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410MW

Size of PV plant, alongside
0.3GW/1.2GWh of storage
that can displace a 100MW
CCGT with 30% capacity
factor in CAISO in 2020.

260GW

Total CCGT capacity with a
2019 capacity factor lower
than 20%

80%

Percentage of U.S. gas
peakers operating at a
capacity factor less than 15%
in 2019.
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How PV-Plus-Storage Will Compete With Gas
Generation in the U.S.

Executive summary

Utilities across the U.S. are contracting more, and larger, PV-plus-storage
assets. These hybrid projects can perform a wide range of roles and i along
with renewables in general I represent a zero-emissions threat to gas, which is
currently the workhorse of the U.S. power generation fleet. This will undermine
the case for many proposed new-build gas power plants, and dramatically
change the generation profiles and economics of others.

Research approach

1 Economic comparison: PV-plus-storage has different characteristics to gas generation, but
can deliver comparable services or offer similar value. For this reason, we compare these
plants on an adjusted levelized cost of electricity basis when sized to perform an identical
task. This approach differs from the typical integrated resource planning methodology widely
adopted by the U.S. utilities. However, it allows a more accurate and direct economic
comparison between these two types of technologies.

1 Market outlook: We also projected capacity build in the U.S., and this supports the
conclusions of the economic comparison section. The U.S. is modelled as part of
Bl oo mber §eEfedysOutlook, t he ¢ @ammpahlong-t@rs scenario analysis on
the future of the energy economy. We use least-cost modelling to map out the future energy
build under various scenarios. All commercially available technologies are evaluated and
selected, based on their costs, operational performance and other factors.

Findings

1 The U.S. power system is increasingly reliant on gas generation. Cheap U.S. natural gas
has boosted both build and utilization of gas power plants. These emit less CO2 and are
more flexible than coal. The mix of renewable energy and gas that replaced coal differs by
market. Regions such as PJM that have access to exceptionally cheap natural gas often
favor the latter.

1 Gas dispatch profiles differ a lot by market. Combined-cycle gas generators (CCGTSs) are
struggling in California. High solar penetration is eating into CCGT operating hours and
forcing them to start up and shut down more often. Turbines have thermodynamic inertia:
they take time and energy to heat up and cool down. And things tend to wear and break if put
through too many hot-cold, on-off cycles. There is a real cost (of fuel plus wear and tear)
associated with starting up and shutting down a turbine.* Gas dispatch is more stable in
markets with lower penetrations of renewables, but this is likely to change over time.

1 The operating profile of the gas fleet is diverging. We analyzed the historical hourly
generation profiles of most U.S. individual power plants contained in the EPA CEMS
database. About 60% of open cycle gas turbines (OCGTSs) in the U.S. never ran for more
than six consecutive hours in 2019. This number has remained relatively stable over the past
decade. In contrast, more CCGTs now run for more than 24 consecutive hours at full capacity
at least once a year. Some 86% of CCGTs were called upon, and remained close to

! For BloombergNEF clients: see Batteries Benefit When Intermittent and Inflexible Collide (web | terminal)
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nameplate capacity, for more than 24 hours in 2019. This was because of the switch from
coal to gas.

1 PV-plus-storage (PVS) is now a viable, dispatchable clean energy resource for utilities.
The combination of ever-cheaper energy storage systems and state and federal policy
support has heightenedut i | i t i es 6 i pnojeds: ®heara areinow ohey 39GW df PVS
projects in the pipeline in the U.S. Most of them are expected to come online by 2023. There
are an additional 69GW of hybrid projects in the interconnection queue. Most contracts are
designed to firm solar output during their regular generation hours or shift solar energy to
deliver peaking capacity. Considerable differences exist across the projects though i in terms
of size, duration and design,dependi ng on the wutilityo6és need.

1 PV-plus-storage is already competitive against many new-build peakers in the U.S.
Roughly 80% of the U.S. gas peakers had capacity factors below 15% in 2019. This low
capacity factor results in a high OCGT levelized cost of energy. We sized our PVS system to
perform the same job as gas plants, ensuring that they have the same value. PVS is already
a cost-competitive alternative on a levelized cost of energy basis to the majority of new gas
peakers in the U.S., especially in solar-rich regions such as the Southwest. PVS also is more
flexible and environmentally friendly than gas peakers.

1 PVSis not yet a cost-competitive alternative to new combined-cycle gas plants, if
providing an equivalent service. The need to provide energy and capacity for extended
periods of time, even infrequently, makes it challenging for PVS to compete against high
capacity-factor CCGTs. This key finding is more nuanced:

i Uptake of PVS and standalone wind and solar will affect the operating profile of CCGTs
in many markets. They will likely have to cycle more frequently and will operate for fewer
run hours each year, pushing up their costs. This should encourage companies, investors
and policy makers to plan for the future rather than current need.

i Even though PVS may not be a suitable like-for-like replacement for a high capacity-
factor CCGT, the combination of clean energy resources such as wind, solar, storage
and demand-side flexibility can provide the equivalent service in some cases. This is
accounted for in our New Energy Outlook 2020 (web | terminal).

Implications
i1  Full displacement

I PVS systems are already replacing gas peakers and will continue to do so in the near
term. They are cost-competitive, they have superior operational characteristics, and they
align with longer-term decarbonization goals.

i Utilities can use PVS to provide many of the services currently offered by CCGTSs, but
like-for-like replacement of CCGTs will be more challenging. NEO 2020 economic
modelling suggests that cheap renewables and batteries appear to reach an economic
limit between 70% and 80% penetration in most markets. This is the result of two related
dynamics. First, as new renewables eat into the run-hours of existing coal and gas
plants, the most expensive mid-merit generators are displaced first, making the next MW
of renewables marginally less competitive. Second, since renewables all generate
together when the conditions are right, at high penetration each additional plant tends to
increase fleet-wide curtailment, which lowers capacity factors and weakens the economic
case for the next plant.

i In some but not all cases, a combination of clean energy resources such as wind, solar,
storage, demand-side flexibility and power imports can displace a CCGT. Even if clean

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
© Bloomberg Finance L.P.2020 Disclaimer notice on page 53 applies throughout. 5


https://www.bnef.com/insights/24509
https://bloom.bg/37R1xDk

Bloomberg NEF How PV-Plus-Storage Will Compete With Gas

Generation in the U.S.

energy does not remove the need for some form of firm capacity, it will significantly alter
the use case. Gas peakers and combined-cycle gas stay in the system, not for the hours
of highest demand, but for those of lowest renewable generation.

1 A changing use case

i Further adoption of renewables will incrementallyc ut i nt o CQ&time,0 oper at
undercut power prices, and ultimately change their roles. In regions with high penetration
of renewable energy, these CCGTs will no longer act as mid-merit plants and instead will
become seasonal, or infrequently used generation assets. Our NEO 2020 finds that
CCGTs run for few hours in the year towards 2050. This change will increase the total
addressable market for standalone and co-located energy storage, while still requiring
some gas capacity to be available.

i The pace of change here is tied to renewable energy adoption and coal phase-out. The
change to CCGTsdgeneration profiles is already well underway in markets with high
renewables and thin thermal penetration, such as California. This phenomenon will take
a longer time to surface in markets that still have a lot of coal and relatively few
renewables, such as PJM. Low gas prices will make it hard to competitively displace
CCGTs in these markets.

i Afuture low-carbon system will be made up of renewables, storage and some firm
capacity. The firm capacity is likely to include gas generators, and these might in future
even burn clean gases such as hydrogen, or utilize carbon capture. At first glance, our
findings may seem to imply that gas peakers have little future in the U.S. power market
and that CCGTs are here to stay. However, as renewable penetration rises and CCGT
run hours are displaced, the gas fleet will increasingly be asked to operate at lower
capacity factors, while still being able to meet the longer multi-hour periods when
renewables are producing less. This might actually shift the balance towards gas peakers
again, as they tend to be more economical at lower capacity factors. Ultimately, whether
a CCGT or OCGT is best placed to provide this service will depend on the expected
capacity factor, operational requirements of the plant, gas price and location.

