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Abstract. Western Province in Papua New Guinea (PNG) is a resource-rich but under-
developed frontier region facing unique infrastructure and development challenges. This
paper examines three major infrastructure initiatives in the province, the Ok Tedi mine, the
PNG Sustainable Development Program (PNGSDP), and the recent introduction of Starlink
satellite internet, to evaluate their development outcomes. Drawing on development studies
and empirical data, the analysis finds that large-scale resource extraction and related
infrastructure have produced mixed benefits for local communities. The Ok Tedi mine
generated significant revenue and some local improvements but also severe environmental
and social disruptions that constrained broad-based development. PNGSDP, a trust fund
created from mining profits, has funded important projects in Western Province, yet its
impact has been undermined by political disputes and governance issues. The arrival of
Starlink satellite internet offers new opportunities for connectivity in remote areas,
potentially improving education and health services, although regulatory hurdles and
sustainability concerns remain. These case studies reveal something critical; that frontier
infrastructure investments alone do not guarantee equitable development outcomes.
Effective governance, community engagement, and long-term planning are crucial to
translate infrastructure into inclusive and sustainable development at the frontier. This paper
contributes to understanding the complex relationship between infrastructure and
development in remote regions of PNG and similar contexts.
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1.  Introduction

Frontier regions rich in natural resources often experience paradoxical development outcomes:
enormous wealth is generated, yet local communities remain under-developed [1]. Western
Province, PNG’s largest and most remote province, exemplifies this paradox extremely well. The
region boasts abundant natural resources (notably the Ok Tedi copper and gold mine) and has been
the focus of high-profile development interventions from both domestic and international agents.
However, it consistently ranks low on key development indicators such as health, education, and
income levels [2]. Basic infrastructure in the province is limited: communities are scattered across
difficult terrain with few roads, unreliable electricity, and minimal communications networks [3].
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Western Province is often described as PNG’s “last frontier,” not only for its geographic isolation
but also for the frontier-like dynamics of state absence, corporate presence, and contested
development visions [4].

This paper investigates how infrastructure projects at this frontier have shaped development
outcomes in Western Province. It focuses on three case studies that span different eras and types of
infrastructure: the Ok Tedi mine (an extractive industry infrastructure established in the 1980s), the
PNG Sustainable Development Program (PNGSDP) (an institutional infrastructure for development
financing begun in 2002), and Starlink satellite internet (a digital infrastructure newly introduced in
the 2020s). Each represents a distinct approach to fostering development in a peripheral region,
through mining-led growth, through a sovereign wealth fund and service delivery programs, and
through leapfrogging communication technology. By examining these cases, the paper asks: to what
extent have these infrastructure initiatives delivered broad-based social and economic development
in Western Province? What common challenges emerge in translating frontier infrastructure
investments into positive local outcomes?

As such, this research significantly advances the broader academic understanding of
infrastructure-led development in frontier regions, especially in postcolonial contexts like Papua
New Guinea. The Western Province case yields critical insights into the governance, equity, and
sustainability of infrastructure interventions in remote, resource-rich settings. The findings carry
value for both development theory and practice. Theoretically, the study fills a gap in the literature
on state-building and inclusive development at the periphery, while practically it offers actionable
insights for policymakers and practitioners on ensuring that infrastructure investments in similar
regions are managed accountably, equitably, and with long-term sustainability in mind.

2.  Literature review

Frontier regions pose particular challenges for development theory and practice. They are often
characterized by rich natural resources and weak state presence, leading to what some scholars call
“enclave” development patterns where external actors extract resources with limited local spillovers
[5]. Classic resource curse literature argues that resource-dependent economies can suffer from
stagnant growth and poor governance outcomes [6]. In contexts like PNG, these dynamics are
pronounced in remote provinces: large mining or logging projects create enclaves of modern
infrastructure amid a broader landscape of underdevelopment [7]. As Harvey 8] and others note,
infrastructure in such regions often serves extractive industries rather than local populations,
reinforcing spatial inequalities.

The concept of the “frontier” in development studies is not merely geographic but also political-
economic, frontiers are zones where state authority is contested or minimal, and where corporate or
non-state actors play outsized roles in provision of services and infrastructure [9]. Western Province
can be understood through this lens: the Ok Tedi mine, for example, effectively created a private
infrastructure network (roads, airstrips, telecommunications) for resource extraction, operating semi-
autonomously from central government oversight [10].

