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Abstract:

The lack of a comprehensive property rights system is an issue of pressing concern in most
economies in the Global South. Property rights-related issues have important social, economic
and environmental consequences. This paper argues that one of the most impactful uses of
blockchain in the Global South could be in the creation, implementation and enforcement of
property rights. The article provides an in-depth analysis of a blockchain-based land registry
project in the Andhra Pradesh state of India. It also delves into facilitators for and barriers to a
large-scale adoption and deployment of blockchain for this purpose. The paper shows that with
blockchain, the benefits of digitisation of land records can be amplified and some of the major
drawbacks of digitisation can be avoided.
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Article:
Introduction

The lack of land ownership among the rural poor and highly defective land records are among
the greatest socio-economic problems facing India.! Over 20 million rural families in India do
not own land and millions more lack legal ownership of their lands and houses.? Landlessness
arguably is a more powerful predictor of poverty in the country than are hierarchical social and
economic arrangements such as the caste system, or illiteracy.? Bureaucratic red tape and
corruption are widespread in property-related transactions.* Bribery in land administration is
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rampant in the country.> A 2005 survey found that 79% of those interacting with the Land
Administration Department in India paid bribes. More than 36% had paid bribes to department
officials and 33% to intermediaries.®

A number of studies conducted in India and other Global South (GS) economies have
demonstrated that the digitisation of land records might address some of the above

challenges.” For instance, by digitising land records, ambiguity can be reduced, leaving less
room for corruption.® Likewise, digitisation facilitates search and retrieval of documents, which
can improve administrative efficiency, reducing red tape and waiting time in land-related
transactions.’

In some GS economies that have digitised land records, however, many of the expected benefits
of digitisation have not materialised. For instance, the Bhoomi programme in India’s Karnataka
state'® was reported to have increased corruption and bribes as well as the time taken for land
transactions.!! The digitisation was carried out by the centralisation of land records and thus
management moved away from villages to district-level taluk offices. Whereas well-connected
urban economic agents and large- and middle-level farmers exploited the centralisation and
computerisation of land records to their benefit, the systems led to further marginalisation of
unconnected poor farmers.'? Likewise, the Electronic Document Management System (EDMS)
implemented in Lagos, Nigeria, did not lead to an increase in the number of applications
processed. '® Finally, land records stored in a centralised database system are susceptible to
hacking. To take an example, as of 2018, the Bhoomi system has experienced three cybersecurity
breaches in which nefarious actors have manipulated records. '*

Recent research has suggested that by storing land records in blockchain, some of the major
limitations discussed above can be overcome.'> More broadly, blockchain is viewed as a force
that is likely to break the poverty chain in the GS.'® Blockchain makes it possible to create a
tamper-proof digital ledger of transactions and share it among relevant participants.
Cryptography allows the participants to add data to the ledger securely. It is impossible, or at
least extremely difficult, to change or remove a block of data recorded on the ledger. Blockchain
transactions are conducted by the concerned parties themselves without a third party or a central
body. Due to these features, researchers have argued that blockchain can play a major role in
addressing various challenges facing the humanitarian and development sectors in the GS.
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Notable uses of this technology include fighting corruption!” and creating secure digital
identities.'® Improving property registry'® and securely managing land records and land

tenure?® have been viewed as potentially high-impact uses of blockchain. As a related point, a
blockchain-based property registry system can reduce title frauds and guarantee the protection of
property titles.?!

Blockchain can thus help achieve many benefits that are not possible with digitisation alone.
Blockchain’s decentralisation feature ensures that land-related records are stored in multiple
computer systems (called ‘nodes’). If new transaction data are added, the blockchain will be
updated in all the connected nodes in real time. This means that corrupt officials cannot change
land records without being noticed by others. Blockchain-led transparency and accountability
can also improve efficiency in land transactions. These features of blockchain can also provide a
level playing field for and improve the welfare of the poor. Blockchain is also touted as a
technology that is more secure than most other systems. Unsurprisingly, then, many GS
economies are currently in various phases of implementing blockchain-based land record
systems.

This article provides an in-depth analysis of a blockchain-based land registry project in the
Andhra Pradesh (AP) state of India, which has one of the most advanced applications of
blockchain for this purpose. It examines benefits and limitations of blockchain-based land
registry systems as well as facilitators for and barriers to implementing such systems.

This topic is important because observations from some African economies have revealed that
blockchain-based efficient verification of property records and transactions can increase access
to credit for individuals and small enterprises from formal sources, which otherwise operate in an
informal way.?? Lessons learned from AP can be helpful for other GS economies in designing
and implementing strategies to utilise blockchain in land registry. This study underscores the
need for high national priority, rules and regulatory agencies governing land management and
local technological capabilities to develop blockchain projects in land registry. It also identifies
some potential barriers that may impede GS economies’ attempt to develop blockchain-based
land registry system.

