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Abstract

Turkmenistan’s abundant natural gas resources make conventional electricity generation a distinct
economic proposition from municipal waste treatment. This research note therefore examines waste-to-
energy (WtE) not primarily as a response to electricity scarcity, but as one possible element of a more
reliable and environmentally responsible municipal solid waste management system. It reviews the
evidence available in public sources, the relevance of mature moving-grate thermal treatment technology,
the role of sorting and recycling, and the environmental, social and governance (ESG) safeguards needed
for any municipal decision.

The paper is a desk-based scoping study, not a waste audit, environmental impact assessment,
investment proposal or project feasibility study. Local waste quantities, composition, landfill conditions,
utility arrangements and technology suitability require independent confirmation. The study uses
Ashgabat as a potential starting point for structured municipal assessment, while treating national
replication as contingent on city-specific evidence.

Its principal conclusion is procedural: a staged municipal waste baseline, options appraisal and
environmental assessment can establish whether WtE adds public value alongside prevention, reuse,
recycling, biological treatment and improved final disposal. Electricity is a useful potential co-product;
the environmental service remains the principal subject of decision-making.
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1. Executive Summary

The policy question is not whether Turkmenistan needs additional electricity at any price. It is whether its
municipalities could achieve a better long-term environmental outcome by strengthening collection,
separation, recovery, treatment and final disposal of municipal waste. In a gas-rich economy, the
electricity output of a WtE plant may contribute to a project’s value, but it cannot substitute for evidence
of an unmet waste-management need.

A modern moving-grate WHE facility receives mixed residual municipal waste, recovers heat through a
boiler and steam turbine, and operates with dedicated air-pollution control, wastewater treatment and
residue management. These systems are established internationally and widely deployed in China. Their
relevance to Turkmenistan depends on the composition and reliable availability of locally collected waste,
appropriate site and utility conditions, and credible governance arrangements.

The recommended starting point is a municipal baseline study, not an equipment selection. Publicly
available evidence indicates official attention to a national waste-management strategy, but does not
establish current Ashgabat waste tonnage or prove the absence of every operating W1E installation in
Turkmenistan. These are explicit verification tasks.

A sound assessment would compare improved sanitary landfilling, recycling, organics treatment and
residual-waste thermal recovery on a common environmental and financial basis. Any future WtE
decision should preserve higher-value recycling and maintain accountable emissions and residue
management.

2. Purpose, Scope and Research Methodology

Methodological limitation: This publication is based on publicly accessible secondary evidence. No
primary waste sampling, stack measurements, site visits or municipal interviews were undertaken for this
note. Technology comparisons are therefore indicative and are not a determination of project feasibility.
The waste hierarchy and life-cycle perspective follow UNEP guidance [2,3,12], while emissions and
residue-control topics are informed by the European Commission technical reference [4,5].

Waste streams should be differentiated before a treatment option is selected. Household refuse, market
waste, commercial packaging, street sweepings, construction debris, healthcare waste and industrial
residues differ in composition and legal handling requirements. A municipal WtE assessment should
therefore begin with a clear definition of acceptable residual municipal solid waste and explicit
exclusions for hazardous, medical and industrial waste. Mixing these categories can invalidate both
combustion calculations and environmental safeguards [2,3,11].

A credible waste baseline requires more than a single daily tonnage figure. Seasonal sampling should
quantify food and green waste, paper, plastics, textiles, glass, metals, inert material, moisture and lower
heating value. Weighbridge records, truck counts, service-area population, collection frequency and
disposal-site observations should be reconciled to identify material not captured by formal collection.
Results should be reported with ranges and uncertainty rather than a single apparent national estimate
[2,6].

This note is intended as a publicly distributable institutional orientation for municipal authorities,
universities, researchers and environmental stakeholders. It summarises what can be established from
available publications and identifies the field evidence necessary for a more detailed assessment.
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The evidence base comprises Turkmenistan government announcements, UNEP and World Bank
technical guidance, public Chinese municipal experience and project-reference materials supplied for
context. Project concept figures are treated as scenarios rather than local measured results. No primary
field sampling, engineering survey or interview programme was undertaken.

Where national statistics, operating status or project-specific data are not verified, the note uses
conditional language. It distinguishes technology capability from suitability at a particular site, and
technical feasibility from economic or institutional feasibility.