Scholars have examined how infrastructure investments can facilitate development in remote
settings, emphasizing the importance of connective infrastructure (roads, communications) for
market access and service delivery [11]. Improved transport and communication networks are often
linked to better health and education outcomes by integrating isolated communities into broader
economic and information systems [12]. However, the literature also cautions that without
complementary social investments and inclusive institutions, infrastructure alone may not yield
inclusive development [13]. Citing cases from Melanesia and elsewhere, World Bank [14] observes
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that externally driven projects can bypass local needs and capacities, sometimes exacerbating local
inequalities. The experiences in PNG’s resource-rich areas underscore this point: Banks [15] found
that mining-led development in PNG tends to benefit a narrow group (employees, business elites,
government revenues) while risks and environmental costs are borne by local communities.

Another strand of literature focuses on benefit-sharing mechanisms and development funds in
resource regions. In theory, trusts like PNGSDP can capture resource revenues and reinvest them for
long-term local development, buffering against boom-bust cycles [16]. International experience (for
example, Norway’s oil fund or Alaska’s permanent fund) suggests that well-governed sovereign
funds can provide sustained benefits, but transparency and insulation from political interference are
key [17]. In PNG, several studies have highlighted governance challenges that impede such
mechanisms: political intervention, lack of community voice in fund management, and difficulties in
delivering projects on the ground have limited their effectiveness [18].

Finally, emerging literature on digital infrastructure and development suggests that new
technologies (e.g., satellite internet) could help leapfrog traditional barriers in remote regions [19].
Connectivity initiatives are potential game-changers for isolated communities by enabling access to
information, online education, telemedicine, and e-commerce [20]. Yet researchers caution that
technology is not a panacea; factors such as affordability, digital literacy, and local content are
critical for meaningful impact [21]. This review of literature informs the analysis of Western
Province’s experience: it highlights the need to assess not just the physical presence of infrastructure
but also governance, inclusion, and sustainability in evaluating development outcomes at the
frontier.

3.  Analysis

3.1.  Ok Tedi mine: resource infrastructure and local outcomes 

The Ok Tedi mine, which began operations in 1984, is one of the world’s largest copper and gold
mines and has been central to Western Province’s economy for decades [22]. As a piece of
infrastructure, the mine brought roads, an airport, power generation, and a dense concentration of
economic activity to the remote Star Mountains region. It also generated substantial revenue, by the
1990s, Ok Tedi accounted for a significant share of PNG’s export earnings and fiscal revenues [23].
Some of these revenues were returned to the province through royalties, equity dividends to local
and provincial government entities, and compensation payments to communities affected by mining
[24]. In theory, this influx of funds and infrastructure should have catalyzed broader development in
Western Province. Indeed, there have been localized benefits: the mine has provided employment,
business opportunities for some landowners, and funded community projects in its immediate
vicinity [25]. For example, villages nearest to the mine have received investments in schools, health
clinics, and agriculture programs funded by community mine continuation agreements [26].

However, the Ok Tedi case also exemplifies the dark side of enclave infrastructure development.
The mine’s operations caused severe environmental damage, particularly due to the discharge of
mine waste into the Ok Tedi and Fly rivers when a tailings dam was not built as originally planned
[27]. The resulting ecological harm, widespread forest dieback, river sedimentation, and reduced
fish populations, undermined subsistence livelihoods for tens of thousands of downstream residents
[28]. This environmental devastation had direct human development costs: food insecurity and
health problems rose in many river communities [29]. The company (Ok Tedi Mining Limited) and
the PNG government eventually faced lawsuits and international pressure, leading to substantial
compensation payments and mitigation programs, but much of the damage is irreversible [30].
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Crucially, the broader development outcomes for Western Province remain disappointing relative
to the wealth extracted. Outside the enclave of Tabubil (the town servicing the mine), infrastructure
across the province is sparse and under-maintained [31]. The provincial capital, Daru, and other
district centers like Kiunga lag far behind in basic services despite the mine’s presence. Scholars
have noted that the Ok Tedi mine functioned as a “two-speed” economy: a pocket of modern
facilities surrounded by underdevelopment [32]. Revenue management has been part of the problem.
Despite earmarking funds for provincial development, weak governance and capacity constraints
hindered the effective implementation of many planned projects [33]. Corruption and
mismanagement at various levels of government further diluted the potential benefits of mining
income for the wider population [34].

