÿ 48ÿ8874ÿÿ744ÿ84 87ÿ57ÿ

ÿ

ÿ

345678ÿÿÿ 48ÿ8874ÿÿÿ 6ÿ87ÿ474ÿ344ÿ

ÿ

ÿ

ÿ

01ÿ

345678ÿ ÿÿ 48ÿ8874ÿÿ8ÿ68ÿ

ÿ

ÿ!"#$ÿÿ%!&ÿ'()*ÿ+,,#(!"ÿ!,,ÿ

ÿ

-./0123ÿ45ÿ6ÿ7.88238ÿ7.9:3.;ÿ<:2=ÿ>?.30ÿ
@ABÿ!)&#C!,ÿ(ÿ!!ÿD!!ÿ,#)&#E#(&ÿ,F#&),ÿ#&ÿ#,ÿ!G!H#&ÿEÿ#,ÿIIÿ
!J!&Kÿÿ@ABÿ#,ÿFF#!"ÿÿ!(#&)ÿ(&"ÿ(#&)ÿ&ÿ!ÿE!!"L(Mÿ!!#J!"ÿEFÿN(Nÿ
()!&#!,ÿ(&"ÿFFH&#OÿP(&!,*ÿÿ(&"ÿ(NNÿ,(M!N"!,Kÿ
%!NDÿ(!ÿ!ÿ#)QN!J!NÿN!,,&,ÿN!(&!"ÿ(&"ÿ,!P,ÿ@ABÿ#,ÿ(M#&)ÿÿ!F!"Oÿ
,!ÿ#!F,Kÿ
RFFH&#(#&,ÿ
+ÿ,#)&#E#(&ÿ(!(ÿEÿ#FPJ!F!&ÿEÿ@ABÿL(,!"ÿ&ÿ!ÿE!!"L(Mÿ!!#J!"ÿ#,ÿ(H&"ÿ
FFH&#(#&,Sÿ@ABÿ#,ÿFF#!"ÿÿ#FPJ#&)ÿIIÿFFH&#(#&,ÿD#ÿHÿ
H,F!,ÿ(&"ÿFFH&##!,ÿD#ÿ(,ÿFHÿ&#!ÿ(,ÿP,,#LN!*ÿN(#Oÿ(,ÿP,,#LN!*ÿ(&"ÿ(,ÿ
E!TH!&NOÿ(,ÿ&!!"!"Kÿ
IF!ÿEÿ!ÿFFH&#(#&ÿ#,,H!,ÿ(ÿH !"ÿD!!$ÿ
Uÿ WXYZX[\[ÿ\^ÿ_`abc[ÿdXe[f\XÿfghiXj[Xkÿelÿm^iXÿ\njgÿopqÿ\fmX[rÿsi^mÿjtti^ufmj\Xvlÿ
w*xxxÿH,!ÿ!TH!,,ÿP!ÿHÿÿF!ÿ(&ÿyKwÿF#NN#&ÿH,!ÿ!TH!,,ÿP!ÿH*ÿD#ÿ
#FP(!"ÿP!EF(&!ÿEÿ!ÿD!L,#!ÿ(&"ÿ(H,!"ÿ#ÿÿ(,ÿ,!J!(Nÿ#F!,Sÿ
Uÿ @ABÿ!GP!#!&!"ÿ,H)!,ÿ#&ÿ(NNÿJNHF!ÿ(N#)&!"ÿD#ÿH,F!ÿHLH&"ÿ
&#E#(#&,ÿ(ÿ!G!!"!"ÿ#,ÿPN(&Kÿÿz#,ÿFL#&!"ÿD#ÿ!ÿD!L,#!ÿ(P(#Oÿ#,,H!,ÿ
!(!"ÿ,!J!(Nÿ,P#M!,ÿ&ÿ'&"(O*ÿ{L!ÿwÿ(&"ÿzH!,"(O*ÿ{L!ÿ|ÿ#&ÿ(NN,ÿÿ
@ABÿ&(ÿ!&!,*ÿD#ÿD!!ÿJ!N("!"Kÿÿ@ABÿ"#"ÿ&ÿ!,P&"ÿÿIIÿ(NN,ÿ
,&ÿ!&H)*ÿN!(J#&)ÿH,F!,ÿD#ÿN&)!ÿ(&ÿ"!,#!"ÿD(#ÿ#F!,Sÿ
01ÿ
ÿ

3ÿ 56789 ÿ87 ÿ9ÿ ÿ687ÿ789ÿ 9 9ÿ9987 7ÿ9ÿ ÿ798ÿ
797ÿ8ÿ7 87ÿ798ÿ ÿ9 ÿ ÿ7ÿ 8797ÿ ÿ69869 ÿ8ÿÿ ÿ
ÿ9ÿ679!ÿ77 97ÿ9ÿ9 7ÿ ÿ89ÿ9 ÿ7 "ÿ9 ÿ
3ÿ #7 ÿ6 89ÿ9 ÿ99ÿ97ÿ9ÿ6879 ÿ 7ÿ9 ÿ  $ÿ
%7 7&ÿÿ()*+,-ÿ./ 7ÿ9ÿ9ÿ908ÿ9879ÿÿ889 ÿ8ÿ8ÿ 78ÿ9 ÿ6ÿ
97ÿ698 78ÿ8 ÿÿ77 ÿ9 ÿ7ÿ1 69 ÿÿ 7ÿ ÿ877 ÿÿ
7$ÿÿ2ÿ87ÿ876 7ÿ3456ÿ9ÿ 7ÿ67ÿ6 7 ÿ9 ÿ7987ÿÿ7ÿ
7 7ÿ ÿ797ÿ ÿ9ÿ9 ÿ97ÿ6ÿ9ÿ777$ÿÿ877ÿ7987ÿ 7ÿ
 7ÿ ÿ79ÿ7ÿ8 ÿ9 ÿ77 ÿ97$$ÿ987ÿ !ÿ6ÿ7ÿ  9:$ÿÿ877ÿ
 7ÿ987ÿ7 ÿ67889 7777ÿ9 ÿ97ÿ9 ÿ7;789ÿ9ÿÿ6ÿ ÿÿ  ÿ78ÿ
97 ÿ7ÿ 7ÿ ÿ ÿ 7$ÿÿ8ÿÿ 87ÿ9 ÿ 7ÿ7ÿ78ÿÿ78ÿ9ÿ
977ÿ7ÿ 7ÿ ÿ ÿ 7ÿ8 ÿÿ77 $ÿ
1 9ÿ17 78<ÿÿ3456ÿÿ9ÿ87 8 ÿ9ÿ7 78ÿ ÿ9 7ÿ9ÿÿ78ÿ7$ÿÿ
4 ÿ898ÿ3456ÿÿ77897ÿ7ÿ3=3=ÿ19ÿ=897ÿ7 ÿ9ÿ3=3=ÿ77 ÿ97ÿ ÿ
78ÿÿ6 7 9ÿ697ÿ 78ÿ9ÿ777$ÿÿ8ÿ 7ÿ ÿ976 ÿ
7787 ÿ9ÿ8797ÿ ÿ3=3=ÿ  ÿ87ÿ9ÿ79!ÿ9 ÿ97ÿ7ÿ 9ÿ
9 ÿ987ÿ7 ÿ ÿ 78ÿ8ÿ9 ÿ9 7ÿ3=3=ÿ77 $ÿÿ3456ÿ9ÿ9ÿ687ÿ
68 ÿ 789 7ÿ 7ÿ878 ÿ92>?:ÿ79 ÿ 77ÿ ÿ9ÿ 78ÿ ÿ
77787ÿ ÿ7ÿ7 7ÿ9 ÿ @7ÿ67ÿ9 ÿ778ÿ ÿ6677 ÿ7; ÿ
678 7ÿ ÿ7ÿ1 9ÿ17 78$ÿÿ877ÿ778ÿ 7<ÿÿ9; @ ÿ9 ÿ9 ÿ
89 ÿ ÿ9 ÿ187 ÿ1 78ÿ=787ÿ?76877 9 7$ÿÿ8ÿ3=3=ÿ19ÿ=897ÿ
9 ÿ7ÿ87 787ÿ7 ÿ9ÿ7ÿ9 ÿ7ÿ9 7ÿ ÿ77ÿ7ÿ87A87ÿ876 7ÿ
7ÿ9ÿ ÿ7ÿ9 9ÿ66 8ÿ7987ÿ ÿ697ÿ7$$ÿ9 ÿ9 ÿ68 ÿ2>?$ÿ
56789 ÿ87 <ÿÿB 8ÿ56789 ÿ87 ÿ3456ÿ87 @7ÿ7ÿ7ÿ 777 ÿ
9 ÿ677 7ÿ7ÿ ÿ9 ÿ77 ÿ89$ÿÿ3456ÿ 7ÿ8ÿ779ÿ
6789 9ÿ87 ÿ ÿ9ÿ97 7ÿ ÿ8779ÿ87 ÿ79 ÿ @ ÿ9ÿ
 787 7ÿ 7ÿ ÿ9 ÿ6789 8ÿ9 ÿ ÿ%76;ÿ ÿ9ÿ8ÿ7ÿ9ÿ ÿ7ÿ
 7 $ÿÿ3456ÿÿ 78ÿ9ÿ87 9ÿ9ÿ887ÿ8ÿ87ÿ987797ÿ77 ÿ9ÿ
77ÿÿ7ÿ13C1ÿ7ÿ9ÿ!776 ÿ ÿ ÿ9ÿ9 ÿ 7ÿ 97ÿ9ÿ
687787 7ÿ8ÿ9ÿ 7ÿ9ÿ ÿ9ÿ 87ÿ879 7ÿ887$ÿ
#7 ÿ3 89<ÿÿ#ÿ7ÿ6ÿ97ÿ698 78ÿ787ÿ9ÿ 97ÿ ÿ97ÿ7ÿ787ÿ
99ÿ89 78ÿ6 89$ÿÿ8 ÿ7 97ÿ 87ÿ77 ÿ99ÿ68ÿ98 ÿ3456ÿÿ ÿ
 8! ÿ ÿ9ÿ98 ÿ687ÿ ÿ9 ÿ  7ÿ42=ÿ6 89ÿÿÿ7ÿ9997ÿ978ÿ
ÿ87ÿ79 $ÿÿ2ÿ7ÿ79 7ÿ3456ÿÿ 7ÿ ÿ 8!ÿ ÿ97 7ÿ ÿ
687ÿ97ÿ ÿ7ÿ787ÿ99ÿ89 78ÿ6 89ÿ9 ÿ78 ÿDE#ÿ8ÿ9 9ÿ
 78ÿ 89 ÿ777ÿ ÿ9ÿ9ÿ876 7ÿ78ÿ8 ÿ9 ÿ77 $ÿ