3. Municipal Solid Waste Management in Turkmenistan

The environmental comparison must be between plausible complete systems, not between an ideal
incinerator and a poorly operated landfill. Uncontrolled disposal can cause litter, fire, smoke, odour,
vectors and contaminated runoff; thermal treatment can reduce the mass and volume of residual waste
requiring disposal but introduces regulated combustion emissions and ash streams. A sanitary landfill
with gas management, recycling, composting or anaerobic digestion may be preferable for particular
waste fractions. These pathways should be compared against the same service boundary and time
horizon [2,3,6].

Turkmenistan’s municipal waste system should be assessed across generation, segregation, collection,
transport, processing, recycling and final disposal. The critical evidence is the amount of waste actually
collected and delivered, not merely estimates of waste generated. Collection coverage, service reliability,
informal recovery and seasonal variation can substantially alter the residual waste stream.

In June 2025, an official Turkmenistan government announcement reported discussions between the
Ministry of Environmental Protection and the Regional Environmental Centre for Central Asia concerning
a roadmap and a national waste-management strategy. This is evidence of institutional attention, not
proof that a specific strategy or WtE programme has been adopted [8].

Historical international environmental reviews offer background, but should not be used as a substitute
for current inspections. This note does not claim that all disposal sites are uncontrolled, that open
burning is universal, or that Turkmenistan has no recycling activity. An updated municipal inventory is
essential.

Historical baseline versus current evidence

The 2012 UNECE review documented both waste-management challenges and an existing mechanical-
biological treatment facility in Ruhabat. It is therefore inaccurate to describe Turkmenistan as having had
no treatment infrastructure. The review is a historical baseline, not proof of current landfill or collection
conditions. A current municipal audit should document active facilities, their condition, actual throughput,
seasonal operating constraints and the destination of recovered materials. [1]

Data architecture for a defensible baseline

A municipal material-flow balance should distinguish waste generated, collected, separately recovered,
informally recovered, transferred, treated and finally disposed. Weighbridge receipts and truck-route logs
are more reliable than population-based estimates alone. The study should report a range for each
unmeasured flow and reconcile differences between incoming waste, recovered material and disposal
tonnage. International municipal data frameworks can guide these definitions, but national figures must
not be substituted for Ashgabat measurements. [6,7]
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4. Environmental and Public Health Challenges

Technology screening should consider at least four routes: recycling and biological treatment of
separately collected streams; sanitary landfill for residuals; moving-grate incineration with energy
recovery for appropriate residual waste; and mechanical-biological treatment as a possible intermediate
option. No technology is universally optimal. In particular, a city should avoid sizing a thermal facility so
aggressively that future recycling improvements create a waste-feed shortage [2,3,6].

Poorly managed waste can cause litter, odour, vector attraction, local fires, uncontrolled smoke, leachate
generation and land-use conflicts. Where open burning occurs, emissions are uncontained and lack the
dedicated treatment available at an engineered thermal facility. The scale of such practices in
Turkmenistan requires local verification.

Landfill-related concerns include methane formation from biodegradable waste, windblown material,
groundwater pathways and future remediation obligations. In arid environments, water availability and
the potential consequences of contaminated runoff deserve particular attention. The local significance of
each pathway must be assessed through site-specific hydrogeology and operational records.

Public-health analysis should address exposure pathways and monitoring evidence rather than presume
measured iliness effects. The objective is to improve municipal service quality and environmental
accountability while protecting nearby communities and workers.

Pathways of environmental exposure

Uncontrolled disposal can create several different exposure pathways: wind-blown litter, leachate
movement, smoke from fires, dust from vehicle activity, and occupational contact during informal sorting.
These impacts vary with site geology, depth to groundwater, waste composition, cover practices and
prevailing wind. Consequently, any risk ranking requires site inspection and sampling rather than generic
assumptions about local harm. [1,11]

Public-health and worker considerations

A credible improvement programme should address collection-worker protection, vehicle safety, traffic
near receiving sites, odor complaints, pest management, and emergency response to waste fires. The
social baseline should identify nearby settlements and sensitive receptors and establish a complaints
mechanism before site selection is finalized. [2,11]

5. Waste-to-Energy Technologies and International Experience

[llustrative process chain — not a facility-specific engineering design

Enclosed waste Moving-grate Heat-recovery Steam turbine Flue-gas cleaning
reception ™| furnace ™| boiler ™| and generator ™| and monitoring

