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Motivation & Context

Data centers are highly energy and carbon intensive

Decarbonisation claims depend on measured efficiency & heat recovery

Power is measured at multiple layers (IPMI, Infrastructure(PDU/IRC), Facility) → inconsistency & reliability issues

System boundaries and validation are critical for credible carbon accounting

Sites differ in instrumentation and constraints

Heat recovery exists, but is site-specific and needs to be validated



Objectives

Framework & 
Measurement

• Establish 
a transparent multi-
layer power 
measurement 
framework

• Cross-validate IPMI, 
PDU/IRC, and Utility 
meter data

Analysis

• Quantify recoverable 
heat from compute 
workloads

• Assess efficiency 
(PUE) and carbon 
impact

Practical 
Deployment 

• Identify constraints 
across sites

• Enable cross-site 
learning without 
identical setups

• Define measurement 
limits and accuracy 
bounds

Outcome

• A reference 
methodology for:
• Power measurement
• Efficiency 

assessment
• Heat recovery 

evaluation
• Carbon Accounting 

Documentation



System Architecture
• Electrical path, cooling, heat rejection common 

across all DRI sites.
• Heat recovery is site-dependent
• When implemented, Heat recovery is considered 

from IT load only 
• Scope of the study: 

• Focus on operational energy and 
carbon (Scope 2)

• Analysis based on measured data, not 
design specifications.

• Measurements reported when available, 
with  assumptions where data is missing
✓ Server level – IPMI telemetry
✓ Infrastructure level IT power – PDU & IRC
✓ Facility Level electricity meters 
➢ District Heating Heat Meters (site-specific) –

(Waiting for data from Estates) 
➢ Different vendors, accuracies, resolution 

data (To do next)

District Heating 
System (QMUL)



QMUL GridPP Data Center

• Hosted in JP building on the QMUL Campus. 
• Room hosts GridPP, SPCS (school) and 

IT Services (ITS) Clusters together.

• Core components of the GridPP cluster:
• Compute , Storage, Infrastructure nodes 

– 272 nodes used for the study
• Connected to a District Heating System 

(Heat Sink) – includes heat pumps 
(operations switches between 1 and 2 
functioning heat pumps)

Data Center
side

District Heating System

InRow 
Cooling 

Heat Dump Heat Pumps



Analysis Workflow

Validation Strategy
• No single measurement is complete. Different 

layers build different part of the system.
• Approach is to compare across available 

layers 
• Server level (IPMI telemetry), 

Infrastructure level (PDU/IRC- obtained 
from Schneider Data Center Expert), 
Facility Level (electricity – room utility 
meters), Heat Dump Meters (District 
Heating System)

• Align measurements in time and 
aggregation window

• What we can look for – stability of differences 
over time, expected losses, deviations 
(calibration or data quality issues).



Efficiency Metrics

• Power Usage Effectiveness (PUE)
• IT Power (PIT) - compute, storage, 

networking
• Total Facility Power (PFacility)

IT power plus cooling, power distribution 
losses, and auxiliary systems

• Cooling energy included in facility, not IT
• Time aggregation and meter placement 

affect results
• PUE can vary with IT load, season, 

cooling system variation

• Site Variability: different meter 
placements/coverage, different cooling 
designs, or reporting conventions



Heat Recovery Metrics (Site-specific)

• Heat Reuse Factor (HRF): 
• Fraction of IT heat successfully reused
• IT Heat (QIT)

Thermal energy generated by IT equipment
• Recovered Heat (QRecovered)

Measured Thermal energy delivered to a useful 
heat sink

• Heat originating from IT load is considered. 
• Delivered heat matters more than theoretical 

availability.
• Site Variability: some sites recover heat, others 

reject it. Measurements methods vary.
• Validation Checks:

• Energy balance: 
• IT power → total heat generated. 

Recovered heat <= available heat.
• Losses in capture, transport, delivery



IPMI vs PDU 

• Comparison between IPMI and PDU 
measurements indicates that IPMI under-reports 
IT power by approximately 8-10%

GridPP
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PUE
• Total IT energy (PDU + IRC) split into GridPP+SPCS 

and ITS contributions

• Room-level IT electricity measurements agree 
with PDU + IRC totals within ~2–4%
• Residual differences likely due to non-IT 

loads (e.g. lighting) and meter calibration

• PUE ranges from ~1.3 to 1.8, driven by cooling 
plant operation (single vs dual heat-pump modes 
reflected in room meter readings)
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Heat Recovery Results
• Thermal energy extracted by the water-cooling 

system compared against IT electrical energy from 
IPMI and PDU

• Recovered heat is bounded by available IT 
heat, with behaviour dependent on hot-aisle 
return temperature
(cooling plant switching between single and 
dual heat-pump operation)

• Validation confirms order-of-magnitude 
agreement

• Remaining discrepancies are under further 
investigation
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Summary 

Key Observations
Power measurements across 
available layers show 
consistent trends

PUE varies with IT load and 
operating conditions

Heat recovery effectiveness 
is operationally constrained. 
Results are site-specific and 
time-dependent



Next steps

• Refine measurement alignment and cross-checks
• Incorporate district heating system data (heat dump 

meters)
• Segment IT power by vendor and hardware generation
• Extend analysis to carbon impact assessment
• Improve automation and reproducibility of analysis
• Extend studies to additional sites and incorporate feedback
• Working on formal documentation (in progress)

• Develop shared templates and guidance for reuse



Discussion

• What data or tooling gaps exist?
• What would be needed to make this work across 

different architectures?
• How could this integrate with existing 

accounting/reporting systems?
• Which outputs are most useful, and which 

are unnecessary?
• What key outputs or capabilities are missing?
• What should be simplified to make this 

deployable in practice?



Back Up



IPMI vs PDU Power 
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