ÿ

01ÿ

3456789 7 6789ÿÿÿ9469ÿ64ÿ 7ÿ644ÿ4496ÿ 54ÿ89ÿ8ÿ5684ÿ
9ÿ5897674ÿ9ÿ7ÿ5896794ÿ68ÿ8ÿ89ÿ9 879ÿ64ÿ584ÿ8ÿ46ÿ68ÿÿ
7449679ÿ64ÿ8 879ÿÿ!679ÿ64ÿ6779ÿ8ÿ4"4947 6789ÿ9#8ÿ
4"4947 6789ÿ7ÿ64ÿ464ÿ5 94$ÿ8879ÿ68ÿ79544ÿ64ÿ9 4ÿ8ÿ464ÿ
66789ÿ%68ÿ874ÿ84ÿ4574ÿ85 ÿ 6&$ÿÿ4ÿÿ4479ÿ68ÿ74496ÿ76789 ÿ
57576ÿ456789 779'ÿ
ÿ458974ÿ6 6ÿ5684ÿ9867756789ÿ4ÿ794496ÿ674ÿ68ÿ64ÿ584ÿ9ÿ6779ÿ
8ÿ64ÿ33ÿ4496$ÿ75ÿ7ÿ449496ÿ89ÿ5 979ÿ464ÿ58976789'ÿÿ(8ÿ644ÿ
489$ÿ84ÿ5684ÿ ÿ 4ÿ45474ÿ954ÿ9867756789ÿ8ÿÿ87 4ÿ6ÿ8$ÿ
6ÿ79ÿ56ÿ44ÿ986ÿ6ÿ8'ÿÿ)7ÿ7ÿ986ÿ867 ÿ9ÿ5464ÿ99454ÿ 7ÿ8ÿ
8ÿ5684'ÿÿ*76789 ÿ5684ÿ9867756789ÿ576ÿ7ÿ4ÿ4484ÿ6 6ÿ874ÿ
784ÿ798 6789ÿ 86ÿ7679ÿ464ÿ58976789ÿ9ÿ64ÿ85764ÿ76ÿ79ÿ
6779ÿ8ÿ864967 ÿ68'ÿÿ9 954ÿ688ÿ944ÿ68ÿ4ÿ4484ÿ6 6ÿ4ÿ4664ÿ
+,-.//+0ÿ23ÿ/435.0+ÿ2.6+78ÿ9-:236+4ÿ-/0;2+:<ÿÿ=72.6;2+78>ÿ?@ABC:ÿD3;7ÿ.:ÿ23ÿ6.E.6.F+ÿ
64ÿ7 56ÿ68ÿ5684ÿ9ÿ4ÿÿ5564ÿÿ87 4ÿ9ÿ84ÿ6464ÿ79ÿ8ÿ
5684ÿ9867756789'ÿ
*495ÿG8879 6789ÿ9ÿH9774ÿG8 9ÿ36564ÿ
IE32J+4ÿK+8ÿ;4+;ÿ3Lÿ.6/435+6+E2ÿ4+,-.4+0ÿ4+7;2+:ÿ23ÿ?@ABC:ÿ93340.E;2.3Eÿ+LL342:<ÿÿ
979ÿ6 6ÿÿ7ÿ8764ÿ794ÿ76ÿ664ÿ9ÿ849496ÿ49574ÿ5ÿ
ÿG ÿM3ÿ9ÿG*Nÿ(OPÿ68ÿ5464ÿÿ9774ÿ58 9ÿ6564ÿ7ÿ4ÿ68ÿ554ÿ
4Q456789ÿ8ÿ64ÿ33ÿ4496'ÿ
384ÿ8ÿ64ÿ58879 6789ÿ74ÿ6 6ÿ8554ÿ44ÿ
Rÿ 384ÿ5684ÿ44ÿ496ÿ9867756789ÿÿ647ÿ5896ÿ49ÿ64ÿ44ÿ986ÿ79"
584ÿ8ÿ46ÿ68ÿ4ÿ68ÿ5ÿ8ÿ58879 6789ÿ79ÿ7679779ÿ75ÿ
9867756789ÿ6 6ÿ44ÿ796494ÿ68ÿ4ÿ84ÿ6464ÿ%6ÿ64ÿ7496774ÿ57576ÿ44&ÿ
4ÿ ÿ5684ÿ7679ÿÿ5896Tÿ
Rÿ G8879 6789ÿ4"89ÿ9ÿ7756ÿ879ÿ74ÿ79ÿ4 "674ÿ46449ÿÿ
9ÿ7 564ÿ5896ÿ9ÿ67 ÿ7789Tÿ9ÿ
Rÿ G89549ÿ76ÿ7679ÿ5684ÿ76ÿ*(Uÿ79ÿ9ÿ4Q6494ÿ864ÿ4 64ÿ68ÿÿ
33ÿ4496'ÿ
*495ÿU867756789ÿÿG8879 679ÿ589756789ÿ76ÿ576ÿ9ÿ5896ÿM754ÿ8ÿ
4495ÿ34754ÿ7ÿ8ÿ9ÿ4ÿ8ÿÿ68ÿ784ÿ89'ÿÿV79ÿ64ÿ4496$ÿÿ
58879 64ÿ76ÿ64ÿWXYÿ589674ÿ7 564ÿÿ64ÿ68'ÿÿZ 9ÿ85 ÿ5896ÿM3$ÿ79ÿ
69ÿ 4ÿ9867756789ÿ68ÿ47496ÿ79ÿ647ÿ5897674ÿ68ÿ4 4ÿ8ÿ64ÿ33"
4 64ÿ864'ÿÿÿ7ÿ88ÿ68ÿ49 954ÿ58879 6789ÿ76ÿ5896ÿM3ÿ68ÿ
76797ÿ5684ÿ6 6ÿ7ÿ4ÿ7 564ÿÿ46ÿ68ÿ4ÿ68ÿ6464ÿ57576ÿ
58 4ÿ68ÿ64ÿ864ÿ5684ÿ7679ÿ6 6ÿ5896ÿ68ÿ87ÿ589789ÿ4 64ÿ68ÿ75ÿ
5684ÿ8ÿ4ÿ7 564'ÿ
3679ÿ8ÿN85 ÿG896ÿMGÿÿV79ÿ64ÿ4496$ÿÿ45474ÿ4[46ÿ8ÿ589674ÿ
8ÿÿÿ7789ÿ44496674ÿ68ÿ4ÿ4 44ÿ79ÿ647ÿMG'ÿÿO9ÿ4894$ÿÿ
8 774ÿ47564ÿÿ7789ÿ44496674ÿ68ÿ64ÿ85 ÿMGÿ8ÿ684ÿ7 564ÿ
!7756789ÿ8ÿ4Q44ÿ796446$ÿ79579ÿU  $ÿ3898 $ÿ396ÿG $ÿG 4$ÿ
01ÿ
ÿ

345567ÿ9 ÿ69 9ÿ4 56ÿÿ66ÿ9 ÿ666 5956ÿ9 ÿ65ÿ4 95 ÿ
ÿ !"#$ÿ"%&ÿ'()ÿ*+*ÿ',-*ÿ.ÿ+*$.-/*ÿ'(0ÿ-.1'-ÿ$$2*$ÿ(ÿ+*'-356ÿÿ45ÿ
6797ÿ89:;ÿ7ÿ 546ÿ5ÿ9<6ÿ6956ÿ4 5=ÿ9 ÿ5>9ÿ9 ÿ666 5956ÿ
'/'-',-*ÿ.ÿ*?,*)ÿ(ÿ'ÿ-.1'-ÿ@2+$)1.(#$ÿ"%&AÿBÿ.(*ÿ'$ÿ,**(ÿ'1/'*)ÿ'()ÿ'ÿ !"ÿ
9 ÿÿ6C4656ÿ
D695 ÿE95FÿÿG45ÿ56ÿ66 57ÿ89:;ÿ6 566ÿ5363 595ÿ6ÿ69ÿ
56 59=ÿ956ÿ4 5=ÿ9 ÿ5>9ÿ566 5ÿ5ÿ6 ÿ5ÿ4 C467ÿ9ÿC46ÿÿ
66ÿ53631.('1$ÿ')ÿ)+*1ÿ1.??2(1'.(ÿÿ !"#$ÿ"%&Hÿÿ !"ÿ(*()$ÿ.ÿ
66956ÿ5ÿ 6ÿ6ÿ64546ÿ66 5ÿ
I 56ÿ69 ÿ5ÿ69 6ÿ56ÿ956ÿ>65766 ÿ89:;ÿ9 ÿ56ÿ>6ÿ9 ÿ
4 56ÿÿ5ÿ6ÿ6ÿ695 ÿ ÿ7ÿ56ÿ9ÿJ45 ÿÿ66 ÿ>=ÿ56ÿ
665ÿ5ÿÿ89:;ÿ7ÿ6ÿ6ÿ59 96 =ÿ5ÿ695 ÿ6ÿ56ÿ5ÿ9 ÿ7ÿ
8E8Eÿ66 5ÿ7ÿ<6=ÿ>6ÿ6K6456ÿÿ56ÿ969ÿ9ÿ9ÿ6457ÿ5ÿ9ÿÿ9 57ÿ4 5Fÿ
Lÿ N95ÿ6956ÿ96ÿ ÿ795ÿ45Oÿ
Lÿ P7ÿ56ÿ9ÿ5ÿÿ 6546Oÿ
Lÿ N95ÿ969ÿ96ÿ<6=ÿ5ÿ>6ÿ966656ÿ>=ÿ9ÿ8E8EOÿ
Lÿ 6ÿ6K656ÿ6C465ÿ6ÿ6595 Oÿ9 ÿ
Lÿ 89:;ÿ9ÿ 6ÿ5ÿ75ÿ659ÿ4 56ÿ595ÿ96ÿ9<6ÿ6ÿ6ÿ66ÿ
695 7ÿ>45ÿ56ÿ9 =ÿ7ÿ>6ÿ5ÿ5ÿ=56959=ÿ75ÿ9ÿ4 56ÿ9 ÿ
5>6ÿ9 ÿÿ56ÿ5ÿ 5ÿ
E;4Eÿ95Fÿÿÿ>6556ÿ95 ÿ75ÿ9ÿQ;Eÿ9 ÿIRÿSDT;7ÿ89:;ÿ7ÿ>6ÿ595ÿ9ÿ
89:;ÿ8E8Eÿ66 5ÿ9 ÿ6656 =ÿ6 6ÿ569ÿ5ÿ56ÿE59 9U6ÿ;656 =ÿ
49 9566 5ÿE=56ÿVE;4EWÿ59 9ÿ
I6ÿ9 ÿS4 5 9ÿ66ÿE45Fÿÿ89:;ÿ 546ÿ5ÿ666ÿ6C465ÿ6ÿ
94ÿ59 U95 7ÿ6 ÿ9 ÿ956 6ÿ6595ÿ7ÿ89:;ÿ9 ÿ6456ÿ95ÿ
IS ÿ495 ÿÿ89:;ÿ7ÿ 546ÿ5ÿ6 5956ÿ4 5=ÿ396ÿQ59 U95 ÿ595ÿ
46 5=ÿ66ÿ56ÿIS ÿ495 ÿ9 ÿ96ÿ9 ÿ6K656ÿÿ6655ÿ56ÿ66ÿ6ÿ5ÿ
495 ÿ9ÿ95ÿ6ÿ56ÿ ÿÿDÿ56ÿ64546ÿ8E8Eÿ66 57ÿ89:;ÿ7ÿ 546ÿ56ÿ
9>95 ÿ75ÿ56ÿSDRÿ9 ÿ696ÿ56ÿ6ÿ6ÿ56ÿ959 6ÿ5ÿ456ÿ5ÿ
56 59=ÿ4 6Fÿÿ96>6ÿ59 595 ÿ5ÿTÿÿ56ÿ46ÿ6ÿ456ÿ
595ÿ6C46ÿ 544ÿ76ÿ6ÿ69ÿ4599>5=7ÿ4 5ÿ96>6ÿ
59 595 ÿ5ÿ9ÿ567ÿ9ÿ666ÿÿ89:;ÿ7ÿ9ÿ65ÿ456ÿ5ÿ6ÿ66ÿ
59 U95 ÿ595ÿ9=ÿ666ÿ456ÿ959 6ÿ45ÿ9 ÿ66 5ÿ9 ÿ6ÿ5ÿ
695 ÿÿ6ÿ66967ÿ59<5ÿ57ÿ9 ÿ 6ÿ
4 5=ÿT646ÿ6 56ÿÿ
D5ÿÿ4 65 ÿ595ÿ89:;ÿ6ÿ56ÿ9<ÿ ÿ9>955ÿ75ÿ56ÿ4 56ÿ9 ÿ
5>6ÿ ÿ766ÿ5ÿ956ÿ56ÿTÿ6956ÿÿ95ÿ6797ÿ6ÿ9ÿ66 57ÿ56ÿ665 ÿ
7ÿ>6ÿ9ÿ9>956ÿ6ÿ75ÿ56ÿ4 56ÿ9 ÿ5>6ÿÿ89:;ÿÿ665ÿ9ÿ6ÿ
666656ÿ9 ÿ6ÿ7<5ÿ75ÿ9ÿ566 5ÿ5ÿ4 659 ÿ56ÿ66ÿ9 ÿ
6666 6ÿ6ÿ95 ÿ6ÿT7ÿ76ÿ9ÿ4 955ÿ569ÿ5ÿ4 6ÿ6ÿ66ÿ
01ÿ
ÿ

343563756589ÿÿ ÿ63ÿ8ÿ5638ÿ8ÿ658ÿÿ63ÿÿ58ÿ8ÿ585ÿ3ÿ
85ÿ3ÿ85ÿ8ÿ6558ÿ73ÿÿÿ6385ÿÿ636ÿ4 8ÿ
!65ÿ"3ÿ
#8ÿ 3$ÿ5ÿ%5ÿ5ÿ85ÿ48ÿ&ÿ8ÿ58578ÿ83ÿ 3ÿÿ
765ÿ389ÿ38ÿ3ÿ73ÿ838ÿ8ÿ83ÿ 3ÿ5ÿ8ÿ36&39ÿ68ÿ8ÿ
63ÿ735ÿÿ8ÿ' 'ÿ83ÿ33ÿÿ5ÿ8ÿ8ÿ48(ÿ ÿ54ÿ3ÿ
538ÿ58ÿ ÿ36ÿ!'ÿÿ8ÿ 869ÿÿ385ÿ7ÿ83ÿ
69ÿÿ8ÿ566838ÿ5 38ÿ33ÿÿ8ÿ 3(ÿ3ÿ&66ÿ3ÿ365 8ÿÿ383ÿ
 39ÿ56ÿÿ
)ÿ 3ÿ&5ÿ8853669ÿ5 38ÿ33ÿ&ÿ8ÿ376ÿ3ÿ 838ÿ
3ÿ63ÿÿ55ÿÿ"3ÿ&ÿ75ÿÿ8ÿÿ55ÿ356585ÿ838ÿ&ÿ
5 38*5ÿ38563ÿ8ÿ356585ÿÿ8ÿ' 'ÿ83ÿ735ÿÿ+356585ÿÿ8ÿ
,-./012345ÿ7424ÿ18849:840ÿ8-ÿ,4ÿ;423<340ÿ.53/=ÿ>?@AB5ÿ-/C3/4ÿ1002455ÿDE4DF42ÿ8--CGÿ
7E3DEÿ715ÿ/-8ÿ1;13C1,C4ÿ=3;4/ÿ>?@AB5ÿ74,5384ÿ355.45HÿÿI/ÿ8E4ÿ<.8.24Gÿ>?@Aÿ73CCÿ,4ÿ
3&5ÿ858ÿ69(ÿ 35ÿJ'ÿ%8ÿ34356376ÿ8ÿ4558ÿ8ÿ89ÿ!ÿÿ
358ÿ&58ÿ 35ÿK85ÿ8ÿ45ÿ3ÿ ÿ3 6ÿ383ÿ83ÿÿ89ÿ!ÿ
J'ÿ(ÿ3ÿ465ÿ8ÿ33756589ÿÿ85ÿ3ÿ857ÿ8ÿÿ8ÿ ÿ
3ÿÿ86ÿ&58ÿ738ÿÿ356585ÿ
'5836ÿ85589ÿJÿ
ÿ5ÿ3&3ÿ838ÿ89ÿÿ8ÿÿ3ÿ788ÿ$7ÿÿ635ÿÿ&ÿ3ÿ' 'ÿ48ÿ&566ÿ
5 38ÿ9ÿ5388ÿ88ÿ58ÿ45ÿ8589(ÿ565ÿ75(ÿ86(ÿ
3ÿ 38358ÿ98 ÿ565ÿL#)(ÿ658356ÿ98 (ÿ3ÿ8ÿÿM5ÿ85ÿ
' 'ÿ48(ÿ ÿ&3ÿ376ÿ8ÿ669ÿ&ÿ&58ÿ3683(ÿL#)ÿ3ÿ8ÿ
35ÿ8ÿÿ86ÿ3ÿ83ÿ5NÿÿO&4(ÿ85ÿ8ÿ63ÿ5ÿ8ÿ
%85ÿÿ8ÿ48ÿÿJ83(ÿ ÿÿ8ÿ5859ÿ85ÿ5388ÿ5ÿ8ÿ3ÿ
48ÿÿP5ÿ&58ÿ38ÿ35(ÿ ÿÿ8ÿ83ÿ&38ÿ5ÿÿ73ÿ
&ÿ&566ÿ7ÿÿ8ÿÿ8ÿ356585ÿ669ÿ38536ÿÿ)5ÿ5ÿ58ÿ8ÿ7ÿ
ÿ&58ÿ3ÿ78ÿ5489ÿ38ÿ8ÿ589ÿ3ÿ89ÿ646ÿÿ ÿ&566ÿ538ÿ&58ÿ
36ÿ!'(ÿ8 ÿ35(ÿ3ÿ8ÿ36553ÿJ!Qÿÿ3583ÿ&58ÿ635ÿ3ÿ
 54ÿ45&ÿÿ88536ÿ8 ÿ5 38ÿÿ' '(ÿ3ÿ&66ÿ3ÿ8ÿ%8ÿ
83ÿR(ÿ38K3S(ÿÿ366ÿ 3$ÿ8358ÿ45(ÿ55(ÿ3ÿ75ÿ
8ÿÿ6ÿÿ385ÿ
5ÿ3ÿ
ÿÿ8ÿÿ838ÿ366ÿ558(ÿ53669ÿ&585ÿ8ÿ' 'ÿ858(ÿ3ÿ
545ÿÿ' ÿ65ÿ&ÿ845ÿÿ8ÿ 3583ÿÿ8ÿ5ÿ3ÿ
68ÿ5ÿ8 ÿ5ÿO 768ÿ89ÿ75ÿ5Nÿ&ÿ89ÿ5ÿ8ÿÿ
8ÿ7ÿ
8385ÿ
>158ÿ94551=3/=ÿ8-ÿD.58-9425Gÿ581F4E-C0425ÿ1/0ÿ>?@AB5ÿ24=.C18-25ÿE15ÿ,44/ÿ8E18ÿ
3385ÿ6ÿ7ÿ 3ÿÿ83ÿ6385ÿ8ÿ8ÿ54ÿ39ÿ38ÿ8E4ÿT1CCÿDC412Uÿ
&38ÿ536ÿ5ÿ54ÿÿ ÿ5Nÿ838ÿ54ÿ39ÿ3ÿ3ÿ7 3ÿ5ÿ8ÿ
01ÿ
ÿ