1 Regulatory response: Switching from coal to gas, and increasing renewable energy
penetration, has proven an effective way of reducing power sector emissions over the last
decade. Reducing the role of gas in power markets is the next step.

I Regulators and utilities must consider the future role of renewables-plus-storage when
approving investments today. Investments in new-build gas assets will make it
significantly harder to decarbonize their power markets. The use case for these assets is
changing and a failure to recognize this will result in costly, under-used or stranded
assets.

i Market reform to better enable the participation of standalone batteries and hybrid assets
remains necessary. Integrated Resource Planning processes are also in need of reform
to ensure the capabilities and economics of non-traditional resources are adequately
assessed.

i BloombergNEF hourly modelling suggests there is still a need for some firm capacity in
future power systems. Recognizing this and exploring zero- or low-emissions alternatives
to fossil gas is necessary. Early-stage options include using hydrogen for power
generation, or carbon capture, use and storage. 2

2 For BloombergNEF clients: See Hydrogen: The Molecule to Power a Clean Economy? (web | terminal)
and CCUS: Applications in Oil & Gas, Power and Industry (web | terminal).
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Outlook

There has been unprecedented gas build in the U.S. over the last decade. We expect gas to
remain economically attractive in many parts of the country over the next decade due to low
natural gas prices and massive coal retirement. The new build holds strong in the parts of the
U.S. with relatively poor economics for renewables, particularly PJIM. CCGTs account for 17% of
total build, and gas peakers account for 6%, in our core scenario i the Economic Transition
Scenario of NEO 2020.

However, further investment in new-build gas over the coming decade will not be as
straightforward. Portfolios of clean energy resources will fully displace some CCGTSs in select
markets. The combination of both standalone and hybrid renewables will result in gas plants
running less and ramping more, which will hurt their economics. Longer-term gas plants will
become more seasonal, lower-utilization assets. There is a risk that many will become underused
or stranded. Our NEO modelling suggests the national average capacity factors of CCGTs and
OCGTs are likely to drop to sub-optimal levels of 32% and 7% by 2050 in the U.S., respectively.

PV-plus-storage can already competitively displace new-build CCGTs with capacity factor up to
50% in CAISO if they are sized to meet 90% of CCGTs' output. For CCGTs in other regions, PVS
can beat new CCGTs with sub-20% capacity factors. The addressable market opens up as more
standalone and hybrid renewables build changes gas profiles. PVS systems will have a higher
chance to displace gas plants that only operate when it is economic to do so.

Cheaper, better performing batteries will also open up more opportunities for standalone energy
storage and hybrid renewables-plus-storage projects. It is possible that fully installed energy
storage system costs fall more quickly, and that cycle life and performance improves more rapidly
than we currently project. If this does happen, this will significantly boost energy storage uptake in
the U.S. at the expense of gas in particular.

The respective role for renewables plus batteries versus gas in the U.S. will also depend on the
extent to which President-elect Joe Biden is able to enact his clean power proposals. A net-zero
power system in the U.S. by 2035 would leave little room for gas generation. Energy storage
would be a likely beneficiary.® The extension of the Investment Tax Credit to batteries could, for
instance, almost triple the market size of batteries in the U.S. Cumulative U.S. utility-scale battery
deployment in 2050 in this scenario increases from a total of 113GW/452GWh, to
325GW/1,300GWh.

3 For BloombergNEF clients: See U.S. Election Results: The Path Ahead for Energy (web | terminal)
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Section 2. Introduction

In this section, we provide an overview of historical net power capacity additions in the U.S. We
also briefly discuss our research background, scope, and method.

2.1 Overview

Some 322GW of wind, solar and gas generation capacity were built in the U.S. between 2005 and
2019, replacing retiring coal and nuclear plants. These included 164GW of new wind and solar
capacity. Only 500MW of wind and solar were retired. Just under 104GW of gas generation
capacity were added in the U.S. on a net basis* between 2005 and 2019 (Figure 1).

Figure 1. Net power generation capacity additions in the U.S.
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Source: BloombergNEF Plant Stack. Note: Net additions = New build - retirements

Gas is cheaper, more flexible and cleaner than coal. Coal-to-gas switching has lowered U.S. grid
emissions and aided renewable energy integration. But gas must become much less central if the
U.S. grid is to decarbonize in line with a 2 degrees scenario. Despite this, there are an additional

68GW of proposed gas generation capacity in the U.S. to be built in the mid-2020s.5

Hybrid renewable energy and battery storage has emerged as a zero-emission, dispatchable
resource. PV-plus-storage is more common than wind-plus-st or age: sol arés diwur
pattern makes it a natural fit to pair with batteries with a few hours of storage capacity. Seasonal

4 New build minus retirements

5 Rocky Mountain Institute, Sierra Club
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or long-span storage may be better suited for pairing with wind. A well-functioning, low-emissions
power system would optimize for wind, solar, storage and other resources.

The first part of this Research Note (from Section 3 to Section 5) aims to make a direct

comparison between PV-plus-storage and new-build gas plants. This allows us to review the
competitiveness of PV-plus-storage more effectively. We also attemptto capture fullyb at t er i e s ¢
true value.® In this note:

1

We assess the value and cost of PV-plus-storage systems compared to gas alternatives. We
review whether PV-plus-storage can replicate exactly the performance of certain types of gas
generators today in the U.S.

We explore how new-build PVS will fundamentally change the use case for gas generators,
even if they do not displace them fully. This should encourage policy makers, investors and
power companies to reassess their planning proposals to avoid the risk of stranded assets.

We show how gas power plants are actually used throughout the year, across the U.S. This is
often quite different to how their use is commonly described.

To understand these issues, we did the following:

1.

2.
3.

Reviewed the historical operational performance of over 3,000 gas peakers and 1,800
combined-cycle plants across various U.S. regions. Relying on historical generation profiles is
useful because it ensures webdbre |l ooking at
understate the displacement opportunity for PV-plus-storage. This is because it does not
distinguish between when a gas power plant did run, and when it was economic to run. Many
plants continue to generate even when it is uneconomic to do so. Removing these hours from
the profiles would lower the barriers to full displacement by PV-plus-storage;

Compared the technical capabilities and limitations of both technologies;

Compared the cost competitiveness of the technologies when providing equivalent services.

System or resource planning typically involves assessing combinations of multiple resources to
construct long-term new-build portfolios, rather than like-for-like comparisons of two technologies.
Bl oomber gNEF&s Ne WNED)isean exgmpl©eaf thik type &f exercise.” Therefore,
in the last section of this note (Section 6), we provide the key modelling outputs from our NEO
2020. These validate the conclusions of the economics section.

Scope

We compare the competitiveness of PV-plus-storage versus different types of gas power plants in

theUS.We primarily | ooked at this from a utility

more valuable and lower-cost on a new-build basis.

We focus on co-located, utility-scale PV-plus-storage, as opposed to wind-plus-storage or

standalone batteries (Figure 2). Wind-plus-storage is less common, and the hybrid generation

profile looks less competitive today. Standalone storage is covered indirectly here since solar and

storage can complement each other, even when they are not co-located.

6

7

For BloombergNEF clients: see Why U.S. Utilities are Rethinking How to Procure Batteries (web |

terminal

For BloombergNEF clients: see New Energy Outlook 2019 (web | terminal)).
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Figure 2: PV-plus-storage simplified configurations

ﬂn scope

Out of scope

K AC-coupled PVS DC-coupled PVS / Stand-alone PV and storage

Source: BloombergNEF. Note: We focus on co-located configurations (AC-coupled or DC-coupled) in this note, where batteries and
solar PV share the point of common coupling. Batteries can charge electricity directly from solar assets in these configurations. This
is a requirement for the U.S. PVS to qualify for the Investment Tax Credit.

