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I. EXECUTIVE SUMMARY

This study examines the feasibility of upgrading school internet connectivity in 
Kazakhstan to broadband speeds under the aegis of Giga, an initiative launched by the 
United Nations Children’s Fund (UNICEF) and the International Telecommunications 
Union (ITU) to connect schools to the internet worldwide.  Specifically, the study seeks 
to determine the feasibility of technical and financial solutions for broadband upgrades 
of connectivity to Kazakh schools.

a. Background and Rationale for Undertaking the Study
In 2021, UNICEF commissioned this Feasibility Study of Potential Technical and 
Financial Solutions for Upgrading School Connectivity to Broadband Speeds in 
Kazakhstan in order to identify the optimal strategy for bringing functional, universal 
internet connectivity to the country’s schools, thereby contributing to improvements 
in students’ educational experiences and the expansion of access to knowledge 
and information.  The study supports the country-level implementation of the Giga 
initiative, which was launched by UNICEF and the ITU in September of 2019, targeting 
the connection of every school worldwide to broadband internet.

In seeking to ascertain the feasibility of potential technical and financial solutions 
for upgrading school connectivity, the study comprises an analysis of Kazakhstan’s 
economic context, its telecommunications environment (including markets and 
infrastructure at the international, domestic long-haul, backhaul, and access levels), 
and the state of school broadband; as well as the technical, financial, environmental, 
and socioeconomic evaluation of the proposed solution.  The study aims to provide 
contextual analysis and actionable solutions and is complemented by Giga’s mapping, 
research, and analysis of school connectivity internationally, as well as its Project 
Connect map of school connectivity in Kazakhstan.

Under current definitions of acceptable broadband speeds in schools, it is clear that 
a majority of Kazakh schools are under-connected and in urgent need of improved 
connectivity.  The study leverages reported data on school connectivity and evaluates 
it within the context of the country’s macroeconomic and telecommunications 
environments; to that end, the study is intended to be used as a tool by public and 
private sector stakeholders to identify current weaknesses and implement a solution 
that is technically, financially, environmentally, and socioeconomically optimal in the 
timeliest manner possible.  

Recognizing the long-term socioeconomic benefits of investing in children and young 
people, the ultimate goal of UNICEF’s promotion of enhanced broadband at Kazakh 
schools furthers UNICEF’s commitment to Sustainable Development Goals including 
poverty reduction, good health and well-being, quality education, decent work and 
economic growth, reduced inequalities, and innovation.
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b. Methodology of the Study
Research and analysis took place between mid-2021 and early-2022, drawing upon 
several sources of data.  The basis of the analysis of school connectivity was a dataset 
covering 7,438 schools provided by UNICEF and collected by the Ministry of Education 
and Science of the Republic of Kazakhstan, submitted by schools to a national database 
using approved templates.  Data for market components of the study drew on Terabit 
Consulting’s ongoing research, modeling, and forecasting of the Kazakh market, including 
outreach to public and private stakeholders over the last decade during projects in which 
Terabit has participated (including the Asia-Pacific Information Superhighway sponsored 
by the United Nations Economic and Social Commission for Asia and the Pacific, as well 
as fiber connectivity initiatives led by the World Bank Group).  Technical analysis drew 
on Terabit’s ongoing research of telecommunications technologies and international 
markets, as well as secondary sources whenever appropriate.  Giga’s “Meaningful school 
connectivity: An assessment of sustainable business models,” published in October 
2021, provided insight for the study’s financial and technical evaluations.

The Ministry of Education and Science’s dataset contained information on schools’ 
location, enrollment, equipment (total PCs, PCs for education, and interactive boards), 
and the speed of each school’s internet connection.  However, its major limitation was 
a lack of granularity for schools with connection speeds of greater than 10 Mbps; the 
highest speed classification was “greater than 10 Mbps,” meaning that no differentiation 
was made between schools with connection speeds ranging from as low as 10.1 Mbps 
to as high as 100 Mbps or more.

The study was not structured as a “greenfield” network feasibility study; instead, 
analysis, modeling, and solutions were structured around existing market conditions.  
The assignment did not necessitate any direct interaction with beneficiaries.

c. Kazakhstan Economic Context
Kazakhstan is among the most developed markets targeted by the Giga initiative for 
broadband improvements.  Its UN Human Development Index score ranks it in the “very 
high” category at approximately the same level as Russia; gross domestic product is 
about $27,000 per capita on a purchasing power parity (PPP) basis.  The economy 
is strongly dependent on natural resources including the hydrocarbon sector, but the 
Government of Kazakhstan has generally promoted the development of the economy’s 
services sector and digitalization in particular.  The Digital Kazakhstan project and 
its successor initiative have enhanced the ICT sector and made progress toward a 
goal of universal broadband connectivity.  Kazakhstan’s vast geographic area poses 
an obstacle to the uniform expansion of broadband service throughout the country, but 
its  socioeconomic advantages include a well-educated population with strong post-
secondary enrollment rates, near-universal literacy, and multilingualism.  

Kazakhstan’s excellent linear infrastructure, including highways, railways, and energy 
transmission networks, have been leveraged within the context of the country’s cross-
sectoral infrastructure sharing framework to enable efficient deployment of backbone 
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fiber and ICT infrastructure.  Examples include the fiber network subsidiaries of the national 
railway KTZ and the country’s electric grid operator.  Fiber has also been deployed in the 
country’s pipeline infrastructure for internal communications and monitoring purposes 
although commercialization of that fiber has been slower than in other sectors.

d. Kazakhstan Telecommunications Market Context
The Kazakh telecommunications market is the most developed in Central Asia.  Mobile 
penetration is well over 100 percent, internet usage is strong, and broadband service 
is extremely affordable, via both fixed (fiber-to-the-home and DSL) and mobile (LTE 
and 5G) networks.  Competition in the consumer market is somewhat limited due to 
incumbent state-owned operator Kazakhtelecom’s control of two mobile subsidiaries, 
however Amsterdam-based VEON is present in mobile and fixed markets and smaller 
providers offer broadband service.  Kazakhtelecom and VEON, as well as Transtelecom 
and KazTransCom, operate fiber networks which not only offer wholesale capacity but 
cater to corporate clientele.    Since 2019 most Kazakh operators have been involved 
in efforts to improve rural connectivity through fiber network deployment and share 
mobile network infrastructure.  Kazakhstan’s international bandwidth is cheap and 
abundant, mostly via Russia.  Overall bandwidth demand grew at a compound annual 
rate of 46 percent annually over the last decade to more than 2 Tbps as of year-end 
2020.  The regulatory environment is widely considered to be in need of additional 
reform, particularly through the creation of an independent regulator and the reduction 
or elimination of limitations on foreign ownership, as well as more explicit guidance on 
different types of infrastructure sharing.

e. Current Status of School Connectivity
The study analyzed data on location, enrollment, internet speed, and hardware for 
7,438 Kazakh schools.  Notably, the data confirmed that the issue of speed, and not 
connectivity, is the country’s most pressing concern.  Almost all schools (99.9 percent) 
were confirmed to have some form of connectivity to the internet; only 10 schools (one-
tenth of one percent) were identified as having no connectivity, but sources indicated 
that the data for these schools were possibly subject to reporting errors or that some 
of the schools may have closed.  An additional 29 schools were confirmed to have 
internet connections, but their speeds were unreported.  Data on connection speeds 
were therefore available for a total of 99.5 percent of all Kazakh schools.  However, 
the dataset was limited in its granularity for higher-speed schools; the uppermost 
speed classification for schools was “greater than 10 Mbps,” which prevented the 
classification of schools according to higher connectivity thresholds, as well as the 
calculation of per-pupil connection speeds.  

The data indicated that 4,147 schools, or 56 percent of all Kazakh schools, were 
connected at speeds of less than 10 Mbps, the per-school threshold considered by 
Giga to be the absolute minimum for adequate connectivity; Giga recommends a target 
of “20 Mbps per school where reasonable,” but classification of schools according to 
this threshold was not possible given the data.  
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Based on as granular an analysis as was allowed by the data, it is estimated that more 
than three-quarters of these under-connected schools are located in areas already 
served by fiber connectivity, thus allowing for their speedy upgrade via existing fixed or 
mobile networks.  The remaining one-fourth of under-connected schools, estimated to 
total between 900 and 1,000, are outside the existing service area of fiber backbones 
or high-speed (4G or 5G) mobile networks.  The provision of higher-speed broadband 
connectivity to these schools will require expanded fiber backbone network deployment 
or the use of alternative broadband solutions such as satellite or wireless.

By region, the most schools with inadequate connection speeds of less than 10 Mbps 
are in Turkistan (715), East Kazakhstan (510), Akmola (463), Almaty Region (451), 
Kostanay (414), and North Kazakhstan (323).  By contrast, the regions with the most 
schools connected at speeds of 10 Mbps or above are Almaty Region (337), Pavlodar 
(302), Jambyl (289), Almaty city (273), Karaganda (255), Aktobe (248), Turkistan 
(212), and West Kazakhstan (206).  For each region of Kazakhstan, under-connected 
schools, as well as schools estimated to be beyond the reach of fiber backbones or 
LTE networks, are shown in Figure 1.

Figure 1: Under-Connected Schools and Schools Estimated to be Currently Beyond 
the Reach of Fiber Backbones or LTE Networks

Region Total 
Schools

Under-Con-
nected (<10 

Mbps) Schools

Under-Con-
nected as % of 
Total Schools

Est. Schools 
Beyond Reach 
of Fiber Back-
bones or LTE 

Networks
Akmola 572 463 81% 80
Aktobe 422 173 41% 50
Almaty City 299 26 9% 0
Almaty Region 793 451 57% 30
Atyrau 208 69 33% 20
East Kazakhstan 677 510 75% 200
Jambyl 467 178 38% 25
Karaganda 535 274 51% 70
Kostanay 507 414 82% 100
Kyzylorda 314 212 68% 25
Mangystau 163 18 11% 10
North Kazakhstan 480 323 67% 120
Astana City 133 16 12% 0
Pavlodar 367 63 17% 40
Shymkent City 182 60 33% 0
Turkistan 931 715 77% 150
West Kazakhstan 388 182 47% 60
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f. Technical Solutions for School Connectivity
Kazakhstan’s existing broadband infrastructure is robust, and the Kazakh government 
as well as Kazakh network operators have collaborated to increase broadband 
availability through several key initiatives such as Digital Kazakhstan, which increased 
fiber optic cable deployment by tens of thousands of kilometers, and 250+, which 
assured mobile internet connectivity in villages with populations of 250 or more.  
Going forward, Kazakhstan’s investment in 5G infrastructure is expected to total $2.7 
billion between 2020 and 2028, including $200 million for fiber backhaul infrastructure, 
and the DigitEL initiative spearheaded by the Kazakh Ministry of Digital Development, 
Innovation, and Aerospace Industry in 2021 has targeted universal (100 percent) 
internet access across the country.

Due to the well-developed state of Kazakhstan’s telecommunications market, the 
recommended technical-solution action items for achieving the upgrade of school 
connectivity to broadband speeds in Kazakhstan leverage commercially-available 
solutions, which are expected to benefit from improvements in availability, quality, 
reliability, and price due not only to the market’s competitive evolution but also as a 
result of Kazakh government-supported initiatives such as those identified above.

In the near-term (0-12 months), the recommended solution for upgrading Kazakh 
schools to broadband speeds includes the upgrading of as many of the 4,147 schools 
with inadequate connection speeds as possible, through the purchase of higher-
speed services offering at least 10 Mbps.  The status of connectivity should also be 
confirmed at those schools which were reported to have no connectivity, as well as 
at those schools for which no data was reported; in the event that any schools are 
confirmed to lack connectivity, at least basic (512 Kbps) internet service should be 
procured using available service offerings, including satellite if appropriate.

In the longer-term (greater than 12 months), the networks of telecommunications 
operators should be expanded and upgraded to serve those schools which could not 
be immediately upgraded due to network limitations, and all schools should seek 
to upgrade their connections to a minimum threshold of 20 Mbps per school, or 1 
Mbps per 20 pupils, whichever is greater.   Enrollment data for Kazakh schools, which 
indicates an average per-school enrollment of 500 students, actually implies that the 
optimal average internet connection should be 25 Mbps, using the target of 1 Mbps 
per 20 students.  Notably, many international markets have set higher targets, such 
as the United States, which has established a near-term target of 100 Mbps per 1,000 
students and staff (more than twice the effective per-pupil speed of 1 Mbps per 20 
students) and a long-term target of 1 Gbps per 1,000 students and staff.  Additionally, 
it is expected that optimal global connection speeds will increase over time as the 
bandwidth of applications and internet usage patterns become more intense.

Additionally, in both the near-term and throughout the longer-term, greater granularity 
needs to be included in the reporting of schools’ internet connection speeds, particularly 
with respect to the target of 20 Mbps per school or 1 Mbps per 20 pupils.  Achieving 
this goal is not currently practicable because of the limitation in the reported data, 
whereby schools with the highest connection speeds are simply reported as being 
connected at “greater than 10 Mbps.”  it is therefore urgently recommended that 
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instead of connection speed categories, the precise speeds of internet connections be 
collected and reported.  Data should also be compiled on a bidirectional (downstream 
and upstream) basis; Giga recommends that for network optimization, upload speeds 
be at least 25 percent of download speeds but the current dataset only reports the latter. 

In terms of technology, the most appropriate “last-mile” access network solutions for 
Kazakh schools are:

 • Fiber-to-the-Premises (FTTP): The preferred access technology in most cases be-
cause of its speed, scalability, and reliability.  Availability is limited but steadily in-
creasing, and even though most deployment to date has been in urban and suburban 
areas, the technology also readily lends itself to rural deployment.

 • Mobile networks including 4G (LTE) and 5G: A reasonably-priced, near-immediate (of-
ten “plug-and-play”) solution, especially where fiber cannot be implemented.  Similar 
to fiber in terms of limitations in coverage and availability, but also steadily increasing.

 • Fixed wireless including Wi-Max: Capable of greater distances and higher speeds 
than available mobile networks; not widely commercialized for mass-market use 
and often targeted to government, institutional, and enterprise users.  Kazakh in-
vestment in 5G fixed-access networks is expected to total $150 million between 
2020 and 2028.

 • Broadband satellite: An option primarily for rural, difficult-to-reach schools where 
fiber, mobile, or fixed wireless solutions are not available.  Historically, satellite con-
nections were low-bandwidth, unreliable, and expensive; however, new low earth or-
bit (LEO) satellite constellations have entered service.  The most competitive LEO 
services do not yet offer coverage in Central Asia but are expected to offer service 
in the near-future, especially given the Kazakh government’s preliminary agreements 
with several key players including SpaceX, SES, and OneWeb.

 • Digital subscriber line (DSL): The leading internet access technology in Kazakhstan 
until 2015, when it was eclipsed in subscribership by fiber-to-the-premises.  Because 
DSL throughput is inversely related to distance from the network node, and because 
the bandwidth speeds of the technology are not scalable to accommodate expected 
future demand, DSL is considered to be limited in its utility as a long-term solution.

 • Cable modem: Cable modem services can offer faster speeds than DSL, but the 
technology is used almost exclusively by cable television providers offering service 
to residential customers, thereby limiting its practicality as a viable commercial solu-
tion for schools.

The appropriacy of each solution is based on criteria such as connection speed, 
symmetry or asymmetry of connection, latency (network delay), geographic availability 
and required deployment of new network elements, reliability and network robustness, 
scalability and upgradeability, equipment and hardware requirements, service 
portability, energy consumption, and cost (including subscription, installation, and 
equipment).  Technical considerations such as electrification and power requirements, 
which can be critical in less developed markets than Kazakhstan, were not identified 
as a source of concern in this study.
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In order to optimize the broadband experience of users at Kazakh schools, the entire Kazakh 
telecommunications network ecosystem should be constantly evaluated and improved to 
maximize capacity, reliability, and affordability.  This includes not only domestic infrastructure 
such as long-haul fiber and wireless networks, but international connectivity; even though the 
Kazakh market is considered to have among the most affordable and abundant bandwidth 
of any landlocked market, improvements could still be undertaken to improve regional 
fiber backbone connectivity, particularly with an eye toward avoiding geographic network 
bottlenecks and single points-of-failure.  Several entry points are available for the promotion 
of such regional network improvements, including intergovernmental, economic, technical 
initiatives such as the Central Asia Regional Economic Cooperation (CAREC) program, 
the Commonwealth of Independent States (CIS), and the Eurasian Economic Union (EEU); 
regional telecom initiatives such as the Asia-Pacific Information Superhighway (AP-IS) and 
the Regional Commonwealth in the Field of Telecommunications; and regional energy and 
transportation initiatives which could provide linear rights-of-way for fiber infrastructure, 
such as the Central Asia-China Gas Pipeline, the International North-South Transport 
Corridor, Transport Corridor Europe Caucasus Asia (TRACEA), the China-Central Asia-West 
Asia Corridor of China’s Belt and Road Initiative, and the Trans-Asian Railway (TAR) initiative.  
Regional telecom operators with multiple subsidiaries in the region could also serve as 
important players in the promotion of improved regional connectivity.

Broadband improvements can also be facilitated through infrastructure sharing, 
particularly co-deployment of fiber and other ICT infrastructure along linear infrastructure 
such as highways, railways, electricity transmission networks, and fuel pipelines, which 
can provide project cost savings of 50 percent or more through efficiencies in civil works 
and right-of-way procurement as well as cross-sectoral maximization of profitability and 
commercialization opportunities.  Kazakhstan has a strong track record in cross-sectoral 
co-deployment and infrastructure sharing, through the commercialization of fiber along 
its rail infrastructure (currently operated by Transtelecom) and electricity infrastructure 
(currently operated by Energoinform).  Infrastructure sharing could be promoted through 
a clearer regulatory framework, given that the Law on Communications (July 5, 2004) 
does not explicitly mention cross-sectoral infrastructure sharing.

The primary candidates with the capability of serving as local partners to upgrade school 
connectivity in Kazakhstan to broadband speeds are the country’s existing internet service 
providers, including fixed and mobile network operators: specifically Kazakhtelecom group 
(including Kcell and Tele2-Altel), VEON (including Beeline and TNS-Plus), Transtelecom, 
KazTransCom, and smaller ISPs including Smartnet, Astel, and Alma TV.

g. Financial Analysis of Connectivity Solutions
The proposed solution for upgrading school connectivity to broadband speeds in 
Kazakhstan is the use of commercially-available broadband access service.  Because 
it is not a “greenfield” solution providing for network development and construction, 
expenditure is limited to the procurement of internet service from providers. 

For its financial analysis, the study forecasted capital expenditure in the form of 
initial connection costs paid to internet service providers for entirely new service.  An 
evaluation of recent examples of newly-connected schools indicated that the average 
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connection cost per school was $3,040, ranging from $2,980 for wireless (radio relay) 
service to $3,510 for fiber (notably, these costs are significantly cheaper than in other 
markets analyzed by the Giga initiative).  If only the ten reportedly unconnected Kazakh 
schools were to be connected, total capex would range from $29,800 to $35,100.  If, 
on the other hand, all of the country’s under-connected schools (those with connection 
speeds of less than 10 Mbps) were to require completely new connections, capex 
could range from $12.358 million for wireless service to $14.456 million for fiber.  

For its analysis of operating expenditure, the study evaluated the cost of upgrading 
under-connected schools to 20 Mbps (given that 10 Mbps non-residential service is not 
advertised by major service providers), as well as the costs of upgrading all schools 
(not just unconnected and under-connected ones) to speeds of 20 Mbps, 1 Mbps per 
20 students, and 100 Mbps.  The price of non-residential service is significantly more 
expensive than residential service, with Kazakhtelecom publishing prices of $68.60 
per month for business internet service at 20 Mbps, and $480.50 for 100 Mbps service.  

Total forecasted annual opex was $3,413,810 to achieve a 20-Mbps-per-school 
threshold at under-connected schools, $6,122,962 to upgrade all schools to 20 Mbps, 
$10,393,967 for a 1-Mbps-per-20-students threshold at all schools, and $42,887,508 
for 100 Mbps at all schools, as shown in Figure 2.