23345627849ÿÿ ÿ6ÿÿ446ÿ64ÿ2 6ÿÿ364ÿ44ÿ46 4ÿ6ÿ
ÿ ÿ3ÿ88ÿ74ÿ64ÿ7432ÿ  ÿ 29ÿÿ!ÿ64ÿÿ446ÿ"#$ÿ
88ÿ434ÿ44ÿ336ÿ6ÿ2ÿ43264ÿ46 26ÿ6429ÿÿ!ÿ626ÿ4%4ÿ
628&26234ÿ64ÿ' 52ÿ88ÿ2ÿ ÿ26234ÿ4284ÿÿ64ÿ5 34ÿ2ÿ24ÿ
64ÿ34ÿ624ÿ74 4ÿ46 26ÿ749ÿÿ"#$ÿÿ28ÿ5264 ÿ6ÿ'28ÿ($ÿ
2ÿ'28 2ÿ)2ÿ26 8ÿ6ÿ46264ÿ64ÿ5 786ÿÿ  ÿ2428ÿ526 8ÿ26ÿ
6ÿ64ÿ4342 ÿ64ÿ64ÿ64ÿ64ÿ4%4ÿ ÿ46 269ÿÿ
34ÿ64ÿ5 2ÿ742ÿ4ÿ24ÿ8424ÿ282784ÿ84ÿ626ÿ88ÿ485ÿ6ÿ254ÿ ÿ
4ÿ336ÿ64ÿ446ÿ7 6ÿÿÿ5426ÿ2ÿÿ33269ÿÿ*4ÿ88ÿ624ÿ
6ÿ44723ÿ ÿÿ4+6428ÿ5264ÿ2ÿ364ÿ6ÿ64ÿ24ÿ ÿ4ÿ32ÿ
5 4ÿ64ÿÿ5 349ÿ
,-./012ÿ45ÿ6ÿ78191:-;ÿ<9;=/-:ÿ/1ÿ>,?@ABÿ
"#$ÿ364ÿ6ÿ ÿ6  ÿ64ÿ5844626ÿÿ64ÿ4&44 C26ÿ484ÿ
2ÿ25543264ÿ626ÿ644ÿÿ55 66ÿ6ÿ44ÿ3462ÿ25436ÿÿ6ÿ4849ÿÿ
"#$ÿÿ23648ÿ24 ÿ644ÿ4ÿ6ÿ64ÿ'D'ÿ'28ÿ($ÿ2ÿ'EFÿ!G$9ÿÿ
24ÿHHÿJKÿLMNÿOPQORSÿTN&44 C26ÿ5 344 ÿ88ÿ364ÿ6ÿ44ÿ25436ÿÿ64ÿ
4&44 C26ÿ484ÿ2 564ÿ7ÿU43ÿVW&XY&XZÿ2ÿG486ÿ$G[&ÿ
38 ÿ64ÿ448546ÿÿ2ÿ 28ÿ5 6ÿ4&44 C26ÿ45 6 ÿ64582649ÿÿ"#$ÿ
88ÿ364ÿ6ÿ23648ÿ4 24ÿÿ626ÿ5 344 ÿ2ÿ2ÿ ÿ64ÿ 46ÿ26ÿ
6ÿ649ÿ
,-./012ÿ4\ÿ6ÿ]/^-8ÿ?-_-`=2/ÿa2b18c=/012ÿ/1ÿd-_9ÿ/^-ÿe1cc0::012ÿ
f::-::c-2/ÿ1bÿ?-=:12=g_-2-::ÿ1bÿh-.0:012ÿ/1ÿh-A>2-8i0j-ÿ
[23 ÿÿ(*ÿÿ
"#$kÿ(*ÿl 48ÿ346ÿ 43264ÿÿ544ÿ ÿ64ÿ(llÿ 48ÿ6ÿ2ÿ
624ÿ5434624ÿ3ÿ45446ÿ64ÿ6 328ÿ4%43ÿÿ ÿ626ÿ5824ÿ
624ÿ2366ÿ2ÿ744ÿ26ÿ2ÿ4ÿÿ5449ÿÿm4ÿ(*ÿ 48ÿ2ÿ36364ÿ
 ÿ"#$ÿ5824ÿ624ÿ262ÿ ÿZXX&ZXVÿ2ÿ"#$kÿ&486ÿ
38268 ÿ 48ÿ3ÿ362ÿnXÿ42ÿÿ 8ÿÿ262ÿ26ÿnÿ8464ÿopÿ
52628ÿ486ÿoqYÿ788ÿ262ÿ5 6ÿÿp9ÿÿm4ÿ24ÿ 48ÿ2ÿ326ÿ
4ÿ6ÿ3636ÿ64ÿ4264ÿ38268 ÿÿ4ÿÿ 4326ÿ 4ÿ6ÿ5 34ÿ(*ÿ
 43269ÿÿmÿ3643ÿ74644ÿ6 328ÿ2ÿ 4326ÿ262ÿ288ÿ"#$ÿ6ÿ2558ÿ
ÿ624ÿ3 4826ÿÿÿ64ÿ6 328ÿ262ÿ6ÿ2ÿ 4326ÿ 489ÿÿm4ÿ(*ÿ
 48ÿÿ8326&5433ÿ74324ÿ&624ÿ45 4ÿÿ464 44ÿ23 ÿ
"#$kÿ64 6 ÿ454 ÿÿ44626ÿ38268 328ÿÿ4+5 4ÿ2ÿ
65 25ÿ2  ÿ64ÿ236 9ÿÿ!ÿ26ÿ"#$ÿ68C4ÿ64ÿ*4264ÿG4423ÿ2ÿ
4326 ÿo*G pÿ 48ÿ ÿÿ486ÿ 48 ÿ55 4ÿ2ÿ262ÿ2364ÿ
52645ÿ6ÿ4+6428ÿ4+546ÿÿ4328ÿ4264ÿ5436ÿÿ6ÿ 69ÿ
[23 ÿÿD686ÿ!ÿ
m4ÿ"#$ÿD686ÿ!ÿ 48ÿ2ÿ3287264ÿ226ÿ4ÿÿ64ÿ"#$ÿ64 6 ÿ ÿ
VWWZ&ZXVÿ2ÿ374ÿ4264ÿoÿ6454264ÿ2ÿ48264ÿ6pÿ2ÿ48ÿ
oVX& ÿ42&48ÿ 64ÿ84ÿ48ÿ 64ÿ2ÿ48ÿ654pÿ2ÿ28ÿ6ÿ64ÿ4ÿ
00ÿ
ÿ

345678ÿ66 6 ÿÿ6ÿ7 7ÿ56ÿ7 65ÿ73ÿ36 ÿÿ6ÿÿ4ÿ5645636 3ÿ
6ÿ457ÿÿ3 7 ÿ563ÿ55ÿ7 8ÿ3ÿ4ÿ ÿ6ÿ37 6ÿ8 7ÿ73ÿ
!"#$%ÿ'()'*563 ÿ+6765ÿ 86,ÿ-..ÿÿ6ÿÿ4ÿ3ÿ73ÿ57 /68ÿ ÿ7ÿ
376ÿ5 ÿ0ÿ1+632ÿÿ3ÿ1632ÿ+ÿ3ÿ87ÿ7ÿ465ÿÿ46 7ÿ5ÿ
3 7 ÿ563ÿÿ6ÿ63ÿ646,ÿ3*3,ÿ8763ÿÿ56ÿ87 65ÿ43ÿ6ÿ46 7ÿ
5ÿ-53ÿ
-5ÿ5673ÿ43ÿ7 763ÿ5 ÿ-65ÿ6ÿÿ746 ÿ
!"#$%ÿ8 9ÿ:;<=>?%@ÿ:;<ÿ@'(%ÿ=A=B@ÿ?A=<?)=CÿDDÿE=<>=B@ÿ?@ÿF;>?@(;B%ÿG'=<=ÿ?%%=@ÿ
C?H?)=ÿ?BCÿ'?I?<C%ÿG=<=ÿ:;JBCKÿÿL'=ÿC?H?)=%ÿ?BCÿ'?I?<C%ÿ:;JBCÿ?F()B=CÿG(@'ÿ!"#$%ÿ
6M467 3ÿ7368ÿ ÿ6ÿ-5ÿ 86ÿ56733ÿ
ÿ5673ÿ43ÿN357ÿ563ÿ
OP7ÿ 47568ÿ6ÿÿ5673ÿ5ÿ3ÿ+6765ÿ646 ÿÿ6ÿÿ7ÿ6ÿ 6ÿ7 8ÿ
7 ÿÿ675ÿ0,QRRÿ357ÿ56ÿ  3ÿ5 ÿ6ÿSÿ563ÿ6546ÿ777363ÿÿ
357ÿ563ÿ56765ÿ7 ÿTR,RRRÿ7563ÿ36ÿ066Uÿ
6ÿÿ567368ÿ465ÿ3ÿ+6765ÿ646 ÿ7ÿ6ÿ7 3ÿÿ76ÿ357ÿ563ÿ3ÿ
6 657 ÿ3 75ÿÿ6ÿ357ÿ,ÿ87ÿ7ÿ 47576ÿ563ÿ+656ÿ4336ÿ
 865ÿ6ÿ57ÿ56ÿ 8 3ÿ365468ÿ85ÿ3ÿ+6765ÿ646 ÿ
.7M  ÿ58ÿ7 8ÿO3ÿ46683ÿ
6ÿ76ÿ6+ÿ3+3ÿ6ÿ 7M  ÿ+8ÿ7 8ÿ3ÿ346683ÿ565868ÿÿ+6765ÿ37 3ÿ
ÿ6ÿ6 657ÿ 657 6ÿ7 8ÿ4ÿÿ6ÿÿ7 Vÿ
WXYZ[ÿ]ÿ^ÿ_`abcd[[bcÿYeÿfghaieÿ
qrnsÿktÿurvÿwxmyÿzl{nÿ nrnxkmÿ ÿ wxmy{ssyÿrnÿ urvxlÿ
|}r~xtx~ÿqroxnÿxsÿ
xsÿktÿ {ssyÿ
|}qÿ
urvxlÿ
zl{nÿ
zl{nÿ||rÿ ||ÿ
  7ÿ
0R0RUR06ÿ
O0Uÿ 03ÿ
Qÿ
ÿ
RT0Rÿ
 57ÿ37ÿ
0R0RUR06ÿ
RUÿ 3Rÿ
33ÿ
3ÿ
RURÿ
67 7ÿ
0R0RUR06ÿ
0ÿ UTÿ
U6ÿ
Q0ÿ
RQUÿ
756ÿ
0R6UR06ÿ
0ÿ TT3ÿ
T3ÿ
Q0ÿ
030Rÿ
6557ÿ
0R0RUR06ÿ
70ÿ 3Rÿ
U6ÿ
36ÿ
R30ÿ
 6ÿ
0R0RUR06ÿ
OUÿ UTÿ
UQÿ
3Qÿ
RRÿ
3ÿ 663ÿ
0R0RUR06ÿ
ÿ ÿ
ÿ
3Tÿ
003ÿ
jklmnoÿ