Supporting systems: odour control ¢ leachate treatment * bottom-ash management ¢ APC-residue containment

Figure 1. Simplified moving-grate WiE process and supporting systems; original vector schematic prepared for
EEESEF, based on general technical descriptions [3,4].
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Modern moving-grate facilities commonly combine an enclosed tipping hall and waste bunker, crane-fed
grate furnace, waste-heat boiler, steam turbine, flue-gas treatment, continuous emissions monitoring and
segregated residue management. Waste may be burned with limited preprocessing, but adequate
calorific value, moisture control and stable feed conditions remain essential. Electricity exported to the
grid is lower than gross generation because fans, pumps, emissions controls and other auxiliaries
consume power [3,4].

Waste-to-energy is a family of processes. Mass-burn moving-grate combustion is among the most
established routes for mixed residual municipal waste. Other options include refuse-derived fuel
production, anaerobic digestion for suitable organics, landfill-gas recovery and certain advanced thermal
processes. These are not interchangeable and should be compared against the local waste stream.

In a typical moving-grate plant, vehicles deliver waste into an enclosed reception area; a bunker crane
blends feedstock; controlled combustion transfers heat to a boiler; steam drives a turbine; flue gas
passes through treatment stages; and bottom ash and air-pollution-control residues are managed
separately. An appropriate waste acceptance protocol excludes incompatible or prohibited materials.

UNEP guidance emphasises that incineration is one possible element of integrated municipal solid waste
management and should be selected through an options assessment, rather than treated as a stand-
alone cure for waste-system shortcomings [2].

Stage Function Environmental consideration
Reception Enclosed unloading and bunker  Odour and drainage control
Thermal treatment Moving-grate combustion Combustion stability

Heat recovery Boiler and steam turbine Energy efficiency

Flue-gas treatment Filtration and gas cleaning Emissions monitoring
Residues Bottom ash and APC residues Testing and safe disposal

Technology choice must follow waste characterization

Moving-grate combustion is a mature option for heterogeneous residual municipal waste, but its
suitability depends on the lower heating value, moisture content, ash fraction and the stability of the daily
supply. A seasonal sampling programme should include wet and dry periods, food waste, paper, plastics,
inert materials and bulky waste. Anaerobic digestion, composting, material recovery and improved
sanitary landfilling should remain in the comparison rather than being excluded at the outset. [2,3]

Energy accounting and process boundaries

Gross electricity is generated at the turbine; net exported electricity subtracts internal demand from fans,
pumps, waste cranes, water treatment and pollution-control systems. Published capacities should
therefore never be treated as a local electricity forecast. Heat recovery, if a viable nearby customer exists,
can improve useful energy output; otherwise the study should avoid assuming district heating revenue.
[3,4]

EEESEF-RN-2026-001 + Public Release | Page 6



EEESEF | RESEARCH NOTE SERIES EEESEF-RN-2026-001
6. Chinese WtE Technology: Maturity and Environmental Performance

The opportunity cost of using waste as a fuel is different in a gas-rich electricity system. An appraisal
should separately value (a) avoided environmental damage and disposal costs, (b) recovered electricity
or useful heat, (c) residual ash-disposal obligations and (d) carbon emissions, including fossil carbon
from plastics. The result may support WLE for waste-service reasons even where its levelized electricity
cost is higher than conventional gas generation; it may also support a different waste-treatment portfolio
if waste quality or governance conditions are unsuitable [2,6].

China provides an extensive body of operational experience in municipal waste incineration and power
recovery. Official reporting in May 2026 stated that China had 1,137 waste incineration facilities with
combined daily processing capacity of about 1.18 million tonnes at the end of 2025 [13]. This indicates
technology deployment at scale, although the figures are not evidence of suitability for a particular
Turkmenistan municipality.

Moving-grate systems, boilers, turbines, enclosed reception halls, leachate treatment and flue-gas
cleaning are established elements of the technology. Chinese municipal experience can inform
equipment specification, training and operating practice. The study intentionally does not identify or
endorse any manufacturer or prospective commercial partner.

Beijing municipal reporting provides an example of published operational data on waste calorific value,
generation and emissions-control practice [14]. Such reporting illustrates the kinds of performance
indicators a municipality may request during technology evaluation.