By the early 2000s, acknowledging these gaps, the mine’s majority owner BHP Billiton and the
PNG government took steps to ensure more sustainable benefits. This led to the creation of
PNGSDP when BHP exited the project in 2002, as discussed in the next section. In sum, Ok Tedi’s
legacy in Western Province is ambivalent: it delivered significant infrastructure and economic
output, yet failed to translate into broad-based, long-term development for most of the province’s
communities [31]. The situation shows that new infrastructure linked to mining can lead to isolated
development unless there are strong efforts to share benefits and reduce negative impacts.

3.2.  PNG sustainable development program: trust funds and governance 

The PNG Sustainable Development Program (PNGSDP) was established in 2002 as an independent
not-for-profit entity to manage the dividends from BHP’s 52% share in Ok Tedi after BHP’s
withdrawal from the mine [35]. PNGSDP’s mandate was to invest these mining revenues in
development projects, with a focus on sustainable benefits for Western Province and PNG as a
whole, particularly to prepare for the mine’s eventual closure. Legally domiciled in Singapore to
insulate it from PNG’s domestic politics, the fund built up a substantial Long Term Fund (over US$1
billion by the early 2010s) while also spending on development programs in Western Province
through an Annual Development Budget [36]. PNGSDP represented a novel form of infrastructure
in a governance sense: a financial and institutional mechanism intended to convert resource wealth
into broad development outcomes over the long term [37]. In its first decade, PNGSDP financed a
range of projects in Western Province, including rural health services, education scholarships,
agricultural programs, and critical infrastructure like water supply and electricity in small
communities [38]. For instance, PNGSDP partnered to roll out telecommunications towers in remote
areas of the province, greatly expanding mobile network coverage by late 2010s [39]. These
investments were starting to bridge gaps in service delivery, aligning with development plans and
community needs [39].

Despite these efforts, PNGSDP’s impact has been hindered by political interference and disputes
over control of the fund. In 2013, the PNG government under Prime Minister Peter O’Neill
expropriated BHP’s remaining shares in Ok Tedi and attempted to control PNGSDP’s assets, arguing
that the fund had not adequately improved local conditions [40]. This sparked a protracted legal
battle in international courts, as PNGSDP resisted, citing its independent governance structure. The
Singapore High Court in 2014 ultimately ruled in favor of PNGSDP’s autonomy, keeping the funds
under the program’s control [41]. However, during these years of legal uncertainty, much of
PNGSDP’s development programming was scaled back or frozen, delaying projects that
communities were awaiting [42]. The confrontation highlighted issues of trust and accountability:
the national government questioned PNGSDP’s transparency and wanted direct access to its
finances, whereas PNGSDP’s managers (led by former PNG Prime Minister Mekere Morauta)
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insisted on arms-length management to prevent political misuse of the funds [43]. This tussle
reflects a broader governance challenge in frontier development, ensuring that large development
funds are both protected from politics and responsive to local expectations.

Although PNGSDP survived the legal challenge, the episode revealed limits in its ability to
single-handedly drive development. Critics pointed out that while the fund had accumulated savings,
many basic needs in Western Province remained unmet [44]. For example, the province still had
among the lowest rates of access to clean water and highest maternal mortality in PNG during the
2010s, indicating that mining-derived wealth had not yet translated into improved human
development metrics [45]. There were some success stories, PNGSDP’s investment in connectivity
with Digicel led to 4G mobile coverage reaching even remote villages by 2018, facilitating digital
access for schools and health clinics [46]. Yet, other planned large-scale projects (such as a proposed
hydroelectric dam and extensive road upgrades) either progressed slowly or were shelved due to the
political impasse and implementation difficulties [47]. PNGSDP’s mixed record demonstrates that
even well-funded infrastructure and development programs require stable governance partnerships
and community involvement to be effective. Without coordination with government agencies and
local stakeholders, a trust fund alone could not overcome systemic service delivery problems in
Western Province. In essence, PNGSDP provided a necessary but not sufficient institutional
infrastructure for development, it highlighted how governance context can enable or constrain the
translation of resource wealth into public goods [48].

