
Internet-of-Things on Helium Network for Environmental 
Monitoring in an urban green space project 

in Nairobi, Kenya  

H A N N A  F I E G E N B A U M I A I A  2 0 2 4

B L O C K C H A I N - B A S E D  I N T E R N E T  O F  T H I N G S - N E T W O R K S  I N  E N V I R O N M E N T A L  
D A T A  P I P E L I N E S  -  E X P L O R I N G  O P P O R T U N I T I E S  A N D  A  U S E  C A S E



•

•

•
•
•
•

Hanna Fiegenbaum

Sustainability Integration Lead in circular sustainable construction project with 

Gefion/Wooden Valley gGmbH, Stuttgart, Germany

Researcher, Leipzig University, Institute for Medical Informatics, Statistics, 

Epidemiology: Formal Ontology, now: associated

Project-based work:  agriculture, built environment, business development

IUCN Impact Mitigation and Ecological Compensation Group 

lives and works in Berlin, Germany

email : hanna.fiegenbaum(at)gmail.com

 I A I A  2 0 2 4



B R A D L E Y  A Z E G E L E ,  B L C K  I O T S T E P H A N  S E I D E R ,  B L C K  I O T

Co-Authors



Innovative data sharing and governance 

for a just transformation
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Impact is assessed (measured, analysed, 

reported, verified, valued, invested in) using data.

What role does data play in 

Environmental Impact Value Chains?



Environmental data pipelines are often 

multi-stakeholder efforts.
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What is the project?

Urban green space restoration project with 

community initiative of volunteers (KECC)

in Nairobi, Kenya,  Kamukunji Park (5 ha). 

Community initiative is part of the larger 

Public Space Network - community 

network of nature stewards around open spaces.

Park is owned by the city, KECC are stewards.
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What is the project?

Restoration activities and urban development 

for some years now

involved waste management in the park, 

and the riverbed of Nairobi river, building

a playground for children,  planting trees,

establishing site for urban agriculture and setting up 

regular waste management with partners.
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What for?

Provide environmental measurements for community initiative to include in

future grant and funding applications 

Enable baselining and continuous environmental monitoring  

(time and spatial analysis)

Contribution to citizen science and data availability for a wider group of 

stakeholders
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What was measured?

Environmental parameters: 

Air quality, Temperature/Climate, Rainfall, 

Water level, Soil, Leaf Moisture,

Carbon Stock from Biomass

Use and use values of the park 

through survey

Tree species and abundance
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How?

Field work (tree diversity and abundance)

Survey on uses and use values of the park 

GIS analysis, satellite images

IoT sensor data for environmental parameters

→ IoT devices using LoRaWAN on 

Blockchain-based IoT Helium Network
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Data Collection Data Transmission Data Storage Data  Cleaning Data ReuseData  Use

Environmental data pipelines often involve 

multiple stakeholders.

Various challenges may arise from this 

collaborative effort.
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Technical: 

Security, Reliability, Autonomy

Quality of data

Environmental Data Standards 

FAIR data (Wilkinson et al., 2016) 

Traceability of origin, transparency of processes

Control over data, system interface
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Contractual: 

Accountability (SMART targets), Transparency                                       

Independent Veri�cation (MRV)

Distributive: 

Fair distribution of costs and bene�ts (De Lima et al., 2022), Equity

Procedural: 

Participation in governance and rule-making, shared control of system operation

CARE principles:   commitments to accessibility, responsibility, education, and 

engagement (GIDA, 2019)
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Data Collection

M U L T I - S T A K E H O L D E R  E N V I R O N M E N T A L  D A T A  P I P E L I N E  

Data Transmission Data Storage Data  Cleaning Data ReuseData  Use

Centralization or domination of: control over data, system operation, rule making, 
governance, benefits, costs, verification, storage

Single network provider

for IoT data

Single cloud provider

for IoT data

•

•

 

 

Decentralization: Blockchain stores data in a distributed and immutable way and 
decentralizes verification processes  through consensus among nodes.   



Can Blockchain-based IoT networks help address 

challenges in environmental data pipelines?
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What is it?

Helium Network is a peer-to-peer decentralized blockchain-based IoT-network 

providing LoRaWAN  coverage in its IoT-subnetwork

since April 2023 on blockchain Solana 

just one possible model of an IoT + Blockchain combination (DePIN), but the 

largest network and it is public (everyone can participate)
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How does it work?

Participants (nodes) - anyone - can buy hardware and install and maintain a 

Hotspot (gateway) to provide LoRaWAN network coverage that they themselves 

and others can use

Hotspot operators earn IOT tokens as rewards for data transmission and for 

witnessing other Hotspot's locations and their network coverage (Proof of 

Coverage) → Funding & Distribution of costs and bene�ts (participants pay each 

other)

All transactions to use the network are paid for in Data Credits (transaction token)
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How does it work?

Public blockchain: It is continuously developed, built and governed by its 

community → Community Participation

Development through Helium Improvement Proposals (HIP) on GitHub  and 

Helium Documentation → Transparency of system operation

Participants vote on HIPs, determine rules  → More inclusive governance of 

technology
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How does it work?

To any data transmission and Proof of Coverage, there is a transaction attached: 

Data transmissions and Proof of Coverage are veri�ed and recorded on 

blockchain → Public traceability of data transmission, Transparency, MRV

System is operated and maintained by distributed nodes: No single point of failure 

→ Robust, increases system security

Transactions are veri�ed through consensus and immutable → Data Integrity

All data that is transmitted is AES encrypted → Privacy
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How does it work?

Data is not recorded or tokenized on chain. Only transactions  - data transmission, 

and Proof of Coverage (PoC) - and identity of devices are recorded and traceable. 

Technical Expertise is needed for installation of Hotspot hardware and IoT

On-boarding and registering devices, however, is very simple and accessible. 

Data can be transmitted to server to further analyse it or to Web3 Data Exchange.
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Does it work?

Pro: Reliability of network, security, community participation in network 

governance, active and supportive community, traceability and transparency of 

data transmission and transactions, low cost, pay-to-communicate.

Con: Network traf�c is low in areas with not much coverage such as in Kenya, as a 

consequence, there are not many rewards earned. Rewards increase in 

proportion to amount of network traf�c (and number of Hotspots). 

HN is one DePIN (business) model among others. There can be customized 

solutions to respond to requirements of environmental monitoring and speci�c 

stakeholder needs. 



Thank you!
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