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Key Project Data
~60 MW P1-P6 6 Spain

Facility Scale Tariff Structure Time Bands Region
Example automated module  Spanish electricity time-of- Distinct pricing periods High solar irradiance —
assembly facility use pricing bands applied across day, week, and season strategic for self-

consumption

[ Linetype: Automated solar module assembly - Investment: Not specified - Ramp-up: Not specified - Source:
PVKnowHow / Jv.G. Technology GmbH



Electricity Cost as a Strategic Manufacturing
Factor

Why Electricity Cost Matters

Energy is a significant share of total production cost in
automated assembly

Laminators, string soldering, and curing equipment run
continuously at high temperatures

Cost per module is directly sensitive to energy tariff and
consumption schedule

Competitive module pricing requires minimizing electricity

expenditure at scale

Strategic Implication

Electricity costis not a fixed input —itisa
manageable variable

Operational scheduling and site selection can

materially reduce energy bills

Energy strategy must be integrated into factory
planning from day one

Failure to plan energy costs results in structural
margin erosion



Spain's Electricity Tariff System: P1-P6 Explained

P1— Peak (Highest Cost) P2-P4 — Mid-Load Bands P5-P6 — Off-Peak (Lowest
e Weekday daytime hours — e Intermediate hours on weekdays Cost)
highest demand period and Saturday mornings e Nights, Sundays, and public
e Applies Monday-Friday, typically e Moderate tariff rates — partial holidays
10:00-14:00 and 18:00-22:00 cost reduction possible e Lowest energy rates available
e Significantly more expensive e Relevant for scheduling under Spanish tariff structure
than off-peak bands medium-intensity processes e Ideal window for energy-

intensive operations (lamination,

curing)

(@) Spain operates a regulated access tariff (peaje de acceso) with time-of-use differentiation. Industrial consumers on
high-voltage access tariffs (6.1 and above) face the full P1-P6 band structure.



Cost Optimization via Production Scheduling

Schedule
Processes

Run lamination and
curing overnight or

holidays
Monitor & Adapt
Shift Loads Adj_ust schedule
Move peak tasks to usmglthe tariff
P5-P6 off-peak hours calendar

Systematic scheduling of high-energy processes to off-peak tariff windows is one of the most direct and low-cost levers for reducing electricity expenditure in automated module manufacturing.



Scheduling Strategy: Practical Application

1 Step 1 — Map Energy-Intensive Processes
Identify lamination, string soldering, and testing equipment power demands

Classify processes by flexibility: interruptible vs. continuous

2 Step 2 — Align with Tariff Calendar
Overlay Spain P1-P6 tariff calendar against production schedule

Maximize P5-P6 utilization; minimize P1consumption

3 Step 3 — Automate Scheduling Controls
Integrate tariff-aware control logic into factory management system

Set automated start/stop triggers based on active tariff band

4 Step 4 — Monitor and Adjust
Track actual consumption against tariff band in real time

Adjust production shifts seasonally as tariff calendar changes



Grid Stability Risks: Voltage & Interruptions

Voltage Quality Issues

Voltage fluctuations damage sensitive process

equipment (laminators, soldering systems)

Micro-interruptions can cause in-process rejects —

lamination cycle cannot be paused mid-run

Harmonic distortion from industrial grid neighbors
affects process consistency

Spanish grid quality varies significantly by region and
substation load

Interruption Risk & Impact

Unplanned shutdowns during lamination result in full

batch loss — rework is not possible

Downtime during P1hours has double impact: lost

output + peak-rate energy waste

Grid-related downtime reduces effective annual line

utilization rate

Protection systems (UPS, voltage conditioners) are not
optional — they are operational necessities



Site Selection: Energy Infrastructure as a Decision
Factor

Grid Connection Quality

Proximity to high-voltage
substation reduces voltage
instability risk

Available contracted power

capacity must match peak
production demand

Connection agreement timeline
can delay factory ramp-up by 12-
24 months in some regions

Solar Irradiance & Self-
Consumption Potential

Southern Spain locations offer
1,700-2,000+ kWh/m?/year —
among Europe's highest

Rooftop or adjacent PV
generation can offset significant
daytime P1-P2 consumption
Self-consumption permits under
Spanish regulation (RD
244/2019) must be factored into
site planning

Industrial Zone Tariff Access

Designated industrial zones may
offer preferential high-voltage
access tariff categories

Tariff category (3.0TD vs. 61 and
above) determines applicable
P1-P6 rate structure

Site selection directly
determines which tariff regime
applies — evaluate before land
acquisition



Energy Strategy: Self-Consumption & Protection
Systems

On-Site PV Self-
Consumption

Factory rooftop or adjacent
ground-mount PV reduces
daytime grid draw

Directly offsets highest-cost
P1-P2 tariff hours

Battery storage extends self-
consumption window into early

evening peak bands

Voltage & Power Protection

UPS systems protect lamination
and soldering equipment from

micro-interruptions

Voltage conditioners maintain
process stability during grid
fluctuations

Automatic transfer switches
enable fast recovery without
process loss

Demand Management

Contracted power level
(potencia contratada) should be
optimized — not over-

contracted

Reactive power penalties
avoidable with power factor
correction equipment

Real-time energy monitoring
enables dynamic load shedding
during tariff peaks



Operational Impact on Profitability

1 2 3

Energy Cost per Module Downtime & Yield Loss Margin Sensitivity

Electricity tariff band selection Grid-related interruptions reduce At thin module margins, a 10-15%

directly sets the energy cost throughput and increase scrap — reduction in electricity cost can

component embedded in each both erode gross margin at line level represent a measurable

modaule's cost of goods sold improvement in EBITDA per MW
produced

/\  Energy cost optimization is not a one-time setup — it requires ongoing operational discipline, monitoring, and

periodic reassessment as Spanish tariff structures evolve.



Strategic Conclusions

1 Electricity costis a controllable variable — 2 Site selection must integrate energy
not a fixed input infrastructure assessment
Production scheduling aligned to P1-P6 tariff bands Grid quality, contracted power capacity, and tariff
is the highest-leverage, lowest-capex optimization category eligibility should be evaluated alongside
available land cost and logistics

3 Self-consumption and protectionsystems 4 Energy strategy must be embedded in

are operational necessities factory design from project inception
On-site PV generation and voltage protection reduce Retrofitting energy optimization after commissioning
both cost exposure and process risk simultaneously is significantly more costly and disruptive than

integrating it at planning stage
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