Figure 2: Annual Subscription Costs to Achieve Speed Thresholds at All Schools
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A cost-benefit analysis indicated that under current tariffs, optimal cost effectiveness 
is achieved at the 20 Mbps-per-school threshold.  For example, upgrading all schools 
to the 1-Mbps-per-20-students threshold instead of 20 Mbps per school would only 
achieve an average per-pupil speed increase of only 25 percent in exchange for 158 
percent higher operating expenditure. The 100-Mbps-per-school threshold, which 
would require an annual operating expenditure of $42.888 million, is considered to be 
in excess of current technical requirements.

The analysis did not identify any credible risk considerations or sensitivity factors that 
would be applicable to the model of procuring commercially-available internet service 
to upgrade schools to broadband speeds.

Beyond the procurement of commercially-available service, other (typically more 
complex) options for upgrading schools are available.  At the wholesale level, they 
include the creation of a special purpose vehicle with government shareholding, a 
special purpose vehicle with government contribution, a build-operate-transfer model, 
the awarding of a project management contract, and the issuance of a government 
tender for school broadband connectivity services.  

Additionally, the Giga initiative has identified useful and innovative models, primarily at 
the end-user level, to increase the profitability of school broadband network buildouts, 
including resale of internet service to users in the surrounding community, soliciting 
financial contributions from the surrounding community, the bundling of internet service 
with electrification in areas without electricity, and regulated advertising models.  However, 
none of these models were determined to be practically applicable to the Kazakh school 
broadband initiative, primarily due to the developed state of Kazakhstan’s economy, its 
strong public sector, well-developed broadband markets, and universal electrification. 

h. Environmental and Socioeconomic Impact
The proposed solution for upgrading Kazakh schools to broadband speeds using 
existing commercially-available services does not present any significant environmental 
or social risks, especially given the fact that almost all Kazakh schools are already 
connected to internet service.  Unlike “greenfield” projects, the proposed solution does 
not entail the construction of networks in previously-undisturbed areas.

Increased energy consumption due to greater traffic loads in the country’s domestic 
and international networks can be mitigated through a nationwide shift to renewable 
energy sources; approximately two-thirds of Kazakhstan’s electricity is currently 
generated by coal, but the Government of Kazakhstan has set a goal of producing 15 
percent of the country’s energy via renewable sources by 2030 and achieving carbon 
neutrality by 2060.  At the school level, off-grid, renewable sources such as solar and 
wind should be considered to reduce the carbon footprint of internet usage.

The socioeconomic benefits of upgraded school connectivity include improved 
educational experiences for students, expansion of internet service to surrounding 
communities, and overall economic growth through improved information-technology 
skills, higher incomes, increased spending, and greater tax revenue. Improved 
educational experiences also provide ancillary benefits such as increased home 
values, healthier populations, lower poverty rates, and decreased malnutrition.



INTRODUCTION           15
INTRODUCTION

@UNICEFKazakhstan/2022/BauyrzhanSabitov



16 INTRODUCTION

II. INTRODUCTION
This Feasibility Study of Potential Technical and Financial Solutions for Upgrading 
School Connectivity to Broadband Speeds in Kazakhstan was commissioned by the 
United Nations Children’s Fund (UNICEF) in order to confirm the connectivity status 
of schools in Kazakhstan and to identify appropriate solutions for connecting all of 
the country’s schools to broadband internet, thereby supporting the country-level 
implementation of the Giga initiative launched by UNICEF in partnership with the 
International Telecommunications Union (ITU).  The analysis was performed between 
mid-2021 and early-2022 and confirmed that the majority of Kazakh schools were under-
connected, thus underscoring the urgent need for improved connectivity; the study 
also confirmed the opportunity to provide broadband to all schools using solutions 
available within Kazakhstan’s existing telecommunications market framework.

The primary outcome of improving broadband in Kazakh schools is expected to be 
enhanced educational experiences and expanded access to knowledge and information.  
Secondarily, the solutions identified in the study are expected to further UNICEF’s 
commitment to Sustainable Development Goals including poverty reduction, good 
health and well-being, quality education, decent work and economic growth, reduced 
inequalities, and innovation.  Universal broadband access in schools is also viewed as 
a means of furthering human rights, child rights, and gender equality by eliminating 
historical institutional obstacles to communication and accessing information.

Although this study’s immediate intended audience is UNICEF and the ITU, it is also 
intended for the Government of Kazakhstan and public and private stakeholders 
involved in the improvement of Kazakh school connectivity.  The study is intended 
to be used by stakeholders to better understand the market context for broadband 
improvements, identify shortcomings in schools’ existing broadband connectivity on 
a regional and nationwide basis, and evaluate the appropriateness of different options 
for providing ubiquitous school broadband.

This study comprises four main sections.  The first, Economic and Telecommunications 
Market Overview, examines the relevant economic context, the telecom market 
environment, broadband deployment and trends, international connectivity, the market 
for bandwidth, and the regulatory environment.  

The Analysis of School Connectivity section is a mostly quantitative evaluation of schools’ 
current connectivity to broadband, examining detailed data collected by the Ministry of 
Education and Science of the Republic of Kazakhstan and presenting this data on a region-
by-region basis with the goal of identifying the improvements that are needed.  

The Technical Solutions for School Connectivity section defines minimum connectivity 
criteria for schools and evaluates the appropriateness, advantages, and disadvantages of 
six different broadband technologies in meeting these thresholds: fiber-to-the-premises 
(FTTP), mobile broadband, fixed wireless, broadband satellite, digital subscriber line 
(DSL), and cable modem.  It also considers upstream network improvements that may 
be necessary in the telecom ecosystem including at the domestic and international 
level.  Suitable local partners, specifically telecom operators and broadband providers, 
are identified and evaluated.
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The Financial Analysis of Connectivity Solutions comprises a quantitative model of capital 
and operating expenditures, as well as analyses of cost-benefit, risk, and sensitivity. It 
also considers different business models for broadband improvements in schools.

Finally, the Environmental and Socioeconomic Impact section of the study considers 
the environmental and social risks as well as the socioeconomic benefits of upgraded 
school connectivity.

Research on Kazakhstan’s economy and telecommunications markets was drawn 
from Terabit Consulting’s own knowledge base and ongoing research conducted over 
the last decade, particularly during Terabit’s participation in several regional projects 
including the Asia-Pacific Information Superhighway sponsored by the United Nations 
Economic and Social Commission for Asia and the Pacific, as well as connectivity 
initiatives sponsored by the World Bank Group.  Technical analysis was similarly 
based on Terabit’s ongoing primary research and analysis of technology and markets.   
In October 2021 the Giga initiative published “Meaningful school connectivity: An 
assessment of sustainable business models,” which offered insight for the study’s 
financial and technical evaluations.

Data in the Analysis of School Connectivity section was extracted from the Ministry 
of Education and Science’s dataset, which contained information on schools’ location, 
enrollment, equipment (total PCs, PCs for education, and interactive boards), and the 
speed of each school’s internet connection.  The data was notably limited due to its lack 
of granularity for schools with connection speeds of greater than 10 Mbps; the highest 
speed classification was “greater than 10 Mbps,” meaning that no differentiation was 
made between schools with connection speeds ranging from as low as 10.1 Mbps to 
as high as 100 Mbps or more.  Aside from this limitation, it is believed that the dataset 
used for the school connectivity analysis was relatively complete and up-to-date.

In order to consider existing knowledge on the subject of broadband in schools, as 
well as conditions in Kazakhstan, a review of published literature was conducted.  
The literature review also served to identify relevant questions and confirm that 
this study would contribute new knowledge.  Overall, published research confirmed 
the immediate and secondary benefits of improved broadband in schools and also 
assisted in defining thresholds for connectivity as well as the appropriate technologies 
and strategies for implementation.  A list of relevant sources is included in Annex 2.  
They included publications from the International Telecommunications Union, Giga, 
Project Connect, the United Nations Economic and Social Commission for Asia and 
the Pacific, the Broadband Commission, the Internet Society, the Organization for 
Economic Cooperation and Development, and the World Bank.  

The study is not intended to serve as a “greenfield” network feasibility study, but rather as 
a means of identifying solutions using existing market conditions.  There was no direct 
engagement with beneficiaries during the completion of the study.  Terabit Consulting 
managed all research from its location in Boston, USA using a “desktop study” model 
that relied primarily on Terabit’s in-house expertise and research as well as the Ministry 
of Education and Science’s dataset on school connectivity and Giga’s “Meaningful 
school connectivity: An assessment of sustainable business models” publication.  The 
study was subject to UNICEF’s internal quality review prior to publication.
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III. KAZAKHSTAN ECONOMIC AND TELECOM-
MUNICATIONS MARKET OVERVIEW

a. Kazakhstan Economic Overview
Kazakhstan’s $180-billion economy is the largest in Central Asia and the 41st-largest in 
the world.  The United Nations considers Kazakhstan to be in the “very high” category 
of its Human Development Index, ranking the country in 51st place just ahead of the 
Russian Federation.  Kazakhstan has made significant progress in poverty reduction 
in the last two decades, with the share of its population living below the poverty line 
falling from more than half in 2000 to approximately 4 percent as of 2020.  Per-capita 
gross domestic product is approximately $27,000 in purchasing power parity terms.  
Consequently, there is a broad addressable consumer market for broadband and other 
ICT services which is relatively unaffected by the consumer expenditure constraints 
which limit broadband adoption in less developed markets. 

Kazakhstan’s economy remains highly dependent on its natural resources sector, 
particularly hydrocarbons which account for approximately 20 percent of gross 
domestic product and 70 percent of exports.  The World Bank expects GDP growth of 
between 3.2 and 3.7 percent in 2021, returning output to pre-pandemic levels.  Growth of 
GDP exceeded 4 percent in 2018 and 2019 and was forecasted to do so again in 2023.  
The Government of Kazakhstan has strongly supported ICT development to promote 
productivity growth and economic diversification, first through its Digital Kazakhstan 
program covering the period 2018 to 2022, and more recently through its successor 
Technological Breakthrough through Digitalization, Science and Innovations program 
which was approved as a “National Project” in October of 2021. 

Kazakhstan’s population of 18.8 million and its vast area of 2.7 million square 
kilometers translates to a population density of fewer than 7 inhabitants per square 
kilometer, ranking Kazakhstan among the 12 most sparsely-populated countries in 
the world.  Urbanization has increased over the last decade but the rural population 
still exceeds 40 percent.  The Kyzylorda, Karaganda, Mangystau, and Aktobe regions, 
in the country’s center and southwest, have population densities of fewer than 3.6 
inhabitants per square kilometer.  Although trunk fiber optic backbone networks run 
the length of the country, the provision of broadband in many areas, particularly via 
last-mile and middle-mile connectivity, is impacted by the high costs and engineering 
challenges of rural network deployment.

The Kazakhstani population is well-educated and the country’s literacy rate, which has 
been very high since independence, was estimated to be near-universal (99.8 percent) 
as of 2020.  Enrollment in primary and secondary education is also near-universal.  The 
Kazakhstani educational system is considered to be highly centralized.  More than half 
of the graduating student population goes on to enroll in post-secondary institutions, 
and significant progress has been made toward the eventual implementation of 
trilingual learning (Kazakh, Russian, and English) in schools, with particular emphasis 
on English-language instruction in the fields of science, technology, and engineering.  
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There is gender parity in access to education, and overall educational performance 
is not as dependent on socioeconomic status as it is in most developed countries, 
indicating greater equality of educational opportunity.  High enrollment rates and 
educational equity have translated to a technologically-savvy youth population with 
strong demand for foreign internet content, particularly from Russian- and English-
speaking markets.

In 2014 the Government of Kazakhstan announced the multi-billion Nurly Zhol, or 
“Bright Path” initiative, focusing on seven key areas of investment: transport and 
logistics infrastructure, industrial infrastructure, energy infrastructure, public utilities 
infrastructure including heat and water, housing, social infrastructure, and support for 
small and medium-sized enterprises.  In addition to stimulating domestic economic 
growth, the initiative seeks to position Kazakhstan as a hub for transport and logistics, 
which increased to approximately one-eighth of economic production by the late 2010s.  
In 2019 and 2020 plans were unveiled for Nurly Zhol’s continuation through the 2020-
2025 period with an estimated investment of $12.9 billion, including the reconstruction 
of 10,000 kilometers of roadways and repair of 11,000 additional kilometers, with the 
goal of bringing 100 percent of the country’s roads up to at least satisfactory condition, 
compared to 89 percent of national roads and 75 percent of local roads as of 2020. 

Kazakhstan has been a leader in cross-sectoral infrastructure sharing, with co-
deployment of fiber and other ICT infrastructure along linear infrastructure such 
highways, railways, electricity transmission networks, or fuel pipelines.  Such co-
deployment can provide project cost savings of 50 percent or more by sharing costs 
of, and eliminating duplication of, civil works and right-of-way procurement.  Co-
deployment and infrastructure sharing across sectors can also bilaterally improve 
the profitability and commercialization of both component projects because ICT 
deployment serves as a source of revenue for the energy or transportation entities, 
while telecommunications infrastructure can serve as a backbone for energy and 
transportation network management and monitoring, internal communication, and 
smart transportation technologies. 

In 2008 the national railway company Kazakhstan Temir Zholy (KTZ) installed a $105 
million fiber optic network along its right-of-way in order to provide a state-of-the-art 
backbone for its telecom subsidiary Transtelecom, which achieved success as both a 
domestic and international operator by providing bandwidth and IP transit services to 
Kazakh and foreign customers.  A minority stake in Transtelecom was sold in 2018 and 
in 2021 a majority stake was sold to private investors.  The Kazakh rail network has 
benefited from increased government investment, largely in anticipation of increased 
government revenue as a result of oil production in the Kashagan Field.  KTZ is the 
country’s largest employer, and Kazakhstan has emerged as a major rail equipment 
producer in the region following the opening of a new locomotive factory outside 
Astana by a KTZ subsidiary.  Domestically, the Kazakhstani rail network is robust, with 
railway infrastructure linking almost every village. 

KTZ has also been instrumental in Kazakhstan’s efforts to reduce its reliance on 
Russian trade routes, through the construction of a $100 million freight and logistics 
hub in Lianyingang, China and a second international rail link between Kazakhstan and 
China.  As of 2020, the majority of Kazakhstan’s international rail freight still originated 
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from or was destined to Russia or former Soviet republics, but freight crossing the border 
with China was expected to account for half in the near-future.  Chinese authorities have 
reportedly encouraged the construction of rail links through Kazakhstan and Central 
Asia as an alternative to traditional transpacific shipping lanes, which carry the majority 
of China’s exports but are perceived to fall under the political sphere of the United States.

Since 2010 the Kazakhstan Electricity Grid Operating Company (KEGOC) has developed 
and operated fiber and ICT infrastructure via its subsidiary Energoinform.  Kazakhstan 
and its neighbor to the south Kyrgyz Republic are linked via a total of six interconnectors, 
ranging from 220 kV to 500 kV, each within 200 km of the Almaty-Bishkek corridor.  
Kyrgyz Republic, with its vast hydroelectric resources, exports about one-tenth of its 
production to Kazakhstan and Uzbekistan, although it also imports some electricity 
from Kazakhstan to compensate for seasonal and drought-related variations in output. 

Oil and gas companies have been slower than other sectors to commercialize their fiber 
infrastructure.  There is significant pipeline infrastructure in Kazakhstan.  The Central 
Asia-Center Pipeline, inaugurated in 1969, traverses the west of the country to link 
Turkmenistan and Uzbekistan to Russia.  The Bukhara-Tashkent-Bishkek-Almaty Pipeline, 
completed in the 1970s, carries natural gas from the Gazli gas fields in the Bukhara, 
Uzbekistan region to Kyrgyz Republic and Kazakhstan.  Kyrgyz segments of the pipeline 
between Sokuluk and the Kazakh border were upgraded in 2016 to accommodate 1.7 
billion cubic meters.  The Kazakhstan-China Oil Pipeline was completed in 2009 and 
connects the Caspian region to China via Aktobe, Kenkiyak, Kumkol, and Atasu.  The 
Central Asia-China Gas Pipeline was also commissioned in 2009 by a consortium of 
China National Petroleum Corporation, Turkmengaz, Uzbekneftegas, and KazMunayGas; 
it follows much of the same path of the Bukhara-Tashkent-Bishkek-Almaty Pipeline but 
continues northeast from Alamaty to the Chinese border east of Katon-Karagay.  

b. Kazakhstani Telecommunications Market Overview
The Kazakhstani telecommunications sector is the largest and most advanced in 
Central Asia, with the highest mobile penetration (129 percent), the highest international 
Internet bandwidth (120 Kbps per capita), and the most affordable broadband service 
(most packages cost less than 2 percent of per-capita GDP).  More than four-fifths of 
the Kazakhstani population aged 6 to 74 are internet users. 

The Kazakhstani telecommunications and Internet market was estimated to be valued 
at almost 1 trillion tenge ($2.3 billion) in 2020, or about 1.4 percent of nominal GDP, 
based on data from the Bureau of National Statistics.  The Kazakh market is notable 
for its robust wholesale sector, which is served by multiple fiber network operators 
including Kazakhtelecom, KazTransCom, and Transtelecom, each of which offer 
bandwidth to, from, and within Kazakhstan as well as transcontinental Europe-to-Asia 
bandwidth offerings in partnership with operators in neighboring countries. 

Figure 3 shows historical data on fixed telephony, mobile telephony, and fixed internet 
subscribership in Kazakhstan between 2010 and 2020, based on statistics from the 
Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the 
Republic of Kazakhstan.
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Figure 3: Historical Fixed Telephony, Mobile Telephony, and Fixed Internet Subscrib-
ers in Kazakhstan, 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Total Fixed 
Telephony 
Subscribers (Mil.)

4.1 4.3 4.4 4.4 4.4 4.1 3.9 3.7 3.2 3.1 3.1

Fixed Telephony 
Penetration Rate

25.0% 25.9% 26.0% 25.8% 25.2% 23.6% 22.0% 20.4% 17.5% 16.6% 16.5%

Total Mobile 
Telephony 
Subscribers (Mil.)

19.4 25.2 30.2 30.4 28.6 26.3 25.5 26.7 26.1 25.7 24.3

Mobile 
Telephony 
Penetration Rate

119.4% 153.1% 180.5% 178.3% 165.3% 149.7% 143.2% 147.6% 142.3% 138.6% 129.4%

Total Fixed 
Internet 
Subscribers (Mil.)

1.0 1.3 1.6 2.0 2.1 2.3 2.4 2.6 2.5 2.5 2.6

Fixed Internet 
Penetration Rate

6.1% 7.6% 9.6% 11.6% 12.1% 13.1% 13.2% 14.3% 13.4% 13.5% 14.0%

Source: Agency for Strategic Planning and Reforms of the Rep. of Kazakhstan, Bureau of Nat’l. Statistics
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c. Kazakhstani Broadband Market Development
Figure 4: State of Broadband in Kazakhstan, Year-end 2020

YE 2020 Notes
Total Broadband 
Subscribership

17,100,000 
subscribers 91.1% penetration

Fixed Broadband 
Subscribership

2.600,000 
subscribers  

(mostly ADSL)
13.8% penetration

Mobile Broadband 
Subscribership

14,500,000 
subscribers 77.2% penetration

1 GB Download 
Monthly Broadband 
Price

$2.32  
(1GB intl. + 2 GB 
dom. content + 

unlim. dom. Calls)

0.3% of nominal per-capita GDP  
(2019 pre-pandemic)

10 GB Download 
Monthly Broadband 
Price

$6.53 (12 GB) 0.8% of nominal per-capita GDP  
(2019 pre-pandemic)

Unlimited Download 
Monthly Broadband 
Price

$9.35 (12 Mbps) 1.2% of nominal per-capita GDP 
 (2019 pre-pandemic)

Major Broadband & 
Domestic Network 
Players

Kazakhtelecom / 
Kcell / Tele2-Altel

Gov’t.-owned incumbent. Largest fiber 
network. Dominant in fixed market and 

mobile market via 2 subsidiaries – 
total 14.8 mil subs, 61% share.

