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What we planned to accomplish this period

1. We will complete the deliverable to document the results of the Baseline modeling.
This will be a primary focus in March. We also held the first CPR.

2. We will continue to meet with stakeholders and community representatives to
gather inputs and request feedback

3. If the editors respond to the submitted draft of “Long-duration Storage” we will
move toward publishing it

4. We will continue evaluations of the value of long-duration storage using simplified
calculational approaches to facilitate exploration of a large parameter space. In
particular, we are using that to identify an estimate of the types of storage needed
by a zero-carbon grid and to understand how adding off-shore wind may affect the
types of storage needed

5. We will start work on the website that was included in the Knowledge Transfer plan

What we actually accomplished this period

1. Deliverables: We completed the deliverable to document the results of the Baseline
modeling. This was a primary focus in March. It was an interesting study because it was
completed the week after the SB100 results were posted, enabling comparisons. The
content of that report will be appended to this monthly report for reference. Here, we
discuss some findings that weren’t included in the report.

Using the current version of RESOLVE (which uses 37 independent days to simulate a
year), we found that reaching zero emissions is difficult. The SB100 report shows that the
SB100 modelers also struggled with this: there is a desire for zero emissions in 2045, but
the 37-day version of RESOLVE shows an impractical result. However, we note that the 37-
day version of RESOLVE does not allow use of cross-day storage (all energy used through
the night must be generated in that same day when the days are modeled independently).
Thus, the buildout of solar is determined by the worst of the 37 days.

We graphed the dispatch in 2045 for the 2018 RSP (not attempting to go to zero emissions)
for the 37 days in Fig. 1 and for the two most difficult days (days 27 & 28) in Fig. 2. The 37
days include five days from January: days 1, 2, 18, 27, and 28 (see Table 1). Of these, day 28
is requiring the most natural gas, with day 27 and day 2 not too far behind. The 37 days
were chosen to represent an entire year, not to define the capacity expansion to reach zero
emissions. We are in the midst of modifying the inputs to RESOLVE to be able to run the
simulation without days 27 and 28 to see how much that changes the expansion of solar.
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Fig. 2. Dispatch for days 27 and 28, duplicating the same data as in Fig. 1.

Table 1. Days representing January of the 37 days used by RESOLVE

Day number | Day weight | Data from this date
1 14.25 1/1/07
2 5.91 1/2/07
18 0.66 1/28/08
27 0.88 1/6/09
28 7.92 1/21/09
Total 29.63

E3 notes that they plan to send the new version of RESOLVE at the end of April. It will be
useful to see whether the version that allows cross-day storage selects the long-duration
storage over an impractical overbuild of solar. In the meantime, in the April report, we
intend to share the effect of moving the day weights currently assigned to days 27 and 28
to day 2 to identify the change in solar expansion that is selected.

March 25th, we also held the first Critical Project Review. The slides for this are attached
for reference. We have not yet heard whether there are action items to address from this.



2. Stakeholder meetings: During the month of March, we met with:

Teresa Feo and Geoff Hollett of the California Council on Science and Technology
Jen Dowdell of TURN

David Williams of Disigno

Daniel Huck of SGRE COG IS EST TE SI

Polly Shaw of Plus Energy Storage

Julia Prochnik of Long Duration Energy Storage Association of California

Priya Sreedharan of Gridlab

Ron Sinton of Sinton Instruments

Tri Luu of Hydrostor

We also met with E3 and CAM to discuss coordination of the two efforts.

3. Talking about Long-duration storage: The editors of “Issues in Science and Technology”
responded to our draft, indicating interest in publishing something, but requested that we
write a response to a piece that was published at the end of March! which concludes that
investments in “firm clean power” will be meaningful better than investments in “long-
duration storage.” We have made a first draft of a response, but are still discussing it before
submission. We welcome CEC’s thoughts on this, so include the draft here:

Draft for “Issues in Science and Technology”

Clean Firm Power versus Long-Duration Energy Storage

In “Clean Firm Power is the Key to California’s Carbon-Free Energy Future” Long, et al argue for
investment in clean firm power over long-duration storage, saying “Long duration storage may
provide another useful arrow in the quiver, but systems with clean firm power remain
meaningfully less expensive.” We disagree and encourage California to broaden its research
agenda rather than choosing winners at this point.

The goal of a long-duration storage technology is to provide clean firm power. Fundamentally,
clean firm power is long-duration storage. Is there benefit in distinguishing them when they are
essentially the same thing? Rather than arguing that there is a fundamental difference between
the two types of technologies, we understand Long, et al, to make the case for investing in
improvement of conventional technologies over investing in high-risk, unproven technologies.
But history shows that we have a poor track record of predicting cost reductions. Solar
electricity was long predicted to be too expensive to be practical, but is now considered to be
the lowest cost source of electricity in some locations. Similarly, oil production was predicted to
peak as sources of easily recovered oil were exhausted, but technology advancements enabled

1 https://issues.org/california-decarbonizing-power-wind-solar-nuclear-gas/




the United States to increase oil production spectacularly. Do we really know enough about
tomorrow’s clean energy technologies to predict which ones will be lowest cost? It is too early
to declare winners. A broad definition of the research agenda can spur innovation and uncover
opportunities that may be missed if winners are identified too early. Here, we explore storage
needs of today’s and tomorrow’s energy systems to motivate innovation toward a range of
solutions.

Storage needs today and tomorrow

In today’s world, huge stores of fossil fuels enable fossil fuel power plants to provide firm
power (assuming the fuel can be transported to the plant in a timely way). As shown in Fig. 1,
today’s fossil fuel storage reservoirs collectively contain enough energy to run the country for
months. Some of this is stored to meet seasonal needs, some is stored just as a matter of
practicality, and some is stored for national security reasons (e.g., the Strategic Petroleum
Reserve was created to protect from disruptions of oil imports).

In the future, will the need for energy storage be greater (because of the variability of solar and
wind power) or less (because we may not need to be protected from disruptions of imports)?

As we envision the energy system of the future, it is probable that electrification will change
how we use energy in many sectors. Electric vehicles are already replacing internal-combustion-
engine vehicles and heat pumps are replacing natural gas furnaces. Some applications may
continue to use fuels. For example, aviation may continue to use jet fuel, biogas, or other fuel.
Tomorrow’s version of Fig. 1 will need to provide energy security for not only the power sector,
but also for the transportation sector, industrial sector, and for all applications that are energy
hungry. As we explore our options for storage to keep the power sector running, there is value
in considering what storage we may be maintaining for other sectors.

Opportunities for innovation around the intersections of the energy system

We assert that our search for clean firm power and long-duration storage will benefit from
investigating and innovating around synergies with energy usage in other sectors. For example,
if heavy-duty vehicles use hydrogen-powered fuel cells, there will develop a robust
infrastructure for distributing hydrogen, making it more available to the power sector. Similarly,
the fuel-cell-powered vehicles could also be turned into power houses to convert hydrogen to
electricity when the vehicle is parked using the much-discussed “vehicle-to-grid” concept. Could
tomorrow’s fuel-cell powered trucks become effectively “peaker plants on wheels”? Such a
concept may seem far off today, but innovations both on the technical and business side may
identify opportunities for the transportation and power sectors to support each other.

The opportunities for innovation become almost ubiquitous when one considers interplay
between the power sector and heating applications. When looking for low-cost storage options,
it’s hard to beat the fleet of hot water and chilled water tanks that exist in buildings across the
country. Some large buildings currently chill a tank of water during the night to use for air



conditioning during the day. The cost of switching to chilling the water during the day when the
sun is shining only requires someone to change the programming of the chiller. Collectively,
such tanks in the U.S. represent storage of X TWh. Most of these are designed only for diurnal
storage, but some communities are developing seasonal thermal storage by capturing heat
during the summer and using it to heat buildings during the winter, reducing electricity or other
energy needs during the winter.

Waste-to-power concepts have supplied heat throughout mankind’s history. In today’s world,
dairy farms are selling biogas in addition to milk. Wastewater treatment plants use their
digesters to not only generate biogas from the wastewater, but to also process fat, oil, and
grease (FOG), providing a useful waste-disposal process while also supplying a storable fuel
(biogas). Most studies conclude that waste-to-power processes will be unable to make a big
enough dent in our energy needs to be considered an important solution. Nevertheless, as a
society, we need to deal with waste, and waste-to-power innovations might provide solutions
for our waste and our energy needs at the same time.

The power sector may find some of the best synergies with the chemical industry. If green
hydrogen could achieve the cost reductions that solar, wind, and batteries are demonstrating,
surplus electricity from solar and wind farms could be used to supply hydrogen for many
purposes. Fertilizer and other chemicals may be more easily stored that electrical energy.
Perhaps tomorrow’s version of Fig. X will include wedges for hydrogen, ammonia, and a range
of other chemicals.

Value of a broader definition of clean firm power and long-duration storage

Thus, we encourage investment not only in developing clean firm power and in long-duration
storage technologies for the power sector, but also in technologies that enable storing energy
for all of the energy-related sectors. The opportunities we’ve suggested above are unproven,
but innovations lead to technology advances that often surprise us. How many people were
predicting in the year 2000 that the United States would today be a net exporter of oil? Are we
really ready to identify what tomorrow’s energy system will look like? Keeping the door open to
all solutions has the best chance of reaching low-cost clean energy quickly.
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Fig. X. Approximate energy storage used to supply the transportation, heating, power, and chemical sectors.
The natural gas stored for heating applications was estimated from the depletion of the stored natural gas
during the heating season. The 350 TWh “Natural gas” may be used for power generation, heating, or other
uses. The strategic petroleum reserve is the largest single category of storage on this pie chart. Should review
this in more detail before publishing it.

4. Full year simplified calculations: We have continued to apply this simple calculation and
gather results to inform our future work with RESOLVE. Here we summarize some of the
results obtained in March.

In particular, we find that using off-shore wind and on-shore wind affects the needed
storage in different ways. The calculated number of cycles expected for the storage when
we insist that the first bin is always used before the second and the second used before the
third, etc. allows us to identify both the size of storage for each application and use of that
storage (number of times per year). We compare the use of a central storage reservoir in
the extreme when we use off-shore wind and on-shore wind in Fig. 3. (Note that the
calculation assumes perfect ability to transmit the energy to the load.)
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Fig 3. Cycles needed for bins of storage when the first bin is charged or discharged before
the second, etc. Effect of offshore wind (left) and onshore wind (right)



When we model the use of extreme amounts of wind, we recognize that we are exploring a
space that is impractical, but it helps us to develop an intuition about the effects of the
wind. The effects are also dependent on the ratio of the generation to load. These two
graphs had generation-to-load ratios of 1.26 for offshore and 1.19 for onshore.

The conclusions of the effect of wind on the different applications of long-duration storage
are summarized in Table 2. Note that these calculations used data from 2019 for the
generation profiles. A different year would provide slightly different conclusions, but the
trends we find to be the same (data not presented here).

Table 2. Size and use of long-duration storage for different generation sources when
the generation-to-load ratio is about 1.2.

Diurnal storage | Cross-day storage | Seasonal storage
Solar < 0.4 TWh 0.2 TWh 12 TWh
Used > 350 X/year | Used tens of X/year | Used 1-2 X per year
Offshore wind < 0.4 TWh 1 TWh <1TWh
Used tens of X/year | Used tens of X/year | Used 1-2 X per year
Onshore wind < 0.4 TWh 1 TWh 20 TWh
Used tens of X/year | Used tens of X/year | Used 1-2 X per year

5. Items in Knowledge Transfer plan

As planned, we have begun establishing a website for the project. The website can be
found at

https://sites.ucmerced.edu/ldstorage/overview

Additionally, we have posted a video introducing the project at

https://voutu.be/8fCT-uuel4g

Additionally, we now have a Linked In page at

https://www.linkedin.com /company/long-duration-storage-study-
circle/posts/?feedView=all&viewAsMember=true

These are still being refined and will be updated as the project progresses.
How we are doing compared to our plan
The work is progressing commensurate with the expenditures and following the new plan. Some

of the dates will still need to be revisited. We propose to do that after we have seen the
RESOLVE code and can assess the extent to which we will want to do additional revisions.



Significant problems or changes

We are having a delay with the invoicing. The first invoices that include the University of North
Carolina expenses (as matching cost) have now been sent. The delay was partially caused by
correspondence that was sent by mail to an address that was different from where people were
working, so it took some time to find the correspondence. We have now updated the address to
be one that will deliver the item to where people are working during the pandemic. There were
also questions about how to report the indirect expenses (some are in the “match” column and
others will be reimbursed.) In the future, we expect that things will progress in a more timely
way, but we note that we have not yet received our first invoices from UC San Diego and UC
Berkeley, so that could cause a further delay.

The baseline definition will be a multi-step process. Given that the modifications to RESOLVE
will not be available until the end of April, we have not yet been able to start our final definition
of our scenario. We plan to update the baseline when we receive the new RESOLVE version at
the end of April. We anticipate being able to report on the new RESOLVE code and develop a
plan for our next steps in the May monthly report.

What we expect to accomplish during the next period

e We are working on multiple papers and hope to be able to report on some partial
drafts (or at least preliminary results) at the end of April.

e We will continue to meet with stakeholders and community representatives to
gather inputs and request feedback

o We will edit the draft of an opinion piece and submit to “Issues in Science and
Technology”

e We will quantify the effect of removing days 27 & 28 on the challenge of reaching
Zero emissions

e We will continue evaluations of the value of long-duration storage using simplified
calculational approaches to facilitate exploration of a large parameter space. In
particular, we are using that to identify an estimate of the types of storage needed
by a zero-carbon grid

e We will continue work on the website that was included in the Knowledge Transfer
plan

Status of Milestones and Products.