Before proceeding, some clarifying definitions are offered. Blockchain is a decentralised ledger
that maintains records of a transaction simultaneously on multiple computers. After a block of
records is entered into the ledger, the information in the block is mathematically connected to
other blocks. In this way, a chain of records is formed. Due to this mathematical relationship, the
information in one block cannot be changed without changing all blocks in the chain. Any
alteration of information in a block would create a discrepancy that is likely to be noticed
immediately by others in the network. Blockchain-based ledgers thus do not require record-
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keepers to trust each other. In this way, the dangers associated with data being stored in a central
location by a single owner do not apply to blockchain.??

The article is organised as follows. We first provide a literature review. Next, we examine
blockchain-based land registry projects in India’s AP state. This is followed by a discussion and
implications. In the final section we offer conclusions.

Literature review

In this section, we focus on two key points. First, we review the literature on digitisation of land
records in GS economies to understand the limitations of such systems, which can be potentially
addressed with blockchain. Second, we look at studies that examine blockchain deployment in
the land registry to understand the benefits and limitations of such systems as well as facilitators
of and barriers to their implementation. Taking these prior understandings into consideration will
help interrogate these understandings using perspectives from AP, one of the most advanced
deployments of blockchain in land record systems.

Digitisation of land records in the GS

Social, economic and political factors affect whether and the extent to which the benefits of the
digitisation of land records can be realised.?* The full benefits associated with the digitisation of
land records cannot be realised in the absence of a supporting environment. Mixed results have
thus been obtained in studies assessing the impact of digitisation of land records in the GS. For
instance, various benefits of the EDMS implemented in Lagos, Nigeria, were identified. Land-
related files were stored centrally, which facilitated search and retrieval of documents. The
waiting time to obtain land-related information decreased and administrative efficiency
improved. Overall, it led to an increase in public confidence.?

As another example, one can look at the Bhoomi programme in India’s Karnataka state.?® A
computerised database was generated comprising 20 million records of land belonging to 6.7
million farmers. In the pre-Bhoomi era, there were many different land ownership forms due to
various socio-legal processes that underpinned land claims. Bhoomi unified these heterogeneous
land tenure forms.?’ In the pre-Bhoomi system, land-related corruption was related to ambiguity
in land records, in which the process was mostly controlled by local-level ‘street

bureaucrats’.?® To some extent, digitisation helped overcome such problems.

However, several limitations and drawbacks of digitisation initiatives such as Bhoomi and the
EDMS have been noted. For instance, the EDMS showed no improvement in resolving boundary
disputes. Moreover, the EDMS system did not lead to an increase in the number of applications
processed or the generation of additional revenue.?’
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An analysis of the Bhoomi system indicated that that digitisation of land records does not
necessarily improve farmers’ welfare. The record also included a cropping pattern history of the
previous 12 seasons. This was arguably the largest scale digitisation of land cadastrals carried
out to date in a developing country. The Bhoomi system increased corruption and bribes as well
as time taken for land transactions.* The digitisation was carried out by the centralisation of land
records and thus the management moved away from villages to taluk offices at the district level.

Before Bhoomi, obtaining a copy of a Record of Rights, Tenancy and Crop Information (RTC),
or mutation — the transfer of rights from one owner to another — normally took two to three days.
The village accountants (VAs) made such documents available efficiently. After Bhoomi’s
implementation, a mutation took as long as four months, and farmers needed to depend on agents
to get their work done. In many cases, when farmers visited the taluk office, for which they
needed to miss several days of their agricultural work, they found that computers were down or
there was no electricity.

Large- and middle-level farmers exploited the centralisation and computerisation of land records
to their benefit. These groups allegedly used smaller farmers’ survey numbers to access
government schemes and benefits such as subsidies provided to small farmers to buy seeds,
fertilisers and pesticides. Bhoomi also helped powerful economic groups to acquire land in prime
locations at a low cost from small farmers, who had used such lands for cultivation. In some
cases, the farmers had received such lands under various so-called ‘inam’ schemes, which
restricted them from selling. Economically and politically connected real estate agents contacted
several small land holders in an area, negotiated with them and converted the land to commercial
use. To do so, the urban economic agents obtained a No Objection Certificate (NOC) from the
village panchayat and used the Bhoomi system to issue title for their clients. Large land
developers had connections with politicians and senior administrators. In such cases, due to the
involvement of powerful and influential interests, the local institutions such as the VA office or
the Bhoomi kiosk had no power to influence the process or make a decision.

Bhoomi shows that the process of digitisation and related digital access to land title may shift
power and wealth to those with the financial resources and skills to take advantage of it. These
groups are in a position to use this information to promote their self-interest and harm the
interests of disadvantaged groups such as small farmers.>!

Blockchain in property registration

Land registry is becoming a popular blockchain application.? Some have suggested that land

titling could be blockchain’s ‘low hanging fruit’,>® which can be carried out in an inexpensive

way.>* Various benefits have been suggested for the use of blockchain in developing a national
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system for property management.>> These include elimination of paperwork, reduction of fraud,

and increasing the speed with which transactions can be conducted.*® Both proposed and actual
implementations in Honduras,*” Ghana,*® Georgia, India and other countries® have been given
as examples to illustrate such benefits. With a blockchain-based land titling project, the
government of the Republic of Georgia aims to enable landowners to borrow against their lands
and engage in entrepreneurial activities.*’

Prior researchers have also documented various barriers to the implementation of blockchain-
based land titling projects. A rich blockchain ecosystem in which to apply this technology for
land governance has not been developed. Concerns have been expressed about issues such as
poor Internet connectivity, and underdeveloped privacy and security practices.*! Other key
barriers include the lack of interoperability and laws to recognise digital signatures.*?

