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 Customer: 

 A forward-thinking co-location provider developing a new facility powered by a Microgrid Triad.

• On-site renewable generation — either solar or offshore wind
• On-site gas generation for dispatchable, reliable power
• Lithium-ion battery energy storage

 Challenge – Operational Volatility and IT Load Spikes: 

 When weather conditions reduce generation while IT loads suddenly spike operators are forced to 
switch to gas or draw from the grid. This creates several issues:

• Higher energy costs
• Carbon penalties
• Operational inefficiency
• Potential latency risk during power transitions

 Goal: 
 Move away from traditional grid-dependent data-centre design toward a hybrid, resilient energy 

architecture.

• The operational goal is to achieve Net Zero operations for 6 to 12 hours per day. 

1. Microgrid Triad Case Study

2



 Demand-responsive software orchestrates both energy supply and IT demand in real time. 

 The platform enables:

 Carbon-intelligent computing — shifting workloads based on energy source availability
 Cost optimisation — reducing reliance on expensive dispatchable power
 Energy efficiency — using storage as an active asset rather than passive backup.
 Most importantly all of this happens without compromising data-centre uptime.

 Sustainability must coexist with performance, reliability, and commercial viability.

 The goal is not simply to generate clean power —
it’s to make every workload energy-aware.

2. Need for Demand-Responsive Intelligence
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 Why autonomy doesn’t always mean optimisation?

 Traditional expectation: 
• Co-located generation powers the data centre directly
• Reduced grid reliance
• Greater resilience, autonomy and cost control

 Reality in operation: 
• Grid connection kept for redundancy
• Operators default to grid imports or gas when renewables fluctuate
• Batteries sit in standby instead of being actively dispatched
• Decarbonisation assets become under-utilised

 The Power Paradox: 
A disconnect between energy supply, OT layer and IT demand.

 Need for: 
Orchestrating supply, OT layer and IT demand as one system.

3. The Challenge – Behind-the-Meter Paradox
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 Supply Side:

Renewables → highly variable output

Batteries → finite capacity and subject to high depletion rate, must be strategically used

Gas → dispatchable but costly, carbon intensive and exposed to gas price volatility

 Demand Side:

IT load → variable, must prioritise critical vs non-critical workloads

 If these two layers do not communicate with each other, operators naturally ran the facility 
conservatively.

 They rely on grid imports or gas generation to guarantee uptime because they lack real-time visibility 
and predictive coordination.

4. Disconnect Between Supply & Demand
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 Phase 1: Bridging IT & OT

 Phase 1 helps to establish real-time visibility of IT workloads and facility energy 
systems to create a foundation for predictive operations.

5. The Digital Twin Approach – Bridging and Weather Script

OT Metrics (Energy Layer) IT Metrics (Demand Layer)
• Battery SOC • CPU

• UPS output • Cluster power
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 Phase 2: The Logic (Weather Script)

 Automation is used to inject external data

 The system queries a local Weather API every 15 minutes

 The Trigger:

 If the forecast probability for Heavy Cloud Cover exceeds 75%, the script 
automatically tags specific host clusters as Power Constrained.



 Phase 3: Operational Simulation & Scenario Analysis

6. The Digital Twin Approach – Simulation and Optimisation

What if Analysis
• Modelling workload demand under different 

conditions.
• Evaluating peak and off-peak usage scenarios.
• Testing dispatch strategies or battery 

charge/discharge cycles.
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 Phase 4: Real Time Control & Optimisation
 Focus: Active management using live operational data.

 Dynamic workload modulation in real-time.

 Automated response to grid events or demand fluctuations.

 Integration with energy management systems for optimal performance:
 Carbon minimisation
 Cost minimisation
 SLA compliance
 Asset lifetime



 The Internal Economy: Green Chargeback

 Digital Twin alone isn’t enough to influence human behaviour to shift resources during “Energy Droughts”.
 Solution: Variable Rate Internal Chargeback

• Solar Tier: discounted internal cross charge 
• Gas or Grid Tier: premium internal cross-charge

 Outcome: Teams voluntarily rescheduling AI training to wind peak → Aligned demand with supply → reduced need 
for forced throttling

7. Beyond Technical Integration – Human Behavior and Safety
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 The Defcon Safety Valve
 Concern over automation impacting mission-critical apps. 
 Solution: Built-in Governance Layer & Safety Protocols. 
 Any Mission-critical database (e.g. patient database) is hard coded to ignore all power saving commands. The 

system is programmed to drain the battery to zero rather than throttle these specific assets.
 Dry Run Protocol: Advisory Mode for first 4 weeks → alerts only, no execution.
 Manual Kill-Switch: Physical dashboard button is created to revert to Maximum Performance Mode in case of 

emergencies. 



 Predictive simulation every 15 minutes 

 Simulates:
• Solar / Wind drop scenarios
• Battery depletion curves
• Gas ramp-up time
• IT workload impact on racks

 Optimisation:

• Minimise gas use
• Avoid battery overdraw

8. Forecasting and Automation
Rolling 4-hour horizon 15-min updates

Constraints

Simulator

Outcome
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 The twin continuously predicts the future: what if wind drops, batteries drain, or IT load spikes? It triggers 
automated workload migrations and gas dispatch, minimising cost and emissions.



 Trigger Event:

 Storm forecast detected → Wind generation drops by 50%

9. Scenario Simulation: Storm Impact on Power Availability
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 Digital Twin Response (Automated):
 Relocation:

• Tier 1 workloads migrated to racks with highest SOC
 Pre-emptive Generation:

• Gas generators started proactively before battery depletion risk
 Demand Management:

• Tier 3 workloads throttled to reduce non-critical load 

 Outcome:
 Battery and gas usage optimised in real time
 No downtime for Tier 1 workloads
 System remains within operational and compliance limits



 CapEx Savings – Optimiised Asset Usage:

 12% reduction in additional asset requirements, maximising existing resources

 Operational Cost Savings: 

 $250,000 annual savings by leveraging battery power during peak utility pricing

 Grid Resiliance:

 Successfully managed a regional brownout by shedding 40% of load within 60 
seconds, maintaining priority workloads.

 Iproved Asset Utilisation:

 Solar infrastructure usage increased from 50% to 90%, boosting return on 
investment.

 Susteainability:

 Verifiable reduction in carbon intensity for customer reporting

10.  Business Impact & ROI
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 Strategic Insight:

 Energy is no longer just a facility utility but an integrated, software-driven variable, breaking silos and enabling 
active management of energy assets

CapEx OpEx Utilisation CO2

Improvement Metrics

12%

$250k

80% ~30%



Thank You!

Powering the Future with Digital Intelligence 
Empowering Smarter, Safer, Cleaner Energy Systems 

Questions and discussions welcome

Ana Gorgyan | Independent Power Corporation PLC | agorgyan@indpow.co.uk
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