Lessons from documented Chinese installations

Chinese installations provide relevant experience with high-throughput moving-grate furnaces, enclosed
waste reception, heat recovery, multi-stage flue-gas treatment and operational monitoring. The Qishan
environmental approval and published reporting on the Xi’an Bagiao facility may be used as documented
illustrations of technology configuration, not as guaranteed performance for Turkmenistan. Vendor
selection, contract terms and the identities of prospective investors fall outside this independent
research note. [9,10]

What can be transferred and what must be localized

Transferable practices include controlled reception, combustion automation, maintenance planning,
stack monitoring and separate residue handling. Local design still requires waste sampling, water-
balance analysis, grid studies, transport planning and a permit-specific monitoring plan. This distinction
is a normal engineering requirement and does not constitute an adverse assessment of any country’s
technology. [3,4]
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7. Turkmenistan’s Natural Gas and Electricity Context

An ESG screening exercise should use qualitative status categories—evidence available, evidence
incomplete, significant concern, and not applicable—until field data are collected. Assigning an
aggregate numerical ESG score at the desk-study stage would imply a level of precision that the
available Turkmenistan evidence cannot support.

Turkmenistan’s large natural-gas resource base changes the rationale for WiE. Conventional generation
can provide electricity without relying on waste feedstock, so the public value of a WLE installation
should be evaluated principally through avoided disposal costs, environmental improvements, reliability
of treatment and possible recovery of energy.

It would be misleading to argue that WtE must be cheaper than gas-fired generation. A municipality
should compare the full cost of managing residual waste under different treatment pathways, including
land, collection logistics, environmental controls, residual disposal and long-term liabilities. Electricity
sales may offset a portion of treatment costs but should not determine the choice in isolation.

The energy balance depends on waste calorific value, moisture content, auxiliary consumption, turbine
performance and actual availability. No electricity tariff, revenue or savings figure is presented here as
verified for Turkmenistan.

Why the gas-rich context changes the decision

Where gas-fired generation is established and electricity prices are low, an incinerator should not be
assessed as a substitute for inexpensive power generation. The appropriate counterfactual is the cost
and environmental impact of collecting, treating and disposing of the same residual waste by other
means. Any electricity recovered is an offsetting benefit, but should not obscure the primary municipal
service function. [2,3]

A whole-system comparison

Comparative appraisal should consider capital expenditure, annual operating and maintenance costs,
residual ash disposal, replacement of pollution-control consumables, landfill land requirements, avoided
open burning where documented, and recoverable materials. Because local tariffs and waste data are
unverified, this paper does not present a project internal rate of return or a proposed power-purchase
price. [2,6]

8. Environmental, Social and Governance Assessment

Environmental materiality should be measured at the municipal-service level. A proposed scorecard can
track the proportion of collected waste weighed and characterized; separately collected recyclable and
organic fractions; uncontrolled dumping and open-burning incidents; verified emissions-monitoring
uptime; bottom-ash and air-pollution-control residue destinations; water withdrawal and discharge
compliance; and life-cycle greenhouse-gas estimates. Each indicator needs a baseline, unit, responsible
data owner, reporting frequency and independent verification method [2,4,5,11].

Social due diligence should identify the people who bear costs as well as those who receive benefits.
Issues include worker exposure during waste handling and maintenance, road safety around delivery
routes, informal waste-picker livelihoods, community access to grievance channels, language-
appropriate consultation and emergency preparedness. Community engagement should begin before
site selection is finalized and continue through commissioning and operation [2,11].
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Governance should establish a traceable chain of responsibility: municipality for collection quality and
service coverage; operator for permit compliance and safe plant operations; laboratory or accredited
monitoring provider for measurements; regulator for enforcement; and an independent reviewer for
periodic verification. Public disclosure should report exceedances, corrective actions and residue
destinations, not only favorable annual averages. This approach strengthens trust without implying that
EEESEF would act as a regulator or project contractor [4,5,11].

The environmental dimension covers prevention of uncontrolled releases, air-quality protection, water
management, residue containment, greenhouse-gas accounting and responsible land use. The social
dimension covers safe employment, occupational health, community consultation, grievance
mechanisms, service coverage and protection of vulnerable groups. The governance dimension covers
transparent procurement, clear institutional responsibility, independent verification and public reporting.