We analyzed the operational performance of each individual gas plant contained in the EPA
CEMS database. We pulled historical hourly generation profiles, reviewed and then aggregated
their dispatch profiles to generate regional and national overviews. We assessed the hybrid
proj ect sé economi atthe egiopa level insteacof thesnslividual power plant
level.

We primarily looked at restructured, wholesale electricity markets where there is more data
transparency. However, many of the issues addressed are also relevant to regions with vertically
integrated electric utilities.

We also do not look at zero-emissions gas generators, such as those that use 100% green
hydrogen.®

8 For more information, see Hydrogen: The Economics of Power Generation (web | terminal)).
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The role of gas

In this section, we review the current state of the U.S. energy transition, its near-term gas new-
build project pipeline and the historical performance of the existing fleet.

An ongoing energy transition: coal-to-gas and renewables

U.S. coal-fired capacity peaked in 2011 and has since been in decline. Cheap gas and ever-
cheaper renewables have both grown in importance. Gas generation accounted for about 38% of
total U.S. electric generation in 2019, up 13 percentage points from 2009. The penetration of wind
and solar generation increased from 2% in 2009 to 11% in 2019. The share of coal generation
dropped from 43% in 2009 to 24% in 2019. This has been an uneven transition. Some markets
shifted straight towards renewables, while others leant towards gas (Figure 3).

Figure 3: Power generation mixture evolution by power region
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i California has a goal to source all electricity from renewable and zero-carbon resources by
2045. Wind and solar made up roughly 28% of generation in 2019, and gas plants are being
forced to ramp frequently and steeply, making them less efficient. Some units have also been
kicked out of the supply curve completely, because startup is too slow or too expensive.®

i Texas (Ercot) still has several coal and nuclear plants, as well as gas and the highest
concentration of wind power in the nation. High-runtime thermal plants are facing challenges
as renewables cut into their running hours while also depressing clearing prices. There has
been a notable shift from building combined-cycle plants to constructing low-capacity factor
gas peakers. The peakers provide capacity during summertime in Ercot. 1°

1  Wind generation has soared in Southwest Power Pool (SPP) at the expense of coal. Gas
generation has remained relatively stable, mostly due to low gas prices.

9  For BloombergNEF clients: see Batteries Benefit When Intermittent and Inflexible Collide (web | terminal))

10 For BloombergNEF clients: see Ercot Power Prices Invite New Open-Cycle Peaker Capacity (web |

terminal).
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i  Efforts to reduce carbon emissions are underway across the solar-abundant Southwest

states. Renewables will be key to this: New Mexico passed a bill to increase its renewable
portfolio standard (RPS) from 20% to 50% by 2030. Nevada also has a 50% RPS target by

2030, and aims to be 100% carbon-free by 2050.

1 New gas build continues to grow in PJM while renewables development lags behind. Low-

cost gas generation often sets the market price, accelerating coal retirement.

1 Midwest (MISO) is also going through a major transition towards renewable energy. The
combination of wind and cheap gas is pushing out older and less efficient coal plants.

Gasgeneratoni s now t he

nat i onandits wle iwexpecteddorgliow (Figuse &,

Figure 6). We currently track about 8.7GW of OCGT and 47GW of CCGT, in terms of pipeline
capacity due to come online by 2025. A review of integrated resource plans and other filings
suggests the true number is even higher: there have been announcements of 68GW of gas
generation capacity in the U.S. proposed to be built in the mid-2020s.1* The majority of near-term

new CCGT build is expected to be in PIM.*?

Assuming a life span of 40 years, we expect about 123GW of peak capacity and roughly 44GW of
CCGTs to retire over the next 20 years (Figure 4). What replaces this capacity will be key to

decarbonization efforts.

Figure 5: Gas OCGT pipeline capacity by region

Figure 6: Gas CCGT pipeline capacity by region
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1 Rocky Mountain Institute, Sierra Club.
utilitiesd

Sierra
integrated

Clubos

resource

map relies on

pl ans.

2 For BloombergNEF clients: see U.S. CCGT Economics: PJM Leads, Ercot Bleeds (web | terminal).
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3.2 Operational performance of U.S. gas plants

Capacity factors

National trend

U.S. combined-cycle capacity factors have steadily increased over the last decade, mainly as a
result of gas displacing coal. The ups and downs are primarily driven by gas price volatility. Open-
cycle capacity factors have remained relatively stable at the country level (Figure 7, left chart).

Figure 7: Capacity factor of utility-scale natural gas power plants by region
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Regional trends
California, a market with Gas operations vary a lot by region, depending on the specific local power market transitions

high renewable integration (Figure 3). Capacity factors tend to rise in regions where coal-to-gas switching is underway, such
as PJM, MISO, and the Southwest (Figure 7), but are flat in markets such as SPP and Ercot that
have strong renewables growth and some remaining coal.

and massive coal phase-

out, has highlighted gas-

f i1 red gener ai Theaverage CCGT gas capacity factor in PIJM has doubled over the last decade, and gas
peakers today run like CCGTSs ran 10 years ago. This is because gas run hours have increased at
the expense of coal, but wind and solar have yet to make a dent in the market.

California stands out. The coal phase-out and a renewables boom have pushed CCGTSs to the
margin of the dispatch stack. These plants, which are supposed to run at a relatively stable output
for a long duration, now only generate electricity at times of high demand and low renewables
output. They are increasingly uneconomic and some units are facing early retirement. For
instance, the La Paloma Generating Co LLC, a 1,028MW CCGT, filed for bankruptcy in 2016 after
running for just 13 years. The plant had a capacity factor of 11.8% in 2018.

Californiads OCGT capaci20landaddsbeforestadiliaingbCAKSO bet we
frequently dispatches these gas peakers during the evening peak to meet its astonishing ramping
needs. Batteries will reduce the reliance on OCGTs for this role in the near term.
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Capacity factor distribution by turbine age

Some 80% of OCGT capacity in the U.S. operates at a capacity factor below 15%. Some 53% of
this capacity was commissioned in the last 20 years (Figure 8). Capacity payments (if applicable)
and extreme prices spikes are critical to their viability.

Figure8:U. S. OCGTs0O6 capacity factFigure9:U. S. CCGTsb®b
turbine age, 2019 turbine age, 2019
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Source: BloombergNEF, U.S. Energy Information Administration, Source: BloombergNEF, U.S. Energy Information Administration,

Forms EIA-923. Note: This chart is calculated based on 3,375
OCGT gas plants totaling 223GW of capacity in this chart.

Forms EIA-923. Note: This chart is calculated based on 1,805 of
CCGT gas plants totaling 289GW of capacity in this chart.
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There is a more even distribution of CCGT capacity factors (Figure 9). About 84% of online
capacity had a capacity factor of more than 30% in 2019. That still leaves 16% of the fleet that is
seriously underperforming, with capacity factors below 30%. Over 62% of these underperforming

CCGTs are less than 20 years old.

Operations and runtime

Operations and

determine a

runt.i

me are also i

mportant
pl ant o6fixed eoktd.’? They alsoaaternzine the tgpe ahservice

required of batteries or renewables-plus-storage if they are to displace gas plants. For instance,
PVS can provide longer-duration services by oversizing the batteries and PV system, but this
comes at a cost. In some cases, depending on runtimes, this may not be needed.

In this section, we show how the maximum number of consecutive hours for which individual
plants operate has changed over time. We also look at the distribution of dispatches based on

dur ati on, i e, how

13
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To conduct this analysis, we us e dJonitarihgasSystem (ERA EP A (
CEMS) database. It contains the hourly generation data of all combustion plants that are larger
than 25MW and maintain a continuous emission monitoring system.

Maximum consecutive running times

U.S. CCGTs have moved The number of consecutive hours for which a plant has to operate at full capacity is crucial to
to operate at full capacity understanding what resources could displace it. We reviewed the runtime for each individual plant
for longer durations over when operating at maximum capacity, which we set at 95% of rated capacity!4. We aggregated

the data and conducted the statistical analysis at the regional and national level. We also tested
thresholds of 90% and 85% but they had similar outcomes. To maintain consistency, we only
included units that have remained online over the entire timeframe (2010-2019).

the last decade, driven by
the coal-to-gas shift.