In most developing countries, value, ownership and other details of lands are in paper-based
cadastres, which are mostly incomplete. These pose significant challenges in digitising and
updating land records to accurately reflect ownership of property.* It is important to tackle the
widespread land governance challenges to increase the scalability of blockchain projects. A
major challenge is to convert analogue land registers and analogue cadastres to digital land
databases. Buenos Aires cleaned up its analogue system and digitised the registry. In cases such
as Buenos Aires, where the analogue system was cleaned up and digitised, blockchain can
provide major advantages by ensuring immutability. Researchers have also noted the importance
of institutional changes and transformations in order to apply blockchain for asset registry.** This
is because blockchain is a ‘social technology’ designed to govern people’s behaviours.*’

Blockchain-based land registry in India’s Andhra Pradesh state

In 2017, the Telugu Desam Party (TDP) government headed by Chief Minister (CM)
Chandrababu Naidu in the AP state, which split from Telangana under India’s Andhra Pradesh
Reorganization Act, 2014, announced plans to use blockchain for land registry. It was the first
Indian state to do so.

After the split, the old state capital Hyderabad became Telangana’s capital. AP planned to build
a new capital city from scratch in Amaravati. In October 2017, the AP government collaborated
with the Swedish start-up ChromaWay to implement blockchain-based land recording project in
Amaravati. Regarding the involvement of ChromaWay, it is worth noting that a complaint has

been raised against the company that it has merely proven the concept of blockchain-based land
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records again and again, while failing to show traction and scalability.*¢ In this regard, the AP
project has attained some degree of scalability that was missing previously.

Private blockchain used

Before expanding on the case of AP, we first explain the differences between types of
blockchains. Blockchains can be permissioned (eg Ripple) or permissionless (eg bitcoin). In a
permissioned blockchain, nodes or users are not publicly discoverable. The permission to create
smart contracts may also be restricted to approved actors. In a way, permissionless blockchains
are like a shared database. Everyone can read everything; however, a user cannot control who
can write.

Bitcoin is ‘write-uncontrolled, read-uncontrolled’,*” which means anyone can write a new block
or read a block. Permissioned blockchains, in contrast, can be designed to be write-controlled
and read-controlled. In such blockchains, protocols can be set up in such a way that only
permissioned participants can write into or read the database. Ripple, for instance, runs a
permissioned blockchain. It determines the nodes that may act as transaction validators. In
permissionless blockchains, anyone can join the network and participate in block verification to
create consensus and smart contracts.

A key advantage of private or permissioned blockchains is higher speed to process transactions
compared to permissionless blockchains. An example of permissioned blockchain used in
humanitarian projects is the World Food Programme (WFP)’s ‘Building Blocks’ pilot launched
in 2017 to help refugees. In the first stage, Building Blocks distributed food and cash assistance
to needy families in Pakistan’s Sindh province. In May 2017, the WFP started distributing food
vouchers in Jordan’s refugee camps by delivering cryptographically unique coupons to
participating supermarkets. Supermarket cashiers were equipped with iris scanners to identify the
beneficiaries and settle payments. United Nations databases verify the biometric data of the
refugees. Building Blocks’ ledger records the transactions on a private version of the Ethereum
blockchain: the Parity Ethereum. No banks are involved and beneficiaries thus receive goods
directly from the merchants. The Parity Ethereum used in the system employs four nodes to
validate transactions.*® This means that transactions cannot be seen by actors who are not a part
of the authorised peer nodes. An additional benefit is that Ethereum miners are not needed to
validate the transactions. This feature removes a key bottleneck to the processing speed and
transaction capacity.*’ The system is thus designed to scale.

Just like the Swedish system, the AP project uses permissioned blockchains. In the Swedish
system, relevant data, such as the authenticity of land transaction-related processes, signatures,
files confirming ownership and mortgage deeds, are secured in the blockchain of the Swedish
land authority, Lantmdéteriet. The copies of the records are also stored and validated by other
participants (eg banks). Authorised third parties can verify information. These third parties are
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part of the process such as banks, buyers, sellers and real estate agents.>® When a land title
changes hands, each step of the process is verified and recorded. While this system provides a
highly secure and transparent verification and storage service for property transactions, it does
not function as a full-blown cryptocurrency in which land can be bought and sold in the same
manner as a bitcoin transaction.”! The nodes in AP’s land records include the Revenue
Department, the Chief Commissioner of Land Administration and other officials.

