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Global Certificate Course in Electricity Price Forecasting

Renewable Energy Integration And Price Dynamics

Ancillary Services — services that support the reliable operation of the power system, such as frequency
regulation, voltage support, and spinning reserve. Related terms: frequency regulation, spinning reserve,
grid stability. These services become more valuable as variable renewable generation increases, because
rapid output fluctuations require fast-acting resources to maintain balance. A typical challenge is pricing
these services fairly when they are provided by both conventional generators and inverter-based resources.

Availability Factor — the proportion of time that a generation unit is capable of producing electricity at its
rated capacity, regardless of whether it is actually dispatched. Related terms: capacity factor, forced outage
rate. For solar PV the availability factor is close to 100 % (the panels are physically present), but the capacity
factor is lower because output depends on irradiance. Forecasting availability helps planners assess the
reliability of a fleet.

Aggregated Forecast — a combined prediction of electricity generation or demand that sums the
contributions of many individual resources or loads. Related terms: bottom-up forecasting, top-down
forecasting. By aggregating, random errors of individual forecasts tend to cancel, improving overall
accuracy. An example is the regional wind forecast produced by summing site-level wind predictions. A
challenge is preserving the spatial correlation needed for congestion studies.

Balancing Market — a short-term market where participants trade energy and ancillary services to keep
supply and demand in real time. Related terms: real-time market, imbalance price. Renewable generators
with high forecast error may incur costs when they deviate from their scheduled output. Practical
application includes using battery storage to capture price differentials between the day-ahead and
balancing markets.

Capacity Credit — the contribution of a renewable resource to system adequacy, expressed as a fraction of
its installed capacity that can be relied upon during peak demand. Related terms: effective load-carrying
capability (ELCC), capacity value. For offshore wind the capacity credit may reach 30% in some regions,
whereas solar’s value is higher in summer-peaking systems. Calculating capacity credit requires probabilistic
generation-demand modeling, which is computationally intensive.

Capacity Market — a mechanism that ensures sufficient firm capacity is available by compensating resources
for being ready to generate or reduce demand when needed. Related terms: capacity obligation, reliability
standard. Renewable resources can participate by offering firmed capacity through storage or demand-side
response. A common challenge is defining the “firm"” portion of an intermittent resource without
double-counting.
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Carbon Pricing — a policy tool that assigns a monetary cost to CO, emissions, influencing generation choices
and price formation. Related terms: emissions trading system (ETS), carbon tax. When carbon prices rise,
renewable generation becomes more competitive, and the merit-order curve shifts, lowering wholesale
prices during low-carbon periods. Forecasting the impact of future carbon policy adds uncertainty to price
models.

Congestion Management — actions taken to alleviate overloads on transmission lines, such as re-dispatching
generators, curtailing renewables, or using corrective market mechanisms. Related terms: locational
marginal price (LMP), network constraints. High solar output in a remote zone can cause congestion, raising
LMPs locally while depressing them elsewhere. Accurate congestion forecasts are essential for market
participants to hedge price risk.

Day-Ahead Market (DAM) — a forward market where electricity for the next operating day is scheduled and
priced. Related terms: hourly bidding, price formation. Renewable forecasts submitted to the DAM
determine the cleared schedule; forecast errors translate into imbalance costs in the real-time market.
Participants often employ statistical or machine-learning models to improve day-ahead price predictions.

Demand Response (DR) — programs that incentivize consumers to alter their electricity usage in response to
price signals or grid conditions. Related terms: load shifting, price elasticity. DR can smooth the net load
shape, reducing the need for peaking generators and mitigating renewable variability. An example is a
commercial building reducing HVAC load when the LMP exceeds a preset threshold. Integration challenges
include measuring baseline consumption and ensuring rapid response.