;ask Task Deliverable Due date Status
1.2 | Kick-off meeting Updated budget 9/18/2020 Complete
1.3 CPR Meeting #1 CPR Report TBD
CPR Meeting #1 CPR Meeting #1 TBD
1.4 Final meeting Final Meeting 11/11/22
Schedule for closeout 11/18/22




Draft and Final Written

Products 11/18/22
1.5 Progress Reports & Invoices | Progress Reports Monthly Ongoing
Invoices Monthly Ongoing
1.6 Final Report Draft Outline 6/30/22
Final Outline TBD
Draft Report 8/30/22
Final Report 10/31/22
Written Responses to
Comments on Draft 9/15/22
Report
Revision
1.7 | Match funds Status letter 9/9/20 submitted
Awaiting CEC
1.9 | Subcontracts Final subcontracts TBD approval of
revised budget
List of potential
1.10 TAC Ist ot potentia 9/9/20 Completed
members
List of TAC members TBD Completed
Documentatlon‘ of TAC TBD Completed
member commitment
. Draft TAC meeting
1.11 | TAC Meetings <chedule 10/1/20 Completed
Final TAC meeting Tentative dates
TBD
schedule completed
Draft TAC meeting First one
TBD
agenda completed
Backup materials TBD First one
completed
Final TAC Meeting First one
TBD
agenda completed
TAC mee?tmg TBD First one
summaries completed
Draft baseline
2.1 Data assembly o 2/4/21 Completed
description
Final baseline
2/25/21
description 125/ Completed
Confirmation of baseline Draft modeling
2.2 data and approach approach description 2/4/21 Completed
Final modeling 2/25/21 Completed

approach description




Implementation of baseline

Summary of baseline

2.3 data into models to create 3/23/21 Completed
o . . model results
initial baseline scenario
15 days
CPR Report #1 . Completed?
prior
Evaluate and document Draft storage
3.1 | future energy storage Technolo gsummar 7/2/21
technology alternatives &Y y
Final storage 8/12/22
technology summary
Define representative Draft proposed
3.2 future energy storage storage scenarios 4/1/22
technology alternatives summary
Final 8/12/22
Evaluate and document .
future energy electricit Draft electricity
3.3 . &Yy y generation technology 7/2/21
generation technology
. summary
alternatives
Final 8/12/22
Define representative Draft proposed
3.4 | future electricity generation | electricity generation 4/1/22
technology alternatives scenarios summary
Final 8/12/22
41 Mu!tl—.day.model Summary of multi-day 7/2/21
optimization baseline model results
CPR #2 Summer
. . . Draft grid scenario
4.2 Grid scenario selection 6/11/21
summary
Final 8/13/21
— , D —
51 Prellml.nary Scenario raft Prellmlnary 2/11/22
Analysis analysis summary
Final 4/15/22
5.2 | Final scenario analysis Draft final analysis 6/10/22
summary
Final 8/12/22
6.1 | Initial public meetings Opening Yvorkshop . 11/17/20 Completed
presentation materials
Northern CA workshop | 12/3/20 Completed
Southern CA workshop | 12/3/20 Completed
Openi ksh
pening workshop 1/8/21 Completed
summary
Publi kshop f i
6.2 ublic workshop for grid Agenda 7/2/21

scenario selection

10




Presentation materials

7/2/21

Public workshop with CEC

and TAC to present 7/16/21
proposed scenarios
Workshop summary 7/23/21
Public workshop for
6.3 | preliminary scenario Agenda 3/3/22
analysis
Presentation materials 3/3/22
Public Workshop with
CEC and TAC to present 3/18/22
preliminary analysis
Workshop summary 3/25/22
Public Workshop for Final
6.4 Scenario Analysis Agenda 7/1/22
Presentation materials 7/1/22
Public workshop with CEC
and TAC to present final 7/15/22
analysis
Workshop summary 7/22/22
. Evalua.mtlon of Project chk—off meetlr.\g _ 9/18/20 Completed
Benefits benefits questionnaire
Final r.neetu.'\g benefits 10/14/22
questionnaire
8 Kngvyl_edge transfer Draft initial fact sheet 7/23/20 Completed
activities
Final initial fact sheet 7/30/20 Completed
Draft final project fact 7/21/22
sheet
Final project fact sheet | 7/28/22
Draft knowledge 12/31/20 Completed
transfer plan
Final knowledge 2/26/21 Completed
transfer plan
Draft knowledge 8/30/22
transfer report
Final knowledge 10/31/22

transfer report
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Executive Summary

This Summary of Baseline Model Results provides a preliminary summary of baseline results.
This evaluation will be updated when the new version of RESOLVE is received and after the
Multi-day model optimization is completed.

Key preliminary conclusions include:

The SB100 targets can be met, but asking RESOLVE to reach zero emissions for the
electricity that is lost in the system (not retail sales) results in an impractical solar build,
motivating review of the model inputs

Comparison between SWITCH and RESOLVE suggests that enabling use of out-of-state
resources (in particular, wind resources) enables meeting the targets with a more practical
solar build

RESOLVE selects essentially all of the non-solar resources that were allowed in the 2018
RSP, further motivating a reconsideration of the available resources

Comparison of our results with the latest SB100 Joint Agency Report confirms the value
of adding additional candidate resources

Increased loads from electric vehicles and electrolyzers increase the need for additional
capacity buildout, but counter-intuitively reduce the use of pumped storage

The description of the Li batteries has substantial effect on the selected storage and demand
management resources



1. Introduction

This Summary of Baseline Model Results describes the implementation of the Baseline
Description and Modeling Approach Description provided by Tasks 2.1 and 2.2 into the current
version of RESOLVE and SWITCH.

The code for RESOLVE is currently being updated by E3 to introduce the ability to model
multiple contiguous days. Such capability is necessary to capture the performance of multi-day
storage. The new version of RESOLVE is not yet available, so this proposal of a baseline is
considered to be preliminary. Nevertheless, the summary presented here will provide a starting
point and useful information to be implemented in the new version of RESOLVE when it is
ready.

We review both the results from RESOLVE and from SWITCH. In section 2 we review the
changes made relative to the RESOLVE RSP baseline. In section 3 we present the results when
all changes are made simultaneously and then explore the impact of removing each change one
by one in order to see if the effect reflects the change that was associated with that change in

Section 2. In Section 4 we compare the results from the new baselines for RESOLVE and
SWITCH.



2. Changes made in RESOLVE baseline relative to RESOLVE RSP

The Baseline Description and Modeling Approach deliverables submitted to the CEC in
February 2021 described several changes we propose to make relative to the Reference System
Portfolio (RSP) from 2018. Table 2.1 provides a summary of these changes made in RESOLVE,
the description of the change in the deliverables from February, and the result reported in this
document.

Table 2. 1. Summary of changes made in RESOLVE relative to the Reference System Portfolio (RSP)

Change from RSP Description of change Modeling result
S-year intervals for periods and no financial Section 3.1 in Modeling approach Section 2.1
calculation beyond the final year

Greenhouse gas targets set to zero in 2045 Table 7.1 Baseline description Section 2.2

Add offshore wind as candidate Section 3.2 Baseline description Section 2.3

Add additional EV load Section 2.4 Section 2.4

Add additional electrolyzer load (high hydrogen) Section 6 Baseline description Section 2.5
Increase planning reserve margin Section 7 Baseline description Section 2.6
Change Li-battery model Section 4.1 Baseline description Section 2.7

To create this baseline, the following steps were executed:
» Using the Scenario Tool, select the following options and create a set of input files:

46MMT 20200527 2045 2GWPRM _NOOTCEXT RSP _PD as starting point

Under “Load Assumptions” for “Hydrogen” select “CEC Pathways High Hydrogen”
Under “CAISO GHG Target (incl. BTM CHP emissions)” select “0 MMT by 2045
Statewide”

Under “Renewables” for “Off-shore wind available?” select “True”

Under “Simulation Years” select 2020, 2025, 2030, 2035, 2040, and 2045

Under “Financing Years Post Final Year” enter 0

* Modify the resulting files:

In the “zone timepoint params.tab” file, increase the CAISO loads for years 2025, 2030,
2035, 2040, and 2045 by the factors 1.028, 1.089, 1.156, 1.188 and 1.198, respectively to
account for increased EV charging. Increase the annual load values in the
“planning_reserve_margin.tab” by a similar value.!

File “resource vintage params.tab” replace ‘“Annual fixed cost by vintage” for
“CAISO New Li Battery” (also for batteries 2-6) with values in Table 4.7 of Baseline
Description.

File “resource_vintage storage params.tab” replace “Energy_storage cost
dollars_per kwh yr” for “CAISO_New_ Li Battery” (also for batteries 2-6) with values
in Table 4.6 of Baseline Description.

! When considering electric vehicle charging and operation of an electrolyzer, we choose not to include these in the
calculation of the power needed for the planning reserve margin since these are loads that could be shed in an
emergency. However, we retain the electric vehicle charging in the annual load, but not the electrolyzer load. This
assumption could be debated.



- Add 99999 GW capacity limits for CAISO New Li Battery5 & 6 by changing the flag in
“resources.tab” to 1 for “capacity limited” and adding the 99999 limits for all periods to
file “capacity limits.tab”.

- Inthe “planning_reserve margin.tab” file, increase the “period_planning reserve margin”
for years 2025-2045 from 0.15 to 0.207. Increase the values for “prm_peak load mw” for
years 2025-2045 by a ratio of 1.207/1.15.2

2.1 Years modeled in RESOLVE

More detailed understanding of the evolution of the grid can be ascertained using 5-year
increments in modeling. The periods used in the Reference System Portfolio (RSP) are designed
for near-term planning, while we are exploring what will happen in later years. The comparison
graphs were shown in the previous deliverable, but are shared again here for easy reference in
Fig. 2.1.

CAISO Zone 2045 CAISO Zone 2045 i
g == . g : _
@ w. ==  Current RSP Periods o 5-year Periods
- -~ -~
53 53
20 "2 38 |z
2o, >0 =
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° Q ° Q |
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Fig. 2. 1 Comparison of RSP outputs using RSP periods (left) and 5-year periods (right)

We compared the objective function (total cost) for the RSP calculated from the original set of
periods and the 5-y periods. The value was found to be consistent within 1%, as shown in Fig.
2.2. The RSP weights the final period more than others by adding 20 years past the final period.
This is somewhat balanced by applying the 5% discount rate, but it also adds uncertainty by
including costs extrapolated to 2065. We have chosen to count the final 2045 period as 3 years,
effectively ending the simulation in the year 2045 with zero years appended. This reduces the
calculated cost (objective function) by 34% (as shown in Fig. 2.2). If an additional 5-year period
is added to include 2050, the reduction is only 21%. If 2050 is included with an additional 20
years appended beyond 2050, the value is increased by 7%. We also considered setting the
discount rate to 0%, which places more emphasis on the later years. The cost of the scenario
ending in 2045 is doubled when the discount rate is set to zero relative to 5% as shown in Fig.
2.3.

Most of the calculations reported in the rest of this report build on the scenario in Fig. 2.2 labeled
“5-y 2045 end” which includes 2020, 2025, 2030,2035, 2040,and 2045, with no added years
simulated beyond 2045. As we move into 2021 it is no longer appropriate to optimize the
capacity expansion in 2020. We retained it here as a reference point, but note that the SB 100
report shifts to using 2027, 2030, 2035, 2040 and 2045 as the periods for optimization.3

2 The decision to increase the planning reserve margin from 15% to 20.7% is not yet finalized and it is not clear
whether it should include the EV and electrolyzer loads nor whether it should include behind-the-meter storage, etc.
The effect of electrification on the needed planning reserve margin is a topic worth studying separately.
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Fig. 2. 2 Objective function (total cost) optimized by RESOLVE for various period definitions.
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Fig. 2. 3 Objective function (total cost) with and without discount rate for 5-year scenario.

2.2 Greenhouse gas emissions targets set to zero in 2045

California Senate bill 100 sets the goal of zero-carbon emissions by 2045, but it left some
ambiguity about what exactly that meant. The recent SB100 study concludes® that the modeling
should include the retail sales, as explicitly indicated by SB100, but should exclude line losses,
as shown in Fig. 2.4. While the “SB100 core” study excludes the line losses, we feel we will
bring greater value if we include the line losses as this scenario better represents our aspirations.
The SB100 study also includes a scenario with the more stringent goal. By defining what it
would take to reach those, we can empower the CEC and CPUC to decide whether to take the
corresponding action. So, we have selected to set the baseline to reach zero carbon emissions
(including the line losses) in 2045. We will consider other targets in our sensitivity analysis.
The stricter targets result in a very large increase in solar and storage built in 2045, as shown in
Fig. 2.5. The build out in 2020 to 2040 is slightly greater, but the build in 2045 is almost five
times greater. This results in a large amount of curtailment, as shown in Fig. 2.6 by the hatched
part of the bar at the top. The electricity used to charge the battery is shown on a negative-going
bar. Note the different scales on the graphs.

3 https://efiling.energy.ca.gov/GetDocument.aspx ?tn=237167&DocumentContent]d=70349
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Fig. 2. 4 Breakout of electricity demand* to define the parts included in this study
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Fig. 2. 5 Comparison of resource builds for RSP (left) and RSP with zero emissions in 2045 (right).
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Fig. 2. 6 Comparison of electricity generation for RSP (left) and RSP with zero emissions in 2045 (right).

The fractional resource buildouts for these two scenarios are shown by technology for 2040 and
2045 in Figs. 2.7 and 2.8, respectively. The fractional buildout is relative to the resources that

4 https://efiling.energy.ca.gov/GetDocument.aspxtn=237167&DocumentContent]d=70349
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RESOLVE was allowed to build. In 2040, the zero-emissions scenario is found to build out all of
the allowed biomass and more geothermal than the RSP. Surprisingly, it then selects to build less
pumped storage in 2040.

Period: 2040; Zone:CAISO; Scenario:2021-02-28-5K-RSP-5year-no2050
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Fig. 2. 7 Fractional buildout for Period 2040 for RSP (top) and RSP with zero emissions in 2045 (bottom)

In the period 2045 (Fig. 2.8) both scenarios build all of the available biomass, and the RSP
selects to build most of the geothermal while the zero-emissions scenario builds all available
geothermal. Again, the amount of pumped-hydro that is built is substantially less than that built
by the RSP. In this case, the reason is much more obvious: the solar build out is huge, requiring
less storage.

The documentation of more storage buildout for the zero-emissions scenario in Fig. 2.5 and less
fractional buildout in Fig. 2.8 at first appears to be contradictory. However, this is an artifact of
batteries 5 and 6 being unlimited. The larger buildout of batteries 5 and 6 shows up in Fig. 2.5,
but is not documented in Fig. 2.8 since these two candidate resources are flagged for unlimited
build. In Section 3, when we explore the final version of the baseline, we add reasonable limits
on batteries 5 and 6 to help us track their expansion in more detail using a graph like Fig. 2.8.
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Period: 2045; Zone:CAISO; Scenario:2021-02-28-5K-RSP-5year-no2050
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Fig. 2. 8 Fractional build out for Period 2045 for RSP (top) and zero-emissions-in-2045 scenario (bottom)

2.3 Addition of Offshore wind candidates

The addition of offshore wind as a candidate has been suggested by offshore wind companies to
be of obvious value. Offshore wind is progressing quickly for Denmark and on the east coast of
the United States. For consistency, we adopt in our baseline to use the same offshore wind
candidate resources that have been identified in the RESOLVE Scenario Tool. The comparison
of the RSP (same data as above, but repeated for ease of comparison) with a scenario with added
offshore wind is shown in Fig. 2.9. RESOLVE selects to build the additional wind primarily in
2035 and 2040.

The electricity generation for these two scenarios is shown in Fig. 2.10. The increased
production from wind is evident in 2035, 2040, and 2045.
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Fig. 2. 9 Comparison of resource builds for RSP (left) and RSP with offshore wind (right).
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Fig. 2. 10 Comparison of electricity generation for RSP (left) and RSP with offshore wind (right).

The fractional buildout for the RSP and for the RSP with offshore wind added is shown for
periods 2040 and 2045 in Figs. 2.11 and 2.12. In 2040, the buildout of geothermal and pumped
hydro is selected to be less than half of that in the RSP. The on-shore wind is built out just
slightly less. Similar observations are made for 2045, though the buildout of geothermal
effectively doubles. The reduced buildout of solar (especially in 2035 and 2040) is more easily
seen in Fig. 2.9 than in Figs. 2.11 and 2.12.
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Period: 2040; Zone:CAISO; Scenario:2021-02-28-SK-RSP-5year-no2050
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Fig. 2. 11 Fractional buildout for Period 2040 for RSP (top) and RSP with offshore wind (bottom)
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2.4 High-electric-vehicle baseline

The governor’s announcement in September of 2020 of a 2035 target for reaching 100% electric
vehicles for sales of passenger cars motivated us to revisit the assumptions about the load
associated with electric vehicles. We expect that the state will be identifying anticipated growth
of the load associated with this transition and that we will be investigating a range of scenarios
for electric vehicle (EV) charging. For our baseline estimate we have assumed 36 million
vehicles on the road, with 1/15 of those vehicles replaced every year. We assumed linear growth
in sales of EVs, reaching 100% in 2035. We assumed 4100 kWh annual electricity use per EV.
These loads were compared with the EV-related loads documented for the RSP and the total
loads were multiplied by a constant factor, simulating a flat charging profile. The calculated data
are shown in Table 2.2 and in Fig. 2.13.