Implementing blockchain in AP

The director of land laws and policy of the advocacy group Landesa noted that community
involvement would be important to verify ownership, resolve disputes and obtain ‘clean’ land
records, especially in rural areas.’> Some landowners expressed suspicion and distrust towards
the blockchain-based system. In particular, the stages before the land records are moved to
blockchain are prone to fraud.>* The Capital Region Development Authority (CRDA) officials
visited villages to address these concerns, educate landowners and explain the benefits of using
blockchain in land registry before starting the project.*

A typical land record in blockchain comprises 58 attributes.’® These include static attributes that
describe the property, such as a unique ID, plot code, geo-coordinates (latitude and longitude),
survey number, boundary information (eg information about neighbouring plots, location in
relations to roads or other landmarks) and classification of land, as well as dynamic attributes
that are subject to change, such as owner (eg Aadhaar number) and mortgage information, right
of first refusal (ROFR) and litigation status. Events such as mutation, court case filing, stay
issued by the court, sale, approval of buildings, conversion of lands (eg from agricultural to
commercial), mortgage, and the owner’s death are also recorded. The system also provides
flexibility to add new attributes if such needs arise in the future.

Benefits and limitations of blockchain-based land registry systems
Benefits

The case of AP sheds light on various potential benefits of blockchain-based land registry
systems, as analysed in this section.

Reduction in administrative and bureaucratic inefficiency and corruption
Bureaucratic inefficiency and corruption in India and other GS economies have been well

documented. A study by the civil society organisation Daksh indicated that property-related
disputes in India account for 66% of all civil cases and cost the country 0.5% of the gross

0 chromaway.com, “Land Registry in the Blockchain — Testbed.”
3! Wong, “Sweden’s Blockchain-Powered Land Registry.”

32 Chandran, “Indian States Look to Digitize.”

53 Bhattacharya, “Blockchain Is Helping Build.”

34 Ibid.

%5 Ibid.

%6 Sai Baba, “Securing Land Records through Blockchain.”



domestic product annually. About US$700 million in bribes related to land transactions is paid

every year.”’

The digitisation of land records does not necessarily address these problems. In the absence of
appropriate measures, digitisation of land records may lead to manipulation of the land market
process by powerful actors.’® For instance, errors such as wrongly spelled names, or incorrect
entries of survey numbers or measurements, were frequent complaints raised against the Bhoomi
system. Rectification of such errors involved multiple visits to the taluk and paying bribes.* In
this way, the Bhoomi system opened new avenues for inefficiency and corruption.

Regarding the corruption of the centralised system, the then AP Deputy CM Bose put the issue
this way: ‘The system itself (poor maintenance of records) is the root cause of corruption. Once
we purify the records and make them tamper-proof, corruption will be eradicated’.®

A blockchain-based system in which many agencies act as nodes or validators of transactions
allows these agencies to serve as checks and balances for one another, to assure that no agency
can manipulate the system without being noticed by others. Blockchain-based land record
systems may use various types of consensus algorithms such as proof of work and proof of stake,
in which all or some nodes verify transactions such as a change in the landowner’s name for a
plot.! Following this, a new block of data involving land transactions is added to the ledger.

As noted above, the AP’s system, just like the WFP’s ‘Building Blocks’, relies on a small
number of nodes to validate land-related transactions. In general, blockchains with a small
number of data validators are less trustworthy compared to those with a large number of
validators. Despite this, while bribes are not impossible, such activities face considerable
challenges in blockchain-based records. In the centralised model, powerful and influential actors
can pressure the individuals managing centralised databases (such as the Bhoomi system) to
change records. In a blockchain-based system, records cannot be tampered with without being
noticed by other nodes. Moreover, in the AP system, if any node tries to change the record, the
landowner will receive a text message. %

Blockchain-based systems can enhance administrative and bureaucratic efficiency. Currently,
after a land transaction is finalised, the officer in charge of the collection of land revenues
(tehsildar) needs to submit a land demarcation to register the deed. The process takes one to three
months.% With blockchain, properties can be transferred in a day without paying bribes. The
system would also be integrated with the property tax system,** which can lead to further
efficiency improvements.
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Blockchain can also lead to important cost-saving opportunities. Before the implementation of
blockchain, farmers needed to pay at least US$68 to prepare registration papers in the AP state.
They can obtain system-generated digital documents for free in the blockchain system. A digital
document with a quick response (QR) code can be sent directly to the land registrar for
transactions. %’

Comparatively more beneficial for poorer populations than simple digitisation

In the Bhoomi system, large and middle-level farmers and other powerful economic groups took
advantage of the centralised systems of land records to benefit themselves at the expense of
small farmers. Blockchain-based systems are designed to prevent corrupt behaviours, in which
well-connected and powerful actors benefit in an unfair and illegal way. Blockchain-based land
registry systems are more beneficial for poorer populations, and contribute more significantly to
poverty reduction, compared to digitisation alone.

Stimulation of entrepreneurial activities and productivity

The lack of land ownership, and the lack of documents to prove land ownership, remain among
the most important barriers to entrepreneurship and economic development in India.®® The AP
state hoped that a blockchain-based land registry system would allow people to collateralise
property, receive loans from financial institutions, and make investments using that

asset.%” Detailed (with dozens of static, dynamic and event-related attributes) and verifiable
information on land transactions would increase landowners’ access to financial information.