Beeline / TNS-Plus 
(VEON)

MNO, subsidiary of Amsterdam-based 
VEON. Only non-KT mobile operator - 

9.5 mil subs, 31% share. Also fixed and 
fiber network operator.

Transtelecom 
(TTC)

Founded by rail operator KTZ, operates 
13,000-km fiber network.  Privatized 
(75% purchased by Kazakh investor 

Unit Telecom) in 2021.

KazTransCom

Fiber network operator targeting 
wholesale operator market as well as 

corporate clientele 
 (>3,000 business customers).

Source: Terabit Consulting 
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1. Broadband Penetration and Affordability
Broadband internet subscriptions in Kazakhstan totaled 17.1 million as of 2020, 
representing a penetration rate of 91 percent.  According to the Bureau of National 
Statistics, there were 2.6 million fixed broadband subscribers in 2020.  More than 
50 percent of these were connected via fiber-to-the-building, and most other fixed 
subscribers (40 percent) used DSL services.  Kazakhtelecom serves the majority of 
fixed broadband subscribers and has connected most multi-family dwellings with 
fiber.  Its primary competitor in the fixed broadband space is Beeline. 

The Bureau of National Statistics reported 14.5 million mobile broadband subscribers as of 
2020.  LTE services were first launched in 2013 in Almaty and Astana and by 2018 all three 
major operators offered LTE coverage in the capitals of every oblast as well as the four cities 
of Almaty, Astana, Shymkent, and Baikonur.  As of 2021 Kazakhtelecom said that its mobile 
subsidiaries’ LTE service covered 81 percent of the population.  

In 2019 Kazakhtelecom said that it had launched a commercial 5G service in Astana 
for use on the Altel and Tele2 networks, and Beeline said that it had launched 5G in 
Shymkent.  The Ministry of Digital Development, Innovations, and Aerospace Industry 
said that it expected limited 5G deployment in Astana in 2021, with gradual expansion 
in 2022 and service in all oblast capitals by 2023.

Broadband internet pricing is among the most affordable in the region, with high-seed 
unlimited fixed and mobile services available at less than 2 percent of nominal per-
capita GDP, as shown in Figure 5.

Figure 5: Broadband Pricing and Affordability in Kazakhstan, 2021

Speed Download Limit Price/Mo. 
(KZT)

Price 
/ Mo. 
(USD)

Share of 
Nominal Per-
Capita GDP*

Kazakhtelecom 
Internet 1 1 Mbps Unlimited 1930 $4.51 0.6%

Kazakhtelecom 
Internet 12 12 Mbps Unlimited 3999 $9.35 1.2%

Kazakhtelecom 
Internet 200 200 Mbps Unlimited 4999 $11.69 1.4%

Tele2 4G Speeds
1 GB int’l.  

+2 GB dom 
+calls

990 $2.32 0.3%

Beeline 4G Speeds 12 GB 2790 $6.53 0.8%
Beeline 4G Speeds Unlimited 5490 $12.84 1.6%
Kcell 4G Speeds Unlimited +calls 8000 $18.71 2.3%
Beeline 4G Speeds 12 GB 2790 $6.53 0.8%
Beeline 4G Speeds Unlimited 5490 $12.84 1.6%
Kcell 4G Speeds Unlimited +calls 8000 $18.71 2.3%

*Pre-pandemic GDP per capita (nominal): $811 per month (2019)                     
Source: Terabit Consulting
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2. Key Broadband and Network Players
Government-owned Kazakhtelecom dominates the country’s fixed-line market and 
has a majority share of the mobile market via its two subsidiaries Kcell and Tele2-
Altel.  The primary competitive operator in Kazakhstan’s consumer market is VEON 
subsidiary Beeline.  

Four major fiber networks serve the country.  Kazakhtelecom’s is the most extensive, 
but long-haul networks are also operated by VEON via its TNS-Plus subsidiary, as well as 
KazTransCom and Transtelecom, both of which are also present in the end-user market, 
primarily serving corporate customers.  Kazakhtelecom has an estimated 73 percent 
share of the Kazakh data transmission market, while KazTransCom has an estimated 21 
percent share and other operators’ combined market share was 6 percent.

Minor competitors in the end-user market include Alma TV, a digital television provider 
in Almaty which provides FTTx services via its GPON network, and fiber and VSAT 
operator Astel.  

construction of over 20,000 kilometers of fiber within the aegis of the Digital Kazakhstan 
program in order to improve connectivity to rural villages including schools, hospitals, 
and government offices.  

In 2020 all three Kazakh mobile operators entered into a network sharing agreement to 
expand service to 1,000 rural settlements as part of the 250+ initiative, which allowed 
each of the operators equal access to shared network infrastructure. Previously, in 
2016, Kcell and VEON signed a network sharing agreement for 4G LTE services.

In 2021, satellite operator OneWeb announced an increased presence in Kazakhstan 
through the construction of a ground station as well as a Kazakh subsidiary.

 

d. International Connectivity
Kazakhstan is Central Asia’s international bandwidth leader in both absolute (2.2 Tbps) 
and per-capita (120 Kbps) terms.  Kazakhstan imports almost all of its international 
bandwidth from Russia and supplies bandwidth to its neighbors Kyrgyz Republic, 
Turkmenistan, and Uzbekistan (Kazakhstani-supplied bandwidth also transits 
southward to Tajikistan and Afghanistan).  The country’s international bandwidth is 
generally considered to be affordable, reliable, and abundant.

About 80 percent of Kazakhteleom’s traffic is transited by the Russian operators 
MegaFon, KVANT, Rostelecom, Transtelecom, and VimpelCom (Beeline).  The 
transit capacity of TNS-Plus (Beeline) is almost exclusively via Russian operators.  
Transtelecom Kazakhstan’s partners are the Russian operators KVANT and MegaFon, 
as well as Telia (Sweden), RETN (United Kingdom), and Tajiktelecom.  Kaztranscom’s 
partners are also mostly Russian but a small amount of traffic is transited via Tata 
Communications and China Telecom.

The sale of transit bandwidth between Europe and Asia, which is already an important 
source of revenue for Kazakhstani network operators including Kazakhtelecom, 
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Transtelecom, and KazTransCom. Improved regional connectivity to the south, 
combined with improved connectivity across the Caspian Sea as currently proposed 
through the development of a submarine cable to Azerbaijan, could provide alternative 
Europe-to-Asia transit paths via Kazakhstan that would not only increase the reliability 
of Kazakhstan’s Europe-to-Asia transit capacity, but also attract certain Europe-to-
Asia bandwidth customers reluctant to transit their traffic via Russia.  With improved 
regional connectivity in every direction, Kazakhstan could potentially expand its share 
of Europe-to-Asia transit traffic by serving not only the Europe-China demand that 
represents almost all of its current addressable market, but terrestrial traffic from 
Europe to Southeast Asia and South Asia as well. 

1. Relationships with Neighboring Bandwidth Markets
Landlocked Kazakhstan is bordered by Russia on the north and west (6,846 km 
border), China on the east (1,533 km), Kyrgyz Republic on the southeast (1,051 km), 
Uzbekistan to the south (2,203 km), and Turkmenistan to the southwest (379 km).  On 
its southwest border Kazakhstan has 1,894 kilometers of coastline on the Caspian 
Sea which is also bordered by Russia, Turkmenistan, Iran, and Azerbaijan, the latter 
of which is currently evaluating the possibility of a submarine cable connection that 
would link it to Kazakhstan.

Russia is by far the major supplier of bandwidth to Kazakhstan; almost all of the 
country’s international demand is routed via the networks of Russian operators.

China is a minor customer for bandwidth via Kazakhstan to Europe, including China 
Telecom’s “Transit Silk Road,” which is operated in partnership with Kazakhtelecom to 
provide a reported roundtrip latency of 162 milliseconds from Hong Kong to Frankfurt.  

Kyrgyz Republic is a major customer of bandwidth via Kazakhstan to Russia.  Kazakh 
operators provide the vast majority of the country’s bandwidth, offering the lowest 
costs and highest capacities of any of Kyrgyz Republic’s neighbors.

Uzbekistan is a major customer of Kazakh bandwidth; most of the transit partners of 
Uzbek operators are Russian and its demand is mostly routed to Moscow.

Turkmenistan is a minor customer of Kazakh bandwidth. The Russian operator 
Rostelecom is a major transit provider for Turkmen operators however the country’s 
transit paths are diversified and other major transit providers include the Azerbaijani 
operator Delta Telecom and the American operator Tata Communications.

2. Interregional Transit Demand (including Europe-Asia)
Kazakhstan is a major provider of terrestrial Europe-to-Asia capacity.  Geographically, 
Kazakhstan lies on a straight line between Frankfurt and Hong Kong and is therefore 
able to offer a low-latency path in partnership with Chinese, Russian, and Eastern 
European operators.  Kazakhtelecom, Transtelecom, and KazTransCom each operate 
multi-terabit Europe-to-Asia fiber networks.   
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e. Kazakhstan Bandwidth Market

1. Historical Kazakhstani International Bandwidth Demand
Historical international bandwidth in Kazakhstan is shown in Figure 6.  

Figure 6: Historical International Bandwidth in Kazakhstan, 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Total 
International 
Bandwidth 
(Gbps)

50 150 275 400 600 900 1,400 1,000 1,120 1,500 2,250

Percent 
Change

 200% 83% 45% 50% 50% 56% -29% 12% 34% 50%

CAGR  
(2010-2020)

46%

Source: Terabit Consulting

Kazakhstan’s international bandwidth is the highest in Central Asia on both an absolute (2.250 
Tbps) and per-capita (120 Kbps) basis.  Kazakhstan’s bandwidth demand grew significantly 
between 2010 and 2016, after which it experienced a contraction due to “localization of 
traffic,” according to the Ministry of Information and Communications.  Demand rebounded 
to 2016 levels within three years and jumped significantly in 2020 due to the pandemic, due 
to what Kazakhtelecom Chairman described as “a transition to the remote work format of 
most Kazakhstanis, a significant increase in video content consumption, and customers’ 
significantly increased time spent on the network.” Kazakhtelecom reported that it cached 
55 percent of Kazakhstan’s bandwidth demand as of 2021.
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Kazakhtelecom’s international bandwidth, which accounts for the majority of the 
country’s overall traffic, was 890 Gbps in 2017, 940 Gbps in 2018, 1.200 Tbps in 2019, 
1.560 Tbps in March of 2020 (representing an immediate 30 percent increase due to 
the outbreak of COVID), and 2.030 Tbps as of March of 2021.

The theoretical annual value of the Kazakhstani international bandwidth market, 
assuming all bandwidth were to be acquired wholesale, would be in the order of $50 
million, representing 1/40th of the total value of the Kazakh telecommunications 
(approximately $2 billion).

2. Kazakhstani Bandwidth Demand Drivers
The government’s Digital Kazakhstan program calls for a “Digital Silk Way” that will 
provide abundant international bandwidth, fixed broadband coverage mostly through 
fiber optic lines, near-ubiquitous 4G mobile broadband coverage followed by 5G 
deployment, and the launch of the KazSat 2R satellite by 2023.  Within the aegis 
of Digital Kazakstan, the Development Bank of Kazakhstan and Kazakhtelecom 
announced a $150 million, project to expand broadband service to rural communities 
across the country, including 15,000 km of fiber optic deployment to bring internet and 
e-government services to 2,496 access points in 828 villages.

There are 25 commercial data centers active in Kazakhstan, providing a total capacity of 
1,400 racks. At the enterprise level, according to the Kazakh Bureau of National Statistics 
1,163 organizations hosted their own data centers as of year-end 2019, with a combined 
capacity of 44,929 servers.  More than 105,000 organizations used the Internet.

3. Forecasted Kazakhstani Bandwidth Demand
Kazakhstan’s forecasted international bandwidth demand from 2020 to 2030 appears 
in Figure 7.  Growth is expected to average 39 percent annually. 

 Figure 7: Forecasted International Bandwidth in Kazakhstan, 2020-2030

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Total 
International 
Bandwidth 
(Gbps)

2,250 3,195 4,537 6,442 9,148 12,990 17,667 24,027 32,437 43,789 59,116

Percent 
Change

 42% 42% 42% 42% 42% 36% 36% 35% 35% 35%

CAGR  
(2020-2030)

39%

  
Source: Terabit Consulting
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4. Bandwidth Pricing in Kazakhstan

Figure 8: International Bandwidth Pricing in Kazakhstan, 2020

2020
IP Transit Pricing (Mbps per month) $2

Source: Terabit Consulting

Kazakh IP transit pricing has consistently been the lowest in Central Asia.  As of year-end 
2020 the price paid by Kazakh operators for IP transit via Russia was approximately $2 
per Mbps per month.  Over the last decade, erosion has averaged 20 percent annually; 
prices were in the range of $20 per Mbps in 2010, $15 in 2012, and $4 in 2017.   

f. Regulatory Environment in Kazakhstan
Kazakhstan is ranked 162nd out of 193 countries in the International Telecommunications 
Union’s ICT Regulatory Tracker, placing it in the “Second Generation” category described 
as “basic reform – partial liberalization and privatization across the layers.” The 
country’s low ranking was mostly due to the lack of an independent regulatory body.

Since a cabinet reorganization in 2019, the primary regulator of the Kazakhstani 
telecommunications sector has been the Telecommunications Committee of the 
Ministry of Digital Development, Innovation, and Aerospace Industry, which assumed 
the responsibilities previously held by the Ministry of Transport and Communications 
and the Ministry of Communications and Information.

The primary regulatory law governing the sector is the Telecommunications Law of 
2004.  Other applicable legislation includes the Information Technologies Law of 2007 
and the Licensing Law of 2007.

Foreign ownership of telecommunications companies offering fixed-line, international, 
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or long distance services is currently limited to 49 percent without special approval from 
the government.  In order to satisfy the requirements of Kazakhstani membership in 
the World Trade Organization, the Government of Kazakhstan had indicated its intention 
to remove foreign ownership restrictions on all companies in the telecommunications 
sector other than Kazakhtelecom; however, as of 2021 the restrictions remained in place.

The country’s Digital Kazakhstan program, with a total combined investment of almost 
$1 billion, covers the period from 2018 to 2022 and is based on five pillars:
 • Digitization of the economy
 • Transition to a digital state
 • Implementation of the Digital Silk Way
 • Evolution of human capital 
 • Innovative ecosystem formation

Notably, however, the Digital Kazakhstan program does not take a position on infrastructure 
sharing.  Over the long term, it is expected that Energoinform, the ICT division of the Kazakhstan 
Electricity Grid Operating Company (KEGOC), could pursue a model of fiber network 
commercialization similar to that which was successfully implemented by the national 
rail operator KTZ in the development of Transtelecom.  Oil and gas pipeline infrastructure, 
particularly those connecting Kazakhstan and China, have also been identified as optimal 
hosts for commercialized fiber infrastructure, though current fiber deployment is primarily 
reserved for pipeline operators’ own monitoring and internal communications purposes.  
Kazakhstan’s five-year development plan covering the period from 2020 to 2025 calls for the 
deployment of intelligent transportation systems (ITS) along 6,000 kilometers of highway.

Although intra-sectoral sharing of passive telecommunications infrastructure is commonplace, 
throughout Asia there is generally limited legislation or policy which explicitly refers to 
cross-sectoral infrastructure sharing or co-deployment in Central Asia.  Even in Kazakhstan, 
considered to be among the most advanced markets, the Law on Communications (July 
5, 2004) does not mention sharing of infrastructure between sectors; its only reference 
to infrastructure sharing is the rights of telecom operators to share infrastructure among 
themselves.  Laws regulating transportation generally indicate that highway rights-of-way 
be used for the construction and improvements of roads, but the laws do not exclude the 
possibility of deploying ICT infrastructure. Similar regulations apply to the railway and energy 
sectors, although gas pipelines sometimes classified as a domain of national security, which 
potentially complicates efforts to commercialize fiber using pipelines’ rights-of-way. 

Some ICT advocates have pushed for the inclusion of fiber deployment to be a required 
element of major linear infrastructure projects, and for such a policy to be harmonized 
by ICT policymakers at the national level.  To that end, there have also been calls for 
all ministries or regulatory agencies involved with infrastructure projects, including 
those in the energy and transportation sectors, to develop sufficient knowledge of and 
familiarity with ICT and fiber optic infrastructure projects, and to designate individuals 
or teams to serve as points of contact for entities seeking to pursue co-deployment or 
sharing opportunities.  Furthermore, the standalone accounting structure and eventual 
independence of transportation and energy companies’ ICT subsidiaries, and those 
that have eventually been spun off (e.g. Transtelecom), has been cited as best practice 
for the development of domestic and transborder fiber infrastructure. 
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IV. ANALYSIS OF SCHOOL CONNECTIVITY

Terabit Consulting analyzed data for 7,438 schools in Kazakhstan as provided by 
UNICEF and the International Telecommunications Union through the GIGA initiative.  
The data contains detailed information for each school concerning geographic location, 
enrollment, internet speed, and hardware (PCs and interactive boards).

The analysis identified 10 schools reported to have no connectivity and 4,147 schools 
with connection speeds below 10 Mbps.  There were also 29 schools with no available 
data on connection speeds.  Collectively, 56 percent of schools were classified as 
having inadequate internet connectivity of less than 10 Mbps.  

Figure 9: Kazakhstan Schools’ Internet Access by Connection Speed

Terabit Consulting performed a region-by-region analysis of under-connected schools 
with internet speeds of less than 10 Mbps.  The majority of under-connected schools 
(approximately 3,200) are located in cities, towns, and settlements served by fiber 
connectivity, and the improvement of their connectivity is considered to be easily 
accomplished via existing fixed or mobile infrastructure.  

Terabit identified a total of between 900 and 1,000 schools which it considers to be 
outside of the service area of fiber backbones or high-speed mobile networks.  Improved 
connectivity to these schools may eventually require either improved regional network 
connectivity in the form of expanded fiber backbone network deployment or alternative 
broadband solutions including satellite or wireless, as discussed in the next chapter.    

10 Mbps:
1,264 schools

17% >10 Mbps:
1,988 schools

27% Data Unavailable: 
29 schools

0.4%

No Connectivity:
10 schools
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<1 Mbps:
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1-4 Mbps:
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Schools without Connectivity and Schools with No  
Reported Data
A total of 10 schools were reported to have no internet connectivity, and data was not 
available for 29 schools. The most unconnected and unreported schools are located 
in East Kazakhstan Region (6), Karaganda Region (6), and Almaty Region (5). The 10 
schools reported to have no connectivity represent 0.1 percent of the nationwide total; 
unconnected schools plus schools for which no data was available represent 0.3 percent 
of the total. To reiterate, it is possible that the data for these schools was misreported.  



ANALYSIS OF SCHOOL CONNECTIVITY          35

Connected Schools with Internet Speeds Below 10 Mbps
There are 4,147 schools with inadequate internet connection speeds, i.e., below 10 
Mbps.  Of these, more than half (2,345, or 57 percent) are connected at speeds below 
5 Mbps.  The most schools with inadequate connection speeds are in the Turkistan 
Region (715), followed by East Kazakhstan Region (510), Akmola Region (463), Almaty 
Region (451), Kostanay Region (414), and North Kazakhstan Region (323).
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Connected Schools with Internet Speeds of 10 Mbps or Above
There are 3,252 schools with adequate internet connectivity of 10 Mbps or greater.  
Regions with the most connected schools in this category included Almaty Region 
(337), Pavlodar Region (302), Jambyl Region (289), Almaty city (273), Karaganda 
Region (255), Aktobe Region (248), Turkistan Region (212), and West Kazakhstan 
Region (206). 
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1. Regional Analysis: Akmola
Akmola Region has a total of 572 schools.  Of these, 463 schools (81 percent) have 
inadequate connection speeds of less than 10 Mbps.  There are four schools for which 
connectivity data is unavailable.  No schools were reported to be unconnected.