Figure 10 and Figure 11 show the distribution of these U.S. OCGTs and CCGTSs, based on the
run-time length when operating close to full capacity.

Figure10:Di stri bution of U.S. OCG Figurell:Di stri bution of U.S. CCG
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Source: BloombergNEF. Note: This chart is calculated based on  Source: BloombergNEF. Note: This chart is calculated based on
date of 487 units of OCGT assets across the U.S. data of 278 units of CCGT assets across the U.S.

1 About three-fifths of OCGT units in the U.S. had an annual maximum full-load running time of
less than six hours in 2019. This has remained constant for the last decade. Some 28 units
out of 487 units experienced at least one consecutive operation duration of over 24 hours.

1 The number of consecutive hours that gas combined-cycle plants operate for has increased
over the last decade. This is largely a result of coal-to-gas switching. About 82% of units in
2019 operated at max capacity for over 24 hours at least once. Some plants operate at

14 EPA data often reports individual combustion turbines (CTs) separately. The load generated by the steam
turbines (STs) are uniformly distributed between the CTs. We have taken this into account and processed
the data accordingly.
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maximum capacity continuously for months. These plants will be challenging to replace with
PV-plus-storage, or indeed clean energy portfolios, in the near term.

1  The story is similar at the regional level (see Appendix A for California and Ercot charts),
except that OCGTs operate for notably shorter running times (mostly between zero and two
hours) in high-renewables markets.

Breakdown of run times

We also reviewed the dispatch profiles of each individual gas plant to quantify the distribution of
consecutive running hours. We count each dispatch runtime based on when a plant ramped up
above its 95% of rated capacity and dropped from this threshold. Results were similar when we
changed the threshold to 90% and 85% of rated capacity.

Figure 12: OCGT operational endurance time distribution Figure 13: CCGT operational endurance time distribution
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Source: BloombergNEF. This chart is calculated based on date  Source: BloombergNEF. Note This chart is calculated based on
of 487 units of OCGT assets across the U.S. data of 278 units of CCGT assets across the U.S.

1  Over 60% of the runs, OCGTs were called upon and operated for less than six hours. Across
the fleet, OCGTs remained at peak capacity for more than 24 hours for just 2% of the runs
(Figure 12).
1 A growing number of CCGTs are required to run for more than 24 consecutive hours, but they
do so infrequently. The frequency has increased over the decade, however. Some 16% of
CCGT dispatch runs at peak capacity in 2019 were longer than 24 hours (Figure 13). CCGTs
were called upon and operated continuously for less than eight hours in 46% of runs. This
portion of CCGT operation could be taken by stand-alone batteries or PVS without much
difficulty. Longer-duration dispatches would need to be tackled by oversized solar-plus-
storage assets, whichare st i |l |l economically challenging wi

How renewables affect gas operations: California case study

A higher penetration of renewable energy will require combined-cycle plants to ramp up and down
more frequently. These gas plants will need to provide more operational flexibility in response to
net load variation.
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Gas plants are more flexible thermal resources than coal or nuclear, and newer turbines are able
to cycle more easily. More cycles have a cost for most plants though: this includes reduced
efficiency by running at part-load condition, higher emissions, increased wear and tear and
shortened lifetime.

Figure 15 shows the operational profile in March of a CCGT located in California. The plant was
commissioned in 2005, and went from operating fairly constantly to fast ramping and frequent
starting up and shutting down. This trend is likely to become commonplace in regions with
increasing renewables. This expected change to operations and the additional accompanying
costs to gas generators should be accounted for in resource planning and capacity modelling.

Figure 14: CCGT hourly profile Figure 15: Donald Von Raesfeld Power Plant (CC1) hourly generation time series
evolution 2010-2019, Donald Von in March, 2017-2019
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Section 4.

4.1

PVS will be able to do the
identical work to gas plants
T if it is oversized and
dispatched at lower power
output in a continuous
manner.

How PV-Plus-Storage Will Compete With Gas
Generation in the U.S.

PV-plus-storage versus gas

In this section, we review the competitiveness in both cost and technical terms
of PV-plus-storage versus gas power plants. We compare the costs of each
option when providing an equivalent service.

Economic comparison

Sizing the PV-plus-storage plant

If two generators provide identical operational benefits or value to the power system, a cost
comparison is relatively simple. Gas power plants and batteries are, however, very different
assets.

A key difference is that batteries do not have unlimited run time. To account for this, we size the
PVS asset so that it can provide the same service to the power system as the gas plant. It is sized
to be able to generate the same amount of electricity at exactly the same time as a given gas
plant throughout the year. Doing this typically requires us to oversize the PV-plus-storage project.

We provide an illustration in Figure 16: a LMW/4MWh battery storage system is paired with a
4MWoc solar asset, in an attempt to generate the same output as a comparable gas plant
(normalized to 1MW for simplification). The battery charges from the solar system when PV
output exceeds the gas generation profile. This stored electricity is dispatched later to firm the
PVoés output . Hpluarsorage system is unablefovnatchthegas pl ant 6s
there is also a lot of solar curtailment.

Figure 16: Illustration: 1MW gas vs. co-located PV (4MWbc) plus storage (IMW/4AMWh)
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If we increase the PVS system size to 7MWoc PV plus 6MW/24MWh storage, a larger amount of
excess solar electricity can be stored in the battery for later use. This larger plant can deliver the
same round-the-clock output as the gas plant (Figure 17). In reality, optimizing round-the-clock

renewables will likely require generation from multiple sites rather than using a single generation
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profile (Round-the-Clock Renewables Threaten Coal Power in India (web | terminal)). This would
probably reduce the required oversizing on each occasion, depending on the configuration.

Figure 17: Illustration: 1MW gas vs. co-located PV (7MWobc) plus storage (6MW/24MWh)
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As the PVS system in Figure 19 is now able to do the same job as the gas unit, it is now easy to
compare the economics of these two types of assets.

Cost comparison

We compare the two plants on an LCOE basis, with some adjustments. Below are potential
adjustments we considered.

i  There are extra services that both PVS and gas can provide to the grid in addition to energy
value and capacity value. Ancillary services, for instance, make up around two-thirds of the
merchant revenue for a stand-alone four-hour battery now in CAISO.

T Thermal generatorsodé cycling costs are amaother
be treated as negative revenue to gas plants.

1 Revenue from the sale of excess PVS electricity. We over-size our PVS to match a gas
generatord6 s out put throughout the whole year. As a
year when there is additional energy remaining in the battery after it has already matched the
gas output. We attempted to lower the battery state of charge on a daily basis to reduce
curtailment as much as possible (see Appendix B).

Of these potential modifications, we only included the PVS surplus electricity discharge
revenuel®. We subtracted the value of this revenue stream from the cost of the system. This gives
us a modified levelized cost of electricity. See simplified formula below.
b & 'Q'Q'm"gam’m"Yé 00 A QARG Qi 0 AWEQIQ0 @ € Q aWwxb &xd Q
Y€ 0'GQI A1 €AW NI &0 QOTNQE Q1 GO Q¢ &

15 PVS surplus electricity discharge revenue = x Daily excess electricitypay i (MW) x 2019 actual hourly power
pricespayi ($MWh). The power prices we deployed is 2019 actual hourly power price when power
discharge occurs, normally in the early morning before sunrise. For more details, see Appendix BError! R
eference source not found..
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Some other studies also include frequency regulation revenues for batteries but we did not. This

is because it is tricky to estimate accurately the future revenues from ancillary services; this

revenue stream may be unavailable in many markets, and it may diminish over time. Thermal

gener at or s 6sare §w hadt atcgpunteabfertThese are still a minor cost in most regions,

and are often over | cdhaanihg pratesses. Silce theitvo aBetsiaret egr at
providing equivalent capacity services, we did not separately include capacity revenues. We

included the Investment Tax Credit and some cost synergies from co-locating when calculating
PV-plus-st or age assetsb6 capex. Det aiAppendixBas sumpt i ons

Analytical approach

Figure 18: lllustration of research methodology
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Source: BloombergNEF. Note: We only listed 4-hour battery results in this note, which is a typical battery deployed in the U.S. A
sensitivity assessment has been carried out using different battery duration assumptions (including 2-hour and 6-hour). The results
do not differ significantly from those involving the 4-hour batteries.
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PVS appears now to be a
cost-attractive alternative
to fully displace gas

peakers in many regions.