Furthermore, the integration of the blockchain system with data related to soil and climatic
conditions, availability of water, and other environmental conditions would benefit land owners.
Such information would help them take actions to increase productivity.

Higher level of cybersecurity

Centralised databases are also susceptible to hacking. In 2018, the Bhoomi system experienced a
security breach in which nefarious actors transferred 19 acres of government wasteland in
Devanabhalli taluk to a private individual. Some of the largest owners of land, known as land
sharks, were suspected to have manipulated the records. The Bhoomi software had been
breached twice before, in which hackers made attempts to transfer government properties to
private persons.®® While nefarious actors can also exploit loopholes in blockchain

systems,%’ such systems are still more secure than centralised systems.’® For instance, even if a
hacker penetrates a blockchain network and changes records, multiple redundant and identical
copies of the same records are stored in multiple computers, which serve as backups.”!
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Limitations

The discussion above revealed some limitations preventing GS economies’ realisation of the full
benefits of blockchain-based land registry systems. In private blockchains such as the one used
in AP, individual landowners would not be able to access their records.”? While QR code-based
property ownership certificates containing details about all transactions are issued, the owners
would lack complete control over their data.”

Second, while blockchain systems are secure and trustworthy, their data — like that of other
databases — are only as accurate as what is entered. In AP’s case, some of the land records are
reported to be of poor quality.”* Without clean records, blockchain’s potential as a trust machine
cannot be realised.

Third, despite improving literacy rates in the state, a large proportion of the population lacks the
literacy and digital skills required to benefit from the blockchain system. For instance, in 2020,
AP’s adult literacy rates were 80% for males and 69% for females.”® Fourth, a large proportion
of the state’s population lacks Internet access. As of January 2021, AP’s Internet penetration was
31%, which was below the national average of 36%."°

Facilitators for and barriers to implementing blockchain-based land registry

Having discussed the comparative benefits of a blockchain-based land registry system, this
section examines how the AP case revealed several facilitators to the development of a
blockchain-based land registry system. First, AP’s performance in digitisation has been
improving. According to the CRDA, in Amaravati, at least one family member on average has a
cellphone with Internet access.”’” AP’s land records were already digitised, and thus could be
more easily moved to blockchain.”® After completing the survey of the state’s land using
advanced technologies such as drones, aerial photography, mobile work stations, continuously
operating reference station (CORS) networks and rovers, the AP revenue department is planning
to assign a unique identification number to every land parcel.” At the national level, the
government agency Unique Identification Authority of India (UIDAI) was established in 2009 to
provide a 12-digit unique identity number to each of India’s residents or passport holders. The
number, known as Aadhaar, is based on biometric and demographic data. As noted above, the
Aadhaar number is one of the attributes a blockchain-based land record. Thus, AP already had
most of the foundational elements needed for a blockchain-based land registry system and did
not have to start the project from scratch.

Second, foreign and local blockchain companies have played different but complementary roles.
Established foreign blockchain firms are likely to offer more sophisticated applications and
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services compared to local companies. For instance, ChromaWay had gained significant
experience working with Sweden’s land registry authority, Lantmiiteriet.®® Local blockchain
companies, on the other hand, are more effective at providing low-cost solutions suitable for
local needs. The involvement of local start-up Zebi Data, for example, reduced implementation
costs (Table 1). It took just a few weeks and cost about US$0.07/record to move the first 83,000
electronic records to blockchain.®! It has been argued that the operations of developed world-
based technology companies competing for economic advantage in cyberspace are akin to the
way the European colonial powers competed to claim allegiance and resources from the
colonies.®? The emergence of local firms such as Zebi Data can help mitigate such concerns.
Also, in January 2021, the Indian government published a National Strategy on Blockchain,
which is likely to facilitate the creation of more local start-ups and the manpower needed to
develop and implement blockchain-based land registry projects.®®

Third, the uptake and use of new technologies hinge critically on intention, desire and
commitment on the part of a government to carry through significant political reforms as well as
the agreement of and support from state officials and other key actors.®* AP’s blockchain project
has been driven by strong political will from the highest level. There has been continued support
to the project even after the TDP was defeated in the 2019 election and the opposition party took
control of the state. In December 2019, the then Deputy CM Pilli Subash Chandra Bose
emphasised the importance of blockchain for a ‘perfect’ and ‘tamper-free’ maintenance of land
and planned a satellite survey of the state’s 33 million acres of land, at a cost of US$266
million.® Without continuous political support, high-profile technology projects would not
succeed.