Figure 10: Underserved (<10 Mbps) Schools in Akmola

Equipment in Schools
The schools in Akmola Region have an average of 50 PCs per school (one per 4.9 students), 
of which an average of 41 are available for educational purposes (one per 6.0 students).  
There are an average of 3.4 interactive boards per school (one per 71.2 students).

State of Fixed Network Infrastructure 
Three backbone network operators (Kazakhtelecom, TNS-Plus (VEON), and 
Transtelecom) have fiber deployed along the A-1 highway corridor from Kokshetau to 
Astana and south along the M-36 highway from Astana to Karaganda.  Transtelecom 
also has fiber along the east-west railway running from Esil to Astana parallel to the 
M-36 highway, and Kazakhtelecom has some east-west fiber for at least part of the 
way to Esil.
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State of Mobile Network Infrastructure
Mobile coverage is focused on the A-1 north-south, M-36 east-west and A-16 (Esil-
Derzhavinsk) north-south corridors, but the coverage area is wide, providing service 
to much of the region.  LTE is available in the environs of Astana and in the cities of 
Atbasar, Zhaltyr, Stepnororsk, Shchuchinks, Burabay, and Kokshetau. 

Network Infrastructure Reach to Schools
There are approximately 80 under-connected schools away which are located in the 
northeast, northwest, southeast, and southwest quadrants away from the region’s two 
main north-south and east-west fiber corridors.
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2. Regional Analysis: Aktobe
In Aktobe Region, there are a total of 422 schools, of which 173 schools (41 percent) 
are connected to the internet at speeds of less than 10 Mbps.  One other school did not 
report data, but there are no unconnected schools.  

Figure 11: Underserved (<10 Mbps) Schools in Aktobe

Equipment in Schools
In Aktobe Region there are an average of 80 PCs per school (one per 5.1 students); of 
these, an average of 66 are available for educational purposes (one per 6.1 students).  
There are an average of 5.7 interactive boards per school (one per 71.5 students).

State of Fixed Network Infrastructure 
All four major fiber backbone operators have fiber backbones extending from the northwest 
to the southeast of the region via Aktobe city.  Kazakhtelecom and Transtelecom also 
have east-west fiber across the south of the region.  The KazTransCom fiber network has 
a spur south from Kandyagash in the direction of Kenkiyak.
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State of Mobile Network Infrastructure
Kcell has mobile coverage along most highway corridors as well as LTE coverage in 
nine cities and towns.  Beeline (VEON) and Tele2/Altel have somewhat less continuous 
coverage; Tele2/Altel offers LTE in four cities and towns. 

Network Infrastructure Reach to Schools
As many as 50 under-connected schools in Aktobe Region are situated a significant 
distance from fiber and mobile network corridors.  Particularly underserved areas with 
high number of under-connected schools are the region’s south and northeast.  There 
are also approximately 30 under-connected schools southwest of Aktobe city, but the 
distance from these schools to fiber backbones is considerably shorter.
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3. Regional Analysis: Almaty City
There are 299 schools in Almaty city and 26 of these (9 percent) have connection 
speeds below 10 Mbps.  No schools were reported to be unconnected.

Figure 12: Underserved (<10 Mbps) Schools in Almaty City

Equipment in Schools
In Almaty city there are an average of 357 PCs per school (one per 2.9 students). An average 
of 312 PCs per school are available for educational purposes (one per 3.3 students). There 
are an average of 20 interactive boards per school (one per 50.6 students).

State of Fixed Network Infrastructure 
Almaty is well-served by fiber, with the backbones of Kazakhtelecom, TNS-Plus 
(VEON), KazTransCom, and Transtelecom each passing through the city and multiple 
metropolitan networks in operation.

State of Mobile Network Infrastructure
Kcell, Beeline (VEON), and Tele2/Altel each operate LTE networks in Almaty city.

Network Infrastructure Reach to Schools
Almaty’s broadband is abundant and under-connected schools can be easily upgraded. 
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4. Regional Analysis: Almaty Region
Almaty Region has a total of 793 schools and 451 schools (57 percent) have connection 
speeds of lower than 10 Mbps.  One school was reported to have no connectivity and 
data was unavailable for four.

Figure 13: Underserved (<10 Mbps) Schools in Almaty Region

 

Equipment in Schools
Almaty Region has an average of 108 PCs per school (one for every 5.4 students).   An 
average of 89 PCs per school are available for educational purposes (one per 6.5 students). 
An average of 5.1 interactive boards are installed per school (one per 114.5 students).

State of Fixed Network Infrastructure 
All four fiber backbone network operators are present in Almaty oblast and although 
there is overlap on main trunk segments, overall the operators’ network coverage is 
complementary, with each operator providing connectivity to parts of the region where 
other operators are not present.  The Kazakhtelecom network runs from Taraz to Almaty 
city, north to Taldykorgan, and East Kazakhstan, with branches to the west and east 
of the province.  TNS-Plus (VEON)’s network runs from Taraz to Almaty city and east 
to Zharkent, west to Taldykorgan, and north to Zhanama.  Transtelecom’s network is 
along the railroad right-of-way from Taraz to Almaty city and north to Taldykorgan and 
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Aktogay, and southeast from Aktogay to Dostyk on the Chinese border.  KazTransCom 
has fiber along the A-2 highway from Taraz to Almaty city, then along the A-3 and A-353 
highways to the Chinese border.

State of Mobile Network Infrastructure
Mobile coverage is strong throughout the south and east of the region.  LTE coverage 
is present in most of Almaty’s suburbs, Kapchagay, Sary-Ozek, Taldykorgan, Teleki, 
Ushtobe, Sarkand, Alashankou, and Usharai. 

Network Infrastructure Reach to Schools
Despite the large number of under-connected schools in Almaty Region, only about 30 
schools are considered to be significantly outside the region’s main fiber backbone 
corridors. 
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5. Regional Analysis: Atyrau
Of Atyrau Region’s 208 schools, 69 schools (33 percent) have internet connectivity 
slower than 10 Mbps.  There was also one school which reported no internet 
connectivity and two schools for which data was unavailable; however, all three are 
located in Atyrau city which has generally good network connectivity, so improvement 
of their connections is not expected to be problematic. 

Figure 14: Underserved (<10 Mbps) Schools in Atyrau

 

Equipment in Schools
Atyrau has an average of 125 PCs per school (one per 5.7 students).   Of these, an 
average of 86 PCs are available for educational purposes (one per 8.3 students).  There 
are an average of 11.4 interactive boards per school (one per 62.5 students).

State of Fixed Network Infrastructure 
TNS-Plus/VEON and KazTransCom have north-south fiber along the A-28 highway from 
Oral (West Kazakhstan) to Atyrau city and along the A-27 east from Atyrau city to Sagiz.  
Kazakhtelecom, Transtelecom, and KazTransCom have east-west fiber backbones 
along the length of the A-27 highway through Atyrau city, including connectivity to the 
far west of the region, including Orly near the Russian border.  All four fiber network 
operators have connectivity southeast from Atyrau city to Kulsary along the R-110 
highway. 
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State of Mobile Network Infrastructure
Kcell and Beeline (VEON) have almost continuous GSM coverage along the north-
south, east-west, and southeast highways; Tele2/Altel is also present in those corridors 
though its coverage is not continuous and is limited mostly to major cities and towns.  
Kcell has the most robust LTE coverage, followed by Tele2/Altel and Beeline; LTE is 
available in approximately ten cities and towns.  

Network Infrastructure Reach to Schools
The northwest and northeast of the Atyrau region are underserved by fiber and mobile 
networks.  Approximately 15 to 20 schools with less than 10 Mbps connectivity are 
considered to be in areas not served by fiber backbones.
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6. Regional Analysis: East Kazakhstan
East Kazakhstan has 677 schools in total and 510 are considered to be under-
connected, with speeds of less than 10 Mbps, accounting for 75 percent of all schools 
in the region.  There are six schools for which data was unreported but no schools 
which were confirmed to be without connectivity.

Figure 15: Underserved (<10 Mbps) Schools in East Kazakhstan

 

Equipment in Schools
East Kazakhstan has an average of 72 PCs per school (one per 4.4 students), including 
an average of 58 PCs available for educational purposes (one per 5.5 students).  There 
are an average of 5.6 interactive boards per school (one per 56.7 students).

State of Fixed Network Infrastructure 
The Kazakhtelecom and TNS-Plus (VEON) networks offer fiber backbone coverage from 
Semey to Oskemen, Ayagoz, and Aktogay.  The Kazakhtelecom network also includes 
spurs east of Semey in the direction of Kamyshinka, as well as a spur southeast from 
Oskemen to Kensay.  The Transtelecom fiber backbone runs along the north-south 
railway from Semey to Charsk to Aktogay, and east from Charsk to Oskemen.  



ANALYSIS OF SCHOOL CONNECTIVITY          47

State of Mobile Network Infrastructure
Mobile network coverage is primarily along the M-38 and A-3 highway corridors.  LTE 
service is available in Semey, Oskemen, Ayagoz, Novaya-Bukhtarma, and Altai. 

Network Infrastructure Reach to Schools
There are as many as 200 under-connected schools outside of the corridors served by 
fiber backbone operators.
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7. Regional Analysis: Jambyl
In Jambyl, 178 of the region’s 467 schools are connected at speeds below 10 Mbps 
(representing 38 percent of all schools).  There are no schools without connectivity 
and no schools for which data was unreported.

Figure 16: Underserved (<10 Mbps) Schools in Jambyl

 

Equipment in Schools
Jambyl’s schools have an average of 107 PCs each (one per 5.1 students), of which an 
average of 87 PCs available for educational purposes (one per 6.3 students). There are 
an average of 6.8 interactive boards per school (one per 81.0 students).

State of Fixed Network Infrastructure 
The Jambyl fiber backbone networks of the four major network operators 
(Kazakhtelecom, TNS-Plus (VEON), Transtelecom, and KazTransCom) are in the south 
of the region along the east-west A-2 highway corridor linking Skymkent, Taraz, and 
Almaty. All four network operators have fiber backbones connecting Turkistan city, 
Shymkent, and Taraz.  Transtelecom also has a north-south link along the railway 
connecting Shu and Koktas. 
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State of Mobile Network Infrastructure
Mobile coverage is along the A-2 and M-36 highway corridors on the south and east of 
the region, respectively.  LTE is available in Taraz, Merki, Kulan, and Shu.

Network Infrastructure Reach to Schools
There are approximately two dozen under-connected schools in the center, west, and 
north of the region which are outside of the A-2 and M-36 highway corridors and thus 
away from fiber networks, although there are some cells of mobile coverage in the 
southwest which may provide coverage.  However, most under-connected schools are 
in close proximity to fiber backbone networks.
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8. Regional Analysis: Karaganda
In Karaganda Region, 274 schools, or 51 percent of the region’s 535 total schools, 
are connected at speeds of less than 10 Mbps.  There are also two schools without 
connectivity and four schools for which data are unavailable.  

Figure 17: Underserved (<10 Mbps) Schools in Karaganda

 

Equipment in Schools
Karaganda schools have an average of 113 PCs each (one per 3.6 students), of which 
an average of 89 PCs are available for educational purposes (one per 4.6 students).  
There are an average of 6.5 interactive boards per school (one per 63.1 students).

State of Fixed Network Infrastructure 
Three of Kazakhstan’s four backbone network operators are present in Karaganda.  
Kazakhtelecom, TNS-Plus (VEON), and Transtelecom have fiber along the east-west 
A-17 highway corridor from Kyzylorda city to Karagandy city and along the north-south 
M-36 highway corridor from Astana to Balkhash.  The TNS-Plus network continues 
east from Karaganda city to Pavlodar, and the Transtelecom network continues east 
to Karagally. Additionally, Transtelecom’s north-south corridor follows the railway 
south to Zharyk and Moyynty. KazTransCom does not have any reported backbone 
infrastructure in Karaganda. 
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State of Mobile Network Infrastructure
Mobile coverage is primarily along the A-17 and M-36 highway corridors.  LTE is 
available in Karaganda city, Zhezkazgan, and Balkhash.

Network Infrastructure Reach to Schools
Approximately 70 schools are located away from the region’s fiber backbones and 
mobile coverage areas, particularly west of Zhezkazgan and in the northwest, 
southwest, or southeast of the region.
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9. Regional Analysis: Kostanay
In Kostanay, 414 of the region’s 507 schools (82 percent) have connection speeds 
below 10 Mbps, accounting for 82 percent of all schools.  Data was unavailable for two 
schools and there were no schools without connectivity.  Under-connected schools are 
geographically present in large numbers across almost the entire region.  

Figure 18: Underserved (<10 Mbps) Schools in Kostanay

 

Equipment in Schools
In Kostanay there are an average of 52 PCs per school (one per 4.5 students), of which 
an average of 41 PCs are available for educational purposes (one per 5.8 students).  
There are an average of 4.4 interactive boards per school (one per 53.2 students).

State of Fixed Network Infrastructure 
Kazakhtelecom, TNS-Plus (VEON), and KazTransCom each have fiber networks across 
the northern part of Kostanay Region along the A-21/A-22 highway corridor from Aktobe 
to Petropavl.  Transtelecom also has fiber to the south of the corridor along the railway 
via Kushmurun.  Fiber connectivity in the rest of the region is limited.  Transtelecom’s 
fiber backbone does not serve the Kostanay Region.
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State of Mobile Network Infrastructure
The mobile network coverage of each of the three mobile operators is excellent north 
of the A-22 and P-36 highways.  LTE coverage is mostly limited to cities and towns 
along the A-22 highway from Lisakovsk to Kostanay city though Kcell also provides 
some LTE coverage in the southern city of Arkalyk. 

Network Infrastructure Reach to Schools
Although the majority of under-connected schools in Kostanay Region are in the north of 
the country, which is relatively well-served by fiber and mobile networks, there are more 
than 100 under-connected schools in the area south of the A-22/P-36 highway corridor.  
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10. Regional Analysis: Kyzylorda
There are 212 schools in Kyzylorda Region with connection speeds below 10 Mbps, 
representing 68 percent of the total number of schools (314).  There were no schools 
without connectivity, nor were there any schools for which data was unavailable.  

Figure 19: Underserved (<10 Mbps) Schools in Kyzylorda

 

Equipment in Schools
Kyzylorda’s schools have an average of 88 PCs per school (one per 6.6 students), 
of which an average of 66 PCs are available for educational purposes (one per 8.8 
students). There are an average of 8.0 interactive boards per school (one per 72.9 
students).

State of Fixed Network Infrastructure 
All four fiber backbone network operators (Kazakhtelecom, TNS-Plus (VEON), 
Transtelecom, and KazTransCom have fiber along the M-32 (E-38) highway corridor 
which runs from the northwest to the southeast of the region through Kyzylorda city.  
Kazakhtelecom and TNS-Plus also have fiber northeast from Kyzylorda city along the 
A-17 highway.
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State of Mobile Network Infrastructure
All three mobile operators have strong coverage in the cities and towns along the M-32 
highway corridor, and Kcell and Beeline (VEON) have coverage along the A-17 highway.  
LTE is available in Kyzylorda city and a few other cities along the M-32.

Network Infrastructure Reach to Schools
There is robust fiber and mobile infrastructure along the M-32 highway which reaches 
the majority of the region’s population.  Most of Kyzylorda Region’s under-served 
schools are along or near this highway/rail corridor.  However, there are approximately 
two dozen schools which are not in close proximity to the M-32.
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11. Regional Analysis: Mangystau
There are 18 schools in Mangystau with internet connections below 10 Mbps, 
accounting for 11 percent of the region’s 163 schools.  The only school which was 
reported to be unconnected was located in the north end of Aktau; connecting that 
school is not considered to be problematic given the strong connectivity in Aktau.

Figure 20: Underserved (<10 Mbps) Schools in Mangystau

 

Equipment in Schools
Mangystau has an average of 184 PCs per school (one per 5.7 students).   Of these, 
an average of 148 PCs are available for educational purposes (one per 7.1 students).  
There are an average of 10.7 interactive boards per school (one per 98.4 students).

State of Fixed Network Infrastructure 
All major fiber network operators have fiber south from Atyrau region to Mangystau.  
Kazakhtelecom, Transtelecom, and KazTransCom all have fiber southwest from 
Beyneu to Aktau along the E-121/A-33 highway/rail corridor, but TNS-Plus/VEON’s 
fiber in Mangystau is limited to a link from Atyrau region to Turkmenistan via Beyneu.  
The networks of Kazakhtelecom and KazTransCom extend north of Aktau.  The 
Transtelecom network extends southeast from Aktau to Turkmenistan.
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State of Mobile Network Infrastructure
Kcell’s mobile coverage is the strongest of the three mobile operators, with GSM 
coverage in most cities and towns and along most highway corridors, as well as LTE in 
the seven largest cities and towns.  Beeline (VEON) has almost continuous coverage 
along the region’s highway corridors but no LTE service.  Tele2/Altel has LTE coverage 
in Aktau and Zhanozen. 

Network Infrastructure Reach to Schools
Most under-connected schools are along or near highway or rail corridors served by 
backbone fiber network operators.  Fewer than a dozen under-connected schools were 
located away from the corridors.
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12. Regional Analysis: North Kazakhstan
North Kazakhstan Region has 323 schools with internet connection speeds of less than 
10 Mbps, or 67 percent of the region’s 480 schools.  Connectivity data was unavailable 
for one school and none were reported to be unconnected.

Figure 21: Underserved (<10 Mbps) Schools in North Kazakhstan

 

Equipment in Schools
North Kazakhstan schools have an average of 54 PCs each (one per 3.1 students).   
An average of 43 of these PCs are available for educational purposes (one per 3.8 
students). There are an average of 3.6 interactive boards per school (one per 46.1 
students).

State of Fixed Network Infrastructure 
Kazakhtelecom and TNS-Plus (VEON) have fiber along the A-16 east-west highway 
from Zapadnoye to Petropavl and along the A-1 north-south highway from Kokshetau to 
Petropavl and north to Russia.  Kazakhtelecom’s network extends east from Petropavl 
to Pavlodar along the A-13 highway, and the Transtelecom network also has fiber in the 
west of the region from Novoishimskoye to the Russian border, and in the southeast 
to Kishkenekol.
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State of Mobile Network Infrastructure
Mobile network coverage is excellent along the A-16, A-1, and A-13 highway corridors 
and Kcell’s coverage reaches most population areas across the region.  LTE is available 
in Petropavl and Taiynsha.

Network Infrastructure Reach to Schools
Over 100 under-connected schools in North Kazakhstan are located away from the 
fiber backbone connectivity in the A-16, A-1, and A-13 highway corridors.
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13. Regional Analysis: Astana City
The capital city has 16 schools with connection speeds of less than 10 Mbps, 
representing 12 percent of the city’s 133 schools. Two schools were reported to be 
without connectivity.

Figure 22: Underserved (<10 Mbps) Schools in Astana

 

Equipment in Schools
The schools in the city of Astana have an average of 274 PCs each (one per 5.5 students). Of 
these, an average of 220 PCs are available for educational purposes (one per 6.9 students). 
There are an average of 22.0 interactive boards per school (one per 68.9 students).

State of Fixed Network Infrastructure 
Astana is connected to three of the country’s four backbone fiber networks and 
significant metropolitan fiber is present throughout the city.

State of Mobile Network Infrastructure
LTE networks are operated in Astana by Kcell, Beeline (VEON), and Tele2/Altel.

Network Infrastructure Reach to Schools
Broadband availability is not an obstacle to improving schools’ connectivity in Astana. 
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14. Regional Analysis: Pavlodar
In Pavlodar Region there are 63 under-connected schools with connectivity of less 
than 10 Mbps, representing 17 percent of the region’s 367 schools.  There are also two 
schools for which data is unavailable. 

Figure 23: Underserved (<10 Mbps) Schools in Pavlodar

 

Equipment in Schools
Pavlodar’s schools have an average of 85 PCs each (one per 3.7 students), including an 
average of 81 PCs available per school for educational purposes (one per 3.9 students). 
There are an average of 5.4 interactive boards per school (one per 59.4 students).