Table 2. 2 Annual load data (TWh) estimated for increased EV deployment (CAISO zone)

Year | Annual TWh for EVs | RSP EV load RSP total CAISO load Proposed baseline load
2020 NA 1.11 243 243
2025 12.4 5.0 254 261
2030 34.2 11.1 259 282
2035 63.7 17.6 302 349
2040 89.1 24.0 346 411
2045 107 30.5 383 459
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Fig. 2. 13 CAISO annual load for RSP and with added EV and hydrogen loads

The results of the higher EV load implemented in the RSP are shown in Figs. 2.14-2.17,
presented similarly to the graphs in the previous section. We see that wind and geothermal are
built earlier to meet the increased load. By 2045, the bulk of the added load is met by solar, since
the other resources have been exhausted. The increase in load calculated from Table 2.2
(459/383) is 20% which is consistent with about 20% increase in electricity seen in Fig. 2.15.
Fundamentally, the capacity limits set for geothermal, biomass, and wind in the RSP limit the
ability of the grid to meet expanded loads in future years, resulting in solar being the only option.
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Fig. 2. 15 Comparison of electricity generation for RSP (left) and RSP with higher EV load (right).

The SB100 Report also increases the loads for EVs and electrolyzers. Similar to our conclusion
that we would want additional wind to meet these larger loads, the SB100 Report identifies
additional wind resources both onshore and offshore. These are an appropriate change for the
baseline assumptions.
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Period: 2040; Zone:CAISO; Scenario:2021-02-28-5K-RSP-5year-no2050
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Fig. 2. 16 Fractional buildout for Period 2040 for RSP (top) and RSP with higher EV load (bottom)

Period: 2045; Zone:CAISO; Scenario:2021-02-28-SK-RSP-5year-no2050

Fig. 2. 17 Fractional buildout for Period 2045 for RSP (top) and RSP with higher EV load (bottom)
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2.5 High-hydrogen (high electrolyzer load) baseline

The high-hydrogen scenario provided by the Scenario Tool results in the increased CAISO load
documented in Fig. 2.13. Based on the recent announcements of investments in hydrogen in
multiple parts of the world, we anticipate that the deployment of electrolyzers to generate
hydrogen will advance at a rate closer to the high-hydrogen baseline than to the baseline used in
the RSP. The results of the high-hydrogen scenario are summarized in Figs. 2.18-2.21. The
results differ from the higher EV load in that the build out occurs slightly later, but the net result
is the same — biomass, geothermal, and wind are built to their limits and then solar expands in a

large way to meet the additional load.
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Fig. 2. 18 Comparison of resource builds for RSP (left) and RSP with higher electrolyzer load (right).

CAISO Zone Scenario: 2021-02-28-SK-RSP-5year-no2050 CAISO Zone Scenario: 2021-02-28-SK-RSP-5year-HighHydrogen
600 J 800
500 Technology ; Technology
mea wind (curt.) 500 = wind (curt.)
. o7 solar (curt.) 77 solar (curt.)
£ 400 4 - = battery (+) z = battery (+)
E solar E solar
ey btm_solar = btm_solar
£ 300 4 [ | - wind & 400 = wind
o . hydro ° - = hydro
§ 200 peaker é peaker
> ccgt > — cegt
S = gas g 200 gas
£ 100 - - - - - B biomass £ mm biomass
g e geothermal 8 _— = = N B | == geothermal
— — B nuclear = nuclear
R i -l = = = e e
= Dbattery () . mmm battery (-)
-100 4
2020 2025 2030 2035 2040 2045 2020 2025 2030 2035 2040 2045
Period Period

Fig. 2. 19 Comparison of electricity generation for RSP (left) and RSP with higher electrolyzer load (right).
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Fig. 2. 20 Fractional build for Period 2040 for RSP (top) and RSP with higher electrolyzer load (bottom)
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Fig. 2. 21 Fractional build for Period 2045 for RSP (top) and RSP with higher electrolyzer load (bottom)
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2.6 Higher planning-reserve-margin baseline

There is current discussion to increase the planning reserve margin in the 2025 timeframe to
20.7% (from the current 15%). Although this decision has not been finalized, we believe that the
change is likely to occur and that it will be wise to have a larger margin in the next years while
we are transitioning the energy system and while climate change may create surprisingly extreme
weather. Of course, if more extreme weather is used for planning, then it may not be as important
to plan capacity expansion with such a wide margin.

This section describes the impact of increasing the planning reserve margin to 20.7% for the
periods starting in 2025. An increase from 15% to 20.7% would increase the needed capacity by
120.7/115 = 5%. This is quite noticeable in 2025 when more batteries are built, then the build out
in 2030 and 2035 changes slightly. This added investment in capacity increases the cost.
However, it doesn’t change the operating costs. The objective function is found to increase by
about 3%.

The graphs are shown, as above, in Figs. 2.22-2.25. The difference is easy to see in 2025-2035 in
Fig. 2.22, but very difficult to see in Fig. 2.23, since the generation of electricity is mostly
unaffected. Most notably in Figs. 2.24 and 2.25 is the addition of demand response.
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Fig. 2. 22 Comparison of resource builds for RSP (left) and RSP with 20.7% planning reserve (right).
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Fig. 2. 23 Comparison of electricity generation for RSP (left) and RSP with 20.7% planning reserve (right).
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Fig. 2. 24 Fractional build for Period 2040 for RSP (top) and RSP with 20.7% planning reserve (bottom)
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Fig. 2. 25 Fractional build for Period 2045 for RSP (top) and RSP with 20.7% planning reserve (bottom)
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2.7 Four-hour lithium-ion battery baseline

New batteries being installed in California are mostly being installed as four-hour batteries to be
able to benefit from increased capacity credit, as discussed in Section 4.1 of the Baseline
Description. The RSP allows investment in lithium-ion batteries with any duration greater than 1
hour. The cost of installing the batteries in the RSP is split between the $/kW and the $/kWh, so
is cheaper to build one 8-hour battery (1 X the cost per kW + 8 X the cost per kWh) compared
with two 4-hour batteries (2 X (1 X the cost per kW + 4 X the cost per kWh)). As a result, the
RSP selects to invest in batteries with long durations. Some of the cost of a battery is associated
with the power rating (for example, the cost of the power electronics), but much of the cost is
associated with the energy rating. We are unconvinced that one 8-hour battery costs so much less
than two 4-hour batteries, so we modified the baseline to place 100% of the upfront cost with the
$/kWh input, as described in Section 4.1 of the Baseline Description. The results of that change
on the RSP outputs are shown in Figs. 2.26-2.29. The effect is surprisingly large, with
significantly fewer batteries built in 2030 and 2035. Figs. 2.28-29 show that Li-ion batteries are
replaced by pumped hydro storage, flow batteries and demand response.
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Fig. 2. 26 Comparison of resource builds for RSP (left) and RSP with 4-h lithium batteries (right).
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Fig. 2. 27 Comparison of electricity generation for RSP (left) and RSP with 4-h lithium batteries (right).
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Period: 2040; Zone:CAISO; Scenario:2021-02-28-SK-RSP-5year-no2050

mm frac_build

S
=

© © < o~
s o o o
Inop|Ing [euondely

0.0

pum

1ejos

0ipAH padwng

Aispegn

|eunay3090

Kiameg mol4

auibuz~bunesoiday 0SIvD

¥ [RUOIUSAUCD™OSIVD

107013y 0SIVD

19227 paduenpy” 0SIvD

ssewolg

Kianeg T Wig

Period: 2040; Zone:CAISO; Scenario:2021-03-08-SK-RSP-5year-no20504hLi

mm frac_build

pum

Jejos

o0ipAH padwng

Kiepegn

|ewuay1030

AKianeg mopd

auibuz~bunesoidinay” 0SIvD

¥Q [_UOHUBAUOD OSIVD

107013y 0SIVD

192D padueApy OSIvD

I e

S
pxi

© © + N
o o c c
jnopjing jeuondely

=3
o

Aianeg 1 w1g

Technology

Fig. 2. 28 Fractional build for Period 2040 for RSP (top) and RSP with 4-h lithium batteries (bottom)

Period: 2045; Zone:CAISO; Scenario:2021-02-28-SK-RSP-5year-no2050

Fig. 2. 29 Fractional build for Period 2045 for RSP (top) and RSP with 4-h lithium batteries (bottom)
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2.8 Effect of changes on cost of baseline

As each change was made to the 2018 RSP, the total cost, as optimized by the RESOLVE
objective function sometimes increased and sometimes decreased as shown in Table 2.3 and Fig.

2.30.
Table 2. 3 Cost-sensitivity analysis for RESOLVE baseline scenario
Zero Add Higher Higher 20.7% 4-h Li Objective | Relative
emissions off- EV electrolyzer | planning battery function total
in 2045 shore | charging load reserve definition | (total cost) cost
wind load margin ($billions)
Based on 2018 RSP with 5-year periods through 2045
215 100%
v 260 121%
v 213 99%
v 254 118%
v 235 109%
v 223 103%
v 225 105%
New baseline
v v v v v v 391 100%
v v v v v 301 77%
v v v v v 394 101%
v v v v v 327 84%
v v v v v 351 90%
v v v v v 385 99%
v v v v v 375 96%
1.2 -
1.1 -
g
2 10 -
© . . 7% s .
£ em%sesri%ns HEK‘\;/h el'ggpo' 4L|h plze?nzigg Rsz‘:ﬁh sﬁgr-e
o in 2045 load lyzer battery i periods wind |
08
Zero High EV High H2 4-h Li Bat 20.7% PRM RSP Offshore wind

Fig. 2. 30 Relative costs of the 2018 RSP with each of the modifications made individually

In Section 3 we document the results of making all of the changes in a single scenario then
consider the effect of removing each of the changes individually, reflecting the check marks in

Table 2.3. As expected, the relative effects of each change are similar to what has been
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documented in Section 2, although removing each assumption in most cases decreases the cost.
To aid in an easy visual comparison to Fig. 2.30, we have plotted the relative decrease (instead of
increase) in cost in Fig. 2.31. The general trend is the same.
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& in 2045 load I)éad battery margin wind
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Zero High EV High H2 4-h Li Bat 20.7% PRM  New baseline Offshore wind

Fig. 2. 31 Relative costs of the new baseline with each of the modifications taken out individually

Of these costs, setting the target to deliver zero-carbon electricity for all of the electricity —
including the line losses — has the biggest effect. The increased cost associated with a high EV
load would be offset by the reduced need to use gasoline to power conventional cars. Similarly,
the high electrolyzer load would result in generating hydrogen which would provide value to the
system.
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3. New RESOLVE baseline’s sensitivity to changes

The new baseline (based on the changes summarized in Section 2) is substantially different from
the RESOLVE RSP defined in 2018. This part of the report complements Section 2 to show the
effect of removing each of these changes from the new baseline, enabling a fuller understanding
of each change that complements how having that change affected the 2018 RSP.

We emphasize that these are preliminary results. The implementation of the baseline in a
RESOLVE run that includes a full year of continuous simulation may give a different answer
than this implementation that uses 37 independent days, preventing any use of cross-day energy
storage.

3.1 Comparison of 2018 RSP with new RESOLVE baseline

The 2018 RSP results are compared with the new RESOLVE baseline results in Figs. 3.1 to 3.4.
Note that the scales for the vertical axes of Figs. 3.1 and 3.2 differ. In particular, the build
capacity axis for the new baseline is roughly seven times larger than the build axis for the 2018
RSP (Fig. 3.1). The bigger buildout partially reflects the higher electricity demand, as shown in
Fig. 3.2. However, the total load only increases about 60%, requiring less than a factor of two
increase in electricity generation, much less than the factor of seven higher buildout shown in
Fig. 3.1. The suggested build of close to 300 GW in the 2045 period could translate to about 60
GW per year. It is not clear that this will be practical. Similarly, the build of close to 100 GW of
storage in that same period may not be practical and is not likely to be needed in a scenario that
enables more wind to be built.
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Fig. 3. 1 Comparison of resource builds for 2018 RSP (left) and new baseline (right).
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The curtailment in the new baseline is much larger than in the 2018 RSP. As shown in Section 2,
this comes largely from the requirement to strictly reduce emissions to zero (including the line
losses) in 2045. We emphasize that we do not believe that this calculation correctly reflects the
situation. Key conclusions to consider:

e The massive build of solar in 2045 is largely because that was the only option provided to
the model. If more wind, geothermal, or other renewable generation source were offered,
it is likely that they would be selected. This motivates revisiting the assumptions about the
build limits for each of the zero-carbon generation technologies as has been done in the
SB100 report.
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e The current version of RESOLVE looks at 37 days independently, so does not provide the
option of using cross-day storage. The availability of low-cost seasonal storage might
reduce the amount of solar needed to meet load during a cloudy winter day.
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Fig. 3. 2 Comparison of electricity generation for 2018 RSP (left) and new baseline (right).

e We retained the 2018 RSP’s assumption that there would be no imports to CAISO. This
assumption is convenient because it avoids the reliance of neighboring regions to reach
zero-carbon electricity in a similar time frame. We anticipate that imports of wind and other
electricity from nearby states could help to meet California’s targets. The results from
SWITCH reported below support this anticipation.

e The model currently does not offer any natural gas plus carbon capture and sequestration
or any mechanism to offset carbon dioxide emissions. It is modeled that a small amount of
carbon sequestration will be very beneficial in meeting the zero-emissions target, but the
uncertainty of how to model the carbon sequestration has moved that part of the model out
of the baseline and into a sensitivity analysis (to be reported on later).

Thus, we anticipate that the high solar build and the associated large amount of curtailment will
be reduced when we implement the baseline in the new RESOLVE code and provide more
flexibility in how to meet the 2045 zero-emissions target. This is consistent with the latest SB100
report.

The details of the buildout are shown in Figs. 3.3 and 3.4. Biomass, geothermal and onshore
wind are built to the limits given by the inputs. Pumped hydro is also built to its limit. It appears
that the build of Li batteries is reduced, but this is an artifact of the lack of constraint on Li
batteries 5 & 6 in the 2018 RSP. We have added a capacity limit of 9999 GW for Li batteries 5 &
6 in the new baseline to better track the buildout of these in Figs. 3.3 and 3.4. These limits are set
high enough not to interfere with the optimization, but low enough that we can see the amount
that is built. Some flow batteries and demand management are also now selected.

Substantial offshore wind is built, but it is not built to the limit (Table 3.1). Offshore wind built
near the existing Diablo Canyon nuclear power plant (Diablo Canyon and Morro Bay) benefits
from using the transmission lines now used by the nuclear plant. Currently, there are no plans for
transmission lines that would accommodate the offshore wind sites in northern California beyond
the use of the electricity locally. The addition of a robust transmission line for offshore wind in
northern California would substantially reduce the pressure on the build of solar and storage.
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Period: 2040; Zone:CAISO; Scenario:2021-02-28-SK-RSP-5year-no2050
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Fig. 3. 4 Fractional build for Period 2045 for 2018 RSP (top) and new baseline (bottom)
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Table 3. 1 Offshore wind inputs and results for new baseline scenario

Resource Build limit (MW) | Selected build | Transmission limited
Diablo_Canyon_ Offshore Wind 2324 2324

Humboldt Bay Offshore Wind 1607 66 X

Morro Bay Offshore Wind 2419 2419

Diablo Canyon Offshore Wind Ext Tx 2000 2000

Cape Mendocino Offshore Wind 6216 0 X

Del Norte Offshore Wind 6604 0 X

3.2 New baseline with zero-GHG targets vs original GHG targets

The new baseline is very demanding in year 2045. Section 2 showed that requesting to reach
zero emissions in 2045 placed stress on the system resulting in a large buildout of solar and

storage. Figs. 3.5-3.8 compare the new baseline with a similar scenario but using the 2018 RSP
GHG targets. As expected, the solar and storage builds in 2045 are decreased. The decrease is by
more than a factor of three. However, the total cost of implementing the scenario is decreased
only by 23%. As anticipated, the generation in 2045 differs in several ways. Some thermal
generation is restored (Fig. 3.6, right) and the use of storage decreases by almost a factor of two.

