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Abstract 
 
This concept paper presents an integrated approach to automating the identification and 
certification of energy savings by combining trusted operational data with advanced data 
science analytics. Drawing on emerging standards for data confidence — for example by the 
Alvarium project—and leveraging blockchain technology for data integrity and tokenization, the 
proposed system creates a robust framework for issuing energy efficiency certificates and 
carbon credits. Each certificate is represented as a hybrid token that functions both as a non-
fungible token (NFT) with uniquely verifiable metadata and as a fungible token representing 
aggregated carbon reduction. This duality ensures not only traceability and auditability but also 
market liquidity and standardized value representation for carbon credits. 
 
1. Introduction 
 
The drive toward sustainability in the energy sector necessitates robust mechanisms for 
tracking, verifying, and certifying energy savings. Facilities management systems and 
operational devices generate voluminous streams of data that, if trusted and accurately 
analyzed, can serve as the backbone for demonstrating real energy reductions. However, 
ensuring the authenticity and integrity of these data streams is critical. This paper explores how 
trusted data—enhanced by confidence scores—and advanced analytics can automatically 
identify energy savings against established baselines. Furthermore, by integrating blockchain 
technology, we can tokenize energy efficiency certificates and carbon credits into hybrid tokens 
that encapsulate both unique and fungible properties, thereby fostering transparency, trust, and 
liquidity in carbon markets. 
 
 
2. Background 
 
2.1 Trustworthy Data and Confidence Scores 
 
The Alvarium project, co-innovated by major industry players such as DELL, Intel, as well as 
IOTA and Hedera under the Linux Foundation, advocates for the tagging of data with 
confidence scores to assess its trustworthiness. These scores offer an objective metric for data 
integrity, providing assurance about the provenance, accuracy, and reliability of data streams 
originating from devices and operational systems. In the context of energy management, 
confidence scores can ensure that energy consumption and savings data used for certifications 
are robust and auditable. 
 
2.2 Advanced Data Science in Energy Management 
 
Advanced analytics and machine learning techniques have the potential to transform raw 
operational data into actionable insights. By comparing real-time energy consumption data 
against established baselines, these technologies can automatically identify anomalies, forecast 
savings, and validate the impact of energy efficiency measures. When coupled with trusted 
data, the reliability of these analyses is significantly enhanced, paving the way for automated 
audit trails and simplified certification processes. 
 
2.3 Blockchain for Data Integrity and Tokenization 
 
Blockchain technology provides a decentralized ledger that is immutable and transparent, 
making it ideal for ensuring the integrity of energy savings data. When energy efficiency 
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certificates and carbon credits are tokenized on a blockchain, each token inherently carries a 
record of its associated data, from device-level details to the analytics that support its creation. 
This not only enhances trust but also streamlines auditing and certification processes. 
 
 
3. System Overview 
 
The proposed system comprises three core components: 
 
1. Trusted Data Acquisition Layer: Operational systems and devices (e.g., IoT sensors, facilities 
management systems) generate data that is immediately tagged with confidence scores based 
on predefined criteria. Each data point is associated with metadata that includes device 
identifiers, digital twin information, processing router details, timestamps, and other contextual 
information. 
 
2. Advanced Analytics and Audit Engine: Using machine learning algorithms and statistical 
analysis, the system compares real-time energy usage data against established baselines. This 
layer automatically identifies energy savings, quantifies them, and produces comprehensive 
dashboards. These dashboards provide a transparent audit trail that integrates the confidence 
scores from the data acquisition layer, making it easier to certify energy savings. 
 
3. Blockchain-Based Tokenization Module: Energy efficiency certificates and carbon credits are 
issued as hybrid tokens on a blockchain. Each token has two facets: 
   - Non-Fungible Token (NFT) Aspect: Contains unique, verifiable metadata detailing the 
underlying emission reduction, the digital twin of the equipment, device IDs, data streams, 
confidence scores, and audit trail information. 
   - Fungible Token Aspect: Represents the standardized value of carbon reductions, facilitating 
liquidity and market trading. 
 