Dispatchable Generation — generation that can be turned on or off, or ramped up/down, according to
system needs. Related terms: flexible generation, must-run units. Traditional thermal plants are dispatchable,
while most solar and wind are not. The increasing share of non-dispatchable renewables raises the
importance of flexible resources such as gas turbines, batteries, or pumped hydro. Forecasting the
availability of dispatchable units under fuel-price volatility is a key price-forecasting input.

Effective Load-Carrying Capability (ELCC) — a probabilistic metric that quantifies the additional load a system
can serve reliably because of a particular resource. Related terms: capacity credit, reliability assessment.
ELCC is calculated by comparing loss-of-load probabilities with and without the resource. For a wind farm in
a region with high winter demand, ELCC may be lower than its nameplate capacity, reflecting seasonal
correlation with load.

Feed-in Tariff (FIT) — a policy mechanism that guarantees a fixed price per kilowatt-hour for renewable
electricity fed into the grid. Related terms: price support, renewable subsidy. FITs provide revenue certainty,
encouraging investment, but can distort market price signals, leading to “missing money” problems for
other generators. Many jurisdictions are transitioning from FITs to market-based premiums.

Forecast Error — the difference between predicted and actual generation or demand, typically expressed as a
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percentage of the forecasted value. Related terms: mean absolute error (MAE), root mean square error
(RMSE). Wind forecast error tends to increase with higher hub heights and complex terrain. Managing
forecast error is central to price risk, as deviations are settled in the balancing market.

Frequency Regulation — a service that balances short-term mismatches between generation and load to
keep system frequency within statutory limits. Related terms: primary control, secondary control. Batteries
and fast-responding gas turbines are increasingly used for frequency regulation because they can react
within seconds. Pricing mechanisms such as performance-based payments reward resources that provide
high accuracy and speed.

Grid Parity — the point at which the levelized cost of electricity (LCOE) from a renewable source equals or
falls below the market price of conventional electricity. Related terms: levelized cost of electricity (LCOE),
cost competitiveness. Achieving grid parity in a region often triggers rapid renewable deployment, which in
turn influences price dynamics through the merit-order effect. Monitoring regional LCOE trends is essential
for forecasting future price curves.

Hybrid Power Plant — a facility that combines two or more generation technologies, such as solar + storage
or wind + hydro, to improve overall reliability and market revenue. Related terms: co-generation, integrated
storage. A solar-plus-battery plant can sell energy during peak price periods and provide ancillary services
when solar output wanes. Modeling hybrid behavior requires joint optimization of generation, storage
state-of-charge, and market prices.

Hydrogen-Based Power — electricity generated from hydrogen fuel cells or turbines, often considered a
flexible resource that can store renewable excess. Related terms: power-to-gas, green hydrogen. When
electricity prices are low, surplus renewable energy can be used to produce hydrogen, which can later be
converted back to power during price spikes. The economic viability depends on the spread between
low-price and high-price periods and on hydrogen storage costs.

Imbalance Price — the price applied to deviations between scheduled and actual generation or consumption
in the real-time market. Related terms: settlement price, balancing cost. Imbalance prices can be highly
volatile, especially when renewable forecast errors are large. Participants use statistical models to estimate
expected imbalance costs and incorporate them into bidding strategies.

Inertia — the kinetic energy stored in rotating mass of synchronous generators, which helps stabilize system
frequency after disturbances. Related terms: synthetic inertia, rotating mass. As conventional generators
retire, system inertia declines, making frequency regulation more challenging. New technologies such as
wind turbines with power-electronics control can emulate inertia, but the effectiveness depends on control
algorithms and market incentives.

Integration Cost — the additional system expenses required to accommodate renewable generation,
including transmission upgrades, forecasting, and ancillary services. Related terms: system integration, grid
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reinforcement. Studies often express integration cost as $/MWh of renewable electricity. High integration
costs can erode the economic advantage of low-cost renewables, influencing price formation and
investment decisions.