How PV-Plus-Storage Will Compete With Gas
Generation in the U.S.

Data inputs: For each power region, we used the 2019 solar and gas profiles in our PVS
generation simulation tool. The regional gas profiles are normalized to different average capacity
factor levels, representing a variety of gas power plants with which PVS competes.

PVS minimum sizing calculation: We then iterate through various combination of PVS sizes to
compare their output (8,760 hours over the entire year) with the normalized gas profiles at
different capacity factor levels. We use various sizes that can meet the gas profiles as inputs for
the LCOE calculation.

LCOE calculation: We used our proprietary Energy Project Valuation Model (EPVAL) to
calculate the LCOE. PVSO excess electricity
opex. We used various combinations of LCOESs, and then selected the least-cost configuration in
our regional comparisons (see Appendix B for LCOE assumption).

Cost competitiveness findings

In this section we review three different comparisons. The first two show the competitiveness of
PV-plus-storage when providing a like-for-like service to an OCGT, and to a CCGT. The final
comparison shows the competitiveness of PVS when it is only partially displacing a CCGT.

sal

Like-for-ike OCGT di spl acement 1is possible at today

PVS is already a cost-competitive substitute to many new OCGTSs, especially in solar-rich regions
(Figure 19). This uses the latest cost assumptions from 1H 2020 LCOE: Data Viewer (web |
terminal). The PV-plus-storage sizing is different for each region. A breakdown of PVS system
sizes can be found in Appendix B.

Figure 19: PV-plus-storage modified LCOE (dotted colored line) versus OCGT LCOE by region, 2019
CAISO Ercot Southwest SPP PIM MISO
$/MWh $/MWh $/MWh $/MWh $/MWh $/MWh
350 350 350 350 350 350
300 300 300 300 300 300
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9 8% o
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\ % 12% o0 15% H :
100 100 ) 1 100 ! 100 100
50 50 ' 50 50 . 50 | 50
] |
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0% 10%20%30% 0% 10%20%30% 0% 10%20% 30% 0% 10%20%30% 0% 10%20%30% 0% 10%20% 30%

OCGT capacity factor (%)

Source: BloombergNEF. Note: The gas LCOE curves are calculated based on the regional average capex, opex, fuel costs etc for
local plants built in the last five years. We provide detailed data inputs in Appendix B.

© Bloomberg Finance L.P.2020

1 The PVS LCOE was lowest in the Southwest region, at $96/MWh. The high-quality solar
resources and a low occurrence of extreme events allow for a smaller PVS sizing and lower
LCOE. In this region, PVS is a competitive alternative to new-build gas peakers that have an
expected average capacity factor below 15%, in a typical gas LCOE scenario.
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i1 The LCOE for PVS in Ercot is $118/MWh. This LCOE can displace OCGTSs with capacity
factors below 12%. With an LCOE of $150/MWh, PVS is competitive with gas peakers in
CAISO operating at a capacity factor of up to 15%.

1 PJM and MISO have the highest PVS LCOEs currently, due to poorer solar resources. Here,
PVS can displace local gas peakers with capacity factors up to 8% and 5%, respectively.

Some 80% of U.S. gas peakers have capacity factors below 15%. PVS is therefore competitive
with new-build gas peakers, assuming no further severe gas price reductions.

PVS vs. CCGTs: like-for-like displacement is unlikely in the near term

Regional minimum PVS sizing requirement (like-for-like scenario)

Co-located PV-plus-storage projects (at a single site) need to have nameplate capacity sized at
many times that of a CCGT plant in order to displace it (Figure 20). For example, the chart shows
that a 100MW CCGT in CAISO operating at 70% capacity factor could be displaced by a system
consisting of 960MW of PV plus 710MW/2,822MWh of batteries.

Figure 20: PVS minimum size multiplier by region Figure 21: Regional solar daily profile by region, 2019
PV to gas capacity multiplier %
18 , CAISO 80%
PV capacity >
16 Battery capacity, Ercot 70%
/,/ PJM
14 SPP 60%
12 // Southwest
/ 50% CAISO
10 / MISO
Y, — Ercot
/ ) 40%
8 K | Gas capacity factor e P M
6 //iQi QO 0% 30% ——SPP
4 /. O 6% MISO
/'1,. O 50% 20% oot t
2 ‘/. PV capacity < O 4% 10% oufwes
0 /. Battery capacity O 30%
0 2 46 81012141618 O 20% 0% -
. Lo 0 10% 1357 911131517192123
Battery to gas capacity multiplier
Hour of day
Source: BloombergNEF. Note: We assume a 1MW comparable  Source: BloombergNEF
gas plant and a 4-hour battery.
The current hybrid PV- A large PV-to-battery capacity ratio is needed in less sunny places (Figure 21). MISO, for

plus-storage cost still does instance, requires the PV asset to be sized at roughly 16 times the megawatts in order to replicate

the yearly output of a gas plant with a 70% capacity factor. It also needs to be paired with a

battery sized at 5.6 t i médwmV basis.dnthp Sauthwest,dhe sofars c a p a «
asset and battery system only need to be sized at 6.5 times and 3.7 times a CCGT with a 70%

capacity factor. PIJM and Ercot are two regions requiring relatively high battery-to-solar ratios.

not favor a like-for-like
displacement for CCGTSs.
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Economic comparison (like-for-like scenario)

PVS systems can only beat new-build CCGTs running at capacity factors between 7% and 15%
(Figure 22). They cannot yet compete with existing CCGTs, which have sunk investment costs
and only require variable costs (fuel and carbon expenses) for daily operation. Based on 2020
costs, PVS is not a cost-effective alternative to high-efficiency combined-cycle plants.

Figure 22: Regional PVS modified LCOE (dotted colored line) vs gas combined-cycle plant LCOE, 2019

CAISO Ercot Southwest SPP PIM MISO
$/MWh $/MWh $/MWh $/MWh $/MWh $/MWh
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300 300 300 300 300 300
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0 o ! 0 0 0o+ 0

0% 40% 80% 0% 40% 80% 0% 40% 80% 0% 40% 80% 0% 40% 80% 0% 40% 80%
Combined cycle plant capacity factor (%)
Source: BloombergNEF. Note: We provide detailed data inputs in Appendix B

PVS vs. combined-cycle plants: partial displacement

PVSO6 cost «compet iwheniie sizedstscoviernmpst (80,98%), but not all, of the
gas plantds yearly operations.

Figure 23: Solar and battery
size multiplier to displace
CCGT with 70% of capacity

factor level in MISO Regional minimum PVS sizing requirement (partial displacement scenario)

PVS system sizes follow a hockey stick shape, with the required size to displace 100% of a

Solar to gas R . .
capacity multiplier CCGToO6s output many times |l arger than what is
16.1 MISO with a 70% capacity factor, you would need a PV and battery to be sized at 5.9 and 2.5
times of gas nameplate capacity respectively, to cover 90% of its run hours. The multiple grows to
5.9 16.1 and 5.6 times for PV and storage respectively when required to meet 100% of generation

hours (Figure 23).