 
4. Trusted Data Acquisition and Digital Twin Integration 
 
4.1 Data Collection and Tagging 
 
Devices and systems within a facility continuously produce energy usage data. Each data 
packet is immediately processed by a local or edge computing node where it is: 
- Validated against local standards. 
- Enriched with metadata such as device IDs, location data, and operational status. 
- Tagged with a confidence score indicating its reliability based on factors like sensor calibration, 
network integrity, and historical accuracy. 
 
4.2 Digital Twins and Contextual Metadata 
 
Digital twins provide a virtual replica of physical assets and operational processes. By 
integrating digital twin technology, the system can cross-reference sensor data with simulated 
models, further enhancing data integrity. This additional layer of verification ensures that even if 
physical data is compromised, the digital twin can provide corroborative evidence to maintain 
the trust chain. 
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5. Advanced Analytics and Automated Audit 
 
5.1 Baseline Comparison and Savings Identification 
 
The analytics engine continuously compares real-time data with established energy baselines. 
Key functions include: 
- Anomaly Detection: Identifying deviations from expected energy consumption patterns. 
- Predictive Analytics: Forecasting potential savings based on operational trends. 
- Automated Certification: Once energy savings are identified and validated, the system 
automatically certifies the reductions, linking them with the corresponding confidence scores. 
 
5.2 Dashboard and Reporting Tools 
 
Intuitive dashboards provide stakeholders with real-time insights into energy usage and savings. 
These dashboards: 
- Display confidence scores alongside energy metrics. 
- Offer drill-down capabilities to trace energy savings back to individual devices or systems. 
- Serve as a primary tool for auditors and certifiers to validate energy efficiency measures. 
 
 
6. Blockchain Integration and Tokenization 
 
6.1 Hybrid Token Architecture 
 
The tokenization module creates energy efficiency certificates and carbon credits as hybrid 
tokens, combining NFT and fungible token characteristics: 
- NFT Component: Each token holds a unique identifier and associated metadata that serves as 
an immutable record of the energy savings. This includes: 
  - Detailed emission reduction data. 
  - The digital twin of the relevant equipment. 
  - Device IDs and data stream provenance. 
  - Confidence scores and audit trail logs. 
- Fungible Component: Aggregates the carbon reduction value into a standardized unit, 
facilitating trading and market liquidity. 
 
6.2 Ensuring Data Integrity on the Blockchain 
 
Blockchain ensures that once data and associated certificates are recorded, they cannot be 
altered or tampered with. Each transaction — whether it involves data tagging, certification, or 
token issuance — is timestamped and stored on a decentralized ledger, ensuring complete 
traceability. This immutable audit trail is critical for both regulatory compliance and market trust. 
 
The associated data can - subject to the ledger protocol used - be stored in the digital asset (i.e. 
NFTs) itself and / or the NFT can hold meta data and data links to source data and associated 
access policies. Essentially, the data related to the certificate can point to multiple federated 
data sources. 
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7. Use Cases and Benefits 
 
7.1 Enhanced Trust and Transparency 
 

By integrating data confidence scores with blockchain’s immutable record-keeping, 

stakeholders—from facility managers to regulatory bodies—gain unparalleled trust in the 
reported energy savings. This transparency is key to enhancing the market value of energy 
efficiency certificates, carbon credits and associated digital assets. 
 
7.2 Automated Certification and Reduced Audit Overheads 
 
The automated analytics engine minimizes the need for manual audits by providing a 
continuously updated, verifiable record of energy savings. This reduces administrative overhead 
and accelerates the certification process. 
 
7.3 Market Liquidity and Trading of Carbon Credits 
 
Tokenizing carbon credits as fungible assets on a blockchain creates a liquid market where 
credits can be easily traded, further incentivizing investments in energy efficiency and 
sustainable practices. 
 
 
8. Implementation Considerations 
 
8.1 Interoperability and Standards 
 
Implementing this system requires adherence to industry standards for data formats, digital twin 
integration, and blockchain interoperability. Collaboration with standards bodies and industry 
consortia will be crucial. 
 
8.2 Scalability and Performance 
 
Given the volume of data generated by operational systems, the system must be designed for 
high throughput and low latency. Edge computing, combined with scalable blockchain solutions, 
will be critical in addressing these challenges. 
 
8.3 Security and Privacy 
 
Robust cybersecurity measures must be integrated at every layer—from device-level encryption 
to secure blockchain protocols. Additionally, privacy considerations must be addressed to 
protect sensitive operational data while ensuring transparency for audits. 
 