ÿ

01ÿ

34567ÿ9ÿÿ 77ÿ5ÿ ÿ
  7ÿ
ÿ  !ÿ"ÿ# $ÿ%&'ÿ()ÿ 3&ÿ 456ÿ %&')7!!'ÿÿ # $&11ÿ
*+ ,&"&,ÿ -&./ÿ0&1!ÿ
0&1!ÿ"ÿ 89)!:;!'ÿ
*+022ÿ
# $&11ÿ
()ÿ
()ÿ*17/2*2ÿ *17/2*92ÿ
<=>=ÿ
@AB@ABCA@Dÿ
EFGHIÿ @JHÿ
CKÿ
HKÿ
AA@Aÿ
L=MN=ÿOPQRÿ
@ABDBCA@Dÿ
EFGJAÿ HCAÿ
GKÿ
HKÿ
CCGAÿ
ES=TUPÿ
@AB@ABCA@Dÿ
VWOO@ÿ GHAÿ
GKÿ
HGÿ
AG@Iÿ
LXS=MXÿ
@ABDBCA@Dÿ
EFHIGÿ @JJÿ
GGÿ
HGÿ
CG@Aÿ
YXSXÿ
@AB@ABCA@Dÿ
EFKDAÿ @JJÿ
GCÿ
HGÿ
AGCAÿ
ZQ[\XS]Nÿ
@ABDBCA@Dÿ
E_`O@ÿ @AHÿ
CDÿ
HCÿ
A^AIÿ
aUPMÿ
@AB@ABCA@Dÿ
FbEO@ÿ ^H@ÿ
CDÿ
H@ÿ
@K@Gÿ
c=dUÿ
@AB@ABCA@Dÿ
a<eO@ÿ @JHÿ
G@ÿ
H@ÿ
AIADÿ
fUM]XTgMXÿ
@AB@ABCA@Dÿ
fhLO@ÿ @^Hÿ
CKÿ
H@ÿ
A@AKÿ
L=MN=ÿi=P\=P=ÿ
@ABDBCA@Dÿ
Fb_O@ÿ H@Cÿ
GCÿ
HAÿ
CAADÿ
Lj=kN=ÿ
@ABDBCA@Dÿ
EFKJGÿ CKKÿ
GCÿ
KDÿ
AJCAÿ
O=S=lUP=kÿ
@ABDBCA@Dÿ
L_WO@ÿ G^Aÿ
GCÿ
KDÿ
CCHKÿ
hS=[U]=ÿ
@AB@ABCA@Dÿ
mLEO@ÿ HGHÿ
CGÿ
KIÿ
A@CIÿ
OXSQk=ÿ
@AB@ABCA@Dÿ
EFGA@ÿ @JJÿ
G@ÿ
KJÿ
ADAAÿ
L=MÿcQgkÿn\gk>Xÿ
@AB@@BCA@Dÿ
EFH^Dÿ HJHÿ
GGÿ
K^ÿ
AG@Aÿ
`SÿVXP=]Xÿ
@AB@ABCA@Dÿ
iVfO@ÿ GGHÿ
@Gÿ
K^ÿ
AHG^ÿ
f=PgMÿ
@AB@ABCA@Dÿ
EFHC@ÿ @IAÿ
CHÿ
KAÿ
AJ@Aÿ
VUSÿ<XPNUÿ
@ABDBCA@Dÿ
LZeO@ÿ @@Aÿ
CGÿ
GDÿ
ADHJÿ
c=kkUMÿ
@ABDBCA@Dÿ
ZVbO@ÿ C^Cÿ
Iÿ
GDÿ
AK@@ÿ
YQ\=ÿ
@AB@ABCA@Dÿ
EaOO@ÿ CICÿ
@Iÿ
GDÿ
AG@Aÿ
L=Mÿf=NUXÿ
@AB@ABCA@Dÿ
EF^AHÿ H@Iÿ
CCÿ
GIÿ
AGKAÿ
oPUkMXÿ
@AB@ABCA@Dÿ
ff_O@ÿ KHAÿ
C^ÿ
GIÿ
AHHCÿ
LN=MgkS=Qkÿ
@AB@ABCA@Dÿ
VicO@ÿ HKAÿ
@Kÿ
GIÿ
A^AAÿ
FSUMMÿ
@ABDBCA@Dÿ
EFH^Gÿ CK^ÿ
@Jÿ
GIÿ
@A@Aÿ
ESQ[=kÿ
@AB@ABCA@Dÿ
OZhO@ÿ CIHÿ
@Dÿ
GJÿ
@IKJÿ

ÿ

01ÿ

34567ÿ9ÿÿ 77ÿ5ÿ ÿ
  7ÿ
ÿ  !ÿ"ÿ# $ÿ%&'ÿ()ÿ 3&ÿ 456ÿ %&')7!!'ÿÿ # $&11ÿ
*+ ,&"&,ÿ -&./ÿ0&1!ÿ
0&1!ÿ"ÿ 89)!:;!'ÿ
*+022ÿ
# $&11ÿ
()ÿ
()ÿ*17/2*2ÿ *17/2*92ÿ
<=>?@Aÿ
CDECDEFDCGÿ
IJCKLÿ HHMÿ
FFÿ
HKÿ
DHDDÿ
N>OP>ÿQR>A>ÿ
CDECDEFDCGÿ
IJSLHÿ MHDÿ
CHÿ
HTÿ
DHHDÿ
UVOPWA>ÿ
CDECDEFDCGÿ
XYZQCÿ MLLÿ
CGÿ
HMÿ
CFFFÿ
[@O@ÿ
CDEGEFDCGÿ
\IXQCÿ STDÿ
FFÿ
HSÿ
CHSGÿ
ZV]>?>ÿ
CDEGEFDCGÿ
IJMDDÿ HMSÿ
CTÿ
HHÿ
FFMDÿ
N>Oÿ\VO^P@ÿ
CDECDEFDCGÿ
N_`QCÿ SGMÿ
CGÿ
HHÿ
FHMKÿ
[@OPVAVaÿ
CDECCEFDCGÿ
IJMSHÿ MFMÿ
FSÿ
HHÿ
CCHDÿ
bOa@ÿ
CDEGEFDCGÿ
XU_QCÿ STCÿ
CFÿ
HFÿ
CFMSÿ
`A^O^Paÿ
CDEGEFDCGÿ
\<\QCÿ FHDÿ
CFÿ
HFÿ
DCHFÿ
`W@RW=OVÿ
CDECDEFDCGÿ
[XcQCÿ HSLÿ
FCÿ
HCÿ
DCDFÿ
[@?@dÿ
CDEGEFDCGÿ
_NeQCÿ FMMÿ
Lÿ
FMÿ
DKDHÿ
N^fg^a@Wÿ
CDECDEFDCGÿ
_ZhQCÿ FMMÿ
Lÿ
FSÿ
DHCMÿ
[>A^i@f>ÿ
CDEGEFDCGÿ
IJSMGÿ HFDÿ
CSÿ
FHÿ
CTjDDÿ
[>?VA>ÿ
CDECDEFDCGÿ
IJSFLÿ SFSÿ
Sÿ
FFÿ
CCFDÿ
<Ri^OVÿ
CDEGEFDCGÿ
[klQCÿ HLMÿ
Kÿ
FDÿ
DFSLÿ
mmmmmmmmmmmmmmmmÿ
o>pÿ`qVÿr^O?fiVV?ÿ>PÿP^=Vÿ@sÿ=>t^=W=ÿuWfPÿ^fÿPqVÿ>]VA>uVÿr^O?fiVV?ÿ@sÿPqVÿHvMÿfVd@O?ÿuWfPwÿ
oxpÿ`qVÿ=>t^=W=ÿ@xfVA]V?ÿuWfPÿ^fÿPqVÿ=>t^=W=ÿr^O?fiVV?ÿ=V>fWAV?ÿ?WA^OuÿPqVÿuWfPwÿ
ÿ

ÿ

01ÿ

ÿ

0123424ÿ6078987ÿ 0 ÿ034ÿ2 27 87ÿ71603ÿ
0662348ÿ0ÿ
27 83ÿÿÿ26 030 ÿÿÿ 3ÿÿ42!232 8"2ÿ

01234ÿ6768ÿ9

ÿ*$'ÿÿ

4ÿÿ4ÿ31ÿ1 ÿ66ÿÿ666ÿ
 ÿ
"#$%&'ÿ
()%ÿ
"%ÿ*$%#)"#'ÿ
 '$ÿ
"%ÿ+',-)%ÿ
.-&&ÿ
"%ÿ&'ÿ
#/$"ÿ
"%&ÿ#$ÿ
#'-"ÿ
"%&ÿ#$-0ÿ
#'%&$ÿ#'"&ÿ
"1"&ÿ
ÿ'$ 'ÿ
")$$ÿ
2%%ÿ
"'%'ÿ
1-.' &ÿ
"'%'ÿ
3$%ÿ
"&%)"-"ÿ
3ÿ
"-&&$ÿ
""%ÿ
&1ÿ
$)%ÿ
&$)%)&4ÿ
% '#)%'ÿ
&-$ÿ
%(ÿ
&-'-%ÿ
%/ ÿ
4''ÿ
(#$ÿ
4-.ÿ
ÿ
(-"ÿ

01234ÿ6789ÿ 4ÿÿÿÿ44ÿ! "ÿ# $ÿ1 ÿ% $ÿ&'ÿ4(4ÿ
%4(4ÿÿ)*+ÿ%4(4ÿ04,ÿ6-./.8-6/ÿ0ÿ6-.6-.8-6/ÿ
1213451ÿ
718ÿ9:18;<7;=ÿ
12><84ÿ
718ÿ?=1@A<8ÿ
1315=:ÿ
718ÿ2A<7ÿ=B<7>=ÿ
BACC4ÿ
718ÿ31C4=ÿ
;=2A71ÿ
718C1ÿB1:B1:1ÿ
;=8C:1ÿ;=7C1ÿ
718C1ÿ;21:1ÿ
42ÿ5=:15=ÿ
718C1ÿ;:ADÿ
E2488ÿ
7F17C1ÿ
G4:8ÿ
7<4::1ÿ
21G4ÿ
7=218=ÿ
217748ÿ
7=8=31ÿ
31:<8ÿ
7C18<721A7ÿ
3485=;<8=ÿ
7ACC4:ÿ
81>1ÿ
C4F131ÿ
84H151ÿ
C:<8<CIÿ
>21;4:ÿ
I=2=ÿ
>2A317ÿ
IAB1ÿ
ÿ
71;:1348C=ÿ

0123432ÿ617ÿ189ÿ 2 32ÿ2018ÿ
100 893ÿÿ
7 2 38ÿÿÿ3 ÿ0 12 ÿ189ÿ9 1 38

01234ÿ6768ÿ9 2 ÿ
ÿÿÿ ÿ!"#$%ÿÿÿÿ&ÿ'ÿ()ÿ!*'ÿ"+,-./01ÿ3451.461ÿ789,3:;ÿÿ
,-/5/ÿ64.6<415ÿ=.ÿ>=.14=?5ÿ=@ÿ64.6<415ÿ0./ÿ4A>061/Bÿ@=.ÿ=?/ÿ=@ÿ1C=ÿ./05=?5Dÿÿ7E:ÿ4?B4./61ÿ4A>0615ÿ@.=Aÿ
1.0?5A4554=?ÿF4?/5ÿG/4?HÿB/+/?/.H4I/Bÿ=.ÿ7J:ÿ1-/ÿ?=?+89,3ÿ>=.14=?ÿ=@ÿ1-/ÿ64.6<41ÿ0./ÿ6=?B<614K/ÿ1=ÿ1-/ÿ
89,3ÿ01ÿ5=A/ÿ>=4?1ÿ4?ÿ1-/ÿ>01-ÿ1=ÿ5/.K46/;L4.6<415ÿC41-ÿ0?ÿ051/.45Mÿ7N:ÿC/./ÿ5/614=?0F4I/BÿB<.4?Hÿ1-/ÿ
/K/?1ÿ1=ÿ@<.1-/.ÿ./B<6/ÿ6<51=A/.ÿ4A>061;ÿ
OPQRSPTÿ
VWXYÿXPZQ[\]ÿ ^T_QTÿY_TZÿ_`aÿ cZdÿOebbS`PTPZ\ÿ fZ\TeQ_TPe
XPbZÿ
`ÿY_TZÿ_`aÿ
XPbZÿ
ghhijkglmÿoopoÿ
qrisÿtuÿqrisÿvuÿ op}p~}tpo~ÿ ghhijkglmuÿ
op}ot}o~ÿ
wgsqrghhmÿ
pvvoÿ ghwrliuÿ
otÿ
xyqzr{iÿk|q{ÿÿ
xysqhgl{uÿ
{xlrirhhiuÿ
jxx{migszÿgsuÿ
zrissgÿrqmÿÿ
ghhijkglmÿooptÿ
qrisÿvÿ
op}p~}tpo~ÿ ghhijkglmuÿlig{gÿ op}oo}o~ÿ
pvvÿ rqmuÿgzkrljqxlÿÿ opvÿ
ghqxÿootpÿ
qrisÿtuÿ
op}p~}tpo~ÿ rhhÿghhimÿÿ
op}op}o~ÿ
wgsqrghhmÿ
ppo~ÿ
ovoÿ
xyqzr{iÿk|q{ÿÿ
ghqxÿootÿ
qrisÿtuÿqrisÿvuÿ op}p~}tpo~ÿ rhhÿghhimuÿ
op}oo}o~ÿ
wgsqrghhmÿ
pptÿ zgyzghrqxuÿzqrlzxlÿ optÿ
xyqzr{iÿk|q{ÿÿ
igkÿÿ
gl{iszxlÿoopoÿ
qrisÿtuÿ
op}p~}tpo~ÿ gl{iszxluÿ
op}oo}o~ÿ
wgsqrghhmÿ
pvtÿ xqqxlxx{ÿÿ
~ÿ
xyqzr{iÿk|q{ÿÿ
gl{iszxlÿooptÿ
lxlÿk|q{ÿ
op}p~}tpo~ÿ gl{iszxlÿÿ
op}op}o~ÿ
pvtÿ
top~ÿ
gl{iszxlÿoopvÿ
qrisÿtuÿ
op}p~}tpo~ÿ gl{iszxluÿ
op}oo}o~ÿ
wgsqrghhmÿ
pvtpÿ |grs|rih{uÿ
oÿ
xyqzr{iÿk|q{ÿÿ
rhhrhhiuÿwghxÿ
i{sxuÿsi{{rljÿÿ
glrqgÿoopÿ
qrisÿtuÿ
op}p~}tpo~ÿ krxÿÿ
op}op}o~ÿ
wgsqrghhmÿ
popÿ
ovÿ
xyqzr{iÿk|q{ÿÿ
gllgwxhrzÿoopoÿ
qrisÿtÿ
op}p~}tpo~ÿ gllgwxhrzuÿ
op}oo}o~ÿ
ptpÿ gg{isxuÿ
ootÿ
zqigsqzÿwxrlqÿÿ
gwwhiÿkrhhÿoopÿ
qrisÿtuÿqrisÿvuÿ op}p~}tpo~ÿ grlxuÿihÿ{xsg{xÿ op}oo}o~ÿ
wgsqrghhmÿ
ptÿ krhhzuÿwhgisrhhiuÿ ovÿ
xyqz
r
{iÿ
k|
q{ÿ
ÿ
wxhhxÿwrlizÿÿ
gwwhiÿkrhhÿtoptoÿ
qrisÿtuÿqrisÿvuÿ op}p~}tpo~ÿ grlxuÿihÿ{xsg{xuÿ op}oo}o~ÿ
wgsqrghhmÿ
po~ÿ |r{{hiqxluÿ
oÿ
xyqzr{iÿk|q{ÿÿ
jsrhmÿ|hgqzuÿ
xylqÿgyyuÿ
whgisrhhiuÿ
whmxyqkuÿwxhhxÿ
wrlizuÿzkrljhiÿ
zwsrljzuÿzxisziqÿÿ
gsyhiÿoopÿ
qrisÿtÿ
op}p~}tpo~ÿ gsyhiuÿ
op}op}o~ÿ
pptÿ {yllrjgluÿ
ovpÿ
rhhrgzÿÿ
gsgqgÿoopÿ
lxlÿk|q{ÿ
op}p~}tpo~ÿ gsgqguÿ
op}op}o~ÿ
tvÿ
pvvoÿ rlhimrhhiÿÿ

ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ

ÿÿÿÿÿÿÿÿ¡¢¢ÿ£ÿ¤¥ÿÿ¢¦ÿÿ¢ÿ§ÿÿ¡¢¢ÿ£ÿ̈¤¨ÿ©ÿ

ÿ
-./-0-ÿ2234ÿ
-./-0-ÿ22<2ÿ
-./-0-ÿ22<<ÿ
-./-0-ÿ22<=ÿ
-.K@5ÿ2232ÿ
-FHF.5ÿ2232ÿ
-FHF.5ÿ223<ÿ
H-5N6.ÿ2232ÿ

H-G-D0ÿ2234ÿ
HA-.ÿK-DDAEÿ<23LQÿ
HADDÿ223Mÿ
HADDÿ223Pÿ
HADDÿ223;ÿ
HADDÿ2223ÿ
HADDAKFAÿ<23=Qÿ
HA5ÿD6I659ÿ3?32ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
565ÿ7809ÿ
23:3;:<32;ÿ -./-0-ÿÿ
23:23:2;ÿ
3=>=<ÿ
<>?<ÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -./-0-BÿH-EG@9ABÿ
23:23:2;ÿ
C-.0@-DDEÿ
3<>=3ÿ I/J@5DAEK@DDAÿÿ
2>?2ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -./-0-BÿH-EG@9ABÿ
23:23:2;ÿ
C-.0@-DDEÿ
3<>=?ÿ AF.AJ-BÿJ5AAD-59ÿÿ =>33ÿ
6F0G@9Aÿ7809ÿÿ
565ÿ7809ÿ
23:3;:<32;ÿ -./-0-ÿÿ
23:23:2;ÿ
3=>==ÿ
<>?Lÿ
0@A.ÿ<Bÿ
23:23:<32;ÿ -.K@5BÿH-JA.G8@AD9Bÿ 23:22:2;ÿ
C-.0@-DDEÿ
3;>?Mÿ D-I650ÿÿ
24>33ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -FHF.5ÿÿ
23:23:2;ÿ
C-.0@-DDEÿ
3?>=2ÿ
<3>2<ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -FHF.5ÿÿ
23:23:2;ÿ
C-.0@-DDEÿ
3?>=2ÿ
<3>2Lÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ0@A.ÿ=Bÿ 23:3;:<32;ÿ H-5N6.BÿH.6O5Gÿ
23:22:2;ÿ
C-.0@-DDEÿ
3=>3Mÿ K-DDAEBÿ
<3>3Mÿ
6F0G@9Aÿ7809ÿÿ
H.6O5GK@DDABÿ
96HH@5GBÿ
I-.EGK@DDABÿ
6.AN65ÿ76FGABÿ
6.6K@DDABÿ
.-/JA.HEBÿ
G-/.-IA506ÿÿ
0@A.ÿ<ÿ
23:3;:<32;ÿ 5-C-BÿG656I-ÿÿ
23:23:2;ÿ
33>=;ÿ
<<><Pÿ
0@A.ÿ<Bÿ0@A.ÿ=ÿ 23:3;:<32;ÿ /76O/7@DD-Bÿ
23:22:2;ÿ
2L>?Mÿ /6FD0A.K@DDABÿ
22>?3ÿ
N.6KAD-59Bÿ
I-.@C6G-BÿG6DA9-9ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -FHF.5BÿO@D065ÿÿ
23:23:2;ÿ
C-.0@-DDEÿ
33><3ÿ
2;>2=ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -FHF.5BÿIA-96Oÿ 23:23:2;ÿ
C-.0@-DDEÿ
33>24ÿ K@G0-ÿÿ
<3>==ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -FHF.5ÿÿ
23:23:2;ÿ
C-.0@-DDEÿ
33>2?ÿ
2P><;ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ
23:3;:<32;ÿ -FHF.5ÿÿ
23:23:2;ÿ
C-.0@-DDEÿ
33>22ÿ
2L><4ÿ
6F0G@9Aÿ7809ÿÿ
0@A.ÿ<Bÿ0@A.ÿ=Bÿ 23:3;:<32;ÿ CA55N.6KABÿ
23:22:2;ÿ
C-.0@-DDEÿ
3=>?Pÿ .675A.0ÿC-.JBÿ
2L>?Mÿ
6F0G@9Aÿ7809ÿÿ
G-50-ÿ.6G-ÿÿ
0@A.ÿ=ÿ
23:23:<32;ÿ HA5ÿD6I659Bÿ
23:22:2;ÿ
23>L=ÿ H6FD9A.ÿ/.AAJBÿ
<3>3Pÿ
8AD065ÿÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-./ÿ1232/4ÿ5565ÿ
78.9ÿ:ÿ
56;6<;=65<ÿ -./ÿ1232/4?ÿ
56;55;5<ÿ
=:>56ÿ -2@14.9ÿA9..B?ÿ
5<>:=ÿ
-922B4C1.ÿÿ
-8Dÿ-CE8/ÿ5565ÿ
78.9ÿ:ÿ
56;6<;=65<ÿ -2@14.9ÿA9..B?ÿ
56;55;5<ÿ
=:>5Fÿ EC/7CÿA9@G?ÿ
5J>:Fÿ
HC7E2/I811.ÿÿ
-8Dÿ-CE8/ÿ556=ÿ
78.9ÿ=?ÿ78.9ÿ:ÿ 56;6<;=65<ÿ -./ÿ1232/4?ÿ
56;5=;5<ÿ
=:>=Jÿ -2@14.9ÿA9..B?ÿ12Eÿ 5=>56ÿ
DC72E?ÿEC/7CÿA9@G?ÿ
E72AB72/ÿÿ
-8Dÿ-./4ÿ5565ÿ
78.9ÿ=?ÿ78.9ÿ:ÿ 56;6<;=65<ÿ 292I811.ÿÿ
56;55;5<ÿ
66>KFÿ
5J>K5ÿ
-8Dÿ-./4ÿ556=ÿ
78.9ÿ:?ÿ
56;6<;=65<ÿ -.99MÿA9..B?ÿ
56;55;5<ÿ
LC978C11Mÿ
66>KFÿ 292I811.ÿÿ
5P>=Qÿ
2@7E84.ÿNO74ÿÿ
-8Dÿ1CD22/ÿ5565ÿ
/2/ÿNO74ÿ
56;6<;=65<ÿ 298AB?ÿ798/84C4ÿÿ
56;56;5<ÿ
6:>:Pÿ
K>=6ÿ
-8Dÿ79..Eÿ6K6=ÿ
78.9ÿ=?ÿ78.9ÿ:?ÿ 56;56;=65<ÿ O.172/?ÿEC/7CÿA9@Gÿÿ 56;55;5<ÿ
LC978C11Mÿ
66>:6ÿ
5F>6Kÿ
2@7E84.ÿÿ
-1@.ÿ1CB.ÿ5565ÿ
/2/ÿNO74ÿ
56;6<;=65<ÿ C9AC7C?ÿ-1@.ÿ1CB.?ÿ 56;56;5<ÿ
6:>:Qÿ B29-.1ÿÿ
K>5Kÿ
-1@.ÿ1CB.ÿ556=ÿ
/2/ÿNO74ÿ
56;6<;=65<ÿ C9AC7C?ÿ-CME84.?ÿ
56;56;5<ÿ
6:>:<ÿ -1@.ÿ1CB.?ÿ
K>5Kÿ
3AB8/1.MI811.ÿÿ
-218/CEÿ5565ÿ
78.9ÿ=?ÿ78.9ÿ:?ÿ 56;6<;=65<ÿ -218/CE?ÿOC89OCR?ÿ 56;55;5<ÿ
LC978C11Mÿ
66>KFÿ 3811ÿIC11.M?ÿ21.3C?ÿ 5F>FKÿ
2@7E84.ÿNO74ÿÿ
E78/E2/ÿ-.CANÿÿ
-2//8.ÿ/22Bÿ5565ÿ 78.9ÿ:ÿ
56;6<;=65<ÿ C17C?ÿA21OCR?ÿ
56;55;5<ÿ
6:>=5ÿ 4@7ANÿO1C7?ÿD214ÿ
5<>6=ÿ
9@/ÿÿ
-2//8.ÿ/22Bÿ556=ÿ 78.9ÿ:ÿ
56;6<;=65<ÿ C17C?ÿ4@7ANÿO1C7?ÿ 56;55;5<ÿ
6:>=Fÿ D214ÿ9@/ÿÿ
5P>65ÿ
-984D.I811.ÿ5565ÿ
78.9ÿ=?ÿ78.9ÿ:ÿ 56;6<;=65<ÿ -984D.I811.?ÿ
56;56;5<ÿ
6Q>5:ÿ AC91277Cÿÿ
6>=6ÿ
-984D.I811.ÿ556=ÿ
78.9ÿ=?ÿ78.9ÿ:ÿ 56;6<;=65<ÿ -12ABE-@9D?ÿ
56;56;5<ÿ
6Q>5Kÿ -984D.I811.?ÿ
=>6Pÿ
AC91277C?ÿ3C4ÿ
98I.9ÿÿ
-92H/EÿIC11.Mÿ5565ÿ 78.9ÿ=?ÿ
56;6<;=65<ÿ -92H/EÿIC11.M?ÿ
56;55;5<ÿ
LC978C11Mÿ
6=>K5ÿ 12238E?ÿ
<>:Fÿ
2@7E84.ÿNO74ÿÿ
3C9MEI811.?ÿ
E3C97EI811.ÿÿ
-9@/EH8ABÿ556=ÿ
78.9ÿ=?ÿ78.9ÿ:?ÿ 56;6<;=65<ÿ D9CEEÿIC11.M?ÿ
56;55;5<ÿ
LC978C11Mÿ
6K>K<ÿ /.IC4CÿA87Mÿÿ
5P>66ÿ
2@7E84.ÿNO74ÿÿ
-9@/EH8ABÿ556:ÿ
78.9ÿ=?ÿ78.9ÿ:?ÿ 56;6<;=65<ÿ C@-@9/?ÿD9CEEÿ
56;55;5<ÿ
5J>=6ÿ
LC978C11Mÿ
6K>FFÿ IC11.M?ÿ/.IC4Cÿ
2@7E84.ÿNO74ÿÿ
A87Mÿÿ
ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-./012345ÿ7789ÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ K.@11ÿL@AA;B=ÿ
78G7<G7Hÿ
?@.:3@AABÿ
8IJ8>ÿ 0;L@D@ÿ43:Bÿÿ
78J7Hÿ
C/:13D;ÿEF:Dÿÿ
-./012345ÿ778Iÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ K.@11ÿL@AA;B=ÿ
78G7<G7Hÿ
?@.:3@AABÿ
8IJ77ÿ 0;L@D@ÿ43:Bÿÿ
77J>8ÿ
C/:13D;ÿEF:Dÿÿ
-./012345ÿ778Mÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ 4;D@.ÿ.3DK;=ÿ
78G7<G7Hÿ
?@.:3@AABÿ
8IJ<Iÿ 4E34@KCÿ?@.5=ÿ
78JIOÿ
C/:13D;ÿEF:Dÿÿ
D3@NC0Dÿ1?.30K1=ÿ
K.@11ÿL@AA;B=ÿ
0;L@D@ÿ43:Bÿÿ
-./012345ÿ778Oÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ K.@11ÿL@AA;Bÿÿ
78G77G7Hÿ
?@.:3@AABÿ
8IJ><ÿ
7MJ9Mÿ
C/:13D;ÿEF:Dÿÿ
-./012345ÿ7778ÿ
:3;.ÿ<=ÿ
78G8HG<87Hÿ K.@11ÿL@AA;B=ÿ
78G77G7Hÿ
?@.:3@AABÿ
8IJ98ÿ 0;L@D@ÿ43:B=ÿ
7>JI8ÿ
C/:13D;ÿEF:Dÿÿ
C.CL3AA;ÿ
-.B@0:ÿ8987ÿ
:3;.ÿ<=ÿ:3;.ÿ>ÿ 78G8HG<87Hÿ 4C04C.D=ÿC.30D@ÿÿ 78G77G7Hÿ
<>J<>ÿ
HJ>Oÿ
-/451ÿ4.;;5ÿ7787ÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ C.CL3AA;=ÿ1:C..3;ÿÿ 78G77G7Hÿ
?@.:3@AABÿ
88J8Hÿ
7OJ88ÿ
C/:13D;ÿEF:Dÿÿ
-/451ÿ4.;;5ÿ778<ÿ :3;.ÿ<=ÿ:3;.ÿ>ÿ 78G8HG<87Hÿ -;AD;0=ÿC.CL3AA;=ÿ 78G7<G7Hÿ