Finally, the adoption of blockchain to manage land records requires institutional and legal
arrangements.®® Rules and regulatory agencies governing land management facilitated the
implementation of blockchain in AP. In 2012, the AP government established the AP Land
Management Authority (APLMA) as a single-window facility for allotment of lands for various
purposes. The APLMA is also charged with monitoring the utilisation of land for the intended
purpose and imposing penalties against violators.®” Amaravati was developed as a Greenfield
Smart City. The institutional policy frameworks follow guidelines that emphasise data
governance, which is required for the smooth functioning of a smart city.®

The Andhra Pradesh Capital Region Development Authority (APCRDA) Act was passed in
2014. The APCRDA’s authority included planning, development, regulation and promotion of

environmentally friendly investments.® Most of the land plots were not acquired but ‘pooled’
under the APCRDA Act. Under the Land Pooling Scheme (LPS), landowners in the capital
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region could volunteer to transfer their plots to the state government. A portion of the land would
be returned to the owner as a developed plot.”® Between June 2014 and February 2015, over
13,000 hectares of agricultural land from over 25,000 landholders in 28 villages were

pooled.”! The pooling feature increased the ease of implementation of the blockchain project,
since problems such as boundary disputes did not arise.

Table 1. Blockchain-based land registry projects in AP: A timeline of key events.

Time Activity Remarks

June 2014 (The LPS started. Pooled under the APCRDA Act.

February [AP pooled over 13,000 hectares of agricultural|Over 25,000 landholders in 28 villages participated.

2015 land.

2017 AP government announced plans to use Collaborated with ChromaWay.
blockchain for land registry.

December [CRDA started entering land registration data |CRDA officials visited villages to educate landowners

2017 in blockchain. and explain the benefits of the project before starting.

January  [About 100,000 land records were put in The solutions were developed by Zebi Data, which did

2018 blockchain.”? the data entry for the project.

March The government of AP signed a memorandum |ConsenSys agreed to provide strategic technical advisory|

2018 of understanding (MoU) with blockchain services to develop blockchain use-cases.®?
company ConsenSys.

Apr 2018 [RBI-regulated bodies were prohibited to have |It negatively affected blockchain ecosystem.
relations with entities dealing with
cryptocurrencies.

Jul 2018 40,000 plots were allocated.”* Over 24,000 farmers received land plots.

May 2019 [TDP chief Naidu was defeated in the state 'YSR Congress Party’s Reddy became new CM.
election.

Dec 2019 [The AP government announced a plan to Estimated to cost US$266 million.
conduct a satellite survey of the state’s land.

Dec. 2020 [The AP government announced that the Modern technologies such as drones, aerial photography,
planned satellite survey would start in 2021, |mobile work stations, CORS networks and rovers will be
and it is expected to be completed by August [|used to accurately determine land parcel
2023. map boundaries.”

AP = Andhra Pradesh; APCRDA = Andhra Pradesh Capital Region Development Authority; CRDA = Capital
Region Development Authority; RBI = Reserve Bank of India; YSR = Yuvajana Shramika Rythu; TDP = Telugu
Desam Party; CM = Chief Minister; CORS = continuously operating reference station.

Nonetheless, several barriers have limited the implementation of blockchain-based land registry
systems in the AP state. One of the largest obstacles to implementing blockchain-based land
titling was political rivalry. In 2014, Naidu suggested that the Amaravati project could be
completed in five years at a cost of US$15 billion.”® As of late 2019, the city had not shown
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much evidence of progress. A major newspaper noted that Amaravati remained ‘little more than

dust and farms’.%’

Some interpreted it as Naidu’s ‘pet project’ undertaken mainly to benefit his caste, the
Kammas.”® Others accused Naidu of pursuing the extravagant project for his personal gain and
prestige.”” The opposition leader in the AP Assembly claimed that land plots were arbitrarily
allotted to the TDP leaders and bureaucrats.'® The new CM also argued that the LPS was a land
scam and accused Naidu of engaging in ‘insider trading’.!°! Naidu, on the other hand, claimed
that the national government had not fulfilled its promises regarding financial aid and incentives
that it made during its split from Telangana. !> The country’s finance minister, however, argued
that the central government had given AP what it had promised.!® It was reported that, three
years after the lands were acquired, the contributing farmers had no land and no jobs. At the
same time, their living costs rose, which reduced the real value of the compensation. %

In land record projects such as the Bhoomi system,'%> some landowners lost their property rights.
Fears that this will occur have also been noted in AP’s blockchain project. There were rumours
that farmers would be forced to give their lands to the government without compensation if they
refused to participate in the LPS. These hidden economic and non-economic costs, which have
not been properly measured, underestimate the burden imposed on farmers. Other costs, such as
those associated with acquiring the lands and digitising the records, also have not been accounted
for. Thus, the costs of about US$0.07 per record of moving onto the blockchain system reported
by the AP state are only the ‘tip of the iceberg, and this means that blockchain’s value
proposition based on the low costs reported by prior studies'*® may not always be applicable.

