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Energy Transition Challenge

The entire EU, including the Baltic region, is transitioning
from fossil fuels to renewable energy through economy-
wide electrification. Heating alongside electrification of
transport and other energy-intensive sectors can unlock
socio-economic benifit included in the electricity markets.

Demand-Side Response (DSR)

Thermal systems offer significant flexibility potential
through demand-side response. However, baseline
methodologies for quantifying this flexibility remain
unclear and lack standardization across regions.

Research Gap

How can we overcome baseline uncertainties in assessing
flexibility across electrified heating, transport, and
industrial sectors to enable their reliable and fair
participation in electricity markets
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IMPLICATIONS & USE CASE

BACKGROUND METHODOLOGY

Step 1: Baseline Methods

1. Historical baselines — Transparent and simple but inadequate for volatile, weather-sensitive, or thermally ﬁ

driven loads

2. Comparable day method — Naturally captures weather and holidays but requires robust similarity metrics
and is vulnerable to pre-event manipulation

3. Statistical & Regression — High accuracy for weather-sensitive loads but demands correct model
specification and increases administrative costs with portfolio size

4. Machine Learning (Random Forest) — Delivers state-of-the-art accuracy by capturing non-linear
relationships but lacks transparency and requires substantial computational resources.
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KEY FINDINGS

o Practical two-stage framework enables market implementation —
Technical feasibility assessment followed by multi-criteria

& evaluation (accuracy, simplicity, integrity) systematically identifies

= suitable baselines for specific flexibility resources, bridging

heating, transport, and industrial electrification.

@ methodological precision with real-world deployment across

e Empirical validation confirms framework robustness — Testing on

5. MBMA — Highly transparent and manipulation-resistant for fast-response reserves but requires high- apa 39 Latvian DSO sites plus Lithuanian hybrid demonstration (BESS +

resolution metering and assumes stable pre-activation load.

6. Zero Baseline — Maximally simple for idle assets (batteries, generators) but inapplicable to demand
reduction and risks double-counting without careful metering design

7. Control Group — Provides strong statistical basis for real-time shock correction and large-scale evaluation
but requires large anonymised datasets and presents selection bias risks.

8. Self-Declared (Nomination) — Enables asset-specific forecasting and data privacy compliance but requires
robust validation frameworks and penalties to prevent baseline inflation.

Step 2: TECHNICAL FEASIBILITY

Technical feasibility assessments establish which baseline methods can be practically applied to specific
flexibility resources and services by evaluating data availability, metering infrastructure, calculation timing, and
ability to capture thermal dynamics—essential for thermal and hybrid systems in Baltic electricity markets.

Step 3: ASSESSMENT CRITERIA

A structured evaluation framework using three primary criteria—accuracy, simplicity, and integrity—identifies
the most suitable baseline approaches for reliable DSR settlement and flexibility quantification across thermal
and hybrid systems.

* Accuracy (MAE/MAPE) — Grade A (MAPE <5%, MAE <0.05 x average hourly load or < 2% of peak) for high-
stakes settlement; Grade B (5% < MAPE < 10%, MAE <0.1 x average hourly load or £ 5% of peak)

* Simplicity — Grade A methods (historical, MBMA, control group) require straightforward calculations
without additional software investment; Grade B methods (comparable day, regression) need
supplementary data like weather inputs; Grade C methods (machine learning, advanced regression) demand
dedicated software, technical expertise, and periodic retraining.

* Integrity — Grade A methods (machine learning, control group) are resistant to gaming with simple
verification procedures; Grade B methods allow limited manipulation opportunities with resource-intensive
verification; standardized, transparent methods preserve integrity superior to customized approaches and
reduce settlement disputes.

Accuracy Simplicity

Integrity

| P2H + PV) demonstrates that accurate, asset-specific baseline
[, selection is essential for unlocking thermal flexibility and
supporting renewable energy integration in Baltic electricity

ﬁf markets.

e Baseline accuracy fundamentally enables fair DSR settlement -
Static historical baselines fail to capture thermal inertia and cyclic
heat-pump operation; adaptive weather-adjusted methods reduce
MAE by 45% (6.65 to 3.62 kWh), ensuring robust and transparent
flexibility quantification essential for market integrity.