For any facility, environmental outcomes should be assessed across the complete municipal system
rather than at the plant boundary alone. For example, a well-controlled plant may still perform poorly as
public policy if it diverts readily recyclable materials or leaves illegal dumping unaddressed.

An ESG scorecard can help identify missing evidence, but numerical ratings should not be assigned
without a defined baseline, documented methodology and verifiable observations.

Indicative ESG decision matrix

Dimension Assessment question Evidence required

Environmental Does the option reduce Baseline, EIA, monitoring
unmanaged waste impacts?

Social Are workers and residents Consultation, safety plan
protected?

Governance Can performance be Permits, reporting, audit

independently verified?

An operational ESG framework

Environmental indicators should include residual waste diverted from uncontrolled disposal, stack-
monitoring completeness, wastewater quality, ash traceability and greenhouse-gas accounting. Social
indicators should include worker training, incident rates, complaint closure and community access to
information. Governance indicators should include permit compliance, public reporting, independent
sampling and disclosure of corrective actions. Indicators should be measured against a documented
baseline rather than promoted as guaranteed outcomes. [2,4,5]

9. Air Emissions, Water Management and Ash Disposal

The principal regulated stack pollutants include particulate matter, nitrogen oxides, sulphur dioxide,
hydrogen chloride, hydrogen fluoride, carbon monoxide, heavy metals and dioxins/furans. Control trains
may use selective non-catalytic or catalytic NOx reduction, dry or semi-dry sorbent injection, activated
carbon and fabric filters. The applicable permit must define measurement methods, averaging periods,
calibration and reporting requirements. European BAT conclusions offer an international benchmark for
technical comparison, not a substitute for Turkmenistan law [4,5].

EEESEF-RN-2026-001 « Public Release | Page 9



EEESEF | RESEARCH NOTE SERIES EEESEF-RN-2026-001

Bottom ash and air-pollution-control residues should never be treated as a single material. Bottom ash
may require ageing, testing and metal recovery before any beneficial use is considered; fly ash and filter
residues often need controlled stabilization and disposal because of soluble salts and concentrated
contaminants. Site plans must include a lawful destination, transport arrangements, testing protocols
and long-term records for every residue stream [3,4,11].

The key air-emission topics include particulate matter, nitrogen oxides, sulphur dioxide, acid gases,
heavy metals, dioxins and furans, and greenhouse gases. Engineering practice uses combustion control
together with filtration, reagent systems and, where appropriate, dedicated NOx reduction. The World
Bank environmental, health and safety guidance describes such measures and the importance of stable
operation [11].

Water-related systems include reception-area drainage, bunker leachate, boiler and cooling-water needs,
treatment and reuse where technically suitable. Local water constraints should influence technology
configuration and site selection.

Bottom ash, fly ash and air-pollution-control residues must be tracked separately. The possibility of
recovering metals or using suitably tested bottom ash does not eliminate the need for classification and
lawful management of hazardous residues. Independent sampling and a documented disposal pathway
are central to responsible operation.

Flue-gas control train

Typical controlled incineration employs stable combustion, particulate capture, acid-gas treatment and
nitrogen-oxide controls, with additional sorbents or activated carbon as appropriate for trace
contaminants. Continuous monitoring is central for parameters specified by the permit, while certain
pollutants require periodic laboratory testing. A stack-monitoring system does not by itself eliminate the
need for calibration, quality assurance and independent inspection. [4,5]

Residues, water and the remaining landfill requirement

Bottom ash and fly-ash or air-pollution-control residues must be characterized separately; their handling
pathways are not interchangeable. Some bottom ash may be processed for metals recovery or beneficial
use where testing and law permit. Hazardous residues require secure treatment and disposal. A WiE
plant therefore reduces but does not eliminate the need for engineered final-disposal capacity.
Wastewater and leachate systems likewise need a site-specific water balance, especially in water-
constrained environments. [3,4,11]
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10. Waste Hierarchy, Recycling and Circular Economy

Figure 2. lllustrative municipal waste-management hierarchy; conceptual diagram prepared by EEESEF.

Figure 2. Integrated municipal waste-management hierarchy

Prevent Reuse Recycle Biological treatmen Energy recovery Controlled disposal

Waste prevention and reuse generally take priority over treatment of residual waste. Source separation
and materials recycling should be evaluated before deciding the size of a thermal facility. Separately
collected organic waste may be suitable for composting or anaerobic digestion depending on
contamination, markets and collection logistics.