In May 2019, Yuvajana Shramika Rythu (YSR) Congress Party President Jagan Mohan Reddy
was elected as the state’s new CM, defeating Naidu. !’ Despite its support for blockchain-based
land registry, the YSR Congress Party is against the TDP’s and Naidu’s policies in general. It
was reported that a consortium of Singapore companies that had partnered with the AP
government exited the Amaravati project in 2019 due to the political change.!'*®

Real estate developers, people from neighbouring cities of Hyderabad and Vijayawada as well as
non-resident Indians settled in the West were also reported to have purchased lands in
Amaravati.'? Political rivals could paint blockchain-based land titling projects in a negative
light. For instance, Reddy claimed that the lands of Naidu and people close to him were
exempted from the LPS while the lands of farmers and others were acquired. He went on to say:
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‘Even under the land pooling, he [Naidu] paid compensation to whoever he wanted and at
whatever rate he wanted’.!!” These issues presented a legitimacy challenge to the projects
initiated by Naidu.

Second, despite the above-mentioned progress on the regulatory front in AP, some national-level
regulations have posed a challenge. In 2018, India’s central bank, the Reserve Bank of India
(RBI), initiated a crackdown on cryptocurrencies. All RBI-regulated bodies were prohibited from
having business relationships with entities dealing with cryptocurrencies, which negatively
affected the blockchain ecosystem.!!!

The lack of blockchain standards and legal and regulatory frameworks for smart contracts has
also been of concern.!'? In smart contracts, computerised protocols and user interfaces are used
to execute a contract’s terms and to ‘formalize and secure relationships over public
networks’.!!> AP’s blockchain system uses smart contracts to allow instant data exchange with
banks and financial institutions. This feature makes it possible for landowners to access loan and
financial services efficiently.!!* However, there are no clear regulations regarding smart
contracts in India.!'® Regulatory and enforcement issues related to public key infrastructure
(PKI) and underdeveloped privacy and security practices''® are not well developed. For instance,
while India’s Information Technology Act 2000 provides the legal basis for e-signatures, there is
a low level of understanding of digital signature laws.!!” Some may thus be concerned about the
legal aspects of blockchain-based land records.

Third, large-scale adoption and deployment of blockchain requires local technological capability.
A challenge faced by Nigeria’s Lagos land title registration project was the lack of skilled
personnel to meet various Information Technology (IT) needs.'!® Some concerns have been
raised regarding a lack of deep expertise on blockchain-related applications. The head of
ConsenSys Ventures noted that blockchain knowledge in India ‘was at a very shallow

level’.!'? In 2018, out of the country’s two million software developers, only 5000 were
estimated to have blockchain skills.'?° Following the RBI’s crackdown on cryptocurrencies,
some established blockchain companies left the country, which adversely affected the blockchain
ecosystem. For instance, Zebpay, one of the country’s largest virtual cryptocurrency exchanges,
closed Indian operations in September 2018 and opened new offices in Malta and Singapore.

Fourth, an inefficient bureaucracy has hampered the development and implementation of
blockchain systems. As of August 2018, most blockchain projects in the AP had just completed
the proof-of-concept (PoC) phase or were developing PoCs. Some government departments were
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not motivated to move beyond the PoC stage.!?! There are also potential issues related to conflict
and power relationships. In India, there has also been confusion regarding the central authority to
handle blockchain systems.'??

Finally, the experiences of government blockchain projects in AP and other Indian states have
shown that the migration and integration of legacy IT and database management systems into a
blockchain-based system would be a difficult task.!?®> A major barrier is that different systems
from which data need to be transferred to the blockchain system use different data formats and
models.!?* The integration of diverse data and systems into blockchain platforms could be costly
and time consuming.

Discussion and implications

Blockchain-based land records can provide many benefits for GS economies. Tamper-proof
property titles in a digital form provide many benefits. Thanks to a ‘super audit trail’ and
powerful checks and balances, blockchain-based land registries reduce predatory risks from
government officials and other actors and streamline the process of buying and selling lands. A
typical property sale involves many stakeholders such as a land registry, a buyer, a seller,
lawyers, mortgage providers, mortgage surveyors and estate agents. Blockchain can make the
entire process more transparent and cut bureaucratic red tape, thus reducing the time and costs of
property-related transactions.

As noted above, the EDMS showed no improvement in resolving boundary disputes.'?® In the
AP, thanks to the LPS, each plot has newly defined boundaries. Satellite imageries and
geofencing will provide detailed information about the precise boundaries. The private corporate
sector could take advantage of the Bhoomi system’s centralised control of information in which a
small group of technologists and senior bureaucrats had the power to influence decisions.!?° In
AP’s blockchain-based land recording systems different independent government agencies act as
nodes, which means that one agency cannot change the record without being noticed by others.

The availability of unambiguous and immutable property titles also releases significant amounts
of capital into the economic ecosystem. The title holders can use their property as a collateral to
obtain loans from financial institutions. Blockchain can thus unlock economic development in
markets characterised by the lack of trust in governing bodies.'?’

The discussion above suggests that blockchain has amplified benefits beyond its direct effects if
it is combined with technologies such as satellite imagery. For instance, measurement errors can
be reduced significantly by utilising geofencing. The systems generate a unique ID for each
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property based on geofencing, which involves forming virtual perimeters for a real-world
geographic area.'?