3.3.  Starlink satellite internet: digital infrastructure at the frontier 

In the mid-2020s, Western Province has entered a new experiment in frontier infrastructure with the
introduction of Starlink satellite internet services. Traditional internet connectivity in the province
has been limited; only a few urban centers have had reliable (but costly) broadband via terrestrial or
satellite links, and vast rural areas remained effectively offline [49]. In 2024, PNG’s government
granted Starlink (SpaceX’s low-earth orbit satellite internet provider) a license to operate, aiming to
dramatically expand internet access in remote regions like Western Province [50]. Almost
immediately, pilot deployments of Starlink receivers began in the province. It is reported that by
early 2025, a handful of isolated communities, including villages in the North Fly district, were
connected to high-speed internet through Starlink kits, some facilitated by NGOs and the provincial
government [51]. This digital infrastructure has the potential to be a “leapfrog” technology for
Western Province: instead of waiting for fiber optic cables or microwave towers to extend into every
remote corner (a prohibitively expensive and slow process), satellite broadband can deliver
connectivity directly from the sky [19].

The developmental implications of such connectivity are significant. For instance, schools in
Starlink-connected villages can access online educational materials and remote teaching resources,
improving the quality of education for children who previously had almost no access to up-to-date
learning content [52]. Health clinics can consult with doctors in urban hospitals via telemedicine
applications, potentially saving lives in medical emergencies [52]. Small businesses and farmers
might use the internet connections to obtain market information, weather forecasts, or to engage in
e-commerce on a limited scale, thereby integrating locals into the wider economy [52]. In short,
Starlink’s arrival brings hope of bridging the longstanding digital divide that has contributed to
Western Province’s marginalization . The early reports from pilot sites are encouraging: community
members have embraced the newfound connectivity, with youths in some villages reportedly taking
online courses and entrepreneurs exploring mobile banking and trade facilitated by the internet [53].
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These initial outcomes align with development literature that touts connectivity as a catalyst for
social and economic inclusion.

However, significant challenges temper the optimism around Starlink as a frontier infrastructure
solution. One concern is sustainability and cost: while Starlink technology can deliver service, the
equipment and subscription fees are high by local standards [50]. During the pilot phase, external
donors or the provincial government have often subsidized these costs, but scaling up to all
communities would require substantial funding or a viable business model. Ensuring that
connectivity remains affordable for ordinary villagers is crucial; otherwise, the service might only
benefit local elites or specific institutions. Another challenge is the regulatory and logistical
framework. Until Starlink received its license, many individuals who imported Starlink kits were
technically using them illegally, leading to warnings from the national regulator (NICTA) about
unlicensed terminals [54]. Now that it is licensed, there needs to be clear policy on how remote
communities can acquire and use the technology lawfully, as well as how to monitor its usage (the
government expressed security concerns, wanting to track devices to prevent misuse). This indicates
the state’s desire to maintain oversight even as it embraces the new technology, reflecting a cautious
approach to frontier connectivity. Furthermore, to turn internet access into real development gains,
complementary investments are needed in digital literacy and maintenance. Many rural residents of
Western Province have limited experience with online services, so training programs are necessary
to help them make full use of connectivity for education, business, and civic engagement [55]. There
are also practical challenges such as providing reliable electricity for the Starlink terminals and
devices, some villages lack power grids and must rely on solar panels or generators to run the
equipment. Without consistent power and technical support, the internet service could be
intermittent or fall into disuse. Early evidence from the Starlink rollout shows that where
communities have local champions or tech-savvy individuals (often teachers or health workers), the
uptake is much more effective, underlining the role of human capacity alongside the hardware [56].
In summary, Starlink’s introduction in Western Province is a groundbreaking development, offering
a new kind of infrastructure that bypasses physical isolation. It has begun to yield positive impacts
in connected communities, but its long-term success in promoting inclusive development will
depend on addressing issues of cost, capacity, and coordination with broader development efforts.