90% of  100% of In a partial displacement scenario, and with no smart charging rules in place, the PVS system can
coverage coverage meet most evening peak power needs, but the gas asset is needed in the early morning. In

Battery o gas reality, a battery operator would optimize when they discharge based on power prices.

capacity multiplier If PVS ends up competing with CCGTs for up to 90% of their run hours, this will change the use

25 5.6 . case for the gas assets. Indeed, CCGTs may no longer be the optimal asset type. System
— N planners should explore whether existing dispatchable generators (such as other gas plants)
90% of  100% of running at higher capacity for these periods could offset the need for some new-build plants. They
coverage coverage should also assess the capabilities of other resources such as clean power portfolios, power

Source: BloombergNEF imports, or demand-side flexibility.
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Figure 24: PVS minimum sizing to meet 90% of gas CCGT Figure 25: Annual average PVS profile if sized to meet 100%,

output time 95 % and 90% of CCGTsd energy ¢
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Economic comparison (partial displacement scenario)

PVS6é economics improve noticeably if siPBge to fi
26). This is especially evident in California i the market with the highest gas LCOE of all the

regions. A PVS system sized to meet 90% of CCGT generation time can now outcompete a new

CCGT operating at a 50% capacity factor.

PV-plus-storage assets can only outcompete CCGTSs in one of the six service territories (CAISO)
we anal yzed wistSome106% iaogy Z68GWpi roficarrent CCGTs in the U.S. have a
capacity factor lower than 20%, which is roughly the tipping point based on 2019 prices. However,
hybrid projects will become more competitive as renewables eat into CCGTsonormal run hours,
and cause these plants to incur higher start-up and shutdown costs. The potential introduction of
carbon prices in these markets would alsoworsengas pl ant s éOngpiagcasb mi c s .
reductions of batteries and PV assets will further boost the case for PVS assets, so new-build gas
plants face a higher risk of becoming stranded before their rated lifespan. In fact, this

phenomenon is already evident in California.
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Figure 26: PVS and gas CCGT economic competitiveness comparison, 2019
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Source: BloombergNEF. Note: X axis refers to the gas generation capacity factor. For PVS sizing
breakdown, see Appendix B.

Economics outlook (partial displacement scenario)

We also review how the cost competitiveness may change over time in two scenarios. In the first,

the PVS covers 100% of the CCGT output and in the second it matches the CCGT output for 90%

of the time. In this section, we compare PVS LCOEs with national high and low gas LCOE

scenarios for ease of visualization. This is different to the approach in Figure 26 where we
compare PVS LCOEswithr egi onal CCGT LCOEs calcul ated base:
gas project data.

There are two major findings:

i Fully displacing combined-cycle plants with PVS is likely to be difficult even with the expected
cost reductions from both PV and batteries, if gas capacity factors and prices remain stable.
Southwest is the only market that shows some cost overlaps by 2040.

i Partial displacement is highly possible. PVS can already competitively provide up to 90% of a
gas pl ant @hen usiogtthe oational range of gas LCOEs T in all markets except for
MISO and PJM. Using narrower, regional gas LCOEs i derived from local gas power plants
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built in the past five years i worsens the current competitiveness for PVS, but falling costs of
PV and storage suggest partial displacement will become more commonplace.

The biggest uncertainty here surrounds the future gas LCOE. The outlook shown here is based

on the range of todaydés fuel prices, rather thai
factors remain fixed here, whereas in reality we expect them to continue to change. We have

reviewed the modelled changes to gas capacity factors in our New Energy Outlook 2020. The

introduction or increase of carbon prices would also push up the gas LCOE relative to the PVS.

Figure 27: Regional PVS vs CCGT LCOE comparison with Figure 28: Regional PVS vs CCGT LCOE comparison with
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Source: BloombergNEF. Note: CCGT LCOE upper range assumption includes capex=$921,810/MW, fixed opex=$27,616/MW per
year, variable opex=$2.02/MWh, capacity factor=25%; CCGT LCOE lower range assumption includes capex=%$721,426/MW, fixed
opex=$8,976/MW per year, variable opex=$1.5/MWh, capacity factor=70%, no carbon price, operation lifetime=35 years.

4.2 Operating characteristics

Batteries ramp faster, and are quicker to permit and build than gas plants. These characteristics
will become increasingly important as more renewables are connected to the grid. Batteries have
finite duration limits though, which is a major disadvantage.

i Start-up time: Typical open-cycle gas turbines take between 10 and 20 minutes to start up. A
combined-cycle plant will normally take 30 to 60 minutes to start up. Batteries can ramp up in
seconds to minutes. They also do not have minimum run and down times. As a result, they
can pop in and out of the generation supply stack when needed.
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1 Ramping capability: Typical CCGTs can ramp up 5-10% of their rated capacity per minute,
while OCGTs can ramp up at 20% of the rated capacity per minute. Battery storage has the
ability to do this even more quickly and precisely, given its lack of moving parts. The steeper
the ramp (see California), the more likely batteries will be a preferred solution.

Solar paired with battery
storage can now provide
dispatchable clean energy,

competing with natural gas . . . . . R
1 Operational constraints:Di scharge duration is stantrcanguads sh

continuously for hours or days, with availability limited only by fuel supply and the need for
maintenance. A battery is limited by storage capacity. Most batteries in the U.S. currently
have a four-hour duration or less.

for resource adequacy
services

Technical characteristics comparison: CCGTs versus OCGTs

U.S. gas generators use either combustion turbines (commonly referred to CTs or OCGTS) or
combined-cycle turbines (commonly referred to CCs or CCGTS).

They perform different roles and have very different generation profiles due to their distinct
operational characteristics and costs (Table 1). Peak demand is often met using OCGTSs, which
can start and ramp quickly, whereas CCGTs are often deployed for mid-merit or longer dispatch
runs.

Table 1:  Comparison between OCGTs and CCGTs

Open-cycle gas turbines Combined-cycle gas turbines

Simplified [ ‘ o \ ;

configuration i ®- i | ;
! Fual . ! ! “I Gas @_
| turbine

---------------------------------------------------------------------- Bnavst || @
YJaseos <44
Heat

Descriptions The combustion engine converts gas to mechanical A CCGT runs two successive cycles. The additional

energy, which spins the generator and produces heat recovery system and steam turbine capture the

electricity. exhaust heat and convert it to electricity.
Operating i Lower capital costs (+) 1 High capex compared with OCGTs (-)
ggztr:ctenstlcs and ¢ | ess efficient and more expensive to operate () 1 More efficient and less costly to run (+)

i Shorter start-up time (+) i Slow to start and slower ramping compared with

OCGTs (-) (Start-up time is highly dependent on
steam turbine size and off-line time)

i Lower emissions compared with OCGTSs (+)

i Better ramping capacity (+)
i Higher emissions (-)

Designed usage  § OCGT units typically have faster ramping capability § CCGT plants retain some of the flexible

and dispatch role and therefore are quicker to respond to characteristics of OCGTs but operate at a higher
instantaneous changes in demand and price efficiency and, therefore, lower cost. Consequently,
signals. Most OCGTs contribute primarily to peak these units are dispatched more frequently than
load and run infrequently. Their high operational OCGTs and are often used for mid-merit and/or

cost and low capital costs make them well suited to baseload power.
use at low annual capacity factors.

Source: BloombergNEF
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The rise of PV-plus-storage

This section provides an overview of the current project development status of
PV-plus-storage in the U.S. We also compare our modelled PV-plus-storage
costs against actual power purchase agreements, or PPAs, being signed.

1.1. Pipeline

The known pipeline of U.S. solar-plus-storage projects continues to grow (Figure 29, Figure 30).
For instance, a few major deals have been unveiled in 2020:

i1 Hawaiian Electric contracted 459MW of solar and 2.85GWh of energy storage to replace two
coal plants totalling 435MW.

1  Southern California Edison announced seven contracts on May 1, 2020, for a combined
770MW/3,080MWh of battery projects to replace gas plants. Most of the winning projects
were PV-plus-storage hybrids.

1  Italy-headquartered utility and generator Enel revealed a plan to add 1GW of batteries to its
U.S. renewables fleet by 2022.