88J78ÿ P/304B=ÿ1:C..3;=ÿ
77J<Qÿ
:2@30ÿÿ
-/451ÿ4.;;5ÿ778>ÿ :3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ -3KK1=ÿP/304Bÿÿ
78G77G7Hÿ
?@.:3@AABÿ
87J8Qÿ
7OJI8ÿ
C/:13D;ÿEF:Dÿÿ
-/.01ÿ<787ÿ
:3;.ÿ>ÿ
78G78G<87Hÿ -;0ÿACNC0D=ÿ1@0:@ÿ 78G77G7Hÿ
88J7Oÿ 4./Rÿÿ
7OJ9Hÿ
-/::;ÿ778Iÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ 4E34Cÿÿ
78G77G7Hÿ
?@.:3@AABÿ
87J8Qÿ
77J9Qÿ
C/:13D;ÿEF:Dÿÿ
4@Aÿ2@:;.ÿ778<ÿ
:3;.ÿ<=ÿ
78G78G<87Hÿ -@5;.1F3;ADÿÿ
78G77G7Hÿ
?@.:3@AABÿ
8HJIQÿ
7IJ<8ÿ
C/:13D;ÿEF:Dÿÿ
4@A@L;.@1ÿ4;N;0:ÿ :3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ @0K;A1ÿ4@N?=ÿ
78G77G7Hÿ
?@.:3@AABÿ
7IJ9Iÿ 4C??;.C?CA31=ÿ
7OJI>ÿ
7787ÿ
C/:13D;ÿEF:Dÿÿ
KA;04C;=ÿ
NC5;A/N0;ÿE3AA=ÿ
NC/0:@30ÿ.@04E=ÿ
.@3Aÿ.C@DÿFA@:=ÿ1@0ÿ
@0D.;@1=ÿL@AA;Bÿ
1?.30K1ÿÿ
4@A31:CK@ÿ7787ÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ 4@A31:CK@=ÿ0@?@=ÿ
78G77G7Hÿ
?@.:3@AABÿ
87J9Qÿ ./:E;.FC.D=ÿ1@0:@ÿ <7J9Qÿ
C/:13D;ÿEF:Dÿÿ
.C1@ÿÿ
4@A31:CK@ÿ778<ÿ
:3;.ÿ<=ÿ:3;.ÿ>=ÿ 78G8HG<87Hÿ 4@A31:CK@=ÿ1@30:ÿ
78G77G7Hÿ
?@.:3@AABÿ
87J8<ÿ E;A;0@ÿÿ
7IJI9ÿ
C/:13D;ÿEF:Dÿÿ
ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-./01//.ÿ33435ÿ
6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ -./01//.:ÿ0=7F6ÿ
34C33C3Dÿ
0.867.//<ÿ
49E;;ÿ .81F.:ÿ0=6618ÿ
JE;Kÿ
=>6?7@1ÿAB6@ÿÿ
G.//1<:ÿ81@H==@ÿ
G.//1<:ÿ>I7.A:ÿ
H7//76?ÿÿ
-.L0ÿ1G18?ÿ934;5ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ .06=?:ÿ?.F6.ÿ-8>M:ÿ 34C33C3Dÿ
0.867.//<ÿ
9;E39ÿ ?-=66?ÿG.//1<:ÿ
3KEOKÿ
=>6?7@1ÿAB6@ÿÿ
?=N>1/ÿÿ
-.L0ÿ1G18?ÿ934O5ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ P7Qÿ?>8:ÿB1/6=F:ÿ
34C34C3Dÿ
0.867.//<ÿ
99EO9ÿ L=>F6ÿA18L=F:ÿ
3RE4Kÿ
=>6?7@1ÿAB6@ÿÿ
?.F6.ÿ-8>M:ÿ?-=66?ÿ
G.//1<ÿÿ
-.L0ÿ1G18?ÿ934K5ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ P1Fÿ/=L=F@:ÿ
34C33C3Dÿ
0.867.//<ÿ
99EO;ÿ P=>/@18ÿ-811I:ÿ
99E3Jÿ
=>6?7@1ÿAB6@ÿÿ
B1/6=F:ÿ/=?ÿQ.6=?:ÿ
L=>F6ÿA18L=F:ÿ
?-=66?ÿG.//1<ÿÿ
-.L0ÿ1G18?ÿ934S5ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ B1/6=F:ÿ/=?ÿQ.6=?:ÿ 34C33C3Dÿ
0.867.//<ÿ
99EO;ÿ L=>F6ÿA18L=F:ÿ
3JE34ÿ
=>6?7@1ÿAB6@ÿÿ
81@H==@ÿ1?6.61?:ÿ
?.F6.ÿ-8>M:ÿ?-=66?ÿ
G.//1<:ÿ?=N>1/ÿÿ
-.8/=66.ÿ3393ÿ
6718ÿ9:ÿ
34C4DC943Dÿ -.8/=66.:ÿ
34C34C3Dÿ
0.867.//<ÿ
49E49ÿ B18F@./1:ÿB=86>F.:ÿ 3EK9ÿ
=>6?7@1ÿAB6@ÿÿ
A<@1?G7//1ÿÿ
-.?68=ÿG.//1<ÿ334S5ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ -.?68=ÿG.//1<:ÿ
34C34C3Dÿ
0.867.//<ÿ
9;E43ÿ A.<H.8@ÿÿ
99E4Oÿ
=>6?7@1ÿAB6@ÿÿ
-.?68=ÿG.//1<ÿ334R5ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ -.?68=ÿG.//1<:ÿ
34C33C3Dÿ
0.867.//<ÿ
9;E34ÿ A.<H.8@:ÿ?.Fÿ
33EOSÿ
=>6?7@1ÿAB6@ÿÿ
/1.F@8=ÿÿ
-.?68=ÿG.//1<ÿ3333ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ -.?68=ÿG.//1<:ÿ
34C34C3Dÿ
0.867.//<ÿ
9;E;Sÿ A.<H.8@ÿÿ
94EK9ÿ
=>6?7@1ÿAB6@ÿÿ
-1@.8ÿ-811Iÿ3343ÿ 6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ P1//.ÿG7?6.:ÿP7Qÿ
34C39C3Dÿ
0.867.//<ÿ
43E3Kÿ P1F@:ÿP>8F1<:ÿA.6ÿ 33E;;ÿ
=>6?7@1ÿAB6@ÿÿ
-811I:ÿ
L=F6Q=L18<ÿ
-811I:ÿ=.Iÿ8>F:ÿ
81@@7FQ:ÿ8=>F@ÿ
L=>F6.7Fÿÿ
-A.//1FQ1ÿ3343ÿ
6718ÿ9:ÿ6718ÿ;ÿ 34C4DC943Dÿ -A.//1FQ1:ÿ-/70018ÿ 34C39C3Dÿ
49E;3ÿ L7//?:ÿB=8P1?6=HF:ÿ 3OE4Kÿ
=8=G7//1:ÿ
?68.HP188<ÿ
G.//1<ÿÿ
-A.//1FQ1ÿ3349ÿ
6718ÿ9:ÿ6718ÿ;:ÿ 34C4DC943Dÿ P8=HF?G7//1:ÿ
34C39C3Dÿ
0.867.//<ÿ
49E;3ÿ -A.//1FQ1:ÿ
DE43ÿ
=>6?7@1ÿAB6@ÿÿ
@=PP7F?:ÿ
B=8P1?6=HF:ÿ
=8=G7//1ÿÿ
ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-./01ÿ03/4ÿ5565ÿ
7890ÿ:;ÿ
56B6CB:65Cÿ 303F8..9ÿÿ
56B55B5Cÿ
</078/..=ÿ
6:DECÿ
5:D:Gÿ
3>7?849ÿ@A74ÿÿ
-./01ÿ03/4ÿ556:ÿ
7890ÿ:;ÿ7890ÿH;ÿ 56B6CB:65Cÿ -@8-3;ÿ303F8..9;ÿ
56B55B5Cÿ
</078/..=ÿ
6:DECÿ </.90I3;ÿ</0/48?9ÿÿ 5HDEEÿ
3>7?849ÿ@A74ÿÿ
-./01?F8..9ÿ:56Gÿ 7890ÿ:;ÿ7890ÿH;ÿ 56B6CB:65Cÿ 9.ÿ430/43ÿ@8..?;ÿ 56B56B5Cÿ
</078/..=ÿ
66DHGÿ 09?->9;ÿ?@8JK.9ÿ
5LDELÿ
3>7?849ÿ@A74ÿÿ
?<08JK?ÿÿ
-./01?F8..9ÿ:56Cÿ 7890ÿ:;ÿ7890ÿH;ÿ 56B6CB:65Cÿ 9.ÿ430/43ÿ@8..?;ÿ9.ÿ 56B56B5Cÿ
</078/..=ÿ
66DHMÿ 430/43;ÿ309K3Jÿ
5MD6Nÿ
3>7?849ÿ@A74ÿÿ
@3>?9;ÿ09?->9ÿÿ
-./01?F8..9ÿ:556ÿ
J3Jÿ@A74ÿ
56B6CB:65Cÿ 9.ÿ430/43ÿ@8..?ÿÿ 56B56B5Cÿ
66DGHÿ
5MD6Mÿ
-.9/0ÿ./19ÿ5565ÿ
7890ÿ:;ÿ7890ÿH;ÿ 56B6CB:65Cÿ A8J.9=;ÿ
56B55B5Cÿ
</078/..=ÿ
6:DH6ÿ 19.?9=F8..9;ÿ
5ED65ÿ
3>7?849ÿ@A74ÿÿ
./19<307ÿÿ
-.9/0ÿ./19ÿ556:ÿ
7890ÿ:;ÿ
56B6CB:65Cÿ A8J.9=;ÿ
56B55B5Cÿ
</078/..=ÿ
6:DH5ÿ 19.?9=F8..9;ÿ
55D:Gÿ
3>7?849ÿ@A74ÿÿ
./19<307;ÿ
I844.973OJÿÿ
-.3F904/.9ÿ556:ÿ
7890ÿ:;ÿ7890ÿH;ÿ 56B6CB:65Cÿ -.3F904/.9;ÿ
56B55B5Cÿ
</078/..=ÿ
6HDE5ÿ -03-1977;ÿ
5:D66ÿ
3>7?849ÿ@A74ÿÿ
K9=?90F8..9;ÿ
@9/.4?P>0K;ÿ
@3<./J4ÿÿ
-3.>IP8/ÿ@8..ÿ5565ÿ 7890ÿ:;ÿ7890ÿHÿ 56B6CB:65Cÿ P0331?;ÿ
56B5:B5Cÿ
6:DHGÿ -/I<73JF8..9;ÿ
56D55ÿ
K0/??ÿF/..9=;ÿ
J9F/4/ÿ-87=;ÿJ307@ÿ
?/JÿQ>/J;ÿ<9JJÿ
F/..9=ÿÿ
-30J8JKÿ5565Rÿ
7890ÿ:;ÿ
56B6CB:65Cÿ -30J8JK;ÿ
56B55B5Cÿ
</078/..=ÿ
66D5Hÿ -3773JO334;ÿ
5EDEEÿ
3>7?849ÿ@A74ÿÿ
A.3>0J3=;ÿ
</?19J7/;ÿ094ÿ
P.>AAÿÿ
-30J8JKÿ556:Rÿ
7890ÿ:;ÿ
56B6CB:65Cÿ -30J8JK;ÿA.3>0J3=;ÿ 56B55B5Cÿ
</078/..=ÿ
66D56ÿ </?19J7/;ÿ094ÿ
5MDE5ÿ
3>7?849ÿ@A74ÿÿ
P.>AAÿÿ
-303J/ÿ5565ÿ
J3Jÿ@A74ÿ
56B6CB:65Cÿ <97/.>I/ÿÿ
56BCB5Cÿ55D5Cÿ
6:DGNÿ
-303J/ÿ556Hÿ
7890ÿ:;ÿ
56B6CB:65Cÿ <9JJK03F9;ÿ
56B56B5Cÿ
</078/..=ÿ
6:DHMÿ <97/.>I/ÿÿ
5NDHMÿ
3>7?849ÿ@A74ÿÿ
-3078J/ÿ5565ÿ
7890ÿ:;ÿ
56B6CB:65Cÿ /0P>-1.9;ÿ
56B56B5Cÿ
</078/..=ÿ
65D6Hÿ O8..8/I?ÿÿ
5ND:Nÿ
3>7?849ÿ@A74ÿÿ
-3773JO334ÿ5565Rÿ 7890ÿ:;ÿ
56B6CB:65Cÿ -3773JO334;ÿ094ÿ 56B55B5Cÿ
5ND::ÿ
</078/..=ÿ
66DHMÿ P.>AAÿÿ
3>7?849ÿ@A74ÿÿ
ÿ