4.  Discussion

The three frontier infrastructure cases reveal contrasting outcomes and governance dynamics,
yielding vital policy lessons for equitable development. The Ok Tedi mine exemplifies how a large
extractive project can generate immense national wealth yet fail to translate local benefits. Western
Province’s copper and gold boom contributed up to 15–25% of PNG’s GDP since 1985, but this
resource wealth did not lead to inclusive growth or improved human development indicators.
Instead, weak regulatory oversight allowed serious environmental harm – Ok Tedi became one of
PNG’s most polluting enterprises, devastating riverine systems and local livelihoods. This
underscores that without strong governance and community inclusion, infrastructure wealth alone
cannot ensure broad-based or sustainable outcomes.

The PNG Sustainable Development Program (PNGSDP) was a direct response to Ok Tedi’s
shortcomings, innovating a governance model to safeguard mining dividends for development.
PNGSDP invested in health, education, and agriculture in Western Province , and grew into PNG’s
second-largest development financier after AusAID. Its independent trust structure – designed to
insulate funds from domestic political risks – highlights how governance arrangements can enhance
long-term planning. However, the 2013 state expropriation of Ok Tedi and PNGSDP showed the
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fragility of such arrangements, attracting criticism as “poor public policy” and a setback to
development goals. This episode illustrates the need for alignment between corporate, state, and
local interests: development funds must be transparent, accountable, and integrated with government
strategies to endure.

By contrast, Starlink’s satellite internet initiative offers a novel approach, addressing geographic
isolation through global technology. Starlink can leapfrog traditional infrastructure by providing
high-speed connectivity to remote communities with minimal local facilities. Its early introduction
in PNG promises new opportunities for education, commerce, and service delivery in previously
disconnected areas. Yet, this case underlines that technology alone is not a panacea. Ensuring
equitable access to Starlink’s benefits will require supportive public policy (such as regulatory
facilitation and subsidies) and community engagement to build digital literacy. The Starlink example
thus reinforces a common lesson: innovation must be coupled with inclusion.

In relation to policy-relevant lessons, across all three cases, robust governance and stakeholder
collaboration emerge as decisive factors for success. For governments, the mandate is to enforce
stringent safeguards – environmental regulations, revenue management frameworks, and inclusive
planning – so that frontier investments do not bypass local development. Donors and development
partners should bolster capacity and oversight mechanisms (as PNGSDP attempted), while
respecting local ownership to avoid political backlash. Corporate actors must commit to corporate
social responsibility and community partnerships, learning from Ok Tedi’s early failures by
mitigating harm and sharing benefits. Civil society’s role is equally pivotal: community groups and
NGOs can hold projects accountable and ensure local voices shape infrastructure planning. In
frontier regions like Western Province, infrastructure-led development will only yield sustainable,
equitable outcomes when these stakeholders work in concert. The cases of Ok Tedi, PNGSDP, and
Starlink collectively suggest that blending hard infrastructure with “soft” infrastructure – transparent
institutions, inclusive governance, and human capacity – is essential. Future initiatives should
integrate economic growth with social and environmental well-being, ensuring that remote
populations are not just passive beneficiaries but active partners in defining their development path.

5.  Conclusion

In conclusion, infrastructure at the frontier is most effective when embedded in a holistic
development approach. Western Province’s mixed outcomes teach us that mines can fuel
development only if their proceeds are justly shared and environmental costs addressed;
development funds can drive progress only if insulated from corrosive politics and aligned with
local needs; and cutting-edge technology can uplift communities only if affordability and user
capabilities are ensured. Future policy in PNG’s frontier regions should thus prioritize inclusive
governance mechanisms for any major infrastructure project. This includes involving local
communities in decision-making, maintaining transparency in benefit distribution, and planning for
long-term sustainability beyond the project’s initial lifespan. By learning from past challenges and
successes in Western Province, PNG and similar developing regions can better harness infrastructure
investments, old and new, to achieve equitable and lasting development outcomes on the frontier.
The experiences of Western Province with the Ok Tedi mine, PNGSDP, and Starlink internet
illustrate the complex interplay between infrastructure and development on PNG’s frontier. These
case studies demonstrate that infrastructure projects, whether physical, financial, or digital, are not
inherently transformative; their contribution to development depends on governance arrangements,
community involvement, and mitigation of negative externalities.
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