BRAIN-Energy: Bounded Rationality Agents Investments model



New developments in the Python-based version of BRAIN-Energy include:






4, Power sector operations
Electricity demand, an exogenous variable in BRAIN-Energy, has been divided into eight intraday demands









e Incumbent utilities: 10-12 years

¢ New-entrants: 5 years

¢ Municipal utility (local supplier): 12-15 years
¢ Households: 5 years

Within each type, of investor agents, there are:
2 incumbent utilities
2 new-entrants
2 municipal utilities (local suppliers): these match the regional split and are the London supplier
and the Scotland supplier
3 household agents (one for each region in BRAIN-Energy: London household agent, Scotland
household agent, rest of UK household agent)

These differ by:
« initial technology portfolio
« initial money endowment
o risk
e return
» time horizon of investments

Investor agents have other strategic behaviour:
« different expectations about future electricity demand, fuel and technology costs
« imitation of other investors’ agents successful investments (section 6.3)
¢ learning: investors get out of technology type if poor investments (section 6.2)
e exit the market when money endowment is negative

5.2 Policy agents
The different types of policy agents in BRAIN-Energy are summarised in Table 5.

Table 5 — Description of policy agents in BRAIN-Energy
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There is one national government agent, one regulator agent and two local government agents in BRAIN-
Energy to match the model’s regional split (the London government agent for the London region, and the



Scotland government agent for the Scotland region). Local government agents have been introduced in the
updated version of BRAIN-Energy, because local governments in the UK have set their own net-zero targets
(London net-zero electricity by 2040 (GLA, 2018), Scotland to reach net-zero by 2045%).



CfD auctions take place every three years (up to 6 GW of renewable technologies can be commissioned at
each auction?), and winners of the auctions are paid the difference between an auction's strike price and
the prevailing market price for 15 years, hence providing stability and predictability to investors' revenues
for 15 years. In BRAIN-Energy the strike price (expressed in MWh) which agents bid into the market is
calculated as the price which allows them to recover capital expenditures for a given project p ( ),
interest costs on the loan raised to finance the project p (
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are lower than the 5-yearly share of the new plant’s total capital cost ( x ) then the new

investment is flagged as unprofitable.
Where:
is the lifetime of plant
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Data and calibration
Table 10 summarises the main exogenous variables and outcomes of BRAIN-Energy.

Table 10- BRAIN-Energy's exogenous variables and outcomes

Exogenous variables

Outcomes

Electricity demand

Fuel costs

Capital costs of technologies

Fixed and variable operational and maintenance
(O&M) costs of technologies

CO; price (the “no-increase trajectory, see Table

5)

Aggregated and yearly capital investments (by
technology and by market player)
Electricity price

Electricity production (amount and share of
production by technology)

Installed capacity (total and split by
technology)

Average and peak supply-demand gaps

CO; emissions from the power sector and
carbon intensity of electricity generation
Market shares of the market players
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Table 12 - Technical power plant data in UK version of BRAIN-Energy source: BEIS, 2016b)

Technology Average load Lifetime Emission intensity
factor (gCO2/kWh)
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Figure 4 - CO2 price trajectories in BRAIN-Energy

Electricity demand (an exogenous variable in BRAIN-Energy) is calibrated until 2016 on historical half-hourly
National Grid data. Assumptions about future demand evolution are based on the modelling results of UK
TIMES model (Daly and Fais, 2014), a whole energy system model adopted by BEIS and National Grid to
investigate decarbonisation strategies for the UK. The electricity consumption is estimated for a scenario
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