The appropriate role of WtE is treatment of the residual fraction that remains after practicable prevention,
reuse and recovery measures. An oversized plant can create pressure to secure combustible waste and
thereby weaken recycling incentives. Capacity selection should therefore be based on a forward-looking
residual-waste forecast, not total gross waste generation.

The circular-economy objective is improved material productivity and lower environmental burden across
the entire system. Energy recovery is a supporting measure, not a replacement for upstream waste
reduction.

Avoiding conflict with recycling

The waste hierarchy gives priority to prevention, reuse and recycling, with energy recovery directed
toward suitable residual fractions. Municipal procurement should avoid incentives that force recyclable
material into furnaces simply to satisfy minimum tonnage. Waste contracts can define acceptable
residual waste, quality ranges and periodic review of waste composition. [2,3]

Organic waste and source separation

Food and green waste may constitute a large fraction of municipal waste and can raise moisture content,
lowering combustion energy recovery. Where practical, organics separation and biological treatment
deserve evaluation alongside WtE. The local decision depends on collection capacity, contamination
levels, markets for compost or digestate and water availability. [3,6]

11. International and Central Asian Reference Projects

International reference plants demonstrate a range of operating scales, but reference specifications are
not guaranteed outcomes for Ashgabat. A 500-tonne/day moving-grate line and a 12 MW turbine are
described in a public Qishan project environmental approval cited in the separate municipal concept
material [9]. These figures should be treated only as an example of engineering configuration.

The Xi’an Bagiao facility is cited in public project reporting as a large-scale Chinese reference with
enclosed handling and energy recovery. The study uses it as an example of technology deployment, not
as evidence of project financing or environmental performance in Turkmenistan [10].
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Central Asian project announcements, including a proposed Shymkent plant in Kazakhstan, indicate
regional interest but must be clearly distinguished from commissioned and operating facilities. Public
announcements are not a substitute for operating records [15].

Comparability of reference projects

A reference plant is informative only when its status is clear: announced, permitted, under construction,
commissioned or operating. Capacity in tonnes per day, gross generator rating and net electricity
exported describe different characteristics and should not be compared as equivalent measures.
Chinese project documentation can support technology descriptions, while any proposed Central Asian
installation should be described using its verified development status. [9,10]

12. Ashgabat as a Potential Initial Assessment Location

A practical Ashgabat pilot assessment could be organized as a twelve-month evidence programme

rather than an immediate plant-sizing exercise: map existing collection and disposal systems; weigh
incoming vehicles; sample representative waste across seasons; identify recyclable and organic fractions;
screen land, water and grid constraints; and consult communities near candidate facilities. Only after this
work should authorities compare options and determine whether a thermal treatment component merits
full feasibility and environmental assessment [2,6,11].

Ashgabat could serve as a practical starting point because municipal institutions may be able to
coordinate collection data, identify disposal sites and convene utility and environmental stakeholders.
This is a research recommendation, not a conclusion that a specific facility is required or feasible.

The first-stage work should establish daily collected tonnage, seasonal and district variation, moisture,
organic fraction, lower heating value, recycling activity, collection routes, available land, water
requirements and grid access. A minimum 12-month dataset is preferable where available,
supplemented by representative sampling.

A proposed capacity such as 500 tonnes/day should be regarded as a screening scenario until the
municipality confirms a stable stream of suitable residual waste. The same applies to larger illustrative
capacities.

lllustrative annual throughput at 330 operating days
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Figure 3. lllustrative throughput scenarios derived from 330 operating days; not verified Turkmenistan waste
volumes.
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Illustrative net electricity scenarios — NOT local forecasts

175 A

150 A

125 A

100 A

GWh/year

75 4

50 +

25 A

500 1,000 1,500

Figure 4. lllustrative electricity scenarios adapted from published reference configuration; not forecasts or
guarantees.