State of Fixed Network Infrastructure 
Kazakhtelecom and TNS-Plus (VEON) have fiber along the east-west A-17 highway 
corridor to Pavlodar city and then southeast from Pavlodar city to Semey along the 
M-38 highway.  Transtelecom follows the same corridors via its railway right-of-way and 
also provides connectivity east of Pavlodar city to the Russian border.  Kazakhtelecom 
has additional fiber connectivity southeast of Pavlodar city.
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State of Mobile Network Infrastructure
Mobile coverage is along the north-south axis of the M-38 highway as well as along 
the east-west axis of the A-17 and A-18 highways.  LTE is available in Pavlodar city and 
Ekibastuz.

Network Infrastructure Reach to Schools
Approximately 40 under-connected schools are located north of Pavlodar city, away 
from identified fiber backbone infrastructure.

 



ANALYSIS OF SCHOOL CONNECTIVITY          63

15. Regional Analysis: Shymkent City
Shymkent has 60 schools with suboptimal connection speeds of less than 10 Mbps, 
accounting for 33 percent of the city’s 182 schools.  Two schools did not report data.

Figure 24: Underserved (<10 Mbps) Schools in Shymkent

 

Equipment in Schools
Shymkent’s schools have an average of 257 PCs each (one per 5.1 students), of which an 
average of 224 PCs available are per school for educational purposes (one per 5.8 students). 
There are an average of 7.0 interactive boards per school (one per 184.6 students).

State of Fixed Network Infrastructure 
Kazakhtelecom, TNS-Plus (VEON), Transtelecom, and KazTransCom each serve 
Shymkent with fiber.

State of Mobile Network Infrastructure
Kcell, Beeline (VEON), and Tele2/Altel all offer LTE coverage in Shymkent.

Network Infrastructure Reach to Schools
Broadband is widely available throughout Shymkent and under-connected schools are 
believed to be easily upgradeable via existing infrastructure. 
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16. Regional Analysis: Turkistan
Turkistan has the most under-connected schools of any region.  A total of 715 schools, 
or 77 percent of the 931 schools in Turkistan, are connected at speeds of lower than 10 
Mbps.  An additional three schools are reported to have no connectivity, and data was 
unavailable for one other school.   

Figure 25: Underserved (<10 Mbps) Schools in Turkistan

 

Equipment in Schools
Shymkent’s schools have an average of 257 PCs each (one per 5.1 students), of which 
an average of 224 PCs are available per school for educational purposes (one per 5.8 
students). There are an average of 7.0 interactive boards per school (one per 184.6 
students).

State of Fixed Network Infrastructure 
All four network operators have fiber backbones connecting Turkistan city, 
Shymkent, and Taraz. The fiber backbones of Kazakhtelecom, TNS-Plus (VEON), and 
KazTransCom follow the M-32/A-2 highway while Transtelecom’s network follows 
a more southerly path between Turkistan and Shymkent via the railway line through 
Arys. The Kazakhtelecom and TNS-Plus networks also follow the A-2 highway south 
to Tashkent, Uzbekistan and the Transtelecom network follows the railway south from 
Arys to Tashkent.
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State of Mobile Network Infrastructure
Mobile coverage is robust, particularly along the Turkistan city-Shymkent-Taraz corridor and 
along the border with Uzbekistan.  LTE is limited mostly to Shymkent and Turkistan city.  

Network Infrastructure Reach to Schools
Despite its large number of under-connected schools, Turkistan benefits from good 
fiber and mobile network coverage and only about one-fifth of its under-connected 
schools are considered to be significantly outside of the highway and rail corridors that 
are served by fiber backbones.  Nevertheless, this equates to more than 140 schools in 
total, especially in the north and southwest of the region.
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17. Regional Analysis: West Kazakhstan
There are 182 schools in West Kazakhstan with internet connections of less than 10 
Mbps, representing 47 percent of the 388 total schools in West Kazakhstan.  There are 
no unconnected schools in the region. 

Figure 26: Underserved (<10 Mbps) Schools in West Kazakhstan

 

Equipment in Schools
West Kazakhstan schools have an average of 59 PCs each (one per 5.3 students), of 
which an average of 47 PCs per school are available for educational purposes (one per 
6.6 students). There are an average of 7.2 interactive boards per school (one per 43.5 
students).

State of Fixed Network Infrastructure 
Kazakhtelecom, TNS-Plus/VEON, and Transtelecom each have fiber paths in the north 
of the region serving Oral.  TNS-Plus/VEON and KazTransCom also have north-south 
fiber along the A-28 highway from Oral to Atyrau.  Kazakhtelecom has installed fiber to 
some rural settlements in the west of the region.
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State of Mobile Network Infrastructure
Kcell, Tele2/Altel, and Beeline (VEON) all have strong GSM coverage in the north of the 
region around Oral, as well as along the north-south A-28 highway.  Beeline has coverage 
along most of the length of the M-28 including Zhympity.  However, LTE coverage is 
limited to Oral (Kcell, Beeline, and Tele2/Altel) and Aksay (Kcell and Beeline).  

Network Infrastructure Reach to Schools
The north of the region is the most densely-populated and is well-served by fiber and 
mobile network infrastructure.  In order to improve schools’ access to broadband, the 
reach of fiber and mobile networks should be extended in the southwest and southeast 
of the region, particularly south of Highway A-31, where there are more than 50 schools 
that are currently beyond the reach of fiber backbones.
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V. TECHNICAL SOLUTIONS FOR SCHOOL  
CONNECTIVITY

To achieve the goal of upgrading school connectivity to broadband speeds in 
Kazakhstan, technical-solution action items are as follows:

Near-term (0-12 months) action items

 • At the 4,147 schools with inadequate connection speeds (below 10 Mbps): upgrade 
those schools which can be immediately upgraded through the purchase of a sub-
scription to a higher-speed service offering at least 10 Mbps.

 • At the 10 schools which were reported to have no internet connectivity: provide at 
least basic (512 Kbps) connectivity using available internet service offerings, includ-
ing satellite if appropriate, and purchase subscriptions to a higher-speed service of-
fering at least 10 Mbps wherever available.

 • At the 29 schools for which data was not available: determine current connectivi-
ty status.  At any schools without internet connectivity, provide at least basic (512 
Kbps) connectivity using available internet service offerings, including satellite if 
appropriate.  At any schools with inadequate connection speeds (below 10 Mbps), 
upgrade those schools which can be immediately upgraded through the purchase of 
a subscription to a higher-speed service.

Longer-term (>12 months) action items

 • At the 4,147 schools with inadequate connection speeds (below 10 Mbps): upgrade 
those schools which could not be immediately upgraded due to network limitations, 
by undertaking necessary fiber and wireless network buildouts and improvements, 
including at the local access (last-mile), domestic long-haul, and international net-
work levels.

 • At the 10 schools which were reported to have no internet connectivity, as well as 
at any unconnected or inadequately-connected schools among the 29 schools for 
which data was not available: upgrade all schools to at least 10 Mbps by either pur-
chasing a subscription to a higher-speed service wherever available, or by undertak-
ing necessary fiber and wireless network buildouts and improvements, including at 
the local access (last-mile), domestic long-haul, and international network levels.  

 • At all schools across Kazakhstan: seek to upgrade connection speeds to a minimum 
threshold of 20 Mbps per school, or 1 Mbps per 20 pupils, whichever is greater, by either 
purchasing a subscription to a higher-speed service wherever available, or by undertak-
ing necessary fiber and wireless network buildouts and improvements, including at the 
local access (last-mile), domestic long-haul, and international network levels.  
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a. Defining Minimum Connectivity Criteria for Schools
For the purpose of identifying technical solutions, Upgrading School Connectivity 
to Broadband Speeds in Kazakhstan proposes a minimum connectivity speed of 10 
Mbps.  This threshold was adopted as an achievable near-term goal for two reasons.

First, the 10 Mbps threshold has been identified by the Giga initiative as an absolute 
acceptable minimum.  Giga states that “Giga's view on meaningful connectivity is to 
deliver a minimum of 10 Mbps per school.”  Somewhat less urgently, Giga also proposes 
that upload speeds be at least 25 percent of download speeds, i.e. at least 2.5 Mbps 
per school.

Second, the 10 Mbps threshold conforms to the available data for Kazakhstan.  Statistics 
of school connectivity speeds reported to Project Connect by the Kazakh government 
are limited in granularity; speeds were mostly reported in 1-Mbps increments up to 
10 Mbps, and all schools with connectivity speeds faster than 10 Mbps were simply 
classified as “greater than 10 Mbps.”  Consequently, the analysis was able to identify 
those schools which met this absolute acceptable minimum threshold of 10 Mbps but 
was unable to identify any connection speeds above that level.

Over the long-term, Upgrading School Connectivity to Broadband Speeds in Kazakhstan 
proposes that all Kazakh schools target a minimum threshold of 20 Mbps per school 
or 1 Mbps per 20 students, whichever is greater.  This is in keeping with the guidelines 
set forth by Giga, which state that “Giga will advise on a target for 20 Mbps per school 
where reasonable.”  The 20 Mbps download speed target is accompanied by an upload 
speed target of 5 Mbps.

For larger schools of more than 400 students, the Giga initiative and Upgrading School 
Connectivity to Broadband Speeds in Kazakhstan target a minimum threshold of 1 
Mbps per 20 students.  In Kazakhstan, average enrollment per school is approximately 
500 students, which would imply an average minimum connection of 25 Mbps. 

Giga indicates that the 10 Mbps per-school threshold, adopted as a near-term target 
by Upgrading School Connectivity to Broadband Speeds in Kazakhstan, will typically 
allow school users to open a document, take an assessment, give feedback and 
questions, and watch online videos.  The 20 Mbps per-school and 1 Mbps per-20-
student thresholds, adopted as long-term targets by Upgrading School Connectivity 
to Broadband Speeds in Kazakhstan, additionally allows for multiple video streams as 
well as the use of cloud-based applications.

It bears repeating that the above thresholds should be considered absolute minimums; 
many developed markets have set significantly higher thresholds.  In the United States, 
for example, the Federal Communications Commission has established a near-term 
target of 100 Mbps per 1,000 students and staff and a long-term target of 1 Gbps per 
1,000 students and staff, i.e. more than 1 Mbps per student.
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b. Access Network Technical Solutions
There are several possible “last-mile” access network solutions available to connect 
Kazakh schools to improved internet.  The most appropriate options for Kazakh internet 
subscribers are the following:

 • Fiber-to-the-Premises (FTTP)

 • Mobile networks including 4G (LTE) and 5G

 • Fixed wireless including Wi-Max

 • Broadband satellite

 • Digital subscriber line (DSL) 

 • Cable modem

 

Source: Terabit Consulting

Although some solutions are preferable overall, each solution has a different set of 
advantages and disadvantages which could determine viability in specific instances.  
Considerations include:

 • Connection speed

 • Symmetry or asymmetry of connection

 • Latency (network delay)

 • Geographic availability and required deployment of new network elements

 • Reliability and network robustness

 • Scalability and upgradeability

 • Equipment and hardware requirements

 • Service portability

 • Energy consumption

 • Cost (including subscription, installation, and equipment)
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The existing broadband infrastructure in Kazakhstan is robust. The Kazakh government, in 
collaboration with Kazakh network operators, has significantly increased broadband availability 
throughout the country within the aegis of the Digital Kazakhstan initiative and has already 
met the 2022 targets that were set by the Ministry of Digital Development, Innovation, and 
Aerospace Industry in 2017. In 2018 Kazakhtelecom, SilkNetCom consortium, Transtelecom 
entered into an agreement with the Kazakh government to deploy 20,000 kilometers of fiber 
optic cable and within the next two years, more than 1,250 settlements were connected to fiber 
for the first time. As of year-end 2020, 5,322 out of 6,459 settlements (82 percent) had internet 
service. On a population basis, 98 percent of the population lives in areas with internet service.

Figure 27: Kazakh Cities, Towns, and Rural Settlements with Internet Service, YE 2020
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Kazakhstan’s mobile licensees are currently required to provide at least 2G coverage to 
rural settlements with populations of 500 or more inhabitants and 3G or 4G coverage 
to cities and towns with at least 10,000 inhabitants.  In 2020 the Ministry of Digital 
Development, Innovations, and Aerospace Industry initiated the 250+ initiative in 
which mobile operators Kcell, Tele2/Altel, and Beeline will provide mobile internet 
access to all settlements with 250 inhabitants or more.  The initiative will rely mostly 
on Kazakhtelecom fiber for backhaul to cell sites. At the same time, the country is 
undertaking significant investment in 5G infrastructure; the Kazakh government 
expects total investment of 1.196 trillion (USD$2.7 billion) between 2020 and 2028, 
including 89 billion (USD$200 million) for fiber backhaul to cell sites.

Additionally, the Concept for Development of Information and Communication 
Technologies and Digital Sphere (DigitEL) initiative announced by the Kazakh Ministry 
of Digital Development, Innovation, and Aerospace Industry in April of 2021 has 
targeted 100 percent availability of internet service across the country.

Given the advanced state of Kazakhstan’s broadband connectivity and the planned 
levels of continued investment, Upgrading School Connectivity to Broadband Speeds 
in Kazakhstan considers the use of existing commercially-available broadband 
access services, particularly as the services expand and improve, to be the optimal 
technical solution for improving schools’ connectivity.
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1. Technical Solution Option #1: Fiber-to-the-Premises (FTTP)
Among existing, commercially-available technologies, fiber-to-the-premises (FTTP) 
service is the preferred option for internet access both in Kazakhstan and internationally 
because of the significant advantages that it offers with respect to speed, scalability, 
and reliability. 

FTTP is generally considered to be future-proof because modern fibers, including the 
single-mode fibers used for passive optical networks (PONs), are technically capable 
of supporting transmission speeds of tens of terabits per second with very low latency.

The primary drawback of FTTP as a technical solution for connecting Kazakh schools is 
its lack of ubiquity and the required level of network investment by operators, although 
availability is steadily increasing as Kazakh operators invest in fiber network expansion.  
Kazakhstan’s first commercial deployments of FTTP broadband service using PONs 
took place in Almaty in 2010 and Astana in 2011.  Widespread deployment of broadband 
fiber to rural settlements across Kazakhstan began in 2018, with Kazakhtelecom 
expanding fiber to 828 villages by year-end 2020.  Transtelecom reported connections 
to 429 villages, mostly along railway lines.  Beeline began offering 500 Mbps GPON 
service in Kyzylorda in 2021.  The same year, Kazakhtelecom reported expansion of 
its GPON networks in Almaty, Shymkent, and Karaganda and the upgrading of its FTTP 
network in Astana to 500 Mbps speeds.

Another potential drawback is the pricing of the service, but tariffs have fallen 
considerably as the technology has matured and as networks have achieved 
economies of scale. FTTP is significantly cheaper on a per-Mbps basis than most 
other technologies.

Although network operators have historically focused their FTTP deployment in 
profitable metropolitan areas with high overall density and high-occupancy residential 
and commerical buildings, the technology readily lends itself to rural deployment.  
Passive optical network architectures using the Gigabit-capable Passive Optical 
Networks (GPON) standard (ITU-T G.984) typically have a maximum reach of 20 
kilometers between the optical line terminal (OLT) at the service provider’s central 
office and the optical network unit (ONU) at the subscriber’s premises.  ITU-T G.984 
allows for download speeds of up to 2.488 Gbps, and upload speeds of up to 1.244 
Gbps.  A GPON network can typically support up to 32 splitters for different subscribers.  
The Next-Generation Passive Optical Network-2 (NGPON-2) standard adopted in 2015 
allow for distances of up to 40 kilometers and speeds of up to 10 Gbps symmetrical 
(upstream/downstream) bandwidth per subscriber (with a total network throughput of 
up to 40 Gbps).  NGPON-2 typically supports a split ratio of 64:1.

Hybrid time- and wavelength-division-multiplexing (TWDM) architectures using 
optical repeaters such as erbium-doped, Raman, or semiconductor amplifiers enable 
extended-reach PON service over long distances with multiple subscribers (up to 1,000 
per optical line terminal port) as well as single interfaces, scalability, upgradability, 
migration, and even multi-operability allowing for fiber infrastructure sharing.
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2. Technical Solution Option #2: Mobile Broadband
In areas where it is available, mobile broadband connectivity is a viable, reasonably-
priced, and near-immediate solution for unconnected and under-connected schools, 
especially where the preferred solution of fiber cannot be implemented.  Currently, 
however, only 4G (Long-Term Evolution, or LTE) service can provide sufficient bandwidth 
to schools.  Planned 5G service, once it progresses past current trials, will also offer 
sufficient bandwidth to schools.  

Some governments consider 3G to fall within the definition of broadband service, but 
it typically maxes out at 7 Mbps and would be insufficient to meet schools’ broadband 
requirements.  LTE 4G service can offer speeds in the 10 to 50 Mbps range, enough 
for most schools’ immediate requirements.  Low-band 5G, meanwhile, offers speeds 
of 30 to 250 Mbps; mid-band 5G offers between 100 and 900 Mbps, and high-band 
5G allows for gigabit speeds.  Network speeds and coverage ranges are impacted by 
multiple factors including topography, meteorological conditions, density of structures, 
and number of connected users per cell. 

Figure 28: 2G, 3G, 4G, and 5G Frequencies, Download Speeds, and Coverage Radii

Frequencies Typical 
Download Speeds

Optimal Cover-
age Radius

2G (GPRS, EDGE) 850 MHz-1.9 GHz 40-200 Kbps 10 km
3G (W-CDMA, HSPA) 850 MHz-2.1 GHz 3-7 Mbps 10 km
4G (LTE) 700 MHz-2.6 GHz 10-50 Mbps 5 km
5G (Low-Band) 600-900 MHz 30-250 Mbps 5 km
5G (Mid-Band) 2.3-4.7 GHz 100-900 Mbps 3 km
5G (High-Band) 24-47 GHz 1-3 Gbps 500 m

Source: Terabit Consulting

In cases of time sensitivity and where deployment of fiber and other terrestrial 
broadband services is restricted due to blocked rights-of-way, engineering obstacles, 
or other challenges preventing cable deployment, mobile broadband offers the ability to 
rapidly deploy service to end-users in a matter of days.  Additionally, mobile broadband 
connections can be made using subscriber identity modules directly inserted into 
laptops, tablets, and other equipment, or via mobile hotspots or plug-and-play USB 
dongles, negating the need for more additional Wi-Fi equipment or traditional modems.

In Kazakhstan, pricing of mobile broadband is similar to fixed in basic subscription pricing, 
but significantly more expensive than fiber on a per-Mbps basis.  Additionally, mobile 
broadband is often subject to volume limits which, when exceeded, result in excess charges 
or reduced speeds due to “throttling” (sometimes to 3G or even 2G speeds). 

For the most part, the availability of 4G and 5G networks is limited to areas already 
served by fiber nodes, since traffic volumes require fiber backhaul between cell sites.  
Other disadvantages include overall lower speed and higher latency than fiber-to-the-
premises.
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3. Technical Solution Option #3: Fixed Wireless
Fixed wireless access (FWA) technology has some of the same technological attributes 
as mobile broadband, but the service is typically offered under different commercial 
terms and its stationary equipment incurs some limitations when compared to mobile 
4G and 5G service.  Because it often requires specialized equipment and is considered 
to be somewhat less suited for mass-market use, fixed wireless access has historically 
been more common among government, institutional, and enterprise users, but has 
recently gained popularity as a means of serving residential customers in areas 
where wireline fixed broadband service is unavailable.  Total FWA subscribership 
was estimated to be 80,000 as of 2021, but according to its e-gov portal, the Kazakh 
government expects 66 billion  ($150 million) to be invested in 5G fixed-wireless access 
networks during the period 2020-2028, which has the potential to greatly increase 
availability and offer economies of scale.