The fractional generation from wind is greater and from solar is smaller.
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Fig. 3. 5 Resource builds for new baseline (left) and new baseline with 2018 RSP GHG targets (right).
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Figs. 3.7 and 3.8 show the detail of how the build of solar and of the Li batteries is reduced when
the GHG target is relaxed. The use of flow batteries increases significantly, probably because of
the reduced solar build, increasing the need for storage (though the use of Li batteries is
reduced). The pumped hydro is built to the stated limit in both cases, underscoring the
importance that the model places on storage, in general, in 2045.
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Period: 2045; Zone:CAISO; Scenario:2021-03-12-SK-BASELINEhigherlimitsfor5_6
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Fig. 3. 8 Fractional build in 2045 for new baseline with zero (top) and original (bottom) GHG targets

3.3 New baseline with and without offshore wind

The inclusion of offshore wind has very little effect on the build of solar and storage as shown in
Fig. 3.9. Less wind is built, but, otherwise, it is difficult to see the difference between the left and
right in Fig. 3.9. Greater electricity generation by wind is more obvious in Fig. 3.10, starting
especially in 2035. The total cost of implementation increases less than 1% when the offshore
wind is removed. Figs. 3.11 and 3.12 show the buildout in more detail with similar conclusions.
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Fig. 3. 9 Resource buildout for new baseline with (left) and without (right) offshore wind.

32



CAISO Zone Scenario: 2021-03-12-SK-BASELINEhigherlimitsfor5_6 CAISO Zone Scenario: 2021-03-13-SKBASELINE_no_offshorewind

1750
1750
1500 /Z Technology 1500 /E Technology
/ . wind {curt) / o yind (curt)
1250 wzm solar (curt.) __ 1250 / 7% solar (curt.)
< / . battery (+) £ = battery (+)
E solar E 1000 solar
5 1000 btm_solar ° btm_solar
% = wind ® . wind
g 750 = hydro g 70 == hydro
é z e peaker g e peaker
> cegt > 500 cegt
g == gas S [ ] gas
E mmm biomass 5 N biomass
5 — S JE——
S 04 ___ —_ e geothermal 2 »0 B s geothermal
— —_— - | | - = nuclear —_— —_— _— || _— = nuclear
0 — — —— - . coal 0 —_— —_— — - . coal
== battery (-) m battery (-)
-250 -250
2020 2025 2030 2035 2040 2045 2020 2025 2030 2035 2040 2045
Period Period

Fig. 3. 10 Electricity generation for new baseline with (left) and without (right) offshore wind.

While we note the relatively small effect of the addition of offshore wind, the offshore wind
added in this baseline scenario is restricted to the southern part of California, since the resource
is allowed to be built in the north, but the transmission is not provided as shown in Table 3.1.
Offshore wind speeds are greater in northern than in southern California. The potential offshore
wind resource if transmission were available would be substantially greater. The resource limits
estimated in the Scenario Tool would enable about 3 times more offshore wind if transmission
were available (see Table 3.1), which would reduce the need for solar build in 2045 by perhaps
10%.
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Fig. 3. 12 Fractional build for Period 2045 for new baseline with (top) and without (bottom) offshore wind

The latest SB100 studies indicate a plan to increase the available candidate wind resources in
state, offshore and out of state. A comparison between the 2018 RSP and the proposals
documented in the SB100 studies’ is provided in Table 3.2. Some of the changes reflect the
inclusion of additional balancing zones in the optimization process. Others reflect the
expectation that new transmission lines will be built. The ability to expand wind beyond what is
documented in the 2018 RSP is quite substantial. The question is not so much whether there
should be additional candidate wind resource, but what is the accurate way to model it. The costs
and timelines of building new transmission lines have high uncertainties.

We will proceed by following the publicly vetted inputs from the SB100 studies in our baseline,
then consider modifications as explicit sensitivity analyses with emphasis on the impact of the
change on the use of storage. Other modeling shows that offshore wind reduces the need for
seasonal storage, while any wind reduces the need for short-duration and diurnal storage, but
may increase the need for cross-day storage.

> https://efiling.energy.ca.gov/getdocument.aspx?2tn=234532
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Table 3. 2 Comparison of 2018 RSP and SB100 build limits on candidate wind resources

Wind resource 2018 RSPLli\Jnel:: g\l/;i\l;]l)Capacity SB100 i?zi??;}[(ivc)apadty
Carrizo_ Wind 287 288
Central Valley North Los Banos Wind 173 398
Greater_Imperial Wind - 785
Greater_Kramer Wind - 445
Humboldt Wind 34 34
Kern_Greater CarrizoWind 60 69
Kramer Inyokern Ex Wind - 81
New_Mexico Wind 1,500 6,000
Northern_California Ex Wind 866 866
NW_Ext Tx Wind 1,500 1,500
SCADSNV_Wind - 100
Solano_subzone Wind 18 50
Solano Wind 542 576
Southern_California Desert Ex Wind - 48
SW_Ext Tx Wind 500 500
Tehachapi Wind 275 802
Southern Nevada Wind 442 442
Wyoming_ Wind 1,500 6,000
Baja_California Wind 600 600
Onshore Total 8,297 19,584
Cape Mendocino - 1)22291 (6L(11;11111tlg d)
Diablo Canyon - 4,324
Morro Bay - 2,419
Humboldt Bay - 1,607
Offshore Total - 1 01,24)2)5()6(6L(11;;11111tl(3) d)
. 34,150 (Full
Total Wind 8,297 29,584 (L(imite) d)

3.4 New baseline with higher and lower EV load

A change in the load assumed for electric vehicle (EV) charging affects the build out of solar and
storage somewhat, with about 10% decrease in the 2045 buildout and electricity generation, as
shown in Figs. 3.13 and 3.14. The total cost changes by more, being reduced by about 16% when
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the EV load is reduced to that in the 2018 RSP.
graphs in Figs. 3.15 and 3.16 are the same.

The conclusions from the fractional buildout
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Fig. 3. 13 Resource buildout for new baseline with high (left) and low (right) EV load.
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Fig. 3. 14 Electricity generation for new baseline with high (left) and low (right) EV load.

The added EV load was applied as a constant multiplier to the CAISO load. The benefit of
adjusting the charging time to a time when electricity is more available is not included in this
baseline and will be explored in the sensitivity analysis.

The detail shown in Figs. 3.14 and 3.15 identifies that not only is less solar built when the load is
decreased, but less offshore wind and fewer Li batteries. More demand management is added.
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Period: 2040; Zone:CAISO; Scenario:2021-03-12-SK-BASELINEhigherlimitsfor5_6
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3.5 New baseline with higher and lower electrolyzer (H:) load

A change in the load assumed for electrolyzers affects the buildout of solar and storage

somewhat, with about 15% decrease in the 2045 buildout and electricity generation, as shown in

Figs. 3.17 and 3.18. The total cost changes by less, being reduced by about 10% when the
electrolyzer load is reduced to that in the 2018 RSP.
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Fig. 3. 17 Resource buildout for new baseline with high (left) and low (right) H: load.
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Fig. 3. 18 Electricity generation for new baseline with high (left) and low (right) H: load.

The fractional buildouts for the new baseline with and without the higher electrolyzer load are
shown in Figs. 3.19 and 3.20. The changes are fairly similar to what was reported for the change

in EV load, above, but the reduced electrolyzer load scenario requires more Li batteries than
when the EV load is reduced.
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Period: 2040; Zone:CAISO; Scenario:2021-03-12-SK-BASELINEhigherlimitsfor5_6
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Fig. 3. 19 Fractional build in Period 2040 for new basel
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3.6 New baseline with 20.7% and 15% planning reserve margin

When implementing the 20.7% planning reserve margin (PRM) along with the higher load
scenarios, a question arises about whether we need to have resource adequacy associated with
the additional electrolyzer and EV charging loads. There is a high probability that the
electrolyzers will be designed to operate when electricity prices are low, so are likely to be
turned off whenever there is a resource adequacy problem. Similarly, we would be wise to
design EV charging to be shifted to a time of low demand, assuming that the low demand time
comes within hours, rather than days. These assumptions may differ from others’ assumptions.
A change in the planning reserve margin has a smaller effect than the above changes. The small

changes are shown in Figs. 3.21 — 3.24. Primarily, more storage is built starting in 2025.
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Fig. 3. 21 Resource buildout for new baseline with 20.7% (left) and 15% (right) planning reserve margin.
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Fig. 3. 22 Electricity generation for new baseline with 20.7% (left) and 15% (right) PRM.

The primary effect of reducing the planning reserve margin (PRM) to 15% is shown in Figs. 3.23
and 3.24 to be the removal of the demand management that is selected in the baseline. Also,
slightly fewer flow batteries and Li batteries are built for the 15% PRM case.
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Period: 2040; Zone:CAISO; Scenario:2021-03-12-SK-BASELINEhigherlimitsfor5_6
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3.7 New baseline with and without the 4-hour Li battery model

A change in the Li battery model affects the buildout very little, as shown in Figs. 3.25 and 3.26.

The total cost is reduced by about 4% when the 2018 RSP Li battery model is used.
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Fig. 3. 26 Electricity generation for new baseline with 4-h (left) and original (right) Li-battery models.

The fractional buildouts for the new and original Li battery models in the new baseline are

shown in Figs. 3.27 and 3.28. The detail shows that, although the total storage build out is almost

the same, the selection of the type of storage is sensitive to the details of the Li battery model,
with the original model favoring the build of more Li batteries and the 4-h Li battery model
favoring the build of pumped hydro storage and flow batteries.
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4. SWITCH baseline development

Substantial work was completed in updating the SWITCH-WECC model. Here, we include an
update on that work in two sections (software and baseline development) before presenting the
modeling results.

4.1 SWITCH software development
Updated to Python 3.7+ from Python 2.7

The SWITCH-WECC model code was updated using the most recent version of Python. This
update required modification to all the modules that were previously written in Python 2.7 to a
more recent stable and maintained version 3.7. This allows the use of new features such as
formatted strings (f-strings), faster model constructions, and additional speedup gains through
the core packages utilized by the SWITCH model.

Long-duration storage module

Although the current version of SWITCH 2.0 was designed with the capability to use flexible
timepoints (which will be useful for studying long-duration storage) it was not originally
designed to study long-duration storage. We have begun adding the appropriate analytical
formulation to capture the operations of different long-duration storage technologies, for
example, separate charging and discharging efficiencies and different balancing decisions by a
range of consecutive days. Additionally, we are improving the efficiency of how we define the
Sets and Variables constructed inside of the module for the analysis of long-duration storage. We
anticipate that this code will have additional room for improvement and expansion as we
introduce new storage constraints to be modeled.

Time sampling strategies for Long-duration Energy Storage

Although SWITCH 2.0 was designed with the capability to use flexible timepoint and timeseries
selection, the methodology for selecting these has not been developed in the context of studying
long-duration storage. For this, we will study the impact of different sampling strategies on the
overall resulting capacity-expansion. We want to capture different (probable) business models of
long-duration energy storage resources (daily balancing, multi-day balancing, seasonal
balancing) and how does the model adjust the buildout as we move forward a zero-carbon grid.

This work has begun and is expected to produce a peer-reviewed journal publication due to the
lack of literature on this topic. It will be completed as part of Task 4.1 “Multi-day Model

Optimization.”

Module to model California policies imports constraints from other states
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We are using the SWITCH 2.0 with scenario data for the entire WECC. The interpretation of
these results in the context of California’s energy use requires being able to track imports and
exports between California and the rest of WECC load zones.

We created a new module that will incorporate California’s policies aligned with the latest IRP
and SB-100 results. For example, we created a constraint that will force the model to produce at
least 80% of the retail sales withing California footprint. This constraint will force the model to
reduce the imports to California which is important considering that other load zones inside of
the WECC region have different energy policy goals that might not align with California’s
aggressive targets.

Module to model assumptions on residential PV growth in California

The SWITCH model includes a candidate technology that represent the residential PV
installations. However, the cost of residential PV is always higher than centralized PV for each
of the periods, so the model will not select residential PV as the most economical option.
Therefore, we decided to use the same assumption from the latest IRP modeling results and
remove residential PV from the pool of candidate resources. Instead of optimizing it, we
included it using an expected growth rate for California and used the same values as reported
from the IEPR and IRP.

Module to track and restrict air pollutants

The SWITCH model has a built-in module that calculates the CO, emission for each of the
power plants provided and constrains operations to a given carbon cap. To capture additional
benefits of a zero-carbon grid, we have added the capability to track and restrict additional air
pollutants (NOx, SOX, CHas.) by calculating the annual emissions per power plant and assuming
a carbon. This module and restriction is currently tracking CO2 emission, but we will explore the
impact of the different pollutants as part of the sensitivity analysis

4.2 SWITCH baseline development

The SWITCH baseline development was reported in the deliverables completed last month, but
an update is given here for completeness:

Updated model inputs and assumptions

We updated the set of existing and planned generators using the latest EIA-923 and EIA-860
forms, technology costs (based on NREL-ATB), and the regional costs for new expansion of
transmission lines. Also, we updated the hydropower generation to be the historical average of
2004 - 2018 data which is the most recent and complete set of years at the time.

We included a planned reserve margin of 15% across the entire WECC. This value was assigned
to each of the utilities as a total number across all the load-zones they provide service. We did
not exclude any generators from contributing capacity to meet the PRM. However, we are aware
that there is a current ruling of the IRP mid-term reliability analysis proposing to increase the
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PRM to 20.7%. This value may be incorporated into the baseline as part of the sensitivity
analysis.

WECC database at UC San Diego and UC Merced

The current version SWITCH-WECC is designed to pull the required scenario inputs from a
central database. This database has been hosted at UC Berkeley but was not available at either
UC San Diego or UC Merced. We were unsuccessful in obtaining easy access to the UC
Berkeley database from outside of UC Berkeley because of firewall issues. Therefore, we have
now set up the needed hardware and have transferred the data so that it can now be accessed
easily on all 3 campuses using UC San Diego as the latest version of the database for scenario
constructions.

Configuration selection

Consistent with the description above for RESOLVE, we selected to reach zero carbon emissions
in 2045, including zero carbon emissions for line losses as shown in Fig. 2.4 above. We had
some discussion about what to assume for the rest of WECC. There is substantial evidence that
California’s neighbors will be reducing carbon emissions, but the timeline is unclear. Reaching
zero emissions is much easier when regional transmission is available. However, it is difficult to
track electrons between the different regions to determine whether California’s goals were met if
California is importing electricity from adjacent regions that have not yet met zero-emissions
targets. For the baseline, we have agreed to set a zero-emissions target for all WECC enabling us
to identify what would be needed to reach that target, while exploring other options during the
sensitivity analysis. We find that allowing imports of wind from Wyoming, for example, can be
very helpful as California strives to meet aggressive goals.

Timepoint and period selection

As described above, we have begun the study of the optimal tradeoff between run time and
accuracy of calculation when considering the number of timepoints to use in the simulation. For
this set of results, we used the previous timepoint and period selection from the previous WECC
version which is 6 timepoints per day for two days per month (peak and median day) and 10-year
periods. The final selection of timepoints and periods will depend on the results of the Task 4.1
“Multi-day Model Optimization” as we aim to capture most of the business models for long-
duration energy storage.

Baseline implementation

The resulting baseline results are explored in comparison with the RESOLVE baseline results in
the next section.
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5. Comparison of SWITCH and RESOLVE baselines

In this section we show some of the results of the baseline model for SWITCH and its
comparison with the RESOLVE baseline. As mentioned in the previous section, we updated
most of the inputs for the SWITCH-WEECC model incorporating the most updated version of
current and planned generators from the EIA dataset, 15% PRM and the latest technology costs
from the NREL-ATB. As noted in the Baseline Description these updates align the two models
in terms of capturing a recent snapshot, but are not aligned according to the definition of location
since RESOLVE includes some generators outside of California in the CAISO zone if there is a
contract with CAISO. This comparison will allow us to understand the benefits of having extra
geographical and temporal resolution to quantify the value of long-duration energy storage.