@ Baseline selection depends on asset physical characteristics —
Historical averaging (Grade B) optimal for stable industrial loads;
random forest regression (Grade A, MAPE 2.78%) superior for
weather-sensitive and PV-prosumer loads; control-group methods
require large homogeneous populations to deliver reliable results.

9 Economic value of targeted DSR is substantial - 5-50 MW
demand reduction targeting scarcity hours in Baltic day-ahead
market reduces clearing prices by 6.6—33 €/MWh and generates
0.59-4.3 million euros social welfare gains; untargeted DSR
produces efficiency losses up to 34 million euros

MARKET WELFARE & SYSTEM IMPACT FINDINGS
Market welfare analysis of Baltic day-ahead market data (2024

summer) demonstrates that dynamic, price-responsive DSR targeting industrial/HVAC case studies, and Lithuanian hybrid demonstration
scarcity hours unlocks measurable economic benefits and supports confirms that baseline selection must align with asset physical and

renewable energy integration

Key quantitative findings:

« 5 MW DSR activation — Welfare gains in 64% of hours; average price
reduction of 6.6 €/MWh; cumulative social welfare benefit of 0.59

million euros.

50 MW DSR activation — Welfare gains in 56% of hours; average
price reduction of 33.2 €/MWh; cumulative social welfare benefit of

4.3 million euros in scarcity hours.

 Temporal targeting is critical — DSR targeting high-price hours
generates strong welfare gains; untargeted DSR applied uniformly
across all hours produces net welfare losses of up to 34 million

euros.

* Price-responsive mechanisms essential — Dynamic, price-contingent (MAPE 11.74%, Grade C), and random forest (MAPE 2.78%, Grade A);

DSR programmes with automated control ensure demand
adjustments occur precisely when system value is highest,
maximizing efficiency and welfare outcomes.

EMPIRICAL VALIDATION & USE CASES

Real-world validation across 39 Latvian consumption sites,

thermodynamic characteristics for accurate flexibility quantification.

Key quantitative findings:

e 39 Latvian DSO sites tested — Heterogeneous consumption (7—300
kWh range) with diverse profiles: daily cycling, quasi-constant loads,
and PV-driven reversals; represents small commercial, industrial, and
mixed-use sectors.

e Historical Baseline Methods — Three approaches tested, high-value
selection, middle and 10-day averaging with 50% same-day
adjustment (MAPE 4.6%, MAE 6.65 kWh, Grade B); optimal for stable
industrial loads and repetitive daily patterns but insufficient for
temperature-sensitive and PV-prosumer loads.

* Regression Baseline Methods — Three regression models tested:
linear regression (MAPE 13.40%, Grade C), polynomial regression

random forest captures non-linearities and delivers superior
accuracy for weather-sensitive and prosumer loads.

Tight hour under 50 MW DR: Welfare gain (green area)

4000 f . — Supply
: — Demand (base)
: -== Demand (-50 MW)
: A welfare area
|
3000} |
|
|
—_ I'I
e
2 2000}
v
v
~
o
1000}
|1

ﬁ Aggregated Actual vs Baseline 4 Prediction

July 1-14, 2024
3000 ¢ Actual

——— Baseline 4

2750

N
L
o
o

2000}

Aggregated Consumption

1750}

1500}

2024-07-01 2024-07-03 2024-07-05 2024-07-07 2024-07-09 2024-07-11 2024-07-13 2024-07-15
Date

Polynomial Regression Predictions vs Actual (Aggregated)
July 1-14, 2024
3000 |
2750}

[\ I,‘___.L . Y Y N ] | | 3 |'.\""_ A -
2500 {1 | ! TAT { / 8 N J &' B r _.-ﬂl 1B i Pl
I\ f - I LA y A S P | Y F Y A ey I

Application

v TSO Demand-Side Response Programs

v Building Energy Management Systems (BEMS)
v Virtual Power Plant (VPP) Aggregation

v Renewable Energy Integration Planning

V' Electricity Market Design and Pricing

Policy Impact: Standardized baseline methodologies enable fair DSR
compensation mechanisms in the Baltic electricity market.

Grid Resilience: Thermal flexibility enhances renewable energy integration
and reduces grid stress during peak periods.

Economic Opportunity: Buildings can monetize flexibility through market
participation, creating financial incentives for heating electrification.

Next Steps: Field validation with real building data, pilot program design for
TSO-DSO-DSR coordination, scaling to entire Baltic region.
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