The most prevalent fixed wireless technology in the Kazakh market is WiMAX (Worldwide 
Interoperability for Microwave Access), which has been commercially available in the 
country since 2008.  WiMAX  conforms to IEEE 802.16 standards and is theoretically 
capable of 70 Mbps over a distance of 50 kilometers without line-of-sight limitations.  
In practice, however, speeds and range are much lower and signal attenuation is easily 
caused by buildings and topographical obstructions.

In 2020 Kazakhtelecom trialed “Fixed Wireless Access 4G-based wireless internet 
technology used in areas not covered by fiber optic lines.”  During initial trials of its 
minimum viable product (MVP) in Shymkent, Kazakhtelecom reported average speeds 
of between 75 and 90 Mbps, with connections maintaining minimum speeds of 20 
Mbps, and general satisfaction among customers.  As of 2021 the Kazakhtelecom FWA 
service was available to residential customers in fully-detached homes in Shymkent as 
well as Kosshy (Akmola Region).  The service advertised speeds of up to 30 Mbps and 
the use of a modem inside the customer’s house, eliminating the need for external 
antennae.  It was priced at 5499 (USD$12.50) per month for the 30 Mbps package, with 
a 200 gigabyte monthly download limit; by comparison, Kazakhtelecom’s fiber internet 
service offers 500 Mbps speeds for the same price.  Kazakhtelecom has said that it 
expects to roll out the service on a nationwide basis under a joint activity agreement  
with Kcell using FWA base stations installed on Kcell’s mobile sites connected to the 
packet core of the Kcell network.

For the purposes of its technical and commercial analysis, Upgrading School 
Connectivity to Broadband Speeds in Kazakhstan includes microwave radio relay links 
in the category of fixed wireless.  Microwave radio relay was first popularized in the 
1950s but was supplanted by fiber in most markets from the 1980s onward.  It remains 
in limited use worldwide, including in Kazakhstan where it is the primary connection 
method for some schools, particularly in less-accessible areas such as rural Turkistan 
Region.  Although the service can technically offer capacities of up to 10 Gbps, the 
radio relay service provided to Kazakh schools typically ranges from 512 Kbps to 
4 Mbps and is significantly more expensive than fiber, DSL, and mobile broadband 
solutions available in more densely-populated areas. 
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4. Technical Solution Option #4: Broadband Satellite
Broadband satellite internet access can be considered as an option for rural, difficult-to-
reach schools where fiber or wireless service is unavailable.  Historically, satellite data 
communications in Kazakhstan have been provided by high-altitude geosynchronous 
satellites using the C (4 to 8 GHz) and Ku (12 to 18 GHz) bands; elsewhere, commercial 
geosynchronous satellite services have also used the Ka (26.5 to 40 GHz) band.  Service 
was often low-bandwidth, unreliable, and expensive, with 1 Mbps satellite connections 
often costing hundreds or even thousands of dollars per month.  In fact, as of late-
2021 subscriptions to geosynchronous services serving Kazakhstan, such as Hughes 
and iDirect, still cost approximately $100 per month for 1-Mbps connections with 
bandwidth caps of between 10 GB and 20 GB. 

In recent years, however, the capacity, reliability, and pricing of geosynchronous 
satellite internet service have all improved, and viable low earth orbit (LEO) satellite 
constellations have entered service.  The most competitive services do not yet 
officially offer service in Central Asia, although the Kazakh government has entered 
into preliminary agreements with several satellite operators including SpaceX (parent 
company of Starlink), SES (the operator of the O3b mPower satellite system), and 
OneWeb, and more affordable high-speed broadband internet access is expected to 
become commercially available in Kazakhstan in the near-future.   

One of the most successful broadband satellite offerings in recent years has been 
SpaceX’s Starlink service.  As of 2021 Starlink’s availability was limited to 14 countries 
where it had received license approval to operate: the United States, Canada, the 
United Kingdom, Germany, France, Austria, Netherlands, Ireland, Belgium, Switzerland, 
Denmark, Portugal, New Zealand and Australia.  However, in October of 2021 it was 
reported that Kazakh network operator Transtelecom had agreed to commission five 
Starlink base stations in Astana, Almaty, Aktau, Uralsk, and Kyzylorda.  

The speed and pricing of the service in Kazakhstan had yet to be determined, but as of 
late 2021 American subscribers paid approximately $500 for equipment (a terminal, 
tripod, and Wi-Fi router) plus $100 per month for service.  Download speeds were 
advertised as 50 to 100 Mbps; according to Speedtest, Starlink’s average speed was 
97 Mbps as of mid-2021, comparable to fixed broadband speeds.  However, latency 
(network delay) averaged 45 milliseconds, similar to 4G but more than three times the 
latency of fiber. 

Low-earth-orbit (LEO) satellites orbit at altitudes of between 550 and 1,200 kilometers; 
geosynchronous satellites orbiting at 35,786 kilometers which offer greater coverage 
area per satellite but suffer from high latency which renders them impractical for most 
real-time, interactive applications such as videoconferencing.  For example, as of 2021 
the services offered by geosynchronous satellite operators HughesNet and Viasat had 
reported latencies of 724 milliseconds and 630 milliseconds respectively.  Satellite 
services are also vulnerable to signal degradation due to meteorological conditions as 
well as topography and vegetation.
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5. Technical Solution Option #5:  

Digital Subscriber Line (DSL) & Cable Modem
Digital Subscriber Line (DSL) service was the leading internet access technology in 
Kazakhstan by number of subscribers until 2015, when it was eclipsed by fiber-to-the-
premises.  Although DSL service has been increasingly phased out and customers 
migrated to fiber service in Kazakhstan as well as internationally, it remains the country’s 
second-most-popular internet access technology with more than 800,000 subscribers.  
DSL can use the existing public switched telephone network (PSTN) twisted copper-
pair network in most cases, thereby eliminating the need for new cable deployment as 
is often required for fiber-to-the-home deployments.  

ADSL is typically priced lower in absolute terms than fiber internet service, but 
significantly higher in per-megabit terms.  For example, Kazakhtelecom offers ADSL 
with download speeds of up to 12 Mbps for 3999 ($9.10) per month, but its starter 
fiber-to-the-home package offers 200 Mbps for 4999 ($11.40); as such, the FTTH 
package is priced 25 percent more than the ADSL subscription but offers speeds that 
are more than 16 times faster.

Traditional ADSL (including services offered under the American ANSI T1.413 and 
international ITU G.992.1 standards) offers download speeds of up to 8 Mbps and 
upload speeds of 1.3 Mbps while ADSL2+ (ITU G.992.5) offers download speeds of up 
to 24 Mbps and upload speeds of up to 3.3 Mbps.  However, DSL service is typically 
limited in distance to no more than four kilometers from the central office (though 
distances of up to eight kilometers are possible over some later copper networks).  
Unlike fiber internet speeds, which are consistent regardless of distance, service 
speeds quicky diminish beyond distances of three kilometers in the case of ADSL and 
beyond one kilometer in the case of ADSL2+, typically limiting service availability to 
urban centers and areas around village centers and leading to inconsistent experiences 
among subscribers.

Given its speed and distance limitations, DSL is not considered to be a viable long-
term solution for improving connectivity to Kazakh schools, particularly as schools’ 
bandwidth requirements are expected to evolve to levels far in excess of what the 
technology can deliver.  However, it may be considered as a temporary solution for 
unconnected or under-connected schools where no other viable alternatives exist.

Cable modem service, meanwhile, is a somewhat more attractive option for improved 
school connectivity because it offers significantly higher speeds of up to 1 Gbps 
downstream and 50 Mbps upstream, with operators such as Alma TV offering 
internet packages with 500 Mbps download speeds for 8150 ₸ ($18.60) per month.  
Cable modem networks use coaxial or hybrid fiber-coaxial (HFC) infrastructure and 
transmission can theoretically be implemented over distances of up to 160 kilometers.   

There are an estimated 35,000 cable modem subscribers in Kazakhstan but for the 
most part, cable modem service is offered by cable television providers to residential 
customers, limiting its practicality as a viable commercial solution for schools. 
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6. Access Network Power Requirements and Considerations
Kazakhstan’s existing district power supplies currently offer the most economical 
and reliable means of powering broadband connections.  Electricity in Kazakhstan is 
generally considered to be universal, reliable, and cheap, with most sources confirming 
100 percent electrification.  

The modems and routers required for broadband internet connectivity, are typically 
solid-state with low energy consumption.  Nevertheless, off-grid solutions including 
solar are available both for broadband and computer equipment, reducing users’ 
carbon footprint.

Figure 29: Energy Consumption of Broadband and Computer Equipment

Average Energy Consumption
Modem 10 Watts per hour

Wi-Fi Router 10 Watts per hour
Laptop Computer 75 Watts per hour
Satellite Terminal 100 Watts per hour

Desktop Computer 200 Watts per hour
(For comparative purposes: traditional 

incandescent light bulb) (60 Watts per hour)

Source: Terabit Consulting

Kazakhstan’s power supply has been impeded by sporadic incidents such as 
malfunctions at coal-powered plants, and some observers including the Asian 
Development Bank have called for the modernization of the country’s power generation 
infrastructure, which is primarily concentrated near coal deposits in the north of the 
country. The Kazakh government has pledged to increase renewable energy in its 
grid to 15 percent by 2030, taking advantage of the country’s solar and wind potential 
(approximately half the country has wind speeds suitable for electricity generation).   

Over the long term, reliability of electricity supply is expected to be most challenging 
in the south of Kazakhstan.  Electricity consumption in the south exceeds production 
by approximately 80 percent, and transmission infrastructure to power plants in the 
country’s northeast is considered to be insufficient.  In November 2021 the Kazakh 
government noted that some instability in the supply of electricity had been caused by a 
massive influx of cryptominers from China into southern Kazakhstan.  The government 
stressed that the country’s electricity grid was robust enough to support the activities 
of legitimate cryptomining entities, but that so-called “gray-market” cryptominers 
should be brought into compliance.
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c. Improvement of Domestic Long-Haul and Internation-
al Networks
Kazakhstan’s domestic long-haul network connectivity is relatively robust.  The Kazakh 
government’s support of improved network connectivity has manifested itself in the 
Digital Kazakhstan, 250+ rural connectivity, and DigitEL initiatives.  Nevertheless, the 
analysis of unconnected and under-connected schools carried out in this Upgrading 
School Connectivity to Broadband Speeds in Kazakhstan study revealed a number of 
areas across the country which are in need of improved long-distance fiber connectivity.  
The specific areas in each region which are currently beyond the reach of fiber are 
identified in Part II of this study, while the state of school connectivity in each region is 
highlighted below. 

At the international level, Kazakhstan’s position as a landlocked country, presents unique 
challenges in accessing connectivity, which is generally cheapest and most abundant 
when provided via submarine cable.  However, in practice Kazakhstan’s international 
bandwidth is comparatively inexpensive and robust, and the country is an exporter of 
bandwidth to many of its Central Asian neighbors.  International connectivity is not 
considered to be an obstacle to improved school connectivity in Kazakhstan for the 
foreseeable future.

Most of Kazakhstan’s bandwidth is imported from Russia via terrestrial trans-border fiber 
connections.  Consequently, the country’s near-exclusive dependence on international 
bandwidth from a single country could present long-term risks.  In order to reduce 
these risks and to improve network diversity, Kazakhstan would benefit from improved 
regional connectivity across Central Asia.  Most immediately, Transtelecom and the 
Azerbaijani operator AzerTelecom have agreed to implement the Trans Caspian Fiber 
Optic submarine cable project which could provide Kazakhstan with an alternative 
path to Europe via Azerbaijan, Georgia, and the Black Sea or Turkey.  

In the longer term, several regional stakeholders and programs, including 
intergovernmental, telecommunications, energy, and transport initiatives, could be 
leveraged as entry points for Kazakhstan’s promotion of improved regional digital 
connectivity.   They include the following:

Regional Intergovernmental, Economic, and Technical Initiatives
 • The Central Asia Regional Economic Cooperation (CAREC) Program

 • The Commonwealth of Independent States (CIS)

 • The Eurasian Economic Union (EEU)

Regional Telecom Initiatives
 • Asia-Pacific Information Superhighway (AP-IS), led by the United Nations Economic 

and Social Commission for Asia and the Pacific (ESCAP).

 • The Regional Commonwealth in the Field of Telecommunications, which also counts 
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Kyrgyz Republic, Tajikistan, Turkmensitan, and Uzbekistan as members (and Afghan-
istan as an observer) and which hosts relevant working groups including its Com-
mission for the Coordination of International Cooperation (CIC).

Regional Energy Initiatives
 • The Central Asia-China Gas Pipeline, which spans 1,833 kilometers from Turkmeni-

stan via Uzbekistan and Kazakhstan to China. 

Regional Transportation Initiatives
 • The International North-South Transport Corridor 

 • Transport Corridor Europe Caucasus Asia (TRACECA)

 • The China-Central Asia-West Asia Corridor of China’s Belt and Road Initiative

 • The Trans-Asian Railway (TAR) initiative led by ESCAP, which would include a North-
South Corridor linking Kazakhstan to Uzbekistan, Turkmenistan, and Iran.

Regional Telecom Operators
Amsterdam-based VEON, which controls Beeline Kazakhstan, may have an interest in 
(and be a potential beneficiary of) the improvement of regional digital connectivity; its 
operations in the region include subsidiaries in Bangladesh, Kyrgyz Republic, Pakistan, 
and Uzbekistan.

 

d. Infrastructure Sharing
Co-deployment of fiber and other ICT infrastructure along linear infrastructure such 
highways, railways, electricity transmission networks, and fuel pipelines can provide 
project cost savings of 50 percent or more by sharing costs of, and eliminating 
duplication of, civil works and right-of-way procurement.  Co-deployment and 
infrastructure sharing across sectors can also bilaterally improve the profitability 
and commercialization of both projects, as the ICT deployment serves as a source of 
revenue for the energy or transportation entity, while the fiber network can serve as a 
backbone for network management and monitoring, internal communication within 
the organization, or smart transportation technologies. 

Kazakhstan in particular has been a leader in cross-sectoral co-deployment and 
infrastructure sharing. In 2008 the national railway company Kazakhstan Temir Zholy 
(KTZ) installed a $105 million fiber optic network along its tracks, in order to provide 
a state-of-the-art backbone for its telecom subsidiary Transtelecom, which achieved 
success as both a domestic and international operator by providing bandwidth and IP 
transit services to Kazakhstani and foreign customers (a minority stake in Transtelecom 
was sold in 2018 and in 2021 a majority stake was sold to private investors). 

Since 2010 the Kazakhstan Electricity Grid Operating Company (KEGOC) has developed 
and operated fiber and ICT infrastructure via its subsidiary Energoinform.  
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Oil and gas companies have been slower than other sectors to commercialize their fiber 
infrastructure, though most pipeline networks include fiber for internal communications 
and monitoring. 

Although intra-sectoral sharing of passive telecommunications infrastructure 
is commonplace, legislation or policy which explicitly refers to cross-sectoral 
infrastructure sharing or co-deployment in Kazakhstan is extremely limited.  The Law 
on Communications (July 5, 2004) does not mention sharing of infrastructure between 
sectors; its only reference to infrastructure sharing is the rights of telecom operators to 
share infrastructure among themselves. 

ICT advocates have pushed for the inclusion of fiber deployment to be a required 
element of major linear infrastructure projects, and for such a policy to be harmonized 
by ICT policymakers at the national level.  To that end, there have also been calls for 
all ministries or regulatory agencies involved with infrastructure projects, including 
those in the energy and transportation sectors, to develop sufficient knowledge of and 
familiarity with ICT and fiber optic infrastructure projects, and to designate individuals 
or teams to serve as points of contact for entities seeking to pursue co-deployment or 
sharing opportunities.  Furthermore, the standalone accounting structure and eventual 
independence of transportation and energy companies’ ICT subsidiaries, and those 
that have eventually been spun off (e.g. Transtelecom), has been cited as best practice 
for the development of domestic and transborder fiber infrastructure. 

e. Local Partners Capable of Delivering Internet  
Upgrades
Kazakhstan’s existing internet service providers, including fixed and mobile network 
operators, are considered to be the optimal local partners to deliver connectivity to 
unconnected schools and speed upgrades to schools with insufficient connection 
speeds.  The primary candidates to deliver upgraded school connectivity in Kazakhstan, 
either via last-mile access networks or long-haul networks, are:

 • Kazakhtelecom group, including the mobile operators Kcell and Tele2-Altel

 • Beeline and its sister company TNS-Plus, both subsidiaries of VEON

 • Transtelecom

 • KazTransCom

 • Smaller ISPs including Smartnet, Astel, and Alma TV
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1. Kazakhtelecom / Kcell / Tele2-Altel
Kazakhtelecom, owned by the Government of Kazakhstan, is the country’s incumbent 
fixed-line operator.  As of 2021 it had a 93 percent share of the fixed telephony market 
and a 74 percent share of fixed broadband.  Its fiber network spans 82,000 kilometers.  
In 2016 Kazakhtelecom signed a partnership agreement with China Telecom Global for 
the operation of the Kazakh segments of an integrated Hong Kong-Frankfurt “Transit 
Silk Road” network with round-trip latency of 162 milliseconds. 

Figure 30: Kazakhtelecom Fiber Backbone Network

 

Source: Kazakhtelecom

In addition to its fixed-line business, Kazakhtelecom is the owner of two of Kazakhstan’s 
three mobile operators, Kcell and Tele2-Altel.  In 2018 Kazakhtelecom acquired control 
of Kcell, the country’s second-largest mobile operator, after purchasing 75 percent of 
shares from Telia and Fintur Holdings (a joint venture between Telia and Turkcell).  
Kcell had 8.1 million subscribers and a 33 percent market share as of year-end 2020.  
Kazaktelecom also acquired control of the country’s third-largest mobile operator, 
Tele2-Altel, when the Swedish operator Tele2 exited the venture in 2019. Tele2 had 6.7 
million subscribers as of year-end 2020, for a 28 percent market share.  Combined, 
Kazakhtelecom’s two mobile subsidiaries had a market share of 61 percent.

Kazakhtelecom’s primary fiber network was initially deployed in a ring configuration 
between Astana, Petropavlovsk, Aktobe, Almaty, and Pavoldar.  Additional segments 
connected Almaty and Dostyk; Ucharal and Dostyk; Saryozek and Karaganda; Shymkent 
and Almaty, Almaty and Petropavlovsk; Horgos and Saryozek; Kandyagash, Uralsk, and 
Chernogovka; and Abai and Shymkent.  
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In 2012 Kazakhtelecom completed construction of its 1,800-kilometer fiber backbone 
connecting Kostanai, Esil, Arkalyk, Ulytau, Zhezkazgan, and Zharyk, as well as Esil and 
Astana.

Prior to its 2018 acquisition by Kazakhtelecom, Kcell had expressed interest in 
constructing its own fiber network.  In 2017, Kcell said that because of its rapidly 
growing bandwidth demand, the company would evaluate increasing its procurement 
of wholesale domestic long-haul capacity from Transtelecom and Veon as alternatives 
to its primary provider, Kazakhtelecom.  “We could also build a fiber network ourselves, 
but that’s unreasonable because there are already three nationwide fiber networks,” 
Kcell chairman Arti Ots told an interviewer, while also asserting that “data is growing 
exponentially and our own fiber network is the only way to carry this traffic.  Without 
our own, we would get into a situation where we don’t have enough capacity.  There 
might be a bottleneck.  Our own network would give us flexibility.” 
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2. Beeline Kazakhstan (VEON)
Beeline, a subsidiary of VEON, is the country’s largest privately-owned mobile operator, 
with 9.5 million mobile subscribers (including 7.2 million mobile broadband customers) 
as of year-end 2020 for a 39 percent market share.  ARPU in 2020 was $3.30 per 
month per subscriber.  It is also present in the fixed-line market, although fixed services 
accounted for only 16 percent of Beeline Kazakhstan’s total 2020 revenue of $479 
million (mobile data and mobile telephony accounted for 40 percent and 42 percent, 
respectively).