Key differences in the baseline model definition of the two models include:
e SWITCH includes California as a subset of WECC, while RESOLVE focuses on California
e SWITCH defines zones according to state lines, while RESOLVE defines balancing zones
e The EV and electrolyzer loads were increased for RESOLVE, but not as much for
SWITCH
e The PRM for RESOLVE was increased to 20.7%, while SWITCH is still using 15%

5.1 Operational capacity for the entire WECC

The Baseline Description compared the assumptions of SWITCH and RESOLVE about the
legacy power plants highlighting the differences in the zone definitions. In reviewing the results
of the simulation, we again find notable difference between the baselines. This relates to the
additional geographical spread that SWITCH-WECC has. As mentioned before, the SWITCH
model considers in total 52 load-zones for the entire WECC while RESOLVE considers only
seven (7). With the additional spatial resolution, we can observe transmission flows between
important load zones that might provide electricity back to California (e.g., Wyoming wind).

The operational capacity for the entire WECC baseline results is shown in Fig. 5.1. As expected,
solar, wind and energy storage dominate most of the cumulative capacity in the WECC region.
Also, we observe that energy storage is installed in most of the load-zones with high solar
penetration. The operational storage for this scenario is used mostly to balance solar generation
and for planned reserve margins. There is also some remaining additional natural gas in some
load-zones, but it is only used for PRM purposes.
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Fig. 5. 1 WECC operational capacity by energy source for each load-zone in 2050. Baseline scenario WECC-
wide zero carbon cap and a 15% PRM.

5.2 Operational capacity RESOLVE vs SWITCH

The baseline proposal for SWITCH includes a zero-carbon cap WECC wide by 2050. For this
aggressive carbon goal, the model chooses to install zero-carbon technologies across the entire
WECC and end’s up with less operational capacity in California’s load-zones (see Figure 5.2).
On the other hand, the latest version of RESOLVE aims to show a future of a self-sufficient
California with most of its retail sales being produced within California footprint. Additionally,
RESOLVE does not consider capacity expansion outside of the CAISO footprint which will
result in substantial new capacity within California to meet the carbon goal.
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Fig. 5. 2 Operational capacity calculated by RESOLVE and SWITCH for all of California.

5.3 Transmission flows

The baseline proposal for SWITCH allows us to see in more detail the transmission flows
between the entire WECC (see Figure 5.3). All the transmission lines modeled by SWITCH are
legacy transmission but with the capability of additions if optimal. We expect that as the entire
WECC moves to zero-carbon, some load-zones with more available renewable resources will

perform as net-exporters. We can observe this on Figure 5.3 in the load-zones with more than 40
TWh of transmission flow.

49



Energy Source
Battery Storage
Biomass
Geothermal
Solar
Uranium
Waste_Heat
Water
Wind

Tx Flows (TWh)
0

Dispatch (GWh)

130

Fig. 5. 3 WECC-wide annual dispatch and transmission flows for 2050. Baseline scenario WECC-wide zero
carbon cap and a 15% PRM.

5.4 Imports constraint results

An assumption that we wanted to study in detail is the imports constraint for California. This
reflects a scenario where other regions in the WECC will not reduce carbon emissions as quickly
as California. In simpler words, we model a zero-carbon California that will not consume any
out-of-state electricity to avoid having California use electricity generated with carbon
emissions. This assumption affects the overall operation capacity due to the lack of imports.
Most of the electricity must be generated inside of California footprint and we end up with more
cumulative additions as shown in Figure 5.4. From the results, we can see that as we limit the
availability of imports, the total operational capacity increases for SWITCH. However, there is
an evident difference between the equivalent scenario for SWITCH (zero-carbon California and
import constraints) and the proposed RESOLVE baseline scenario. We suspect that this
difference is due to the larger EV and electrolyzer loads used by the RESOLVE baseline. Also,
with the additional spatial resolution and capacity-expansion in other zones, there is not a need
for additional required capacity.

50



700

g HE battery

< 600 | oy

g | hy':iro

‘Z, 500 - thermal

6 Il biomass

£ 400 { m 2

8 N coal

o 300 -

5 ]

T 200 -

o)

8— 100 -~

0
T T T
SWITCH SWITCH RESOLVE

Zero-Carbon Zero-Carbon RSP
WECC-WIDE CA 20% PRM

Fig. 5. 4 Operational capacity for the latest modeled period under different scenarios assumptions.

51



6. Bibliography

Black and Veatch, 2012, Cost and performance data for power generation technologies.
Overland Park, KS, 2012; [http://bv.com/docs/reports-studies/nrel-cost-report.pdf]
Bloomberg NEF, March 2020, Hydrogen Economy Outlook
[https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-
Key-Messages-30-Mar-2020.pdf]

California Energy Commission, June 2020, Input & Assumptions - CEC SB 100 Joint
Agency Report
[https://efiling.energy.ca.gov/GetDocument.aspx?tn=234532&DocumentContentld=6735
9]

California Energy Commission, 2021, Draft 2020 Integrated Energy Policy Report (IEPR)
Update, Volume I [https://www.energy.ca.gov/data-reports/reports/integrated-energy-
policy-report/2020-integrated-energy-policy-report-update-0]

California Energy Commission, 2021, SB 100 Joint Agency Report: Charting a path to a
100% Clean Energy Future
[https://efiling.energy.ca.gov/GetDocument.aspx?tn=237167&DocumentContentld=7034
9]

California Public Utility Commission, March 2020, 2019-2020 Electric Resource
Portfolios to Inform Integrated Resource Plans and Transmission Planning
[https://docs.cpuc.ca.gov/PublishedDocs/Published/GO00/M331/K772/331772681.PDF]
Center for Climate Energy and Solutions, State Climate Policy Maps
[https://www.c2es.org/content/state-climate-policy/]

Clean Energy States Alliance (CESA), 2020, 100% Clean Energy Collaborative - Table of
100%  Clean Energy  States [https://www.cesa.org/projects/100-clean-energy-
collaborative/table-of-100-clean-energy-states/|

Cole, W. and A.W. Frazier, June 2020, Cost Projections for Utility-Scale Battery Storage:
2020 Update

Cole, Wesley, and A. Will Frazier, June 2019, Cost Projections for Utility-Scale Battery
Storage

Eichman, Josh, Mariya Koleva, Omar J. Guerra, and Brady McLaughlin, March 2020,
Optimizing an Integrated Renewable Electrolysis System
[https://www.nrel.gov/docs/fy200sti/75635.pdf]

Energy and Environmental Economics, June 2020, “Hydrogen Opportunities in a Low-
Carbon Future” [https:// www.ethree.com/wp-
content/uploads/2020/07/E3_MHPS_Hydrogen-in-the-West-Report_Final June2020.pdf]
European Commission, March 2020, Commercialisation of Energy Storage in Europe
[https://www.fch.europa.eu/sites/default/files/CommercializationofEnergyStorageFinal 3
.pdf]

Fu, Ran, Timothy Remo, and Robert Margolis, November 2018, 2018 U.S. Utility-Scale
Photovoltaics Plus-Energy Storage System Costs Benchmark

Fuel Cell and Hydrogen Energy Association (FCHEA), “Road Map to a US Hydrogen
Economy” [http://www.fchea.org/us-hydrogen-study]

Klein, J., 2007, Comparative costs of California central station electricity generation
technologies: cost of generation model. California Energy Commission, Sacramento, CA,

52



2007; [http://www.energy.ca.gov/2007publications/CEC-200-2007-011/CEC-200-2007-
011-SD.PDF]

Lazard, November 2019, Lazard’s Levelized Cost of Storage Analysis - version 5.0
McGowin, C., 2007, Renewable Energy Technical Assessment Guide. TAG-RE:2007.
Palo Alto, CA: Electric Power Research Institute.

Mileva, A., et al. 2016, Power system balancing for deep decarbonization of the electric
power sector. Applied Energy, 162, 1001-1009

National Renewable Energy Laboratory (NREL), 2018 Annual Technology Baseline
(ATB) [https://data.nrel.gov/system/files/89/2018-ATB-data-interim-geo.xlsm]

National Renewable Energy Laboratory (NREL), 2019 Annual Technology Baseline
(ATB) [https://data.nrel.gov/system/files/115/2019-ATB-data.xlsm]

National Renewable Energy Laboratory (NREL), 2020 Annual Technology Baseline
(ATB) [https://atb.nrel.gov/electricity/2020/files/2020-ATB-Data.xlsm]

pv magazine, August 2020, Power-to-gas facility in Canada could pay back in just under
three years [https:/www.pv-magazine.com/2020/08/11/power-to-gas-facility-in-canada-
could-pay-back-in-just-under-three-years/]

pv magazine, December 2020, PV trends of 2020: Part 5 [https://www.pv-
magazine.com/2020/12/30/pv-trends-of-2020-part-5/]

RESOLVE Scenario Tool for creating the input files for RESOLVE
[ftp://ftp.cpuc.ca.gov/energy/modeling/RESOLVE_Scenario Tool 2020-05-
27 inputs_for pyomo 5-6-9.xlsb]

Strategen, December 2020, Long Duration Energy Storage for California’s Clean, Reliable
Grid [https://www.strategen.com/strategen-blog/long-duration-energy-storage-for-
californias-clean-reliable-grid]

United States Energy Information Administration, 2007a, Form EIA-860 database annual
electric generator report. Washington, DC, 2007.

United States Department of Labor, 2009, Occupational pay comparisons among
metropolitan areas. Bureau of Labor Statistics, Washington, DC, 2009.

United States Energy Information Administration, 2012, Annual energy outlook 2012.
Washington, DC, 2012.

U.S. Department of Energy, July 2020, Battery Storage in the United States: An update on
market trends
[https://www.eia.gov/analysis/studies/electricity/batterystorage/pdf/battery_storage.pdf]
U.S. Energy Information Administration, Annual Energy Outlook 2020 (Table 13. Natural
Gas Supply, Disposition, and Prices)
[https://www.eia.gov/outlooks/aeo/excel/aeotab_13.xIsx]

53



Dmu,mmE HNON mN _._Em_>_ H# mn_u

P=3439IA DN - 090-6T-0d4
wa3lsAs ASiau] eluiojlje)d Jo
uoljeziuogJeda J0O} 95e401S uoneing mco._ U6 mc__w_oo_\/_



4
AIOTIN

VINYO4ITVD 40 ALISYIAINN

1202 ‘g |Mdy uoijeuiwialag Ydd
(uiw +0€) suonsanY
salpiunjioddQ pue saduajjeyd 2

doys)Jopn 21jgnd UoI329|3S OlIBUIIS 3Y} 10} sue|d °q

saltewwing ASojouydaj ASiau3j pue ades0ls 0} yoeouddy ‘e

(ulw gz) yaeouddy 133foud

(Z dsel) uawdojanaq auljaseg pue doysyiop 21jgnd A103onpoaiul Yz wouy synsay °q

s|eon pue auijpwi] 333fo.d ‘e
(utw gg) snieis 1@ MalnIdAQ 1I3(0ud

siaulied 12afoid pue siaquia|N wea) *q

epuasy

S99pUdIY pue s19juasalid ‘e
(ulw g) suononpoJlu|

S

C

T



£
AIOTIN

VINYO4ITVD 40 ALISYIAINN

19UN YeoN
II'H 13deyd
euljose)
YMoON Jo Alisioniun

unsny 1N
uswuwey ueq

As|av4ag on

**191B| PAONPOJIUI S| YJOM JI3Y1 SB PAINPOJIUI ] |[IM SIUBPNIS

Z3|ezuoon
-03|epIH eldlled

Z34ny| yeues
SERIE]TY
ejuiojle)
jo AJisianiun

wieal 0] UoildnpoJluj




DmmwﬁmE m>_.6mo_&mo_mmmc_msgmwc:m_lmrcm____>>v_>mm_.
uollisuesy SulApnis st geplo — (geplio) uedeypasus eAlid .

0D ul Sunedidiyied uaaq seH — (SIUaWNJISU| UOJUIS) UOLUIS UOY
Alysnpui 93el03s — (eludo4i|ed Jo uoile1d0ssy S3ai) NIuyd04d elnf «
(4opes] sI [92X) aA1leluasasdal AN — (AS1au7 |92X) SHded Yoy «
9AleIudSaIdal OSIVD — (OSIVD) NIT 3usyanys «

saloljod 3|qe1nba saipnis NYNL — (NYNL) [IpMOQ J94UUSf
93eJ01s SulApnis uaaqg sey 13YN — (13YN) wjoyuaq |ned «

eluJoji|eD Joj uljapow Jefiwis 3ulop s1 ¥S3D — (VYS3D) SPIIYD U3 »

SJaquaW 93131WWO0o)) AIOSIAPY |B2IUYID]




SuUO0I1N|0S ASJau3] gJUIZ «
saulgJn] Je|os e

ASJau3 ||[oMaudy
1_UPIND

13UN

101SOJPAH

J9MOd MIIAYSIH e
UD30I|9H

AYISIBAIUN pJeAJBH

CdCH
S9|qeMaudy 39 »

Sdid.

}jnep ASusu3 .
103 »

‘EET RO
A8JaU3 el1OlUY .

JeJ 0S Yim pagdedua aney am sisljeldads 95el01s




9 * uonoaas oleuass [euly Joj doysyiom o1gnd 9!

* sisAjeue oueuads Areujwiaid jo Buneys Joj doysyiom olgnd €9l

DMUMME * uonos[es Oleuads [eniul Joy doysyiom o1ignd N.w”

VINYOLITYS 40 ALISHIAINN * VD UJayjou pue usayinos ui sbunaaw uado ongnd [eniu F.mm

|

I mduonand g

* sisAjeuy oleuadg [eul N.mm

* sisAjeue Alewwns jeuy Areulwiid LGl

|

[ ——— sisieuy opeueos feuts g

|

* UOI}09[8S OLIBUDS pLO) Ni

uoneziwndo [epo Aep-nnpy Ll

I juswdojena( SoOLIBUSS PLID vm

saAljeuls)e ABojouyoa) uonesausb A}01309|e ainny aAleuasaldal auyeq v.mm

saAneuls)je ABojouyosa) uonessuab A}101308)8 ainjny ajenjeA] m.mm

saAljeusa)e Abojouyoa} abeloys AbBiaua aininy aAnejuasaldal sauyaq zel

saAljeusale ABojouyoa) abeloys ainyny ajenjeA] F.mm

|

DN W | ABoiousoo uoneioue Ayouioo3 pue oBeiols ABieuz emng ¢

|

JATOSIY Pue HOLIMS Ul suljeseq juswajdu| £l

yoeoidde pue ejep auijeseq JO UOHBWIUOD N.Nm

* Alquasse ejeq F.Nm

|

! I juswdojanaq suljeseg Nm

m Hoday Auepy ‘(YD) smeiney 108foid [eonuD ‘Bunssiy 4o-3omy ‘sjonpold :.E.L

|

wea| syse| Joafoid |esauag |

aseyd ”

weosa| uolljenjend j
3ulspoN A3ojouydal

31NA4HOS 10310dd



doys)yiom
Aliqnd
9 )sel

L
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

sj|nsaJ |eniu|
judwdo|aAaQq oleudds
'y ysel

uoneniui 33foid
uonenjeny ASojouydal
‘g Nsel

paniwgqns sajqesaniaa
juawdojanaq auijaseg
1z sel

(v1e1 jo ed p.2)

)40M din3n} Uo snieis
:Aepoy pajuasaad

9q 0} )4om padjdwo)

uonoaas oleuass [euly Joj doysyiom o1gnd

sisAjeue oueuads Areujwiaid jo Buneys Joj doysyiom olgnd
UoI}03|9s OLBUdDS [eniul Joj doysyiom 21gnd

VO ulayjou pue uiayjnos ui sbunssw uado 21gnd [enu|
nduj a1qng

sisAjeuy 0l/BUSDS [eulq

sisAjeue Alewwns jeuy Areulwiid

sisAjeuy olieuadsg [euly

UoI}03|9S OLIBUBDS LS

uoneziwndo [epo Aep-nnpy

juawdojaAaa SOlIBUlDS PLID

saAljeuls)e ABojouyoa) uonesausb A}01309|e ainny aAleuasaldal auyeq
saAljeusa)e ABojouyos) uonesausb AJo1oaje ainny ayenjeAy

saAljeusa)e ABojouyos) abeloys ABlaus aininy aAnejuasaldal suyaqg
saAljeusale ABojouyoa) abeloys ainyny ajenjeA]

ABojouyoa] uonesauas A}o1130a|g pue abeiog ABiaug ainyng

JATOSTH pue HOLIMS Ul duljaseq juswiajdw|
yoeoidde pue ejep auijeseq JO UOHBWIUOD
Alquasse ejeq

juawdojana( auljeseg
Hoday Auepy ‘(YD) smeiney 108foid [eonuD ‘Bunssiy 4o-3omy ‘sjonpold
syse| Joafoid |esauag

aseyd

31NA4HOS 10310dd




8
AIOTIN

VINYOHITV 40 ALISHIAINN 219 ‘AduaIdI}ya 150D .
éAj|nJssadons 919dwod 01 ASojouydal e 3|qeua ||IM 1Y\ o
éisulege gunnadwod aq Agojouyaal e ||Im 1y A e
él1dew AJlus ue 243Ul S|

suollsanb |ealuydg] .

