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Technology costs

Wind, solar, and batteries

3 3rd Climate Change Policies and Business Conference - October 23, 2019 Bloomberg NEF



Technology costs .................................

Wind turbines are getting cheaper © ©

..........................................

Wind turbine price trend
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Source: BloombergNEF, Vestas, ExTool study (Neij et al. 2003), Lawrence Berkeley National Laboratory (LBNL)
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Technology costs L

Wind turbine capacity factorsare
going up

Global onshore wind capacity factors
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Source: BloombergNEF. Note: Operational projects and forecast calculated using our proprietary Wind Farm Capacity Factor Tool and a P50 value.
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Technology costs

Offshore wind is becoming an
established technology

Offshore wind cost curves moving from new to established market
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Source: BloombergNEF. Note: This diagram is a generalization, in reality not all markets will sit explicitly on one curve
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Technology costs

PV modules are getting cheaper
fast

PV module experience curve
Module price ($W, 2018 real, DC)

1,000
e Historic prices (Maycock)
1975
100
28% learning curve
For every doubling of
capacity costs drop 28%
10 ® Chinese c-Si module
prices (BloombergNEF)
1
—— Experience curve
0
1 10 100 1,000 10,000 100,000 1,000,000
Cummulative capacity (MW)
Source: Paul Maycook, BloombergNEF
7 3rd Climate Change Policies and Business Conference - October 23, 2019 Bloomberg NEF



Technology costs L

The trend Is set to continue

..........................................

Global benchmark capex forecast for fixed-axis utility-scale PV system
$/W (2018 real, DC)
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Source: BloombergNEF
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Technology costs L

When we say storage we mean
Li-lon batteries

Global commissioned energy storage breakdown based on energy capacity
Storage type (% based on MwWh)
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Source: BloombergNEF. Note: Excludes pumped hydro
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Technology costs

Batteries are getting cheaper

Lithium-ion battery pack prices, historical and forecast
Lithium-ion battery pack price (real 2018 $/kWh)
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Source: BloombergNEF. Note: Prices are for EVs and stationary applications and include both cell and pack costs
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| evelized costs

Wind, solar, and batteries beat fossil fuels
In Europe
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Levelized costs

New vs new — a battle long won

U.K. LCOE for new build solar, onshore wind, and combined cycle gas (CCGT)
$/MWh (real 2018)
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Levelized costs L

NEW VS Old _ CIOSlng the gap Or _________________________________
already there

..........................................

German LCOE of new solar and wind, and short Italian LCOE of new solar and wind, and short
run marginal cost of existing coal and gas run marginal cost of existing coal and gas
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Levelized costs

Batteries are also getting cheaper

German levelized cost of capacity for peaking U.K. levelized cost of capacity for peaking
technologies technologies
$/kWlyr (real 2018) $/kWlyr (real 2018)
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..........................................

Renewables + storage compete
with gas

U.K. LCOE of wind and solar paired with a Li-ion battery and LCOE of a CCGT
$/MWh (real 2018)
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Source: BloombergNEF. Note: we assume a four-hour battery storage system, the range is a combination of capacity factors and capacity of the battery relative to the power
generating asset (25% to 100%)
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Capacity and
generation outlook

A wind and solar swept Europe
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Capacity and generation outlook L

Economic growth of wind and
solar

Cumulative installed capacity in Europe
GW » Demand-side flexibility
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Capacity and generation outlook ' L o

Growth comes everywhere but at a
different pace

Cumulative onshore wind capacity Cumulative utility-scale PV capacity
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Capacity and generation outlook L

he faCe Of generat|on IS __________________________
permanently altered

European generation by source
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Capacity and generation outlook

he face of generation Is
permanently altered

European generation indicators
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Market revenues?

Power markets struggle with high shares of
renewables
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Market revenues? s N o -

Some technologies are already
capturing a discounted price

German historical power price and wind realized power price
EUR/MWh, nomial
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Source: Terminal, BloombergNEF. Note: Realized power price is also known as captured price, or generation weighted price. Future prices reflect the forward curve as of April
24,2019
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Market revenues?

capacity installed

German utility-scale PV discount as a function
of PV capacity installed
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he problem is directly related to

U.K. onshore wind discount as a function of
wind capacity installed
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Market revenues?

Cannibalization dents the returns
of projects

..........................................

Operating profits for German utility-scale PV Operating profit for U.K. onshore wind
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