VEON subsidiary TNS-Plus operates a 13,427-kilometer fiber network in Kazakhstan 
with 17 international connections.  It also provides transit capacity between China and 
Europe in partnership with other operators, with a reported 153-millisecond roundtrip 
delay between Hong Kong and Frankfurt.

TNS-Plus’ fiber backbone network connects international switches in Almaty and 
Astana as well as six trunk exchanges in Petropavl, Kokshetau, Karaganda, Pavlodar, 
Oskemen, and Kyzylorda.  Its design capacity is 1.6 Tbps.

Figure 31: TNS-Plus (VEON) Fiber Backbone Network

 

Source: TNS-Plus
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3. Transtelecom (TTC)
Transtelecom (TTC) operates a 13,000-kilometer fiber network which is installed 
mostly along the rights-of-way of its former parent company, Kazakh state-owned 
rail company KTZ.  TTC was partially privatized in 2015 when KTZ sold 49 percent 
of shares and in 2021 its current owner, Kazakh investor Unit Telecom, purchased 75 
percent of shares. TTC offers wholesale service as well as end-user services in the 
consumer and business markets.

Figure 32: Transtelecom Fiber Backbone Network

 

Source: Transtelecom
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4. KazTransCom
KazTransCom, a subsidiary of Rodnik Ink LLP, offers wholesale services to operators 
and end-user services primarily to corporate and government customers, with a 
reported business client base in excess of 3,000.  The company operates a 7,000-plus 
kilometer fiber optic network providing approximately 1 Tbps of backbone capacity as 
well as 14 international interconnections.  

Figure 33: KazTransCom Fiber Backbone Network

 

Source: KazTransCom
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VI. FINANCIAL ANALYSIS OF CONNECTIVITY 
SOLUTIONS

a. Capital Expenditure
Capital expenditure is required in order to connect the few remaining Kazakh schools 
that are reported to be unconnected, as well as in instances where upgrades to 
minimum connectivity speeds will require new network deployment due to limitations 
of the existing infrastructure; for example, where ADSL connections cannot meet the 
10 Mbps threshold and must be replaced with fiber.

In its school-level analysis, Upgrading School Connectivity to Broadband Speeds in 
Kazakhstan identified 4,147 schools with connectivity below the minimum threshold 
connection speed of 10 Mbps per school, including ten schools reported to have no 
connectivity at all.  Although data on the schools’ distance from network backhaul 
was unavailable, Terabit estimated that 980 schools were located in areas beyond the 
reach fiber backbones and LTE networks, as shown in Figure 34.  

Figure 34: Under-Connected Schools and Schools Estimated to be Currently Beyond 
the Reach of Fiber Backbones or LTE Networks

Region Total Schools

Under- 
Connected  
(<10 Mbps) 

Schools

Under-Con-
nected as % of 
Total Schools

Estimated to 
be Currently 

Beyond Reach 
of Networks

Akmola 572 463 81% 80
Aktobe 422 173 41% 50
Almaty City 299 26 9% 0
Almaty Region 793 451 57% 30
Atyrau 208 69 33% 20
East Kazakhstan 677 510 75% 200
Jambyl 467 178 38% 25
Karaganda 535 274 51% 70
Kostanay 507 414 82% 100
Kyzylorda 314 212 68% 25
Mangystau 163 18 11% 10
North Kazakhstan 480 323 67% 120
Astana City 133 16 12% 0
Pavlodar 367 63 17% 40
Shymkent City 182 60 33% 0
Turkistan 931 715 77% 150
West Kazakhstan 388 182 47% 60
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Due to the excellent development of Kazakhstan’s broadband infrastructure and 
markets, the proposed solution for connecting unconnected schools and upgrading 
under-connected schools is the procurement of broadband service from existing 
internet service providers, including fixed operators, mobile operators, wireless 
providers, independent ISPs, and satellite operators.

Consequently, capital expenditure from the perspective of this initiative comprises 
one-time connection costs paid to internet service providers on a commercial basis.  In 
order to estimate these costs, data pertaining to several dozen recent internet service 
contracts in Kazakhstan was analyzed.

The analysis indicated that the average connection cost per school was 1,325,360 
KZT (USD$3,040).  As shown in Figure 35, costs varied according to factors such as 
the selected technology as well as the distance to the nearest network node.  Wireless 
(radio relay) connection costs were fixed at 1,260,000 KZT (USD $2,980) regardless of 
backhaul distance, while connection costs to fiber were 1,530,355 KZT (USD$3,510).

Figure 35: Average Cost to Connect Schools to Internet in Kazakhstan, Based on 
Analysis of Recent Contracts

Estimated capital expenditure per region for connecting Kazakhstan’s ten reportedly 
unconnected schools would range from $29,800 if all were connected wirelessly to 
$35,100 if all were connected via fiber (other technologies, such as broadband satellite, 
digital subscriber line, or cable modem as applicable, may fall outside this range).  If all 
of Kazakhstan’s 4,147 under-connected schools (those with connection speeds of less 
than 10 Mbps) were to require completely new connections, capital expenditure would 
total $12.358 million if using wireless service; the cost of entirely new connections via 
fiber to all schools would be $14.556 million.  The breakdown of upgrade costs according 
to region is shown in Figure 36 for wireless connections and Figure 37 for fiber.
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Figure 36: Estimated Capital Expenditure (in $Millions) Required to Connect  
Under-Connected Kazakh Schools via Wireless Connections ($12.358m Total)
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Figure 37: Estimated Capital Expenditure (in $Millions) Required to Connect  
Under-Connected Kazakh Schools via Fiber Connections ($14.556m Total)
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Giga’s analysis of five other international markets with under-connected schools, as 
presented in its report Meaningful School Connectivity: An Assessment of Sustainable 
Business Models indicates that Kazakhstan’s commercial offers for connectivity are 
significantly lower than installation costs at the network level reported elsewhere.  
Giga’s analysis of capital expenditure for the installation of fiber connections in five 
other countries ranged from a low of USD$9,100 in Sierra Leone to a high of $23,600 in 
Brazil, with an average connection cost of $16,100.  

From a fiber network developer’s greenfield perspective, capital expenditure includes 
fiber optic cabling, conduit, utility poles, and transmission equipment.  As a rule-of-
thumb, one kilometer of installed fiber optic cable can cost between $15,000 and 
$30,000, and typical “cost per passing” for FTTP deployments ranges from $1,000 in 
densely-populated urban settings to $10,000 in sparsely-populated rural areas.

For fixed wireless networks in the markets analyzed by Giga, capital expenditure ranged 
from $3,300 in Sierra Leone to $9,900 in Brazil with an average of $5,370.  Capex 
averaged $5,204 for satellite and $526 for 4G.  

Broadband satellite equipment costs typically range from $500 to $750, plus installation 
charges of up to $250, implying capital expenditure of $1,000 per school.

The generally-accepted depreciation lifespan of fiber assets is 20 years, while broadband 
mobile, broadband wireless, and broadband satellite equipment are typically depreciated 
over a period of four years.  Optional additional capital expenditure beyond the scope of the 
school connectivity project includes devices such as PCs, tablets, interactive boards, etc.

b. Operating Expenditure
Operating expenditure in the proposed solution for the upgrade of Kazakh schools to 
broadband speeds consists of subscription fees for internet service.  

Published internet tariffs for non-residential customers, including businesses and 
schools, are significantly higher than those for residential customers.  Kazakhtelecom 
business-customer internet packages range in price from 29,990 KZT (USD$68.60) for 
a 20 Mbps download speed to 209,990 KZT (USD $480.50) for 100 Mbps.  

Notably, 10 Mbps non-residential service is not advertised by major service providers, 
so the study calculated the opex costs of upgrading schools to speeds to speeds of at 
least 20 Mbps.

Figure 38: Kazakhtelecom Business Internet Packages

Business 
Package

Download 
Speed (Mbps)

Upload Speed 
(Mbps)

Monthly Sub-
scription Price 
(KZT / month)

Monthly Sub-
scription Price 
(USD / month)

Business 1 20 8 29,990  т $68.60
Business 1+ 30 12 49,990  т $114.40
Business 2 40 16 69,990  т $160.20
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Business 2+ 50 20 89,990 т $205.90
Business 3 60 24 109,990  т $251.70
Business 4 80 32 159,990  т $366.10
Business 5 100 40 209,990  т $480.50

In its analysis of operating expenditure, Upgrading School Connectivity to Broadband 
Speeds in Kazakhstan calculated the annual operating costs of four different upgrade 
thresholds: 

1. 20 Mbps service at schools classified as “under-connected”: $3.414 million

2. 20 Mbps service at all schools (not just “under-connected” ones): $6.123 million

3. 1 Mbps service per 20 students at all schools: $10.394 million

4. 100 Mbps service at all schools: $42.888 million

These opex costs are depicted in Figure 39.

Figure 39: Annual Subscription Costs to Achieve Upgraded Speed Thresholds

 

The region-by-region breakdown of forecasted opex (subscription costs) for each of 
the four upgrade scenarios are shown in Figures 40, 41, 42, and 43.

$3.414 mil
$6.123 mil

$10.394 mil

$42.888 mil

$0

$5

$10

$15

$20

$25

$30

$35

$40

$45

$50

Upgrade of ALL
SCHOOLS to 20

Mbps

Upgrade of ALL
SCHOOLS to 1 Mbps

per 20 Students

Upgrade of ALL
SCHOOLS to 100
Mbps per School

($
M

ill
io

ns
)

Upgrade of 
UNDER�CONNECTED
SCHOOLS ONLY to

20 Mbps



94 FINANCIAL ANALYSIS OF CONNECTIVITY SOLUTIONS

Figure 40: Annual Cost of 20 Mbps Broadband Subscriptions for Under-Connected 
Schools (Current Connectivity of <10 Mbps), by Region 

Region
Under- 

Connected 
Schools

Annual Subscrip-
tion Cost per 

School (20 Mbps 
Connection)

Total Annual 20-Mbps 
Broadband Subscription 

Cost for Under-Connected 
Schools in Region (USD)

Akmola 463 $823 $381,142
Aktobe 173 $823 $142,414
Almaty Region 26 $823 $21,403
Almaty City 451 $823 $371,263
Atyrau 69 $823 $56,801
East Kazakhstan 510 $823 $419,832
Jambyl 178 $823 $146,530
Karaganda 274 $823 $225,557
Kostanay 414 $823 $340,805
Kyzylorda 212 $823 $174,518
Mangystau 18 $823 $14,818
North Kazakhstan 323 $823 $265,894
Astana City 16 $823 $13,171
Pavlodar 63 $823 $51,862
Shymkent City 60 $823 $49,392
Turkistan 715 $823 $588,588
West Kazakhstan 182 $823 $149,822
TOTAL $3,413,810
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Figure 41: Annual Cost of 20 Mbps Broadband Subscriptions for All Schools,  
by Region 

Region Total 
Schools

Annual Subscription 
Cost per School (20 
Mbps Connection)

Total Annual 20-Mbps Broad-
band Subscription Cost for All 

Schools in Region (USD)

Akmola 572 $823 $470,870
Aktobe 422 $823 $347,390
Almaty Region 793 $823 $652,798
Almaty City 299 $823 $246,137
Atyrau 208 $823 $171,226
East Kazakhstan 677 $823 $557,306
Jambyl 467 $823 $384,434
Karaganda 535 $823 $440,412
Kostanay 507 $823 $417,362
Kyzylorda 314 $823 $258,485
Mangystau 163 $823 $134,182
North Kazakhstan 480 $823 $395,136
Astana City 133 $823 $109,486
Pavlodar 367 $823 $302,114
Shymkent City 182 $823 $149,822
Turkistan 931 $823 $766,399
West Kazakhstan 388 $823 $319,402
TOTAL $6,122,962
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Figure 42: Annual Cost of Broadband Subscriptions to Provide 1 Mbps per 20  
Students in All Schools, by Region 

Region

Average 
Enroll-

ment per 
School

Average Required 
Per-School Band-
width to Achieve 
Threshold of 1 

Mbps per 20 Stu-
dents

Average Annual 
Subscription Cost per 

School to Achieve 
Threshold of 1 Mbps 

per 20 Students 
(USD)

Total Annual 
Broadband Sub-
scription Cost 

for All Schools in 
Region to Achieve 
Threshold (USD)

Akmola 244 13 $823 $470,870
Aktobe 406 21 $1,373 $579,322
Almaty City 1,021 52 $3,020 $903,100
Almaty Region 581 30 $1,373 $1,088,630
Atyrau 711 36 $1,922 $399,859
East Kazakhstan 315 16 $823 $557,306
Kostanay 236 12 $823 $417,362
Jambyl 548 28 $1,373 $641,098
Karaganda 410 21 $1,373 $734,448
Kyzylorda 583 30 $1,373 $431,059
Mangystau 1,051 53 $3,020 $492,325
North Kazakhstan 167 9 $823 $395,136
Astana City 1,514 76 $4,393 $584,296
Pavlodar 319 16 $823 $302,114
Shymkent City 1,300 65 $4,393 $799,562
Turkistan 581 30 $1,373 $1,278,077
West Kazakhstan 312 16 $823 $319,402
TOTAL $10,393,967
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Figure 43: Annual Cost of 100 Mbps Broadband Subscriptions for All Schools,  
by Region

Region Total Schools

Annual Subscrip-
tion Cost per 

School (100 Mbps 
Connection)

Total Annual 100-
Mbps Broadband 
Subscription Cost 
for All Schools in 

Region (USD)
Akmola 572 $5,766 $3,298,152
Aktobe 422 $5,766 $2,433,252
Almaty City 299 $5,766 $1,724,034
Almaty Region 793 $5,766 $4,572,438
Atyrau 208 $5,766 $1,199,328
East Kazakhstan 677 $5,766 $3,903,582
Kostanay 507 $5,766 $2,923,362
Kyzylorda 314 $5,766 $1,810,524
Jambyl 467 $5,766 $2,692,722
Karaganda 535 $5,766 $3,084,810
Mangystau 163 $5,766 $939,858
North Kazakhstan 480 $5,766 $2,767,680
Astana City 133 $5,766 $766,878
Pavlodar 367 $5,766 $2,116,122
Shymkent City 182 $5,766 $1,049,412
Turkistan 931 $5,766 $5,368,146
West Kazakhstan 388 $5,766 $2,237,208
TOTAL $42,887,508
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From the network operator’s perspective, annual network maintenance costs are 
typically 1 percent of construction costs.

Customer premises upgrades, including local area network installation, are not included 
in the scope of Upgrading School Connectivity to Broadband Speeds in Kazakhstan, 
but for optimal performance, as a rule-of-thumb it is expected that each school will 
require a minimum of one router per 30 students, which equates to an average of 17 
routers per school, given average enrollment of 500.  Although Kazakhtelecom does 
not publish equipment rental tariffs for business customers, it does publish tariffs for 
residential customers, which range from 240 KZT per month for an ADSL modem to 
400 KZT for a fiber optic modem.  Wi-Fi routers are priced at 300 KZT per month.  
Equipment for satellite connections, where appropriate, is typically purchased rather 
than leased, as indicated in the preceding capital expenditure section.

Figure 44: Average Consumer Monthly Rental Costs for  Broadband Equipment at 
Customer’s Premises

Equipment Monthly Rental Cost 
(KZT / month)

Monthly Rental Cost 
(USD / month)

Fiber Optic Modem 400  т $0.91
ADSL Modem 240  т $0.55
LTE Router (MiFi/Wi-Fi) 375  т $0.86
Wi-Fi Router 300  т $0.69
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c. Cost-Benefit, Risk, and Sensitivity Analysis
Broadband connectivity is an essential requirement for education at all levels, including 
the primary and secondary levels analyzed in this study, allowing students to access an 
almost unlimited amount of data, knowledge, and online instruction.  Digital platforms 
also provide efficient means of teacher-student and teacher-parent communication.  

From an economic perspective, broadband connectivity to all schools is considered to 
be a prerequisite for development; consequently, the upgrading of all under-connected 
schools to 20 Mbps is proposed as a minimum criterion (given the commercial offers to 
non-residential customers) and the evaluation of cost-benefit focuses on the marginal 
costs of the higher-speed scenarios in which all schools (not just under-connected 
ones) are upgraded to the levels of 20 Mbps, 1 Mbps per 20 students, or 100 Mbps.

Figure 45: Incremental Opex to Achieve Increased Speed Thresholds, Compared to 
$3.414m Cost of Upgrading Only Under-Connected Schools to 20 Mbps

Consideration must be given to acting beyond the objective of upgrading only under-
connected schools, and moving to upgrade all schools to the 20 Mbps threshold; 
doing so would incur additional costs of $2.709 million, 79 percent higher than the 
cost of 20 Mbps only at under-connected schools, but would serve to achieve uniform 
connectivity across the country’s entire school system.

Given that the implementation of universal 20 Mbps per-school broadband would, on 
average, yield only 1 Mbps per 25 students and not the recommended 1 Mbps per 20 
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students, consideration must also be given to the scenario of implementing 1 Mbps 
per 20 students.  However, incremental costs of achieving the 1-Mbps-per-20-Mbps 
threshold would be significant (158 percent more than the upgrade of all schools to 20 
Mbps and 204 percent more than the upgrade under-connected schools to 20 Mbps), in 
return for a nominal average per-pupil speed increase of only 25 percent.  Consequently, 
such an investment would be dependent on available budgetary resources.  

Upgrading speeds to an even higher threshold, 100 Mbps, is not considered to be 
technically necessary at the present time and would likely be cost-prohibitive as it 
would require additional operational expenditure of $36.474 million over the baseline 
upgrade scenario serving only under-connected schools. 

Consequently, from a cost-benefit perspective, it is recommended that al schools (not 
just under-connected ones) be connected at 20 Mbps speeds.  Upgrades to higher 
thresholds incur expenses that are disproportionately higher than the increases in speed. 

The analysis did not identify any credible risk considerations or sensitivity factors 
applicable to the model of commercially procuring upgraded broadband connectivity 
for schools through established providers.  

Because of the initiative is dependent on government revenue, it has the potential to be 
negatively impacted by economic uncertainty; however, according to the World Bank, 
pre-pandemic (2019) spending on education was estimated to be 2.857 percent of 
gross domestic product, equivalent to $5.2 billion.  Consequently, the annual operating 
expense of 20 Mbps connections for all schools represents approximately one-tenth 
of one percent of total educational spending, and one-time capital expenditure would 
be a maximum of three-tenths of one percent.  Furthermore, the Kazakh government 
has announced its intention to increase education spending to 7 percent of GDP by 
2025, equivalent to $27 billion, with investment in e-learning and technology. 

d. Recommended Model and Financing/PPP Options
Terabit strongly recommends that as the optimal solution for upgrading school 
connectivity to broadband speeds in Kazakhstan, connectivity be procured on a 
commercial basis from existing service providers, including Kazakhtelecom group, 
VEON group, Transtelecom, KazTranscom, and independent ISPs, with funding provided 
through direct government subsidy.  

In order to ensure uniformity and ubiquity of internet service, it is recommended that 
both capital expenditure and operating expenditure resources associated with the 
upgrading of school internet connectivity be administered by the Kazakh government 
at the national level using a formula that ensures all schools achieve the same speed 
threshold and evolve in parallel over time, on at least a per-school but optimally on a 
per-pupil basis.  Unlike other elements of the educational system which are not easily 
measured or which require discretion in the allocation of funding, schools’ internet 
speeds can be objectively quantified and tracked at the national level.

Historically, operating expenditures including subscription costs of communication 
services have been the responsibility of local governments at the oblast and rayon 
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levels. Given the urgency of upgrading school connectivity to broadband speeds, it 
is recommended that Kazakhstan’s central government, at the level of the Ministry 
of Education and Science, and with the possible participation of the Executive Office 
of the President as appropriate, oversee the upgrade initiative.  This would not only 
achieve the goals of uniformity and ubiquity, but also allow for greater efficiency and 
negotiating power in the procurement of bulk contracts for internet service.  Central 
coordination of broadband service in Kazakh schools can also offer economies in the 
procurement and implementation of ancillary services such as technical support.