é|njd|ay 2q 01 yoeas ASojouydal e 3snw 1934e3 1502 1BYAA
(Jeuoseas sA sAep Apno|d
SA dwI1ysiu ‘3'9) iAe|d aSeso1s uolreanp-3uo| ||IM (S)3]04 IBYM

93de101g uolleing-3uo jo anjep Apnis .

S4AILD3ra0 1O53110dd




6
dAJOddIIN Suiwiy Anua 19y4ew yum usisap 1onpoud
B J13y1 uSije saluedwod djay ued sisAjeue Jo 140s SIyL
Jea

Gv0c 0v0¢c geoc 0€0¢ Gcoc 0c0¢

T _ _ _ _ ]

| mu_._Q ul Jomoj ale MO| BJ1X9 =2q 1snhw ] >WO_OCF\_U®H F.._Umw .._.O QU:Q
sa13ojouyd93 Sunadwod 9214d 0s padojanap pa1d9dxa 01 ydess asedwod

|| pue 3uuniew S| 1a)JeN JoU 1)JeN ||

Aduaidiyq e

uollelnp JO SINOH e
uolledijdde 98e.01s yoeg e
4o} ydeu3 19843 921ud 91e34)

B ,du, si1duen =

Iy,
::::::::
iy,

(suun Aseanque)
19)Jew Jajus 0} 89lid

m e+
iy, (1|}
um e
U e
iy, e
Ty, ey
i e
m iy
iy, ny
Iy, anny
O

INJ2SN 3 ||IM 1Byl 9WO021N0 JO 10S 3yl Jo d|dwexa ue S| 9J9H

uoniuijap 19)Jew Aijuj — jeos 103loud




0]
AIOAdIN
VINYOAITVD 40 ALISYIAINN o|genjeA uaa(q sey uollesiaAuo)
uollealjqnd puodas ui syed |eatuydaal ysijgnd Aen

Ssa430.4d Ul UOISIARJL — |1udYy Ul UOISIDA
|eatuydal-uou e duiystiqnd ui paisadaiul st Abojouysra) pub 3aduaids ul Sanss|

(sapl|s 1xau) ,28e4031S uollesnp-guo 1noge 3upjjel,, 1Jelp e uslldm aneH
:dn moj|04

SUOI1BSJIDAUOD 9AIdNPpOId pajeAllow doysS)JOM 9y «

é .., 23el101s uoneinp-3uol, Aq
ueaw am op 1eypn,, punode aisam suolisanb Asewrud ayi ‘doysy4om ayl 8ulanQg «

:sa8ua||ey)/saniunyioddQ .
020T ‘LT 19qWaAON p|ay sem doysyJom di|gnd

doysyJopn 21jgnd Wod) S NSy :9 ysel




11
AIOTIN
VINYO4ITVD 40 ALISYIAINN

23e101s |eUOSEeaS e
S|[opow JeaA-||n4

jA|snoaupbinwis
suoiapaliddo ||b |apow 1snw
‘ain)aid big pupisiapun of

(wJ03s e y3nouyy 193) a3e.01s Aep-ssod) «
S|opow Aep-13|n|A

(3ySiu ay3 ysnouyy) a3esols [eudniq e
puewsap yead 199w 031 93e401S UOI1BINP-1I0YS
S|opow Aep-auQ

suoinpai|ddo
a|dnnw ssaippo
Abw saibojouyral awos

uolledljdde uo spuadap yoeoidde 3ul|apoIA

JUaW3|a awlil — aniydads.iad buijapow b Wo.i

,98eJ01S uollesnp-3uo Jnoge suyj|e]




4
AIOTIN

VINYO4ITVD 40 ALISYIAINN

S 5 S S S S S S e 0 S ) 5 S S S S 0 0 0 5 5 S S S ) e e 5 5 G S S S e ]

m uadolpAH ejuowwy oipAy padwng Asaneq ays-uQ Speo| 3|qeyiys-uoN i

i s9|dwex3 !

1 sedoig uadolpAH salaneg J31eM p3|IIyd SUE H

e e J

555 S S S e S S S S S N S S S S S S S S S S S S S S S e -

3eJ03S |BUOIIURAUO) | A319ua paloys asn 2jeIpawiw| uoie’o| |

“ peol JPwosn) |

" Juswadeuew 33seM\ ‘|eIIWRY) PO e A

‘uonejsodsuel) :apnpoul s10323s Buisn-Agiau3, ﬂ T

(P D S S D D S S D S S S D S S S D W S S D S5 S S D U S S D U S S D S S S WD S S S S S S S 5 G D S S S S S S S S S S S S S S S S S S D 5 S S S N S S D G S S N S S S S S 5 G 5 e S S 5 5 S 5 S S S 5 S 5 5 5 S 5 D N 5 5 D W S G ]

m 11019531 AS1aud 403295 Jayjo 10} JIOAJI3S3Y uoljeao| m
1

I 403335 J3YI0 1onpoud ASiau3 A81au3 Auy i

R I\ | Y A I L

pLa\eo1303)|3

s9dA] ||e 49pISU0D 0] paau - smo|} ASiaua 3ul|SpoN

mo|f Abiaua — aniaadsiad buijapow b wWod4

,98eJ01S uollesnp-3uo Jnoge suyje]




€T
AIOTIN

VINYO4ITVD 40 ALISYIAINN

a8eu01s
|[euoSeas

98eJ103s
Aep-sso4)

38eu031s

101295-5504)
93e.03s "p-3u07
paulBlu0I-§[3S

a8e.01s

yead

lewinig  Moys

a8eu01s
uolleinp-}oys

uonesysanbas

agelols
A8J3ua 3uinjonul

,28e103s,, pa||ed
jou Inq ‘Suipow

q

VI

quILISm

L1 S 28el0)s

uogJed yum ssaooud J0u JudWaseuew
|e21393|3 Ul
jue|d sed |eanieN |elI3snpul Joy pasn puewaq
papnjoul sajdwex3
sedoig A81aud |ewuayyl Aduadiye ASiauz
Suidwnd Ja1epn
JSTRIFRRETE] uonesauad Suip|inq :
woJ) apew |any JSTRIFRBETE] JO ssew |ewayl AwouoRe)
J3Y30 JO eluowwy 10} 9}IS-U0 salPNeq ul papnjaul vwm
98eu03s X-03}-1aMOd pa403s uagoipAH pals-1awo3isn) pajapow s3|dwgx3
punoJgiapun wouy | 233 ‘uoijeyiodsuesy 28eJ03s Alineln laiem |
Ef‘l]ou}- —T OO ARDIIE 1OH | d
adeloys adeioys wouo
98e403s 103035-5501) I
paulejuod-§|as pais-1awo3sn) uomon.m_..._

98ei1015 o
3@:
h h q Ayd13o9|8 pajapoN
HoAI3s34 R Jlonsasal ASiaug AStRUS [oqe] T 24314
A8J13u? 40328s-13Y30 | Joj3onpoid ASiauz : paJo}s — peol o

sanjunyoddo as8esols Sunenualayp 103 Awouoxe) pasodoad ‘T w_mm T

Suljopow ul sadAx |je apn|ou]

,98eJ01S uollesnp-3uo Jnoge suyj|e]




VT UoIIuLfap ppoiq b JUDM [[Im SaIupdwod 3yl “,36p.403s uoiapinp-buoj, punf 01 UoIIDIIZI|OS D S3IV3JII DI JI YanamoH
,2b0.03s, pajIpa SI 1bYM 10U ‘pajapoW g ISNW IDYM U0 33460 0} Jupliodwi aJow s,31 :sasodind uno 4o

AIOTIN

VINYO4ITVD 40 ALISYIAINN

uoneJsysanbas

a8el03s
A813ua Suinjoaul

,28e103s,, pa||ed
j0U Inq ‘Buljepow

uoQgJed yum ssasoud J0U Juswadeuew
|e214393|3 Ul
jue|d sed |eanieN [elIsnpul Joj pasn puews?
papn|oul sajdwex3
sedoig A8iaus |ewuayl Aduaiiye ASiau
Suidwnd Jae
JSTRIFRBETE] uonesauasd Suip|in
woJj apew |any ISTRIFRRETE] JO SSew |ew.Jay Awouoxe)
J9Y30 10 _lUOWWY 104 3IS-U0 sauane ul papn|dul pue
98eJ03s X-01-19MOd paJ03s usadolpAH palis-1awoisn) pajapow sajdwex]
punoJgiapun wouj | 233 ‘uoljelsodsuesy 28eJ03s Ajineln 131EM
y38nouq uadoipAH 10} ua8oupAH salia1eg pa3||lyd pue 10H
age103s a23e103s oxe}
98e.03s 103235-5504)
paulejuod-j|as pajis-1awoisn) pasodoid
98ei01s 28e1031s | 28ei03s 28ei01S
MOJ}

_

q

I

j

A31211303]3 pajapoN

JI0AJ9S3]
A813ud 103935-13Y10

103985 J13Y10
10} 30npoud ASiau3

J10AJ9s3J ASJaug

ASJ1aua
pa.03s — peo

19ge| T 21n814

saniunyoddo a8esols Sunjenualayip 103 Awouoxe) pasodoud ‘T a|qel”

Suljopow ul sadAx |je apn|ou]

,98eJ01S uoljeinp-3uo 1noqge supjjel ,,

O O0OT.—nNQO_OC>0T

S~0OOo®C-



ST uoilpaouul arpjnwiis jjim abp.aols 101323s-ss043 buipnjou] .

DWMWHMED ¢ 3SaY1 yum a1adwod s123foid abpiols pauipluod-f|as |[IM MOH
abp.403s (101235-55042) 3|pIs-ab.ip|

JoJ suonydo 4apisuod os|p 03 paau ‘abp.iols uonpinp-buo| buiApnis UaYAn

.dpPNnjouo)

$10123S yeay Joj seb eineN 110 18410 _m

tmsore saessor, i [P 5o ;98ei0s ABusuUD

S|eaIway) . S SS9| JO 9J0W Pa3U WISAsS M
3unesaH .

UOINEIBUSS JIOMOg _g:eg A3J9ua s, mosiowo] |IIM |

:10} paJols m

9q Aew segd |eunieN _ﬂﬂwms ﬁ“

... <R 93Ny Sl S10123S ||e 40} ;

VSN Ul 93eJ40ls A31aus 1ualin) wmmLOpm ASiaua jualin) m

A

n

éAlppouq yuryy Aym

,98eJ01S uollesnp-3uo Jnoge suyj|e]




9T
AIOTIN

VINYO4ITVD 40 ALISYIAINN

dOysyJOM 1|gNd IXBU Ul S3PIIS dPN[IUL [[IAN
UOISJOA |ed1uyda) aJow Joj leludoidde si1eyy |ealpoldad 40j )OOo| ||IM e

Abojouysa] pup aduaias
ul sanss| ui [1udy J0j 3dualpne |eaIUuYID}-UOU 40} UOISIDA SUIHIAN o

S 00T®EC- QOO0 T.—NQO_T>0T .

Sn303s

,98eJ01S uollesnp-3uo Jnoge suyj|e]




LT
AIOTIN
VINYO4ITVD 40 ALISYIAINN

‘(114dy Jo pua) €3 wouif 11 anby am 431 o JAT0STY fO UOISIan mau ay} ul
paiuawaldwial ag [{Im anoqp 3y ‘sesueyd J9yio pue a3el0ls uolyesnp
-3u0| 404 papasau Alljigeded Aep-ssoud apnjoul 01 JAT0SIY Sunnepdn si €3

JAT10S3Y JO UOISISA 8T SuUISh awli} uo pals|dwod usaq aney ||V
(€2 YoJe|Al) S nsay |9po|A duljaseg jo Alewwng «

(Jeul} — Gz ‘yedp — ¥ 'qa4) uondiuasaq yoeouddy 3ul|D9pOIA
(leuly — gz ‘1jelp — 7 'qa4) uondiiosaq auljaseq »

pa319|dwod sa|qelanl|a2q ¢ dsel

SN1e1sS — UoIllullep auljaseq ;g ysel

S 00T®EC- QOO0 T.—NQO_T>0T .