Locational Marginal Price (LMP) — the price of electricity at a specific node, reflecting the marginal cost of
serving an additional megawatt there, including energy, congestion, and loss components. Related terms:
nodal pricing, congestion component. Renewable generation in a congested area may experience lower
LMPs than the system average, affecting revenue. Accurate LMP forecasts require detailed network models
and renewable output predictions.

Market Coupling — the coordination of electricity markets across borders or regions to optimize
cross-border flows and price convergence. Related terms: interconnection, price integration. Renewable
surpluses in one country can be exported to a neighboring market with higher prices, reducing price
volatility overall. Modeling market coupling demands data on transmission capacity, loop flows, and policy
constraints.

Merit-Order Effect — the downward shift in wholesale electricity prices caused by the displacement of
higher-cost generators when low-marginal-cost renewables enter the supply stack. Related terms: price
cannibalization, supply curve. The effect is strongest in markets with high renewable penetration and limited
storage, leading to periods of negative prices. Forecasting the magnitude of the merit-order effect is central
to price-forecasting models.

Net-Zero Transition — the pathway toward balancing anthropogenic greenhouse-gas emissions with
removals, often requiring deep renewable integration and flexible resources. Related terms:
decarbonization, climate targets. The transition influences electricity price dynamics by reshaping the
generation mix, increasing the value of flexibility, and creating new revenue streams such as carbon credits.
Scenario analysis is used to assess price pathways under different decarbonization speeds.

Negative Pricing — a market condition where generators receive a payment to produce electricity, typically
occurring when supply vastly exceeds demand and storage capacity is limited. Related terms: price floor,
excess generation. Wind farms in regions with high renewable output and low demand often experience
negative prices, prompting curtailment or storage discharge. Predicting negative-price events requires
high-resolution load and renewable forecasts.

Power Purchase Agreement (PPA) — a long-term contract between a renewable generator and an off-taker
that fixes the price and volume of electricity. Related terms: contractual hedge, off-take agreement. PPAs
provide revenue certainty, reducing exposure to spot-market volatility, but may limit participation in price
spikes. Structuring PPAs with indexation clauses can allow partial exposure to market price movements.

Probabilistic Forecasting — a forecasting approach that produces a probability distribution of possible
outcomes rather than a single point estimate. Related terms: quantile regression, prediction interval. For
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wind and solar, probabilistic forecasts better capture uncertainty, enabling market participants to price risk
more accurately. Implementations often rely on ensemble methods or Bayesian techniques.

Ramp Rate - the speed at which a generator’s output can increase or decrease, expressed in MW/minute.
Related terms: ramp constraint, flexibility metric. High ramp rates are essential for following rapid changes
in renewable output. Gas turbines typically have ramp rates of 10-20% of capacity per minute, while large-
scale batteries can achieve >100% per minute. Ramp limitations affect unit commitment and price
formation.

Renewable Energy Certificate (REC) — a tradable instrument that represents the environmental attributes of
one megawatt-hour of renewable generation. Related terms: green attribute, tracking system. RECs
decouple the physical electricity from its sustainability claim, allowing entities to meet renewable portfolio
standards. The price of RECs adds a premium to renewable generation revenue, influencing overall market
economics.

Renewable Portfolio Standard (RPS) — a policy that mandates a minimum share of electricity to be sourced
from renewable resources. Related terms: renewable target, state mandate. RPS compliance drives
renewable build-out, which in turn affects price dynamics through the merit-order effect and integration
costs. Market participants must monitor RPS trajectories to anticipate future supply trends.

Revenue Adequacy — the condition where a generator’s total earnings (energy, capacity, ancillary services,
and subsidies) cover its operating and capital costs. Related terms: financial viability, missing money
problem. High renewable penetration can erode energy revenues, making capacity and ancillary service
markets critical for revenue adequacy. Sensitivity analysis on price forecasts helps developers assess project
risk.

Scenario Analysis — the process of evaluating how different assumptions about future variables (e.g., fuel
prices, policy, technology costs) affect price outcomes. Related terms: what-if modeling, stress testing.
Scenario analysis is used to generate a range of possible price paths for risk-adjusted decision making. A
challenge is selecting a representative yet manageable set of scenarios.