The total hybrid capacity in the interconnection queue is higher still, at 1002GWw .16

Figure 29: PVS solar capacity
distribution by project status
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Figure 30: Geographical distribution of U.S. PVS projects by solar capacity
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Source: BloombergNEF. Note: Project
data updated as of September 2020.
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1.2. How does our PVS LCOE compare with actual PVS
PPAs

We compare our regional PVS LCOEs (like-for-like displacement of CCGTs) with contracted PVS
power purchase prices in the U. (Figure 31).

Our PVS LCOEs are higher than the PPA prices signed for Nevada PVS contracts, and are
relatively close to Hawaii PPAs. The price differences can be explained by the contract types and
associated PVS sizing requirements.*’

I'n Nevadads PVS contracts, t hedurngtitegularsdlar PVS i s t
generation hours (Table 2). This needs a relatively small, and thereforelow-c o st battery.
variable renewable dispatchable contracts require the hybrid asset to shift solar output to firm the
evening peak. The PVS project essentially mirroi
service requires a relatively large and higher-cost battery.

Table 2: Committed target capacity factor of various contract types

Nevada PVS contracts Hawaii variable renewable PVS modelled to fully displace
dispatchable project contracts regional CCGTs
Committed target Jan Jan Jan
capacity factor Feb Feb Feb
Mar Mar Mar
Apr Apr Apr
May May May
Jun Jun Jun
Jul Jul Jul
Aug Aug Aug
Sep Sep Sep
Oct ot oct
Nev Nov Nev
Dec Dec Dec
Hour of the day | Hour of the day Hour of the day
0% firmness 100% firmness

Source: BloombergNEF

In our PVS model, the hybrid system is sized to provide hourly output identical to gas plants over
the entire year. The system needs to be oversized to do this, and is more costly.

17 When procuring PV-plus-storage, utilities normally outline a preferred dispatch profile of the PVS projects,

a service used to be only available from thermal generators. The bidders will need to design their PVS
asset to guarantee the availability around target capacity factor.
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Figure 31: Comparison of modelled PVS LCOE vs. selected PVS PPA prices
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Section 6.

6.1
Table 3: Scenario
coverage in this report
ETS RPS
U.S. 0
CAISO 0 0
Ercot 0
PJM 0

Source: BloombergNEF
Note: ETS = Economic
Transition Scenario
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How PV-Plus-Storage Will Compete With Gas
Generation in the U.S.

U.S. power outlook

In this section, we show the long-term outlook for new build in the U.S., based
on our proprietary least-cost capacity expansion model. This differs from the
like-for-like approach we employ in the previous sections. It allows us to
understand the implications of the economics section on overall system build.
The findings from the NEO analysis largely support our previous conclusion that
fully displacing gas will be challenging based on economics alone. However,
gas plants will be utilized less over time. Their role will gradually evolve from
supplying periods of highest demand, to mainly backing up renewables output.
Policy could hasten their decline much more quickly than economics alone.

New Energy Outlook 2020 introduction

We primarily focus on three U.S. markets in this section, namely California, Ercot and PIJM. The
analysis and data is based on our New Energy Outlook 2020 (web | terminal). The report provides
an assessment of the economic drivers and tipping points that will shape the sector to 2050.

For the near term, NEO makes market projections based on an assessment of policy drivers and
BloombergNEF6 s pr opr i et ar y, whpch prgvides & detdiled irssighaistenew power
plant development, retrofits and retirements, by country and sector. For the medium to long term,
NEO results emerge from a least-cost optimization exercise, driven by the cost of building
different power generation technologies to meet projected peak and total demand, taking into
account seasonal weather extremes, country by country.

The 2020 outlook has three major components:

1 The Economic Transition Scenario (ETS) is our core economics-led scenario that employs
a combination of near-term market analysis, least-cost modelling, consumer uptake and
trend-based analysis to describe the deployment and diffusion of commercially available
technologies. Over the long term, we remove policy drivers to uncover the underlying
economic fundamentals of the energy transition. As such, this scenario does not bake in
climate targets, nor does it mandate aspirational national energy policies.

1 Our NEO Climate Scenario (NCS) investigates pathways to reduce greenhouse gas
emissions to meet a dvell-below-two-degreebéemissions budget. This year we have focused
on a clean electricity and green hydrogen pathway.

i  The final component is called Implications for Policy. This offers the BloombergNEF
perspective on some of the most important policy areas that emerge from our ETS and NCS
scenarios.

In this section, we mainly focus on the ETS scenario outlook, because we are focused on the
economic comparison between these technologies. For California, the market with the most
ambitious renewables target, we also provide a Renewable Portfolio Standard policy scenario for
comparison (Table 3).
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Methodology difference: NEO versus like-for-like displacement approach

The first part of the report focuses on a direct comparison between PV-plus-storage and gas
generators (both CCGTs and OCGTSs). We investigate when and where PV-plus-storage
assets are economically viable to fully displace gas plants on a like-for-like basis!8. PV-plus-
storage is sized to match or exceed the hourly generation output of gas units at all times
throughout the year. We also consider any additional value delivered by each technology. This
allows us better to understand the specific dynamics between the technologies.

Ut i | i t-terendnBestinemtrdgcisions are typically made at the system level, rather than by
comparing individual technologies. We replicate this exercise in our New Energy Outlook. It is
a market-agnostic projection, concerned only with achieving a lowest system-cost solution. PV
and storage assets are built to achieve lower overall system cost, rather than displace gas
plants specifically.

In the NEO modelling, we consider all generating technology types that are commercially
available. We do not separate out PV-plus-storage as an asset class, and instead allow
batteries to charge from all types of energy resources as long as they are cost-competitive,
rather than only from solar. Batteries are dispatched to fill the net load deficit, rather than just
to match gas outputs.

Nevertheless,inNEO,bat t er i es d di s p aalignbwith taehP¥-pliusestorage | o s
operation pattern. They charge when there is severe solar curtailment and get dispatched

when solar generation diminishes (see illustration chart below). In general, more solar build
leads to higher battery deployment.

lllustration of modelled one-week power dispatch sample

Generation (GWh) Power price ($/MWh)
70 300
60 250
50
200
40
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100
20
0 Simulated power prices 0
T O O A ANNSNANANMOMOMNMITOTOOITOLOLWO OO dNMMNNAN
— - N — — N — 1 N — - N — - N — — N — 1 N
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
CCGT OCGT Biomass
= Geothermal = Hydro Offshore wind
= Onshore wind Solar PV u Utility-scale battery

Source: BloombergNEF

We only consider utility-scale technologies (i.e, batteries) in this analysis. Behind-the-meter
resources such as solar and batteries are modelled separately in another proprietary model
called Small-Scale PV & Storage Model (SSPVS). The output from SSPVS is used to adjust
the demand profile i an input for this NEO model.

18 For explanation of like-for-like displacement, see Section 4.1 Analytical approach.
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6.2 New Energy Outlook 2020 U.S. results
Cheap renewables and

United States

Our NEO 2020 Economic Transition Scenario suggests that cheaper renewables and gas will
continue to displace coal and nuclear in the U.S. over the next three decades.

batteries fundamentally
reshape the U.S. electricity

system.
In the U.S., there were 236GW of coal and 102GW of nuclear plants online as of 2019, making up
29% of installed capacity and 42% of generation. Our modelling suggests that age and economics
will push out about 100GW of nuclear and 220GW of coal over the next 30 years.'® By 2050, both
technologies have almost disappeared from the electricity mix (Figure 32 and Figure 33).
Figure 32: Cumulative installed capacity, U.S. (ETS Figure 33: Capacity additions & retirements, U.S. (ETS
scenario) scenario)
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Renewables including batteries increasingly dominate new-build due to their continuous cost
decline. Solar and wind make up about 43% and 14% of the U.S. generation mixture by 2050.
They also become the largest generation technologies in 2050, supplying roughly 57% of U.S.
demand (Figure 34 and Figure 35).
The surge of renewables and decline in coal and nuclear lead to new build of gas plants. Their
flexible characteristics complementr enewabl es®é intermittency and pr

periods of low renewables output. Cumulative CCGT capacity increases from 292GW in 2020 to

1% For BloombergNEF clients: see BloombergNEF, U.S. Coal and Nuclear Retirement Monitor (web | terminal).
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about 557GW in 2050. Cumulative gas peaker capacity in the U.S. remains flat over the next 30
years, averaging at about 200GW.