8.4 Governance and Regulatory Compliance 
 
A clear governance framework is necessary to manage token issuance, data integrity, and audit 
processes. Compliance with international standards and local regulations regarding energy 
efficiency and carbon credits is paramount. 
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9. Conclusion 
 
Combining trusted data from operational systems with advanced analytics and blockchain 
technology offers a transformative approach to certifying energy savings and tokenizing carbon 
credits. By leveraging data confidence scores, digital twins, and automated analytics, the 
proposed system provides a verifiable, transparent, and efficient pathway for issuing energy 
efficiency certificates. The hybrid token model not only ensures the uniqueness and traceability 
of each certificate but also standardizes the value of carbon credits, fostering a more robust and 
liquid market for sustainable energy practices. As industries and governments push for greater 
sustainability, this integrated framework represents a significant step toward more trustworthy 
and efficient energy management and certification. 
 
 
 
Q&A 
 
How do we implement a dashboard with associated data confidence? 
 
The GGRX system provides out of the box reports and dashboards. The implementation is 
simplified by the fact that the reporting framework sits on top of the node software that 
represents a database that holds all relevant data. The publishing nodes aka routers send the 
data to the node software, where it is stored alongside the associated device identifiers, meta 
data etc. The data is hashed and anchored in the private blockchain networks of participating 
nodes. The node software would store hashes of data of other network participants to establish 
mutual trust.  
 
Data can also be shared in a controlled manner, so raw data from value chain participants could 
be stored in the node software or proprietary data could be shared and persisted in partner 
nodes.  
 
In this environment, it is straight forward to create a data model and build reports and 
dashboards.  
 
In the case of the data lake architecture, we also have a federated system where the data lake 
is likely made up of multiple source systems. To achieve a comparable level of data trust, we 
should record every instance of an API call or data stream that brings new data into the data 
lake into the distributed ledger to create end-to-end data provenance. All associated data 
sources and infrastructure such as middleware, networks and routers should have associated 
device IDs and device status (i.e. software version, secure boot etc) anchored on the 
blockchain.  
 
Likewise, every data transformation should be recorded in the blockchain via a hash. The 
interactions with the blockchain happen through published APIs.  
 
As we create dashboards from (potentially federated data), we would look up the data 
confidence related data in the blockchain, i.e. the notion that a data set has not been tampered 
with based on verified hashes.  
 
In addition, we need to think through the question as to where we would compute the calculation 
of the actual data confidence score for every data set, which is a combination of various trust 
insertion approaches highlighted below.  
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https://lf-edge.atlassian.net/wiki/spaces/AL/overview 
https://github.com/project-alvarium 
 
 
How could we implement the data trust framework? 
 
The data sources, be it IoT devices or operational systems, could be trusted sources of data by 
equipping them with a data stream protocol similar to IOTA streams (now implemented by 
GGRX) where a data source is connected to a publishing node that could structure and send 
the data over an encrypted channel including root ID. The publishing node would either use the 
blockchain node server as an end point, or in the case of the Data Lake implementation there 
could be a data stream with two end points, one being the node server and the other being the 
data lake. The data would be associated and therefore cross-referencable. This would also 
resolve the issue that any identifiers (i.e. device, IT system, org entity or person) should be 
anchored in the blockchain network to establish trust. 
 
 
How can data sharing be enabled? 
 
The concept of making data immutable can be applied in both the node software centric 
approach or the data lake approach. In both cases we could implement data hashes that can be 
verified via PKI. Likewise for data transfers, that may happen outside of the blockchain network 
for cost and scalability reasons, we would hash the data to the blockchain prior to transfer and 
validate the same hash post transfer to detect potential man-in-the-middle attacks.  
 
 
How do we handle Access Control and Permission Management? 
 
Systems such as GGRX seek to mask the complexity of the underlying blockchain 
implementation and make it as easy to use as Web 2.0 apps. GGRX has implemented a role-
based access control model through which access to data and functions is controlled. It would 
be possible to implement a fully decentralized identity and access control model using Digital 
IDs and verifiable credentials, but it seems that especially in our target market, such a 
decentralized trust model is not a requirement.  