Additionally, central coordination in internet service procurement would address 
the perceived lack of incentive for savings within the current educational funding 
structure, whereby schools’ individual budgets are typically allocated as a function of 
the previous year’s expenditure, with surpluses sometimes used as justification for 
downward budgetary adjustments.

Successful examples of central government funding and administration of school 
technology initiatives include Turkey’s Fırsatları Artırma ve Teknolojiyi İyileştirme 
Hareketi (FATiH) Project in Education, which was initiated in 2010 to provide uniform 
upgrades of computer technology across all schools in Turkey, including VPN-broadband 
internet access and online course material within Turkey’s EBA educational content 
network.  The project was overseen by the Turkish Ministry of National Education 
with support from the Ministry of Transport and Infrastructure.  Internet access was 
provided by private network operators including Turk Telekom and Netaş.  Similarly, in 
Uzbekistan a nationwide initiative funded by the central government and contracted 
to network operator Uztelecom increased broadband connectivity from 7 percent of 
secondary schools in 2018 to 94 percent of all schools as of early-2022, leveraging a 
strategy of uniform network deployment to local-level mahalla districts. 

Alternatives for indirect government subsidies, as identified by Giga, include USF 
financing, demand-side subsidies, donor/non-governmental organization (NGO) 
funding, supply-side subsidies, and savings from other budget lines.

On a long-term basis, the most viable of these would be the implementation of a 
universal service fund (USF) as a means of providing a more predictable funding 
mechanism for future internet service upgrades to schools (Kazakhstan does not 
currently have a USF).  USFs are often structured as surcharges paid by consumers for 
telecommunications services, have been used to great success for improving schools’ 
internet access in markets as varied as Pakistan, Thailand, Papua New Guinea, Colombia, 
Morocco, Portugal and the United States; the latter’s E-Rate program, mandated by 
the 1996 Telecommunications Act, was instrumental in increasing school internet 
connectivity from 14 percent to 100 percent over two decades.  The use of universal 
service funds to improve broadband in schools has also been identified as an efficient 
means of bringing together stakeholders from education ministries, finance ministries, 
telecommunications authorities, and private-sector telecommunications operators.  In 
this way, such cross-sectoral, extra-budgetary funding mechanisms can lead to the 
coordination of shared goals and more efficient sharing of knowledge and expertise.

Universal service funds can be supported through sources such as levies on 
operators, revenue collected from spectrum auctions and licenses, end-user taxes 



102 FINANCIAL ANALYSIS OF CONNECTIVITY SOLUTIONS

for telecommunications and internet services, direct government subsidies, and/or 
contributions from donors such as multilateral development banks or development 
agencies.  Operator levies can be collected as a percentage of annual operating 
revenues or as a percentage of annual regulatory fees.

A survey undertaken by the industry organization GSM Association (GSMA) in 2013 
indicated that of the top ten universal service funds, assets ranged from 0.06 to 
0.65 percent of gross domestic product, implying that a Kazakhstan USF should be 
dimensioned to have target capital of between 50 billion and 600 billion tenge.  Notably, 
USFs are typically intended to provide funding for broadband improvements not only in 
schools but in underserved consumer markets throughout the country.

At the wholesale level, public-private partnership (PPP) options are possible for 
financing the project, including:

Special Purpose Vehicle (SPV) Model with Government Shareholding

 • Network operators (Kazakhtelecom group, VEON group, Transtelecom, and/or Kaz-
Transcom) form a special purpose vehicle to assume full responsibility for the devel-
opment, operation, and maintenance of school broadband networks. 

 • The Government of Kazakhstan, international financial institutions, and/or other 
public-sector or quasi-public sector donors/stakeholders make capital contributions 
to the SPV and receive equity stakes.

 • The government contributor may or may not receive network capacity for its use.

 • The government contributor receives a seat on the board of the SPV, thereby ensur-
ing that policy goals are achieved.

 • A governance framework is adopted to ensure that the SPV’s outcome fulfills policy 
goals and improves the overall public welfare.  

 • The government’s equity stake may be divested once certain milestones are achieved, 
or alternatively may be held until the winding-down of the SPV.

 • The collaborative SPV model offers opportunities for synergies and network optimization.

Special Purpose Vehicle (SPV) Model with Government Contribution

 • Network operators form a special purpose vehicle with full responsibility for the 
school broadband networks.

 • The Government of Kazakhstan, international financial institutions, and/or other 
public-sector or quasi-public sector donors/stakeholders make capital contributions 
to the SPV.

 • The government contributor does not receive equity in the venture or capacity on the 
network.

 • However, it does participate in the creation of the SPV’s governance framework and 
receives a seat on the board of the SPV.

 • Mechanisms are implemented to ensure that policy goals are met.
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Build-Operate-Transfer (BOT)

 • Following an open tender process, the Government of Kazakhstan grants a school 
broadband network operating concession for a fixed long-term duration (typically 20 
years) to a network operator.

 • The network operator is assigned full responsibility for financing, operating, and 
maintaining the network.

 • Certain market privileges may be accorded to the network operator.

 • The operator is allowed to retain all revenues during the period of its concession.

 • Once the concession agreement expires, ownership of the network is assigned to 
the government at no cost.

Awarding of Project Management Contract

 • A tender is issued by the Government to select a network operator responsible for 
the construction, operation, maintenance, and commercialization of the school 
broadband network.

 • The contract recipient is paid to manage the network and assume these responsi-
bilities.  The contract recipient’s management fees may be fixed or based on a per-
centage of revenue.

 • The network remains the property of the Government and all profits (less manage-
ment fees) are collected by the Treasury. 

Issuance of Government RFP for School Broadband Connectivity Services

 • The Government of Kazakhstan issues a tender for the construction of school broad-
band networks and/or the provision of school broadband services for a long-term 
period.

 • The RFP can contain other desirable services such as public neighborhood Wi-Fi 
hotspots. 

 • The Government of Kazakhstan’s purchase commitment provides the necessary in-
centive for the contract recipient to install and operate networks providing connec-
tivity to all schools.
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e. Alternative Retail-Oriented Funding Models
Although Terabit concludes that the procurement of connectivity from existing 
commercial providers using government funding is the only appropriate model for 
upgrading school connectivity to broadband speeds in Kazakhstan, alternative models 
do exist.  Possible wholesale models are presented in the previous section; Giga has 
also identified alternative retail models, including the following:

Resale of internet service to users in the surrounding community

Description of model

Internet service to schools is dimensioned at a level that 
allows for resale of service to the community, typically via 
community Wi-Fi, which effectively subsidizes the cost of 
school broadband upgrades.  

Applicability to 
Kazakh market

The resale of internet service simultaneously solves issues of 
both school connectivity and underserved consumer populations.  
However, levels of mobile broadband network coverage already 
exceed 99 percent of Kazakh settlements and it is expected that 
mobile broadband offerings will be preferred over Wi-Fi by most 
consumers due to their competitiveness and portability.  Some 
remaining unserved rural consumer populations will require 
incremental solutions such as broadband satellite, making Wi-Fi 
sharing impractical.  And because so that the total addressable 
consumer market for Wi-Fi solutions, when taking into account 
the need for unserved consumers to be in relatively close 
proximity to schools, may be limited.  This model would have 
greater applicability if existing broadband players were unwilling 
or unable to operate; if one presumes that existing players such 
as Kazakhtelecom or VEON are best-suited to provide school 
connectivity then it is unlikely that they would consider direct 
community resale programs which might cannibalize their 
existing consumer offerings (on the other hand, it is expected 
that improved school connectivity using existing commercially 
available solutions will likely beget improved connectivity to 
surrounding communities through increased dimensioning of 
long-haul and access networks. 

Bundling of internet service with electrification in areas without electricity

Description of 
model

Two possible models of bundling can be pursued depending on 
energy sources. Using conventional sources of electricity, the bundling 
of electric and broadband services can improve the  business case 
and profitability of expansion to sparsely-populated unserved areas. 
Using alternative sources such as wind or solar to power broadband 
connections in areas where expansion of the traditional electricity 
grid is impractical, and excess electricity generated can be sold to 
consumers in bundles together with internet access.
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Applicability to 
Kazakh market

Electricity in Kazakhstan is generally considered to be universal, 
reliable, and cheap, with most sources confirming 100 percent 
electrification, so this model would have limited applicability.

Financial contribution by the surrounding community

Description of 
model

The community contributes to the installation, maintenance, and 
operation of the broadband network through various sources 
of funding including voluntary or mandated contributions by 
community members, expats, businesses, sponsors, and/or 
solicited international donors.

Applicability to 
Kazakh market

Within the context of universal school connectivity, this model 
raises issues of equity whereby a limited number of communities 
would be required to make direct contributions in order to ensure 
school access for their children to achieve the same level of 
service provided to wealthier communities at no direct cost.

Regulated advertising models
Description of 
model

Subsidization of service via regulated advertising on homepages 
and websites, as well as zero-rating certain websites.

Applicability to 
Kazakh market

Beyond the challenges of implementing an applicable legal 
framework, advertising-based models aimed at minors raise 
significant ethical considerations and are likely to face opposition 
from parents and educators.

Given the developed state of Kazakhstan’s economy, its universal electrification, 
expectations of equity, its strong public sector, and in particular its extremely well-
developed broadband markets, none of these models were determined to be practically 
applicable to the Kazakh school broadband initiative.
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VII. ENVIRONMENTAL AND SOCIOECONOMIC 
IMPACT

a. Environmental and Social Risks of Upgraded School 
Connectivity
The environmental and social risks of upgrading school connectivity to broadband 
speeds using the solutions proposed in this study (i.e. commercially-available internet 
service) are considered to be minimal, and greatly outweighed by the environmental 
and socioeconomic benefits.  This is particularly true given the fact that almost all 
schools are already connected to internet service, albeit at very low speeds in some 
cases.  To that end, the upgrading of speeds is not considered to be a “greenfield” 
project requiring construction in previously-undisturbed areas.

Perhaps the greatest environmental sensitivity is electricity consumption, although 
the marginal increase in electricity consumption associated with upgrades to higher 
connection speeds is typically insignificant at the end-user level, with most increases 
in energy requirements incurred at the carrier level to support overall network capacity.  
Nevertheless, an opportunity presents itself to reduce or mitigate the environmental 
impact of broadband electricity consumption, particularly given the fact that more 
than two-thirds of Kazakhstan’s electricity is generated by coal.  At the national level 
this could include policies to promote a nationwide shift to renewable energy sources.  
Estimated to account for only 3 percent of Kazakhstan’s electricity production in 2020, 
renewable energy sources were targeted by the Government of Kazakhstan to account 
for a 15 percent share of the country’s energy grid by 2030.  The country’s national 
climate plan has further set a goal of achieving carbon neutrality by 2060.   

At the school level, off-grid solutions, including solar and wind, are available for both 
broadband and computer equipment which could reduce users’ carbon footprint.  
Additionally, fiber-based networks are more energy-efficient than mobile broadband 
networks.

On the other hand, the increased electricity consumption incurred by broadband connectivity 
is in most cases more than offset by the efficiencies afforded by the connectivity in reducing 
or eliminating the need for energy- and resource-intensive products and activities.  In the 
educational milieu this includes, for example, a reduced need for paper and ink products 
as well as the possibility of replacing courier services or meetings requiring transport with 
internet-based communication or teleconference services.

Although this study does not propose any specific greenfield network construction 
undertakings, it is worth noting that most environmental assessments of new 
broadband network construction do not typically result in findings of significant 
environmental impact.  The underground placement of fiber optic cables is usually 
along existing linear infrastructure such as road, rail, or energy infrastructure using 
specialized trenching or directional boring equipment while pole infrastructure is used 
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for above-ground installation of not only aerial fiber but mobile broadband antennae.  
Network equipment that cannot be integrated directly into cable or tower elements is 
stored in ancillary structures such as cabinets, huts, or buildings, many of which are 
pre-fabricated off-site.  Overall land disturbance is minimal and can be mitigated by 
site procurement processes that avoid environmentally-sensitive areas.

There are not considered to be any serious social risks to improved broadband 
connectivity in Kazakh schools.  Because almost every school is already connected 
to internet service, educators and administrators have protocols in place to ensure the 
proper filtering of content as well as the monitoring and guidance of students’ internet 
usage.  

b. Socioeconomic Benefits of Upgraded School Connec-
tivity
There is a demonstrated correlation between the level of Internet connectivity in 
schools and per-capita gross domestic product.  Although the correlation does not 
confirm causation, experts agree that improved school internet connectivity has clear 
socioeconomic benefits and efficiencies that contribute to a country’s long-term 
development. 

Additionally, in scenarios where schools are connected with technologies that had 
not previously been available in the surrounding community, for example fiber-to-the-
building, the implementation of those new technologies allows for improvements in 
the broadband speeds of internet service to residential and business users. 

Improved broadband connectivity in schools allows access to an almost unlimited 
collection of resources and offers the ability to reduce or eliminate the educational 
disparities caused by geography.  In particular, upgrading already-connected schools 
to broadband speeds has the potential to enable bandwidth-rich digital curricula 
that leverage content, interactive applications, and online teachers and educational 
specialists in such a way that ensures uniform standards across school districts and 
also offers the possibility of compensating for insufficient staffing levels or funding 
disparities, particularly in rural areas.

The economic impact of online learning is observed in an expansion of the workforce, 
particularly in the number of graduating students with skills adapted to the country’s 
economic requirements, and more specifically those with information-technology skills 
that allow them to be more effective in the digital economy and to enter into sectors 
with higher-paying positions.  Higher income levels, in turn, translate to economic 
growth through increased spending and tax revenue.

These socioeconomic benefits apply not only at the nationwide domestic level but also 
at the local community level as it is the children of the community whose skills and 
educational experiences are improved.  With improved educational outcomes enabled 
by online learning, communities’ home values tend to increase.  At the social level, 
better education begets healthier populations with longer lifespans, lower healthcare 
costs, and less poverty or malnutrition.  
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ANNEX 1: TERMS OF REFERENCE

This report was created according to the following 
terms of reference:
“The selected candidate will perform the following main activities throughout the 
duration of the Contract. The tasks below are exhaustive; however, the scope may be 
modified depending on the volume of already available technical data collected by 
GIGA. This will be fine-tuned during the selection process.”

1. Country Overview:
1) Macro-economic analysis

a. Macro-economic analysis in order to evaluate the context of Kazakhstan

2) Analysis of the general state of the local telecommunication sector and digital 
infrastructure

a. Assess the general state of infrastructure in Kazakhstan which is a pre-requisite 
to the school connectivity project (roads, electricity, gas, water and other utilities).

b. Analysis of the level of the digital infrastructure (first, middle, last mile) in the 
country (taking into account all existing and proposed telecommunications 
infrastructure built), in order to identify the digital infrastructure gap.

3) Analysis of the regulatory framework of the local telecommunication sector

a. Analysis of the permitting and licensing process in the country.

b. Highlight commercial, legal, policy and regulatory barriers for connectivity 
implementation and propose solutions for them.

4) Analysis of the local telecom market

a. Analysis of the market competitiveness (market participants, their financial 
soundness, supply, business model, etc)

b. Analysis of the internet end-user groups in the region. To make annual forecasts 
of internet end-user needs based on the assessment of future demand over the next 
5-10 years. 

2. Analysis of the school connectivity level 
a. To determine the number and location of schools without internet connectivity 
or inadequate connectivity (with the help of UNICEF Mapping Tool to the extent 
possible5).
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b. Assessment of the level of equipment in schools.

c. Assessment of the schools’ telecommunication infrastructure, including distance 
to the nearest point of connection and capacity of the available infrastructure.

d. Analysis and defining of the criteria for a minimum level of connectivity in schools.

e. Recommendation of the necessary connectivity level for schools (speed, 
equipment, etc.)

f. Prioritization of schools, if need be.

g. Identification of other potential user groups in the surrounding community and 
beyond. 

3. Analysis of the technical solutions for an upgrade of 
internet speed school connectivity

a. Assessment of each technological solution for internet speed upgrade, taking 
into account number of students, traffic demand, distance, terrain, etc.

b. Assessment of the terminal equipment required for each technological upgrade 
solution, including power requirements and how these power requirements will be 
satisfied, e.g. solar power, existing district power supplies, etc.

c. Identify local partners (operators, contractors) capable of delivering internet 
speed upgrade.

d. Determination of the duration of the connectivity project depending on the 
technical solution and breakdown of project by phases.

e. Identify existing public sharable infrastructure (ducts, poles, etc) and propose the 
mechanism for sharing infrastructure with other public or private interested parties.

f. Provide recommendations for the best technological solution for a school internet 
upgrade. 

4. Financial analysis
a. Estimate annual capital expenditures (CAPEX) and operational costs (OPEX) for 
selected connectivity upgrade solution per project phase - development, construction 
and operations.

b. Conduct cost-benefit analysis of each selected solution.

c. Identify and analyze the likely economic uncertainties that could affect the 
project's feasibility and undertake risk and sensitivity analysis.

d. Review all suitable financing options.
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e. Recommend the appropriate PPP model.

f. Provide recommendations for the best combined technical, economic and 
financing scenario.

g. Provide the recommendation focusing on improving of the profitability of the 
upgraded connectivity solutions, for example through analyzing the feasibility of 
connecting the larger community around the school Draft report on financial analysis

5. Environmental and Social - Economic Impact
a. Assess environmental and social risks of the connectivity upgrade project and 
how they can be mitigated.

b. Evaluate the socio-economic benefits of connecting schools to internet for larger 
community  
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ANNEX 2: BIBLIOGRAPHY AND SOURCES OF DATA

Sources consulted in the creation of this report include 
the following:
 • Project Connect map of school connectivity in Kazakhstan https://projectconnect.

unicef.org/map

 • Giga report: Meaningful School Connectivity, an assessment of sustainable busi-
ness models  https://gigaconnect.org/bcg-report/

 • ITU Broadband Maps https://www.itu.int/en/ITU-D/Technology/Pages/Interactive-
TransmissionMaps.aspx

 • ITU/Giga report: Empowering communities in Asia and the Pacific through school 
connectivity https://www.itu.int/dms_pub/itu-d/opb/tnd/D-TND-03-2021-PDF-E.pdf

 • ITU report: The Last-mile Internet Connectivity Solutions Guide: Sustainable Connec-
tivity Options for Unconnected Sites https://www.itu.int/pub/D-TND-01-2020

 • Broadband Commission report: The Digital Transformation of Education: Connecting 
Schools, Empowering Learners https://www.broadbandcommission.org/wp-con-
tent/uploads/2021/02/WGSchoolConnectivity_report2020.pdf

 • Digital Development Initiative/World Bank report: Feasibility Study to Connect all Af-
rican Higher Education Institutions to High-speed Internet https://openknowledge.
worldbank.org/bitstream/handle/10986/36042/Feasibility-Study-to-Connect-all-Af-
rican-Higher-Education-Institutions-to-High-speed-Internet.pdf

 • ITU report: Universal Service Fund and Digital Inclusion for All Study https://www.
itu.int/en/ITU-D/Conferences/GSR/Documents/ITU%20USF%20Final%20Report.pdf

 • GSM Association report: Survey of Universal Funds https://www.gsma.com/pub-
licpolicy/wp-content/uploads/2016/09/GSMA2013_Report_SurveyOfUniversalSer-
viceFunds_KeyFindings.pdf

 • Ministry of National Education of the Republic of Turkey: Fatih Project http://fatih-
projesi.meb.gov.tr/en/altyapi-erisim.html

 • Internet Society report: Internet Access and Education, Key considerations for 
policy makers https://www.internetsociety.org/resources/doc/2017/internet-ac-
cess-and-education/

 • Organization for Economic Cooperation and Development report: Review of School 
Resources, Kazakhstan https://doi.org/10.1787/9789264245891-en

 • World Bank blog: Universal Service Funds & connecting schools to internet around 
the world https://blogs.worldbank.org/edutech/universal-service-funds-connect-
ing-schools-internet-around-world
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