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Low-carbon electricity supply

* A movement from a high-carbon emitting
electricity grid to low-carbon grid is required.

* Allow for wider decarbonisation of other
sectors such as transport and steel industry.

* However, iInvestors have to make decisions
under uncertainty of the future:

* Future costs
* Future electricity demand

 (Carbon prices

 (Can we use reinforcement learning to make
investment decisions in a global power system?



FTT:Power model

Long-term global power systems model.
Can simulate to 2050+

Models induces technological change
based on market competition.

Natural resource use and depletion.
Use of a dynamic set of differential

equations for competition between
technology options.
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Deep Deterministic Policy Gradient Reinforcement
Learning Algorithm

 Replace dynamic set of differential equations
with reinforcement learning.

—-4.161595
* Deep Deterministic Policy Gradient (DDPG) A o Ol \ oA /AN\ «
: : . ) 0\ MR AN Al TR oA
lgorithm to make investment Isions. = M e WA, s AR A R M
algo o make investment dec U§_4.1616OO_ th VW“W " W Q,va i I R
5
 Reward minimises carbon emissions and E»%
. - _ ®
levelized cost of electricity (LCOE): 88 461005
(L) 2 e e R e
Q_ ~
LCOE WS
« '="~ (1OOOC02e | ) T 4161610 o A e A WO
1000 ' S i vﬁwoc:<,\\/~vxv-~v;«;,qw¢\v«w~o\vé\aﬁj RITAIRER
» Action: flow of share of technology from one to ool O Number of timesteps 10e+08
the other from 2017 until 2050. Hyperparameter set (1) - :23 - g g
« We model the UK and Ireland for compute Sensitivity analysis of RL algorithm with

tractability varying hyperparameter sets



-2.17210- )W

] | e
217212 AR
— Levelling off
M M\’W Reward type
-2.17214 MWM — Maximum
— Mean
( — Minimum

Reward

-2.17216

0e+00 1e+05 2e+05 3e+05 4e+05
Number of steps

Reward of investment algorithm over time



)

GWh

O 200000

Electricity Produced by Technology

150000+

100000+

500001

e
/ -
/
l
2010 2020 2030 2040 2050
Year

RL Starts

Technology

CCGT
Coa
Nuclear
Offshore
Qil
Onshore
Solar PV
Wave

Investments made by reinforcement learning algorithm within the UK and Ireland
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Summary

Move towards a low-carbon future requires
a low-carbon electricity grid.

We model investment decisions using the
deep deterministic policy gradient
reinforcement learning (RL) algorithm.

Minimize levelized cost of electricity and
carbon emissions.

Use of the FTT:Power model to simulate
iInvestment decisions until 2050.

A shift is observed from gas turbines, coal
and nuclear to wind, solar and wave
technologies.
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