Contrary to the capacity build growth, gas generation shrinks over time (Figure 34 and Figure 35).
In 2050, combined-cycle gas provides 1,600TWh, meeting 31% of demand, and OCGTSs provide

just 3%.
Figure 34: U.S. generation mix, 2019 (ETS scenario) Figure 35: U.S. generation mix, 2050 (ETS scenario)
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Source: BloombergNEF Source: BloombergNEF

Gas generators, especially CCGTs, run for fewer hours as cheap renewables gradually eat into

their generation time (Figure 36). Their role evolves to back up renewable generation instead. In
our Economic Transitions Scenario, the national average capacity factor of CCGTs and OCGTs
drops to 32% and 7% by 2050 in the U.S., respectively.

Figure 36: Capacity factor of gas plants, U.S. (ETS Figure 37: Cumulative utility-scale battery capacity, U.S.
scenario) (ETS scenario)
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Source: BloombergNEF Source: BloombergNEF

The renewables boom and ever-cheaper costs lead to more battery build (Figure 37). Battery

prices are already down almost 90% since 2010. We expect battery pack prices to fall to $61/kWh

by 2030, down some 54% from today. In our ETS scenario, the cumulative utility-scale and small-

scale battery capacity reaches 85GW and 33GW respectively by 2050 inthe U.S. Bat t er i es 0
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addressable market grows further if we take into account policy drivers: AdjustingforCal i f or ni a
Figure 38: Capacity factor Renewable Portfolio Standard increases the U.S. total to 146GW by 2050.

of gas plants, Ercot (ETS

Scenario) EI’COt (Tean)
% In Ercot, renewables increasingly dominate over time (Figure 39). Solar grows the most, rising
10%% from3%of Ercotb s el ectr i ci t yo32%im2950.aBYy 2060nvartaldedrengwables
supply about 80% of electricity in Ercot, up roughly 50 percentage points from 2020, based on our
80% ETS scenario modelling (Figure 40).
60% As renewables penetration rises dramatically in Ercot,gasp | ant sé r ol e evalabler e s t
dispatchability and flexibility to the power system. CCGTs grow from 42GW to 70GW by the end
40% of outlook, up 67%. Gas peaker generating capacity declines slightly, from 18GW in 2020 to
CCGT 15GW in 2050.
20% . .
ocaT The usage of both types of gas plants drops over time (Figure 38). CCGTs and OCGTSs operate at
0% low capacity factors of 16% and 8.6% in 2050, respectively. They get deployed to help provide
2020 2030 2040 2050 backup across prolonged lulls in renewables generation, and seasonal peaks. In fact, curtailing
Source: BloombergNEF generation when there is too much cheap renewable energy, and running back-up plants when
there is a shortfall, is a feature of a future high-renewables electricity system.
Figure 39: Cumulative installed capacity, Ercot (ETS Figure 40: Power generation, Ercot (ETS scenario)
scenario)
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Source: BloombergNEF Source: BloombergNEF. Note: The dramatic drop of coal

penetration in 2020 is a result of the Covid-19 pandemic?®.

20 While both coal and gas have generally run less this year due to COVID-19, the pandemic has put further
downward pressure on gas prices, pushing coal to its lowest ebb yet.
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In 2050, only 35% of CCGT units located in Ercot operate for over 24 consecutive hours at any
point in the year (Figure 42). This is a sharp decline from today: about 85% of CCGT units ran for
at over 24 hours at least once in 2019.

The shortened runtime and lower capacity factor of gas plants make batteries an increasingly
competitive alternative. The cumulative utility-scale battery capacity exceeds the cumulative
capacity of gas peakers for the first time around 2032, based on our Economic Transition
Scenario. (Figure 41). By the end of the outlook, around 25GW of utility-scale batteries are
required to be added to the power system in Ercot to help shift excess generation to times when
the wind is not blowing and the sun is not shining.

Figure 41: Cumulative peaker gas and utility-scale battery Figure 42: Ercot gas generators max consecutive run time

capacity additions, Ercot (ETS scenario) distribution, 2050 (ETS scenario)
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CAISO (California) i ETS scenario

As renewables get cheaper and gas prices rise, solar (both utility-scale and small-scale) and
onshore wind increasingly dominate new-build in CAISO (Figure 43). By 2050, there are 111GW
of PV and 33GW of wind, making up 46% and 14% of installed capacity.

Large amounts of PV also force thermal plants to ramp down, and even shut off, during the
middle of the day. The additional costs incurred in ramping back up for the evening put upward
pressure on power prices during those hours. Batteries can take advantage of this peaky intraday
net load curve and pair with PV in sunny regions to meet demand, particularly where other
peaking capacity is expensive.

In California, gas peaker capacity drops from 14GW in 2020 to about 8GW by 2050. CCGT
capacity remains relatively flat over the entire timeframe in the Economic Transition Scenario. The
share of generation supplied by peaker gas drops from 7% today to less than 1% by 2050.
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Figure 43: Cumulative installed capacity, California (ETS Figure 44: Power generation, California (ETS scenario)
scenario)
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Variable renewable generation in CAISO reaches about 74% of total generation by 2050, from
roughly 33% in 2020. In contrast, gas generation, including both combined-cycle plants and gas
peakers, drops to 14% in 2050, down over 50% from 2020.

Figure 45: Capacity factor of gas plants, California (ETS Figure 46: California gas generators max consecutive run
scenario) time distribution, 2050 (ETS scenario)
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The capacity factors of gas generators remain at sub-optimal range (Figure 45). About 35% of
CCGT units in California have the max consecutive runtime of over 24 hours in 2050, compared
to 90% today (Figure 46). Our modelling suggest there is a slight increase in the number of gas
peakers that run for more than 24 consecutive hours in 2050. They are mainly deployed during
periods of prolonged low renewable energy output.

CAISO (California) i RPS scenario

In the Economic Transition Scenario, we explicitly exclude long-term policy targets. In this
additionalsub-anal ysi s, we have modell ed Californiads
one of the most ambitious in the U.S.

Senate Bill 100 (SB 100) mandates 60% of energy sold in the state to come from renewables by
2030, and has a non-mandated target of 100% renewables by 2045. Between 2015 and 2019,
California built 16.6GW of solar and 0.5GW of wind, however, to meet its goal, California will need
to increase deployment almost fivefold by 2045 (Figure 47 and Figure 48).

Figure 47: Cumulative installed capacity, California (RPS Figure 48: Power generation, California (RPS scenario)
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In this scenario, the few existing coal and nuclear plants on the California grid retire by 2025.
They are replaced by a combination of wind, solar, storage and gas. The 4GW of gas built to help
replace these retirements is the only significant gas to be commissioned to 2050 in this modelling.
In contrast, about 15GW of gas plants retire over the next 28 years.

Solar installation accelerates in this scenario despite facing rising curtailment. By 2030, California
has 31GW of installed solar capacity. And in 2050, there are 90GW of utility-scale solar in the
state i six-times the amount installed today.
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Batteries support this growth, with about 39GW of utility-scale batteries in California in 2050,

charging almost exclusively from grid-tied solar power (Figure 50). Batteries improve the
competitiveness of renewables by reducing curtailment and improving capacity factors, and help

support renewables by discharging during period of low renewables generation. Behind-the-

meter, small-scale batteries serve similar, supplementary functions to small-scale solar systems.

By 2050, there are 18GW of small-scale batteries in California.

Figure 49: Cumulative peaker gas and utility-scale battery
capacity additions, California (ETS scenario)
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Figure 50: Cumulative peaker gas and utility-scale battery
capacity additions, California (RPS scenario)
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