ÿ
-.//.01..2ÿ44567ÿ
-.//.01..2ÿ445I7ÿ
-@:/8Aÿ4M54ÿ
-@:/8Aÿ4M56ÿ
-@:/8Aÿ4M5Iÿ

-@:/8Aÿ4M5Gÿ
-@:/8Aÿ4M5Lÿ
2=8:?P8>>9ÿ4454ÿ
29>ÿO=:ÿ645Eÿ
29A-B@/9Aÿ4454ÿ
29A-B@/9Aÿ445Gÿ
28=O.02ÿA<:80HAÿ
445I7ÿ
28=O.02ÿA<:80HAÿ
445G7ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
/89:ÿ6;ÿ
45D5ED654Eÿ =029:A.0;ÿ
45D44D4Eÿ
<=:/8=>>?ÿ
55F6Gÿ -.//.01..2;ÿ8H.;ÿ 4IFGJÿ
.@/A829ÿBC/2ÿÿ
:92280Hÿÿ
/89:ÿ6;ÿ
45D5ED654Eÿ -.//.01..2;ÿ:92ÿ 45D44D4Eÿ
<=:/8=>>?ÿ
55F6Jÿ K>@CCÿÿ
4LFI6ÿ
.@/A829ÿBC/2ÿÿ
/89:ÿ6;ÿ
45D5ED654Eÿ A.0.:=;ÿA/=02=:2ÿÿ 45D45D4Eÿ
<=:/8=>>?ÿ
4LFIEÿ
4NF6Iÿ
.@/A829ÿBC/2ÿÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ -.>@OK8=;ÿ
45D44D4Eÿ
<=:/8=>>?ÿ
4LFILÿ <809-:9A/;ÿA.0.:=;ÿ 44F6Lÿ
.@/A829ÿBC/2ÿÿ
A.@>AK?P8>>9;ÿÿ
/@.>@O09;ÿ/1=80ÿ
B=:/9ÿÿ
45D44D4Eÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ K8Hÿ.=QÿC>=/;ÿ
<=:/8=>>?ÿ
4LF6Jÿ -.@>/9:P8>>9;ÿ
4MF4Nÿ
.@/A829ÿBC/2ÿÿ
H:.P9>=02;ÿ
R=O9A/.10;ÿ
A.0.:=;ÿ/@.>@O09;ÿ
?.A9O8/9ÿ0=/8.0=>ÿ
<=:Qÿÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ -.>@OK8=;ÿ.=Q2=>9;ÿ 45D44D4Eÿ
<=:/8=>>?ÿ
4LFG5ÿ A.0.:=;ÿA/=02=:2;ÿ 4LF6Eÿ
.@/A829ÿBC/2ÿÿ
/1=80ÿB=:/9ÿÿ
45D44D4Eÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ H:.P9>=02;ÿ
<=:/8=>>?ÿ
4LF6Iÿ R=O9A/.10;ÿ
4LFL5ÿ
.@/A829ÿBC/2ÿÿ
:8P9:K=0Q;ÿA.0.:=;ÿ
A.@>AK?P8>>9;ÿ
/@.>@O09;ÿ/1=80ÿ
B=:/9ÿÿ
0.0ÿBC/2ÿ
45D5ED654Eÿ -.:080H;ÿ>.Aÿ
45D45D4Eÿ
54FIIÿ O.>80.A;ÿ:92ÿK>@CCÿÿ 65F5Jÿ
/89:ÿ6;ÿ
45D5ED654Eÿ =@K@:0;ÿ>80-.>0;ÿ 45D45D4Eÿ
<=:/8=>>?ÿ
55F66ÿ >..O8A;ÿ:.-Q>80ÿÿ
4NF6Gÿ
.@/A829ÿBC/2ÿÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ O8>>P8>>9;ÿ.=Qÿ:@0;ÿ 45D44D4Eÿ
<=:/8=>>?ÿ
5IF5Jÿ <=>.ÿ-92:.;ÿ
4GF54ÿ
.@/A829ÿBC/2ÿÿ
:92280H;ÿ
AB80H>9/.10;ÿ
1B8/O.:9ÿÿ
/89:ÿ6;ÿ
45D5ED654Eÿ =029:A.0;ÿK9>>=ÿ 45D44D4Eÿ
<=:/8=>>?ÿ
5IF4Gÿ P8A/=;ÿO8>>P8>>9;ÿ
JF6Eÿ
.@/A829ÿBC/2ÿÿ
<=>.ÿ-92:.;ÿ
:92280Hÿÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ 9>ÿ2.:=2.;ÿ
45D44D4Eÿ
<=:/8=>>?ÿ
55FG4ÿ <>=-9:P8>>9ÿÿ
4MFL5ÿ
.@/A829ÿBC/2ÿÿ
/89:ÿ6;ÿ/89:ÿI;ÿ 45D5ED654Eÿ 28=O.02ÿA<:80HA;ÿ 45D45D4Eÿ
<=:/8=>>?ÿ
54F4Lÿ 9>ÿ2.:=2.;ÿ
6IF65ÿ
.@/A829ÿBC/2ÿÿ
<>=-9:P8>>9ÿÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-./012-ÿ456.274ÿ889:ÿ ;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ -./012-ÿ456.274>ÿ 89E88E8Fÿ
5/6;./@@Aÿ
9=G8Hÿ <@ÿ-16/-1>ÿ
8KG=:ÿ
1B;4.-<ÿCD;-ÿÿ
5@/I<6J.@@<>ÿ
4C.27@<ÿ456.274ÿÿ
-./012-ÿ456.274ÿ ;.<6ÿ=>ÿ
89E9FE=98Fÿ -./012-ÿ456.274>ÿ 89E88E8Fÿ
889LMÿ
5/6;./@@Aÿ
99GKFÿ <@ÿ-16/-1>ÿ
8:G8:ÿ
1B;4.-<ÿCD;-ÿÿ
5@/I<6J.@@<ÿÿ
-./012-ÿ456.274ÿ ;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ 5@/I<6J.@@<>ÿ
89E89E8Fÿ
889HMÿ
5/6;./@@Aÿ
99G:8ÿ 4C.27@<ÿ456.274ÿÿ
8NG?Nÿ
1B;4.-<ÿCD;-ÿÿ
89E88E8Fÿ
-1OO.24ÿ8898ÿ
;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ O61P24ÿJ/@@<A>ÿ
5/6;./@@Aÿ
9?GK9ÿ O61P24J.@@<>ÿ
8:G99ÿ
1B;4.-<ÿCD;-ÿÿ
I/05;12J.@@<>ÿ
-1OO.24>ÿ
-1P2.<J.@@<>ÿ
76<<2P11->ÿ
0/6A4J.@@<>ÿ
16<712ÿC1B4<>ÿ
PC</;@/2-ÿÿ
-6B0ÿ8898ÿ
;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ /@;/>ÿ<0.76/2;ÿ7/5>ÿ 89E88E8Fÿ
5/6;./@@Aÿ
9?G==ÿ 0</-1PÿJ.4;/>ÿ
8NG8?ÿ
1B;4.-<ÿCD;-ÿÿ
2<J/-/ÿI.;Aÿÿ
-B2O/6ÿ8898ÿ
;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ 7@<2ÿ<@@<2>ÿ
89E88E8Fÿ
5/6;./@@Aÿ
98G8=ÿ Q<2P11->ÿ4/2;/ÿ
8HG:Lÿ
1B;4.-<ÿCD;-ÿÿ
614/>ÿ41210/ÿÿ
-B2O/6ÿ889=ÿ
;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ O1A<4ÿC1;ÿ456.274>ÿ 89E88E8Fÿ
5/6;./@@Aÿ
98G??ÿ <@-6.-7<>ÿ7@<2ÿ
=8GK=ÿ
1B;4.-<ÿCD;-ÿÿ
<@@<2>ÿ4/2;/ÿ614/>ÿ
41210/ÿÿ
-B2O/6ÿ889?ÿ
;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ 7@<2ÿ<@@<2>ÿ
89E88E8Fÿ
5/6;./@@Aÿ
98G:Lÿ 41210/ÿÿ
8:G9Nÿ
1B;4.-<ÿCD;-ÿÿ
</4;ÿ0/6A4J.@@<ÿ889Nÿ ;.<6ÿ=>ÿ
89E9FE=98Fÿ O61P24ÿJ/@@<A>ÿ
89E89E8Fÿ
5/6;./@@Aÿ
99G=9ÿ 0/6A4J.@@<>ÿ5<22ÿ
8:G?Kÿ
1B;4.-<ÿCD;-ÿÿ
J/@@<A>ÿABO/ÿI.;Aÿÿ
<-<4ÿ888=ÿ
;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ 1/Q@/2-ÿÿ
89E89E8Fÿ
5/6;./@@Aÿ
==G??ÿ
=9G9:ÿ
1B;4.-<ÿCD;-ÿÿ
<<@ÿ6.J<6ÿ889=ÿ
;.<6ÿ=>ÿ
89E9FE=98Fÿ <B6<Q/>ÿD<62-/@<>ÿ 89E89E8Fÿ
5/6;./@@Aÿ
9=G=:ÿ D.<@-4ÿ@/2-.27>ÿ
=G99ÿ
1B;4.-<ÿCD;-ÿÿ
D16;B2/>ÿ@1@<;/>ÿ
6.1ÿ-<@@ÿÿ
<<@ÿ6.J<6ÿ889?ÿ
;.<6ÿ=>ÿ
89E9FE=98Fÿ D<62-/@<>ÿD16;B2/ÿÿ 89E89E8Fÿ
5/6;./@@Aÿ
9=G8Fÿ
8GKLÿ
1B;4.-<ÿCD;-ÿÿ
<@ÿI<66.;1ÿ7ÿ889:ÿ ;.<6ÿ=>ÿ;.<6ÿ?>ÿ 89E9FE=98Fÿ /@O/2A>ÿO<6Q<@<A>ÿ 89E89E8Fÿ
5/6;./@@Aÿ
==G:9ÿ <@ÿI<66.;1>ÿ16.2-/>ÿ 8NG:Fÿ
1B;4.-<ÿCD;-ÿÿ
6.IC012->ÿ
4/2ÿ5/O@1ÿÿ
ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-.ÿ012301ÿ45ÿ6787ÿ 9:-2ÿ6;ÿ9:-2ÿ<;ÿ 78A8BA687Bÿ E3F:G1;ÿ-E51ÿ.3H-;ÿ 78A77A7Bÿ
4329:3..=ÿ
8<CD6ÿ I-12I-91JG;ÿ
6<CDNÿ
1>9?:0-ÿ5@90ÿÿ
I2:KK.=ÿ@.39?;ÿ
H=L>2K;ÿ
4.3E-2M:..-;ÿ
41..1EHÿ4:G-?;ÿ
?1F-2?-9;ÿ9J:Gÿ
L2:0I-?ÿÿ
-.ÿ012301ÿ45ÿ6786ÿ 9:-2ÿ<ÿ
78A8BA687Bÿ E3F:G1;ÿ41..1EHÿ 78A77A7Bÿ
8<CDDÿ 4:G-?ÿ
7<C<Dÿ
-.-E923ÿ7787ÿ
9:-2ÿ6;ÿ
78A8BA687Bÿ P3EH?1G;ÿ4:G-ÿ
78A77A7Bÿ
4329:3..=ÿ
88CO8ÿ I21M-ÿÿ
78C<<ÿ
1>9?:0-ÿ5@90ÿÿ
-.-E923ÿ7786ÿ
9:-2ÿ6;ÿ
78A8BA687Bÿ @:00.-91JG;ÿ
78A78A7Bÿ
4329:3..=ÿ
88C<Qÿ P3EH?1G;ÿ
7RC<Dÿ
1>9?:0-ÿ5@90ÿÿ
F1H-.>FG-ÿ5:..ÿÿ
-.HÿE2--Hÿ7787Sÿ
9:-2ÿ6;ÿ
78A8BA687Bÿ 0>253F;ÿ-.HÿE2--H;ÿ 78A76A7Bÿ
4329:3..=ÿ
88C<6ÿ 12.3G0;ÿ
78CDBÿ
1>9?:0-ÿ5@90ÿÿ
?91G=@120;ÿ
J:..:3F?;ÿJ:..1J?ÿÿ
->2-H3ÿ3ÿ778<ÿ
G1Gÿ5@90ÿ
78A8BA687Bÿ ->2-H3ÿÿ
78ABA7Bÿ
8RC8<ÿ
6<CORÿ
->2-H3ÿ3ÿ778Nÿ
G1Gÿ5@90ÿ
78A8BA687Bÿ ->2-H3;ÿ@129>G3ÿÿ 78ABA7Bÿ
8RC8<ÿ
6<CODÿ
->2-H3ÿ3ÿ778Qÿ
G1Gÿ5@90ÿ
78A8BA687Bÿ ->2-H3ÿÿ
78ABA7Bÿ
8RC8Oÿ
6<COQÿ
->2-H3ÿ-ÿ7787ÿ
G1Gÿ5@90ÿ
78A8BA687Bÿ ->2-H3ÿÿ
78ABA7Bÿ
8<CODÿ
6<C76ÿ
->2-H3ÿ-ÿ778Oÿ
9:-2ÿ6;ÿ
78A8BA687Bÿ ->2-H3ÿÿ
78A78A7Bÿ
4329:3..=ÿ
8<CODÿ
8C77ÿ
1>9?:0-ÿ5@90ÿÿ
->2-H3ÿ-ÿ778Dÿ
G1Gÿ5@90ÿ
78A8BA687Bÿ ->2-H3ÿÿ
78ABA7Bÿ
8<CONÿ
6<C8Bÿ
@3:253M-Gÿ778<ÿ
G1Gÿ5@90ÿ
78A8BA687Bÿ 32E393;ÿ?3F13ÿÿ
78ABA7Bÿ
8RC<7ÿ
66C6Nÿ
@-.91Gÿ8O87ÿ
9:-2ÿ6;ÿ9:-2ÿ<;ÿ 78A78A687Bÿ L-Gÿ.1F1G0;ÿ
78A78A7Bÿ
4329:3..=ÿ
77C6Oÿ @-.91G;ÿ?3G93ÿE2>Kÿÿ 7NCONÿ
1>9?:0-ÿ5@90ÿÿ
@:9E5ÿF1>G93:Gÿ777<ÿ 9:-2ÿ6;ÿ9:-2ÿ<;ÿ 78A8BA687Bÿ I-=?-2M:..-;ÿ
78A76A7Bÿ
4329:3..=ÿ
8<C6Rÿ I>-2G-M:..-;ÿ
7OCODÿ
1>9?:0-ÿ5@90ÿÿ
5-3.0?L>2Iÿÿ
@.:G9ÿ7787ÿ
9:-2ÿ6;ÿ
78A8BA687Bÿ 3>L>2Gÿÿ
78A78A7Bÿ
4329:3..=ÿ
88C6Nÿ
68C67ÿ
1>9?:0-ÿ5@90ÿÿ
@.:G9ÿ7786ÿ
9:-2ÿ6ÿ
78A8BA687Bÿ 3>L>2Gÿÿ
78ABA7Bÿ
88C6Rÿ
7RC8<ÿ
@12-?95:..ÿ7787ÿ
9:-2ÿ6;ÿ9:-2ÿ<ÿ 78A8BA687Bÿ 3>L>2G;ÿ@1.?1F;ÿ 78A77A7Bÿ
8OC68ÿ @12-?95:..;ÿ
7QCO6ÿ
13H03.-ÿÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ
-./0123455ÿ7789ÿ
240/ÿ9:ÿ240/ÿ;:ÿ 78A8BA987Bÿ =?E?/F:ÿ
78A77A7Bÿ
<=/24=55>ÿ
8CD97ÿ -./0123455ÿÿ
7;DGCÿ
.?214@0ÿ3-2@ÿÿ
-./2ÿ10H=/@ÿ7797ÿ 240/ÿ9:ÿ
78A8BA987Bÿ =5@0/<.4F2:ÿ
78A78A7Bÿ
<=/24=55>ÿ
89D8Bÿ I=/E0/J4550:ÿK0F4=ÿÿ CD7Cÿ
.?214@0ÿ3-2@ÿÿ
-./2ÿ10H=/@ÿ7799ÿ 240/ÿ9:ÿ
78A8BA987Bÿ =5@0/<.4F2:ÿ
78A78A7Bÿ
<=/24=55>ÿ
89D7Cÿ E5.LM1E?/I:ÿ
CD8;ÿ
.?214@0ÿ3-2@ÿÿ
I=/E0/J4550:ÿK0F4=ÿÿ
-/0N.F2ÿ778COÿ
240/ÿ9:ÿ
78A78A987Bÿ -/0N.F2ÿÿ
78A78A7Bÿ
<=/24=55>ÿ
88DG;ÿ
7PD8Gÿ
.?214@0ÿ3-2@ÿÿ
-/0FL3ÿI?5L3ÿ7787ÿ 240/ÿ9ÿ
78A8BA987Bÿ -/0FL3ÿI?5L3ÿÿ
78A77A7Bÿ
87D;7ÿ
7GDC8ÿ
-/0FL3ÿI?5L3ÿ7789ÿ 240/ÿ9:ÿ
78A8BA987Bÿ -/0FL3ÿI?5L3:ÿ
78A77A7Bÿ
<=/24=55>ÿ
87D;8ÿ /0@@4FI:ÿ
7GDGBÿ
.?214@0ÿ3-2@ÿÿ
H341M0>2.HFÿÿ
78A77A7Bÿ
-/.I2.HFÿ7Q87ÿ
240/ÿ9:ÿ240/ÿ;:ÿ 78A8BA987Bÿ =FI051ÿL=N<:ÿ
<=/24=55>ÿ
7GD9Cÿ =/F.5@:ÿ=J0/>:ÿ
79D77ÿ
.?214@0ÿ3-2@ÿÿ
@.?I5=1ÿ-5=2:ÿ
N.?F2=4Fÿ/=FL3:ÿ
N?/<3>1:ÿ
J=550L42.ÿÿ
-/.I2.HFÿ7Q89ÿ
240/ÿ9:ÿ
78A8BA987Bÿ =52=J4550:ÿ=FI051ÿ 78A77A7Bÿ
<=/24=55>ÿ
7GD;Qÿ L=N<:ÿ=/F.5@:ÿ
98DG8ÿ
.?214@0ÿ3-2@ÿÿ
L50N0F21:ÿ
L.<<0/.<.541:ÿ
@.?I5=1ÿ-5=2:ÿ
-=/N4FI2.F:ÿ
I?124F0:ÿN?/<3>1:ÿ
1=Fÿ=F@/0=1:ÿ
J=550L42.:ÿJ=550>ÿ
1</4FI1ÿÿ
-/?425=F@ÿ77C7ÿ
240/ÿ9:ÿ
78A8BA987Bÿ N>0/1ÿ-5=2:ÿ
78A78A7Bÿ
<=/24=55>ÿ
89D8;ÿ <34554<1J4550:ÿ
;D8Bÿ
.?214@0ÿ3-2@ÿÿ
/0@L/012:ÿ/0@H=>:ÿ
H0.22ÿÿ
-/?425=F@ÿ77C9ÿ
240/ÿ9:ÿ
78A8BA987Bÿ E5.LM1E?/I:ÿ
78A78A7Bÿ
<=/24=55>ÿ
89D8Qÿ N4/=F@=:ÿN>0/1ÿ
CD9Cÿ
.?214@0ÿ3-2@ÿÿ
-5=2:ÿ<34554<1J4550:ÿ
/0@L/012:ÿH0.22ÿÿ
-?52.Fÿ7789Oÿ
240/ÿ9:ÿ240/ÿ;:ÿ 78A8BA987Bÿ 30=5@1E?/I:ÿ1=F2=ÿ 78A77A7Bÿ
<=/24=55>ÿ
89D7Gÿ /.1=:ÿH4F@1./ÿÿ
7GD;Rÿ
.?214@0ÿ3-2@ÿÿ
-?52.Fÿ778QOÿ
240/ÿ;:ÿ
78A8BA987Bÿ -?52.F:ÿ1=F2=ÿ/.1=:ÿ 78A77A7Bÿ
<=/24=55>ÿ
8;DG8ÿ H4F@1./ÿÿ
78DGRÿ
.?214@0ÿ3-2@ÿÿ
ÿ
ÿ