(S0 Ul 0492Z) SUOISSIWD 049Z YIead 0} WSeISNYIUua pasealdu| e

%/ °0C 01 %ST WO0J} ulgiew aAIasaJl guluue|d Jo asealdul pasodoud e
(A1911BQ 17 QUI}SpPa4) 924N0SDI UINOY-{ SE }|INQ S14913eq I e

(suoizdo puim 210ys-}JO ppe) puim 310Yys-}JO JO JUSWJUBAPY e

(peo| 49zAj0J4103]2 9seaJdul) uadolpAy Ul JUBWISIAUI PASEIIIU|

(peoj Suidieyd A3 95eauoul) sa|es 3|I1YSA 2141039 404 |eOS S,J0UIDAO0D) e
:p|dom Suidueyd 03 asuodsal ul Ajuo agueyd — , 3uideam}, Wolj uieljay

UOISIOA M3U S3sea|al €3 Uaym siyl aiepdn ||Im — dSY 8TOZ Wol) 1iels

IA10S3Y 104 duI|9Seq MaU uljap 01 Pash elIall)




6T
DMU/NMM—E SapI|S mc_>>0__OuF 9yl Ul passalppe — mco_pmws_u oSleJ S}jnSaJd asay |

VINYO4ITVYD 40 ALISYIAINN

puim aloysjo dsd Ndd %.0¢ fed NMy-v ZH UbIH A3 ybiH 0ld7
B =80
|- m Gy02 01 uibrew ErE peo| o . —460
mmo. o spolad aAIBSal Al q 10zh| pEO mmwwm i)

-tm_v 1eok-G Buiuueld c.”_v -01}00|0 _._\W_m__._ s 5

uum dsy %L"0¢ ubiH . o

L ;

o

@
- =iy
| e

A||enpialpul adueyd yoes 031 AJIARISUDS

Qul[aseq 03 sadueyd Jo suoljealjdw




0¢
VINYO4ITVD 40 ALISYIAINN 67€0/=P1USIUODIUBWNIO0QAR/ 9T/ E¢=Ulé XdSe Juawnd0Qq1en /Aod eaAS1aua 3uljya//:sdniy

sbuyjiy puewaq poday Abisug pue sjpn4 Apspend) ayl pue puewaq AbJaug eiuiojie) 610z :924N0S

(so)es |1eyas palddns Aujian) %08
Ajuo ssaippe 031 s1do Apnis 2402 00T 9S

%¢
Speo dMmda

%S
uoneJsusn
JI3S Ad Aq

18w puewsaq

%S
uonelausn
JI3S 18Y310 Aq
PW puewsq

SN20J OSIVD YHM Aj1ualind — sasso|
aul|] ay3 apnjoul 01 paido aney apn

%L
S$9S507 2UI

%T
sannn Joyl0

speoq A31011309]3 eluJojije] 8TOT :6T 24nbld

S0 Ul DHO 043z — aul|aseq 01 sasueyd Jo suolledljdwi




"‘93e.03s Aep-ssoud Joj Ajlunjuoddo
ou s1 349Y] :sAep juapuadapul
L€ S9SN IJNTOSTY eyl ||edad U9AaMOoH

1¢c
¢ papnjaul s1 3bp.aois Abp-ssoid uaym
AJOdIN pPasnaJiiap aq pjing Jpjos [[IM :Uo11SanYy

VINYO4ITVYD 40 ALISYIAINN

N N N N N N N N N N N N
o o o o o o o o o o o o
S B w w N N S S w w N N
w o w o w o w o w o w o
A . . \ o . , , ) 0
“'SUOSDAJ L B —
b os L
a|dnnw [ ] o
Jof
fuaneq mmm [ 00T W fieneq mmm | o W
mm:UQU 1ejos ad lejos a
Jej0sTwiq o JejosTwing 2
p/noo pum mm | ocp & pum = )
i oipAy mmm < ophy mmm | 0og <
] Stoc 1avead 5} 1axead 5}
1620 :M\ 1620 W
Q.\ kU\OW seb r 0oc seb
ssewolq . ssewolq mmm [ OV
\Sw QQN Jewuayyoab mem_O_ Jewuayyoab
Jes|pnu  Em L osz Jeapnu .
Wbtbm |eod IA X S m_ |20 mmm
AbojouydaL w_mUW AbojouydaL [2#05

GH0T Ul 198.1.) SUOISSIWD-049Z YIIM dSY JedA-g

(UoIsIan 8TOTZ) dSY Jedh-g

G0z Ul suiodwi ou — ejep elulojijed

JeaA yoea sp|ing maN

S0 Ul DHO 043z — aul|aseq 0} sasueyd Jo suolledljdwy



**S|1e19Pp SJ0W MOYS SIPI|S IXBN
ipeo| |e103 saydeosdde Jusw|iel nd pue sa|qnop a3eJ0ls JO IsN
J 93eJ01s aJow pue se|os aiow Aq paose|dad si uolesauas |ewday

VINYO4ITVD 40 >._._m~_m_>_ZD

e ME

VIN ._<IJ

poLisd polisd
St0Z 002 GE0T 0£02 GzZ0Z 0z0Z St0Z owom mmom 0€02 fydord 0z0¢
L ooz— F 00T—
(-) Auomeq mmm . (-) Aaemeq mmm - l
V72 jeo> mmm ] o E
hmw__M”“ " — —— Jespnu . 0
|ewsay1096 e [— fr— _ f—xor| — = [euLa3036 . W
Ssewolq . 00z S SSewolq . . . . F 00T g
o m == T 2 = E = :
~t
E=A < 1620 <
yee F 00t © ad BN - 00 O
1axead m o 1axe: pp—— o)
olpAy M oipAy mmm m
2 M - =
pum  mmm - ooo g put - oo 3
Jejos wiq m Jejos wiq I \M
1ejos 1ejos
(+) Auoneq mmm r 008 W\ (+) Auoneq mmm r oot =
("und) 1ej0s mzy ("und) 1e|0S wzy :
("und) pUM EEm <«Jluauwijielnn) L o001 (‘und) puim , sa
AbBojouyda \ ABojouydaL
N sa3ueyd 7
- 009
9|ed§
G0 Ul 1984e] SUOISSIWD-043Z YUM dSY JedA-g (uois1an 8T0Z) dSY JedA-g

G70¢ Ul 0J9Z — aulI|aseq 03 sadueyd Jo suoljealjdw




sjiwi| pasoduwi o3 buip|ing sp

MN Abojouydal
dIOTIN g yonw sp 3503 Buiziwindo jou si |apo
VINYO4ITVD 40 ALISYIAINN _O m W
g 8 g
38 2 '
g . 2 9 g g
,W = m _mlv _M W. _m m = "W
5 g i g ' H B 5 g g
== | | | | _ _ o
- g
— ) rco
= o _
O t ==y
o = S0z ul 1984e1 SUOISSIWD g o
(g -
@ = -043Z YUM dSY JedA-g Y Foo &
< ) 7,3 f
- Fso O
\ %mt ] . w
GP0ZOHD0I9Z0G0Z0U-1RRAG-dSYNS-90-E0-TZ0Z:0LIBUIS ‘OS|VYDI:BUO0Z ‘G0T ‘POl ot m
- " s
@] o o
O (= =0 (-
) = e L yo ot
o : (uoisian 8T0T) dSY JedA-g 3
- %) Y
< Q (7]
r 80
%numt L
0T

1NOP|INg PaMO||e 01 dAIle|aJ 1nop|ing

G70¢ Ul 0J9zZ — aul|aseq 03 sadueyd Jo suoljealjdw




v
AIDIAN abn.iojs 4of paau foopupaL
VINYO411 40 ALISYIAINN WUUSﬁN& hBQﬁtﬁwQ .\C\QW _w o Q
g 3 8
2 9 '
2 . 2 2 g d
m C. 8 M = w _% 2 _W
i 'w m 'm _.w_._ S 1 _W g _m
o 2 o < o < o o — = n <
oQ
— D
= o o
(on (= =0
L qU_uu S0 ul umemu SuUolSsSiwo m
[t -
@ 3 -0J9Z YlIM dSY .\_mw>um e
< L (7))

piing ey mem

SY0ZOHD0I3Z050Z0U-183AG-dSHNS-90-E0-TZ0Z:0HBUIIS (0SIV¥D:BUOZ ‘G0T :poliad

- 04pAy padwngd

ping ey  mmm

_ - (uoisian 8T0T) dSY JedA-g

1NOP|INg PaMO||e 01 dAIle|aJ 1nop|ing

G70¢ Ul 0J9zZ — aul|aseq 03 sadueyd Jo suoljealjdw

00

r o

r ¥0

r 90

r 80

01

00

rco

r ¥0

r 90

r 80

01

INop|ing |euonoel



S¢
AAOTIN —

VINYO4ITVD 40 ALISYIAINN

puim

0ipAH padwngd

Aieneg n

Jejos

04pAy padwng

2
S 2 0
2 8 8
o () !
m _M .m. W. _m m @ “ﬂ.
- . ]
> o) o
= = (49439303 YMA '8 JO pling aJinbal m
—+ >0
m L AlaA1309449) Ajuo ASusus yum pajeposse B
w
W 1502 Auanieq 17 uo4jdn Yyim 4sy JeaA-g
pingOey mm
- (uoisian 8T0T) dSY JedA-g
pingoey mmm

|I9poW AJ11Eq 17 PISIASJ
— Qul|aseq 031 sadueyd Jo suoljealjdw

00

r <o

F ¥0

r 90

jooualaffip o|g b aypw und Abm 3[3qns
p ul [apow A13110q 3yl buibuny)

INop|ing |euooel




diay Jjim puim
¢ papn|aul s1 abpiois Abp-sso4d uaym
pPasnaliap aqg p|Ing4ano [|Im :uoiisanp

"‘93e.03s Aep-ssoud Joj Ajlunjuoddo
ou s1 349Y] :sAep juapuadapul
L€ S9SN IJNTOSTY eyl ||edad U9AaMOoH

9T
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

2 g g g g g g g g g 5 g
: : : 5 5 . . X . 0
[ L o5 —
= o o
isyoz L] L oot
ui kc\ow W Aepeq mm | o7 m.._
: Aiepeq mmm [ 0ST W 1e|os W
MD 00€ E_OMM_MM 8 Jejos™wq s
F 00z & pum s o,
spling puim m ophy mmm | 0e <
oipAy mmm 5 1yead ()
1xead Fosz = 1620 W
1620 ~ seb
mmm L ooe ssewolq mmm [ OV
ssewolq . |euway1036
|ewayyoab
Jeapnu .
1eapnu L oce |eod IA
|eod IA I os
KBojouydal AbojouydaL
193319
sadueya ||e Yum dsy JeaA-g ¥ /S (uolis4an 8T0T) dSYH JedA-g
°9|edS

sagueyd ||e — auljaseq 03 sadueyd Jo suolledljdw




DMMWJMM—E a|qeJaAljap syjnsaJ SulapoA Ul s|ieiag

VINYO4ITVD 40 ALISYIAINN
Sn20j |e12ads aq I :pajapow S| 93eJ01S 9yl Moy JO S|ie1ap 9yl uo spuadap palda|as 93e401S JO S|ie1aq
|[9pow 3jdwis ul duejeq A3iaua Apnis ue) :uoilesauad J3Yylo JO pP|INGIDA0 3y} UO | O e puadap ||Im 93e401S
HDLIMS ul pasn sindui yiim asedwo) :spjing mau pamojle Aq pauwi| aje JATOSIY WOoU) S3NS3AY
JAT0SIY PISIASI YIIM d1en|enady :Aj|njades3 suoissiw 049z Ydead 0} [9pow 93e401s Aep-Ssoud paaN
:so3essaw Aeme aye|

mwmcmr_u |[eNnpPIAIpUl 9AOWLBJ pUE aUul|aseq _meOQOLQ yim jels mwmcmr_u |[eNPIAIpUl ppe pue dSY Yiim 1els
PUIM BIOUSYO BUIESE] MON  INHd %.0Z  1Bd 11U 2H UBIH A3 UBIH olez PUIM BIOUSHO dsH WNed %L'02 e u-p 2H UBIH A3 UBH ooz
z0- 80
B b. e B S0z O Bie peo) &0
uibrew peo| 02 O} uibrew |
m_wm_\,\,m auljeseq PERY) amcmn 192A| peO| wmwwm_ﬂww 2 %_M_\M spouad PISER) Emﬂsmn 192A| PEC] wmwmwmm__&m
ol MaN Buiuued n -o103j0 A o) ) o] 1eok-g Buiuueld i -on0sie A3 o)
40 %L02 uv ubIH 4oH 4 3 40 ym dsy %02 N ybiH 4Pl z
= -00 8 s oy
[ A P
(¢}
a
- -0 8
® - =1
- —20
- =k

A||enpialpul adueyd yoes 031 AJIARISUDS

Qul[aseq 03 sadueyd Jo suoljealjdw

1S00 BAejeY



8¢
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

eluJoji|ed ulyum y|3 Aq paisi| suoiredo| aiedwod :HI1IMS 404 «
SaU0z aAl} a1edwod :JATOSIY 404 »

AAT0S3Y Ul
pue HOLIMS Ul pasn siiwil| 1IN0 pjing 9yl aJedwod am SapI|S IXau 3y U| «

éSHWI| IN0p|INg 3yl dJe 3|geuoseal Moy — Uol1sany




6¢ puim 340Ysffo 03 uoilppoL Ul BUISSNISIP Y1I0M SI pUIM BUILIOAN) 310N
AIOTIN .
vmoiaonmaann  SSI[ YUM S1UDIS 1nq ‘puim Jo yimoub aiow A|aniapjal iof sapinodd HILIMS

MON HOLIMS MaN JATOS3IH Bunsix3 HOLIMS Bunsixg 3A10S3H

0 0
- Y
X,
4 nMo ..M.
m 0002 2
w k]
14 F m
o <
< e
=1 z
9 a oooy =
5 a
0O 5
o e)
8 g 2
3. S)
anws vo | = = 0009 =2
dMavivo = | _ £ s o n__ =
airyo = ol = dMavi _vo Z
oSIv) = - o= S

oNve = OSIvO =
< ONvg =
- 01Xzl - — 0008

‘puim d|ge|ieAe Jo |e30} MO Q€ 03 49502 sppe 1oday 00T 9S

Al1oeded puipp




0€ (‘'suonippo 3|qissod ayi fo uoiapao| ayi 1of 1dadxa)
mm:muvwm_§ [oWI3Y1039 Jof suondwnsso apjiwis AlIof anoy HILIMS pub JATOSITY

M8N HOLIMS | MeN 3A10S3Y Bunsx3 HOLIMS | Bunsixa IA10S3H
=10 0

m
b X,
o 7}
= 5
o «Q
— 00s B 00s g
D o
Q. o)
rm.. D-
o <
Q e
— 000l @ 000l 4
HOLIMS S g
g =
3 2
D 3
— 00SL = 0051 &
@) 5
o) (@)
= 2
|| | dNWSVO | =) Vo | 4 )
dMavT VD = 0002 & MYV = e 2
L anvo = [ S anvo = =
OSIyD = = OSIyD = =
ONvdg = ONVg = S

| —00s2 — — 00S¢

Ajoeded jewuayioan




43
AIOTIN

v e suoildo spb/ssowoiq mau ou sapinoid HI1|/MS
MON HOLIMS | MeN3A1I0S3H Bunsix3 HOLIMS | Bunisix3 3A10S3Y
1 0
m
2 x.
- 002 m 00¢ Z
=)
[e) «
3 g
— oor 8 ooy %
Z o
o <
— 09 o 009 o
HJOL1IMS 5] o
3 o
2 3
— 008 & 008 Y
5 7]
) 5
— oot & — 000+ Q
anns vo | m = )
- L - ® - - =}
dMavivo = 00t = a@@ém&w L oozl 3
m__w_«w m = alvo = =2
B ONVE = —{ oovt — OSIivo = | —oovt S

Aloeded ses/ssewolg




43
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

Juswdo|aAap aulaseq .

JUWdO|A3P 1BM1OS »

:S9110831e2 OM] Ul

paljIsse|d aq ued HOLIMS 24edaud 01 palsjdwod usaq sey eyl dJom ay |

auijaseg HOLIMS Jo uoijesedaud




€€
AIOTIN

maoasomsiive013d0) sjueln|jod Jie 121413534 pue yoed} 0} 3jnpow pajusawajdw|

eluao41jey ul
YIMou3 Ad |e1auapisal uo suolldwnsse [9pow 01 ajnpow pajuawa|duw|

$91e1S J3Y10
W0J} S1UleJIsu0d syiodwil eluloylje) [apow 01 3jnpow pajuawajduw|

so1391eJ1s Suljdwes awil JuaJdapip asn 01 Alljiqeded Suido|anap pariels

uollejuawa|dwi apod 1U3IdI4D pue (Sa1aualdiya Suisieydsip
pue 3uidieyd aleldedss "3'9) sainiea} paiinbad 1o} uolye|nw.o}
|edllAjeue :9|npow a3eJ0ls uollesnp-suo| (ssaadoud ul ||13s) padojanaq .

/'C UoYlAd wouj +/°¢ uoyiAd o1 palepdn .
juswdo|anap ai1emijos

auijaseg HOLIMS Jo uoijesedaud




€
AIOAdIN
VINYO4ITVD 40 ALISYIAINN

(9pI1S 1XaU UO UMOYS) unJ aul|aseq Juawa|dw] «

uolle|ndjed Jo Adeuandde pue awill unJ UsAM1S( 4O apeJl
9ziwirdo 0] sjulod swil Su1109|9s 40) A3a1euls 159q Jo Apnis uedag .