In the absence of efforts to create a level playing field, newly available data resulting from
initiatives such as the computerisation of land records may further increase social divides,
leaving the poor further marginalised.'>> As noted above, the Bhoomi programme significantly
weakened the power and influence of local institutions.!*® For small farmers, dealing with land-
related issues in the Bhoomi system became more time-consuming and costly than in the pre-
Bhoomi system. In systems such as Bhoomi, the digital divide thus puts the poor at a
disadvantage. AP’s plan is to handle land records at the village level,'*! which can overcome the
problems associated with a centralised database. Blockchain systems put small farmers in a
better position than centralised databases, as landowners can obtain system-generated digital
documents with a QR code at no cost.

The concept of technological determinism provides a valuable framework to understand how
technologies are linked with human and social activities.'*? One version of the theory views the
society as ‘an inevitable or autonomous technological order based on certain laws’.!* Other
versions claim that technologies play a dominant role in social changes but the cultural meaning
given to the technology by people is important. Putting things in context, poor people and elites
differ in their interpretations, judgements and responses to high-technology projects. Moreover,
different technological systems are interpreted differently by different groups. Whereas corporate
private sector and economic elites such as land sharks benefit disproportionately from centralised
databases, blockchain-based land registries are likely to shift the benefits towards small farmers.

While other researchers have noted the importance of institutional changes and transformations
in order to apply blockchain for asset registry, the nature of the required changes is not well
understood. ** In this regard, our analysis extended the prior work by providing some
descriptions of required institutional changes. For instance, AP’s LPS under the APCRDA
provided institutional readiness to implement a blockchain-based land registry. The AP
experience also underscores the importance of broad political support. Due to political rivalry,
the project failed to gain wide support. Significant changes thus cannot be brought by technology
disruptors alone. Regulatory frameworks need to be revised to new models of property
ownership. A proper collaboration among participants such as blockchain innovators and
industry incumbents is also necessary to maximise the benefits. '*>

The benefits of blockchain in land administration have not been fully achieved due to the
technology’s immaturity and the underdeveloped standardisation of real estate transaction
processes. 1*¢ Regarding the argument that land titling systems could be blockchain’s ‘low-
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hanging fruit’,'3” the above discussion illustrates that implementing such systems is far from
easy. However, when the technology matures, and institutions become more favourable,
blockchain’s potential could be more fully realised. For instance, the WFP expects that refugees
may be able to access their funds by controlling their own cryptographic keys. This would also
allow them to incorporate personal data from diverse sources such as medical records, academic
credentials and nutritional data.'3® Currently in the AP project, citizens engaged in buying and
selling property do not need to have blockchain accounts or wallets. They interact with the land
registry system in the same manner as they did before. In the future, landowners may access their
records in blockchain to engage in transactions.

AP made rapid progress in the early stages of blockchain deployment. The population in
Amaravati was predominantly from the same caste community as Naidu, who initiated the
project. Due to this homogeneous population, developing preconditions required for the project
was relatively easy and practical. The case of Amaravati is far from representative of other
villages and cities. GS countries with heterogeneous ethnic and cultural backgrounds may show a
higher degree of resistance to such projects.

The issues of cost and access are important. Blockchain projects can be designed and
implemented at reasonably low costs if local firms can provide the solutions. Regarding
implementation costs and absorptive capacity, the lack of blockchain manpower is a major
roadblock that will prevent GS economies from taking advantage of this technology.

Concluding remarks

Blockchain-based systems provide easy, trustworthy and tamper-proof mechanisms to create,
implement and enforce property rights. Such systems can reduce friction and corrupt practices
and costs of property registration. Thus, blockchain-based land registry projects can bring
significant social and economic benefits to communities.

With blockchain, the benefits of digitisation of land records can be amplified and major
limitations of such records can be overcome. Digitisation of land records has some benefits but
also some downsides. Blockchain-based property registration systems can counter the negative
aspects of digitisation, such as those observed in the Bhoomi system, and help realise the
intended benefits. Current centralised systems are susceptible to manipulation, and the
information is likely to be put to inappropriate uses. Blockchain’s decentralised access and
immutability mean that malicious actions can be detected and prevented. At the same time,
blockchain’s immutability is only useful if measures are taken to ensure that land-related data
entered into the ledger are accurate.

Many important prerequisites have to be fulfilled for the successful implementation of a
blockchain-based land registry system. For instance, AP’s land records were already digitised,
which made it easy to enter them into the blockchain system. The planned survey of the state’s
land using advanced technologies is likely to further increase the accuracy of the land data. A
high level of smartphone access and technology literacy are also important. Commitment on the
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part of the government, political consensus to promote the technology and broad public support
are some of the key factors that lead to large-scale adoption of blockchain in property rights
enforcement. The blockchain-based land registration system has received high political priority
in AP. GS economies that lack these factors may not be able to benefit from blockchain-based
land registry.

Digitisation by itself thus does not necessarily lead to poverty reduction or better property
management. By putting digitised land data in blockchain, however, a number of goals such as
poverty reduction, efficiency in land transaction and cybersecurity of land records can be
achieved.
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