01234ÿ6768ÿ9 2 ÿ
 4ÿ
ÿ!"#ÿ $%ÿ%ÿ%&'ÿ ) *ÿ+((&"ÿ , "+%+
( ÿ
&ÿ%ÿ%&'ÿ
( ÿ

01234256774ÿ999ÿ

642ÿÿ
9  9ÿ 17426 ÿ
12 6177ÿ
9ÿ 01234256774ÿ
 64ÿ ÿÿ
71 56774ÿ
74004 ÿ642ÿ
241ÿ4 2 ÿ
64 2ÿ461ÿÿ
01234256774ÿ99 ÿ
642ÿÿ
9  9ÿ 01234256774ÿ
12 6177ÿ
ÿ 44 ÿ7 6ÿ
 64ÿ ÿÿ
4 2761ÿ
677656774ÿ
241ÿ
64 2ÿÿ
01234256774ÿ99ÿ
642ÿÿ
9  9ÿ 01234256774ÿÿ
12 6177ÿ
!ÿ
 64ÿ ÿÿ
042342ÿ999ÿ
ÿ ÿ
9  9ÿ 260ÿ042342ÿ
9ÿ 24ÿ37ÿ41 1ÿÿ
042342ÿ99 ÿ
ÿ ÿ
9  9ÿ 260ÿ042342ÿ
9#ÿ 2342 1ÿ24ÿ
37ÿ2460ÿÿ
044256774ÿ999ÿ
642ÿÿ
9  9ÿ 1176ÿ
12 6177ÿ
9ÿ 7542174ÿ
 64ÿ ÿÿ
044256774ÿ
417320ÿÿ
044256774ÿ99 ÿ
642ÿÿ642ÿÿ 9  9ÿ 7542174ÿ
12 6177ÿ
#ÿ 044256774ÿ
 64ÿ ÿÿ
417320ÿÿ
06251ÿ999ÿ
642ÿÿ642ÿÿ 9  9ÿ 142ÿ
12 6177ÿ
9!ÿ  ÿ60ÿ
 64ÿ ÿÿ
2460ÿÿ
06251ÿ99 ÿ
642ÿÿ642ÿÿ 9  9ÿ 2460ÿ1 1ÿÿ
12 6177ÿ
9ÿ
 64ÿ ÿÿ
074ÿ999$ÿ
642ÿÿ
9  9ÿ 271ÿÿ
12 6177ÿ
9!ÿ
 64ÿ ÿÿ
021ÿ51774ÿ999ÿ
642ÿÿ642ÿÿ 9  9ÿ 021ÿ51774ÿÿ
12 6177ÿ
""ÿ
 64ÿ ÿÿ
021ÿ51774ÿ99 ÿ
642ÿÿ
9  9ÿ 021ÿ51774ÿÿ
12 6177ÿ
"ÿ
 64ÿ ÿÿ
021ÿ51774ÿ99ÿ
642ÿÿ
9  9ÿ 021ÿ51774ÿ4ÿ
12 6177ÿ
 ÿ 51774ÿ20ÿ1ÿ
 64ÿ ÿÿ
241ÿÿ
0244ÿ51774ÿ99$ÿ 642ÿÿ642ÿÿ 9  9ÿ 0672ÿ
12 6177ÿ
"ÿ 1 56774ÿÿ
 64ÿ ÿÿ
17ÿ ÿ31ÿ999ÿ 642ÿÿ642ÿÿ 9  9ÿ 47ÿ02111ÿ17ÿ
12 6177ÿ
 ÿ
ÿ31ÿ ÿ
 64ÿ ÿÿ
341 ÿ24ÿ
6ÿ1ÿ 1 4ÿ
ÿ
:;<=>;?ÿ

999ÿ
ÿ
999ÿ
9ÿ
999ÿ
 ÿ
999ÿ
9!"ÿ
999ÿ
9!!ÿ
9999ÿ
9ÿ
9999ÿ
9ÿ
9999ÿ
999ÿ
9999ÿ
9"!ÿ
999ÿ
9 ÿ
9999ÿ
!ÿ
9999ÿ
!ÿ
9999ÿ
9!"ÿ
9999ÿ
9" ÿ
999ÿ
9!!ÿ

%&'()ÿ+,+-ÿ./012/'31/45ÿ
67451/53)89ÿ
ABCDÿC;E<FGHÿ I?J<?ÿDJ?EÿJKLÿ NEOÿ:PMM>K;?;EGÿ QEG?P<J?;P
C;MEÿ
KÿDJ?EÿJKLÿ
C;MEÿ

0123ÿ5667ÿ819ÿ ÿ

ÿÿÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
0123ÿ5667ÿ819ÿ ÿ ÿÿÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
0129ÿ ÿ
0129ÿ ÿ
01ÿ ÿ
01ÿ ÿ
01 29ÿ ÿ
01 29ÿ ÿ
0$ÿ ÿ
07ÿ ÿ
07ÿ ÿ
07ÿ !ÿ
07ÿ ÿ
07ÿ ÿ
00217ÿ ÿ
ÿ
;<=>?<@ÿ

ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿ
1 1229ÿ
6 ÿ03 ÿÿ
ÿÿÿÿ
1 1229ÿ
6 ÿ03 ÿÿ

  ÿ 2ÿ1711ÿ0123ÿ
 ÿ
ÿ 5667ÿ819ÿ
ÿ
567 11ÿ56ÿ
810ÿ131ÿÿ
  ÿ 176 ÿ2ÿ
 ÿ
ÿ 1711ÿ0123ÿ
ÿ
5667ÿ819ÿ21ÿ
0671ÿ2651ÿ51ÿ
16ÿ
66ÿ9ÿ17ÿ
66ÿÿ
  ÿ 121 ÿ187ÿ  ÿ
!ÿ 6231"ÿ 0ÿ321 ÿ # ÿ
516ÿ 1ÿÿ
  ÿ 12 1ÿ121 ÿ
 ÿ
ÿ 187ÿ6231"ÿ
 ÿ
516ÿ 1ÿ
61ÿ7ÿ
 6$ 67ÿÿ
  ÿ 11 1ÿ 7ÿ
 ÿ
 ÿ $1ÿ
#ÿ
5$72922ÿÿ
  ÿ 11 1ÿ$1ÿ
 ÿ
 ÿ $7217ÿÿ
ÿ
  ÿ 21$6 ÿ7ÿ
 ÿ
ÿ ÿ21$ÿÿ
ÿ
  ÿ 688ÿ21$6 ÿÿ
 ÿ
ÿ
ÿ
  ÿ 17ÿ%6ÿÿ
 ÿ
#ÿ
!#ÿ
  ÿ 187ÿ1ÿ
 ÿ
 ÿ 1229ÿÿ
#ÿ
  ÿ 1ÿ1229ÿÿ
 ÿ
#ÿ
ÿ
  ÿ 187ÿ1ÿ
 ÿÿ
ÿ 1229ÿ711ÿ
9ÿÿ
  ÿ 187ÿ1ÿ
 ÿ
 ÿ 1229ÿ77ÿ
#ÿ
1229ÿÿ
  ÿ 187ÿ6231"ÿ
 ÿ
#ÿ 1ÿ1229ÿ
ÿ
516ÿ 1ÿÿ
  ÿ 2121$ÿ61$ÿ
 ÿ
ÿ 2121$ÿÿ
 ÿ

&'()*ÿ,-,.ÿ/01230(42056ÿ
78562064*9:ÿ
BCDEÿD<F=GHIÿ J@K=@ÿEK@FÿKLMÿ OFPÿ;QNN?L<@<FHÿ RFH@Q=K@<Q
D<NFÿ
LÿEK@Fÿ
KLMÿD<NFÿ