(*813U02 DDIM ‘S0 Ul SUOISSIWD 049z *H°3) — uol11eJNSIFU0D PILIJ|SS
P3N DN pue 0331 ues DN 1e ssadJe aseqelep dn 13S

(saul] uoissiwsues] Jo uoisuedxa Mau 40} S3S0D |euoidal
‘S3S00 g1V 13YN ‘S401edauas Jo 1sI| V|3 "H°3) sindul ||e paiepdn .

juswdo|anap auljaseg

auijaseg HOLIMS Jo uoijesedaud




DMMW«WME SA3J pue ua3oupAy Joj peo| paseadul

VINYO4I1V2 40 ALISYIAINN pue AmtOQE_ ocv OSIVvD 01 UoI1J1431SaJ S103|43Y
poLad polad
iy N N N N ) ) N N N
R I S (< o o S S S S
S S 9 N s N @ 19%) ) o
it e © o o o 143 S 133 o
— . _ L I T N R I T

_— e .. O O e == e o

B m - — 001l w

] [ | R

B ~- 002 ==

o

[] >

- eoo mmmm | - 00c 2

o

|Jewuayy 2

Jesponu el - OO.V d

Jlewsayloab w

ssewolqd mmm |- L 00g ==

0JpAy M

pUIM o)

Jejos B — 009 M

obeiols =

004
HOLIMS (9 IA1OS3Y (e

sauljaseq IJA10S3IY pue HILIMS Jo uosiiedwo)




DM%WME 1202 ‘g [udy uoneuiwaa1ag ¥dd °S
VINYOAIV? 40 ALISYIAINN (ulw +0g) suonsany ‘v
saliunjioddQ pue saduajjeyd -2
doysyJo/n 21jgnd uo11I9|3S Ol1eudIS 3y} 10j sue|d 'q
salewwing ASojouydaj ASiauj pue ades0ls 0} yoeouddy ‘e

(utlw qz) yoeouddy 133foud €




L€
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

92JN0S U0I1eIdUd3 pue p|INgJaA0
9Y3 JO uoiouny e se suoljedijdde a3e4031S 31LIIUBIDIP 01 SIY] dSh ue) «

98e101S papPaau UO P|INGISA0 JO S199J)3 93 puUBISISPUN 01 SN d|qeuUd Ued SIY] »
|]opow 1502 [N} 3yl InoyUm dduejeq ASIaua oyl Apnis ued ap\
:[9pOW 3Y31 01 UBAIZ $224n0S3J 9Y] 193|J3J U0 S NSaJ 1eY] 910N e

:UJEd| UBD 9M 10| B SI 2493 ‘DwIilueaw ayl uj .

(€3 wou) paAniadal Jalje) JIA10SIY JO UOISIBA
M3U Ul aul|aseq uawa|dwi 03 pasu ||13s 1ng ‘Sauljaseq palIuap| «

d1X3U S, 1Y\ é M JB J3Y\




8¢
mmwww& (pa|1e14n2 40 35|92 UIYIBWOS 404 pashn aq ued) A3d14129|9 snjding .
yoea YD O apinoad 1eyl suiq olul paplAIp S 83el01s JI 83e101s 8yl Joj JeaA/sawll 9]dA) .
PopPadu 93e401S JO IZIS .
:3uiAjiauenb ‘@auejeq A31aua a1e|NJ|eD ISN[ — 9AISS3 JO UOIIE|ND|BD ON
SOlJeUdIS JO SpaJpuny
J9pISU0d pue sanjeA Indul Jo 13s e se ASojouydal Yoea 40} UOI1eJaU8 SAI1L|D4 1I3|3S
}S0J J9pISUOd 0} Jdwanie ON e
uolssiwsuel} YIM Sanss| ON o

:suondwnssy

A|SulpJ1odoe J10AI9S9U 93.J0]S
93Je| e 934eydsip J0 334eYd pue peo| ayl Snuiw uoilesauasd ayl aje|naje)

(219 ‘puIM pue Je|0S ppe ‘|ew.ayl SA0WaI) UoIlelauas aAlle|al 9|eds

AOm_<U EOLu& elep w__uFOgauco_um.hwcwm |e3110]1S1Y 95N

uoniuyap [spow ajdwis




DMMW«WME pappe SI Jejos se sy1ys A81oua palols wnwiulw J0) JedA Joawl]
TIOAT 40 ALSSIAING P|0J-Z PASEaJdUl SI JB|OS Se P|0J-0T S95ea429p 93e101S [BUOSEIS JO IZIS
uoI1eJaua3 panowad 9yl Jo) 91esusadwod 031 Je|oS plIng

syodwi pue [ewJayl SAOWJ INg ‘elep uolledauasd OSIVI YUM LelS .

paijdde si [9pow 3|dwis

padojanap 3uiaq si 1dasnue|pn aled
0} payiwqgns 3oeJis

ISAd O P Mwa_@ u:HoE“u_\M 61/1/6 6L/1/S 6L/L/L

. 9 N\ | %08l _La i
%091 oF 9)
%01 | &
AN \ g =
02 L o,
5
— O} o
«Q
o
<51 =
=

peO| |lenuue JO %08 Sojelauab Jejos
| ] i 02

98eJ101S papasau sadnpal Je|os Jo Inopjing




07
(31qp3121paidun aq Abw Jo) 3|qp12IPaId
SEO)EIR! mtswma\AcE“:Q\Eﬁﬁmégm:m\:oxo:m.amtmﬁ:omb:QOtttm\sm:q\

VINYO4ITVYD 40 ALISYIAINN

¢A20Nbapp 324N053.4 INOGD PaUISIUOI 3G O PAAU 3M OP U3YAA :U0IISaND

padojanap 8uiaq si ydidsnue|p S1HYs AS4aus paJols wnwiuiw Joj JedA jo swil

DJSAd 01 panwqgns 1oeJisqy
opiqy pnowyen

Req

20Q-1¢
2Q-81
0J-¢
N-7T
AON-6
PO-LT
RO-¥I
101
dog-g1
dag-¢
Sny-¢7
-61
unf-9
KeN-+T
KeN-11
1dy-8z
1dy-g1
dy-z
TeN-0T
IeN-L
Q4-7C
P46
uef-/g
uef-p|
uef-|

AO
& In(-87
@ ing-c1
Inf-z
un

S10T
9OT——M

L10T—

(ML) 331eyD Jo Aejs

810T

610C—

020T

98eJ101S papaau sadNpal Jejos Jo P|INGISAQ




44
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

(49qwadaqg o031 Asenuer) Jujodawiy (U 1 Inoge - YMH O S! uig Yoes) Jaquinu uig
00} 0]} b
S ¥ € 4 L9S v € c L9S ¥ € 4
_H T T I “ i | I T T _ rT 1T T T T T T |I__w
o Z—|(Kx1) ebeiois _mcowmﬁwj\/ =
\
L -1C
20 - - .
T [reak 1od sewn g> pajoho si 4 &
C abelols Aep-ssoi) 19 s
0 - mu [ |wOF w
2 °
3 - - 2
. [¢]
90 - - 1eak/sawi Jo sua) papoho sil_f 1 m
C abeio)s rewnig| [ = T =
C 10
. | Hw
&0 - =00t
. , . i (reah/x 0GE-00Z pasn S| =25 ¢
ot abiey) Jo a1e15 O4/ L1 ! L1l (yp >) uoneunp Uoys|T= .

3541 T uig Axdwa Jo ||1} shem|y

93eJ03s Jo sadAl ay3 Jo asn ajennualayiq




[4y
DMU«NHME (sinoy g 1o | :yMD 0¥ S! ulq yoes) Jequinu uig

VINYO4ITVYD 40 ALISHIAINN . » oo_mW LGB b & 2 ovm i 08 & & 5 5
SJ101eJauasd Jo 210Yd yym adueyd ) | e . e | A | oL
ued 98eJ01s JO 9|04 MOY SMOYS 4
i -7 1
padojanap 3ulaq 93eJ01S |[RUOSERS ON o | eo”w_% “mm ._c M
SIydiosnuelp e JeaA/x0s-0T - ._ s
pnwye|n Jigez  s9|2A2 83e401s (Y 00T-%7) UML C-T e [ ' L
1eaA/x08 3|9A2 Ajuo Aew - o 2
93eJ03s uollednp-14oyYs YML 10 ]
S9SN , PUIM 2I0YSHO ||V, [ K w
- c m
93eJ01s |[euoseas YML T o [ “
1eaA/X00T-0T s9|2Ad hm
93el01s (Y 0T-v) |BUINIP YMLZ 0 » e1ep 6T0¢ = oot
Aep Aiana sajdAd a8eu01s (peoj Jo %97)
(Y ¥-T) uoneInp-1oYs YymL T O » snjdins ymlL 8s +
:sasn Jejos ||V, | de

¢Jejos yum aledwod puim 310Ys}0 S90P MOH




€Y
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

padojanap 3ulaq
S11dlIdSNUeA e
pnwyen Jiqez

98eJ101S |BUOSEDS J0J J3JJIP PUIM 340US}I0 pUB 210YSuQ

eiep 610z Suisn 28e4031S |BUOSEIS 40} PISU SISBIIIDP PUIM 3J0YSHO

(sinoy g 4o | :Yymo 0¥ S! uig yoes) Jaquinu uig

oL

I0USHO %S/
1B|OS %GZ

(peoj Jo %97)
sn|dans ymL 8S

PUIA\ 8I0YSHO SA JB|0S

2 6829 6
LB —

810USHO %05
1e|0S %05

ERNEEE G

ok

O~N© b % O

00t

Jeak Jad so|oh)

elep 610¢

(sinoy g Jo | :ymo 0¥ S! uiq yoea) Jaquinu uig

0oL oL
: P heieer ¢

S v € 4 8.9
TT

-

14
T

T
[0@00= —n= e —mm e
|

T T

€

T

-
1
1
'

L - 'ma

8I0YSUO %0G
1B|0S %05

(peo] Jo %6T)
snjdins yml zv

[ JPUIM ®I0YSUQ SA Jejog

210ysuo %Gz
1e|0S %G/

OTN© b % O

OTN© b % O

00}

Jeak Jad soohD



b
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

uswuwey ueq

Aq @2ouepind Japun
A31D14329|9 sn|duns
asn Aew s19zA|043109|9
moy 3ulio|dx3
1ysteaiys ifusy

[2PoW 303IM

-HOLIMS 8uisn apinoad ued uagdoipAy ajgemauau jey) ades0ls
A313ud uoneinp-3uo| pue S9IIAI3S PIIS JO IZIS Y] SSASSY

Sv0¢ ul

SOIJBUDIS XIW UOo1}e1duad snolien yym A1d11109|9 ajgemaual
jo snjdins ay3 wouj uadoipAy jo Ajddns jenuayod ajewnysy .

uagdoJpAy

guieJauas Jo} pasn aq ued A}d14109]9 snjding



Sy
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

z3|ezuon-o3|epiH
eldliyzed Agq soueping
Japun Agsjes3s Suijdwes mw_mwumh_.m 1s9( 1J9|9S 0} o3e.103s m:_tcmumhwt:_‘_

-awi ay3 Suikpms 0} paje|aJ s3jnsaJ jo Adeandoe sA awiy una Apnis |IIM .
Zayoues 04pad

sanoy ¢ X sAep g9¢ .
sinoy z X yruow 19d sAep aAIINIDSUOD TE .

sinoy z X yyuow 4d sAep aAIlNIBSUOD HT
sinoy yz X yuow 13d sAep annjejuasasdas p .
Apnis 03 sai8ajeuys Suijdwes ajdwexy .
98eJ01s uoneinp-3uo| yim
uoljejudwajdwi 10 pasojdxa uaaq jJou sey A3ajeuls 1s9q
9y31 Inq ‘Suijdwes swil 8y sulyap o1 Ajiqixa)y sey HOLIMS -

HOLIMS 40} Suljdwes awli|




ey
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

Jauny yeoN Aq asueping sed 01 JaMod
Japun padojanap Sulaq si1duiasnuelp $3149118q MO|4

ue3eay yelwaJiar ueys Iny mwm._oum A312ua jewJay |

: = , 93eJ01s Jie pinbi
- ‘“‘ o3eJ031s A31aua Jie passaidwo)
p e suolin|os paseq-Alinel3 Jaylo

JamodoupAy agesols padwngd

¢SpPoaU 93e401S uolleinp

-3U0| ssaJppe Aew saldojouydal ajeplipued 1eyan

S9Sed asn pue sajepipued
:sa180jouyd3) 28es03s A312ud uoljeinp SuoT



Ly
AIOTIN

VINYO4ITVYD 40 ALISYIAINN

doysyJom a1jqnd

t

Olleuads auljag

t

0lJeuddS 0} JUBA3|a
synsaJ 4aded Ajinuapi

saulaseq HOLIMS

pue 3IA10S3d
M3U asedwo)

Jaded
MBIA3J |e13Iul ysiui4

|9pow 33eJ03s
uoljesnp-3uo| pue
A3a3eu3s uonoa|as
julodawil auyaQ

uollenjeana A3ojouydal

|
HOLIMS

t

IN10S3Y4 Mau ul
auijaseq uawajdw|

HOLIMS

pue JN10S3Y 40 asn apin3
01 pado|aAap uollInlul 3sn

€3 woJy JA10S3Y
JO UOISISA M3N

sapl|s Suipadaid ul
paqliasap siaded a19|dwo)

INT10S3d

[opow a|dwis




8Y
AIOTIN
VINYO4ITVD 40 ALISYIAINN Amu_t—a COQL mu
10 1502 aiempJey ppe "6°3) uolnleslsanbas uogsed ppe 031 Aem 1sag .
éDDIM 104 éeluloyi|e) 404 ¢ GO Ul SUOISSIWD 049z }93.e]
isuodwi apnjul é eluldojije), 1934e] .

:SU0IISaND

|njasn 1sow aq p|jnom yaiym aio|dxs o3 Aliunjsoddo
ue s ASojouyoal yoea Joj syiwi| |eannoead suiulyap Jo adua||eyd ayl

suoljelo|dxa [n}jash 1nq ‘jeuo3oyrso Joj Ajlunyioddo ue
SI ApeaJ 19A 10U SI IATOSIY JO UOISIDA PISIADL 9yl 1eyl a3ua||eyd ayl

J9PISUO0I 0] SUOollSanD

salllunjioddQ pue sasuajjeyd




329loud s1yz Sunnsoddns Joj uoissiwwo) A3iau3 eludoyljed ayil 03 syueyl |ernads
juoljualle JnoA Joj noA yueyy

(npa’sexain @o01843S) ullsny 1N — Zzanglpoy-soue||a1se) 018495
(npa‘psan-3ua@zajezuodod|epiyd) 08a1qg ues HN — S9|ezUODH-03|epIH eldlJred
(npadun@Jauinly) euljoied YyuUoN N — 42Uy yeoN
(npaAs|ay4ag@uawwey) As|ay4ag DN — uswwey ueq
(NP3 pa2JawWIN@z34NYS) PRSI DN — ZHNY yedes
:uoljesoqe||0d SWOd|dM I

98€1035-A819UD-U0[3eINP-8UO[-SJUSWI0J-d0YSHIOM-D1|[Nd-[EI}UI-d0YS)IOM-JJEIS/ZT-020¢/JOYSNIOM/IUSAS /A0S I ASIoUa MMM //:Sa11Y
-:uoljewJojul aiow 4104

AJOdIIN

VINYJO4LITVI 40 ALISYIAINN