Smart Grid — an electricity network that uses information and communication technologies to optimize
generation, distribution, and consumption. Related terms: advanced metering, demand-side management.
Smart-grid functionalities enable real-time demand response, improve forecast accuracy, and provide new
data streams for price forecasting models. Integration challenges include cybersecurity and data privacy.

Solar Forecasting — the prediction of photovoltaic output using meteorological inputs, satellite imagery, and
numerical weather prediction models. Related terms: irradiance modeling, clear-sky index. High-resolution
(5-15min) solar forecasts are essential for intraday market bidding and for minimizing curtailment.
Cloud-movement uncertainty remains a major source of error.
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Storage Dispatch Optimization — the algorithmic determination of when to charge or discharge an energy
storage system to maximize revenue or minimize costs. Related terms: price arbitrage, state-of-charge
management. Storage can earn income from energy price spreads, frequency regulation, and capacity
payments. Optimization must respect degradation models and market rules, which adds computational
complexity.

System Marginal Price (SMP) — the uniform price applied to all generators in a uniform-price market,
reflecting the cost of the marginal unit needed to meet demand. Related terms: uniform pricing, clearing
price. In markets with high renewable penetration, the marginal unit may be a low-cost wind turbine,
pushing SMP down. However, congestion can cause regional deviations from SMP.

Thermal Dispatch — the scheduling of conventional thermal generators based on their marginal costs, ramp
capabilities, and minimum run times. Related terms: unit commitment, economic dispatch. Thermal dispatch
models must incorporate fuel price forecasts, emission costs, and start-up/shut-down constraints. The

increasing presence of renewables reduces the operating hours of thermal units, affecting their profitability.

Transmission Expansion Planning (TEP) — the process of determining where and when to build new
transmission lines to accommodate future generation and load patterns. Related terms: grid reinforcement,
cost-benefit analysis. High renewable output in remote areas often necessitates new transmission corridors,
which influence congestion patterns and LMPs. Uncertainty in renewable output adds risk to TEP studies.

Unit Commitment (UC) — the optimization problem that decides which generators to turn on or off for each
hour of the planning horizon, considering start-up costs, minimum up/down times, and forecasted demand.
Related terms: economic dispatch, binary decision variables. Accurate renewable forecasts are crucial for UC
because they affect the need for fast-ramping units. Solving large-scale UC problems requires advanced
mixed-integer programming techniques.

Variable Renewable Energy (VRE) — generation technologies whose output varies with weather conditions,
primarily wind and solar. Related terms: intermittent generation, non-dispatchable resources. VRE's
variability influences price volatility, the need for flexibility, and the shape of the merit-order curve.
Integrating VRE requires robust forecasting, flexible resources, and market designs that reward fast
response.

Voltage Support — ancillary service that maintains voltage levels within acceptable limits, often provided by
reactive power from generators, FACTS devices, or inverter-based resources. Related terms: reactive power,
dynamic voltage control. Inverter-based wind and solar can supply reactive power, but must be correctly
configured to avoid over-voltage during low-load periods. Pricing mechanisms for voltage support are
emerging in some markets.

Weighted Average Price (WAP) — an average electricity price over a period, weighted by the volume of
energy traded at each price point. Related terms: volume-weighted price, average market price. WAP is used
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to assess portfolio performance and to benchmark forecasting accuracy. When renewable output is high,
WAP can be significantly lower than peak prices, highlighting the importance of temporal price distribution.

Zero-Marginal-Cost Generation — generation that incurs negligible variable costs, such as wind, solar, and
hydro run-of-river. Related terms: must-run resources, fuel-free generation. The presence of
zero-marginal-cost resources compresses the supply curve, leading to lower wholesale prices and increased
price volatility. Accurate modeling of their output is essential for realistic price forecasts.
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