Municipal decision questions for Ashgabat

A practical first discussion with municipal officials should ask: What is the measured daily collected
tonnage? Which collection zones and transfer stations are included? How much waste is disposed at
each active site? What fractions are already recycled or treated? What are the seasonal moisture and
calorific-value ranges? Which authority would manage environmental permitting and public disclosure?
These questions are prerequisites to a credible technology or capacity decision. [8,3]

Siting and service integration

Potential sites should be screened for road access, distance from residential receptors, prevailing winds,
groundwater sensitivity, grid connection, water supply, ash transport and compatibility with existing
collection routes. No particular Ashgabat site is endorsed in this note. A comparative screening matrix is
more defensible than selecting land solely for its availability. [3,11]

13. Technical, Environmental and Institutional Feasibility

Feasibility is multidimensional. Technical suitability requires stable waste quantity and quality,
appropriate combustion characteristics, utility connections, operability and a reliable residue outlet.
Environmental feasibility requires a defensible site, impact assessment, baseline monitoring and
enforceable mitigation measures.

Institutional feasibility requires a responsible public counterpart, clarity over waste collection and delivery,
a lawful permitting pathway, qualified operators and mechanisms for oversight. Financial feasibility
should account for the total service cost and potential funding structures, but this research note does not
recommend any investor, concession or commercial arrangement.

Independent comparison should use consistent assumptions across options, including the
counterfactual of improving existing collection and landfill systems. Sensitivity analysis should cover
waste volumes, calorific value, downtime, electricity revenue and environmental compliance costs.
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Screening inputs for Ashgabat

Parameter Why it matters

Collected residual waste (t/day) Facility sizing

Moisture and heating value Combustion stability and energy
Existing recycling and organics diversion Residual waste forecast

Water, grid and road access Site feasibility

Permitting and residue destinations Environmental safeguards

Stage gates for evidence-based development

A first gate establishes verified waste quantities and existing disposal practices. A second evaluates
alternatives and screens environmental constraints. A third tests the technical configuration, monitoring
requirements and institutional capacity. Only after those gates should detailed engineering, financing
structures or concession design be evaluated by the relevant public and commercial parties. [2,3]

14. Environmental Monitoring and Governance Framework

Figure 5. Indicative monitoring and governance responsibilities; conceptual diagram prepared by EEESEF.

Figure 5. Indicative environmental governance and reporting chain

Municipality: waste dat: Operator: monitoring Regulator: permits Independent review Public disclosure

Monitoring should distinguish operational process signals from independently reportable environmental
results. Boiler temperature and oxygen are important for process control; continuous stack monitoring,
periodic accredited sampling, ambient air monitoring where justified, water and leachate tests, and ash
characterization support compliance and environmental assurance. Data should be quality-controlled,

archived, reviewed against permit conditions and summarized publicly at a predictable interval [4,5,11].

A credible monitoring programme would combine continuous process and stack indicators with periodic
accredited testing, waste acceptance records, water-quality sampling, ash classification and
environmental incident reporting. The precise requirements must follow applicable Turkmenistan law and
permit conditions, informed where appropriate by international good practice.

Municipal authorities should define ownership of data, frequency of reporting, procedures for
exceedances, independent verification and public accessibility of appropriate summaries. Monitoring
should begin with a baseline before any construction, enabling meaningful comparison after
commissioning.

Governance should also cover complaints, corrective actions, operator training, emergency response
and transparent performance review. These are institutional responsibilities rather than features supplied
by equipment alone.
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Monitoring responsibilities and transparency

A governance framework should identify who owns each dataset, who calibrates instruments, who
verifies measurements, and how exceedances are reported and corrected. Monitoring reports should
distinguish measured concentrations, applicable permit limits, averaging periods and periods of
equipment downtime. A public-facing summary can report key environmental indicators without
exposing confidential operational information. [4,5]

15. Recommendations for Turkmenistan

First, establish an updated municipal waste inventory and identify the present distribution of collected
waste among recycling, recovery, controlled disposal and other pathways. Second, adopt an integrated
options appraisal that treats prevention, reuse and recycling as core components rather than
competitors to energy recovery.

Third, undertake a structured Ashgabat pre-feasibility screening with environmental, social, technical and
governance criteria. Fourth, review established international WtE technologies, including Chinese
moving-grate experience, using vendor-neutral performance specifications.

Fifth, develop a monitoring and public-accountability framework early in the process. Sixth, involve
universities and qualified independent specialists in waste characterisation, environmental baselines and
assessment of local operating conditions.

Suggested staged municipal assessment pathway

Sequence (not project progress)

Baseline Audit Options EIA Decision

Figure 6. Proposed staged municipal evaluation sequence; a conceptual process, not an approved
project schedule.
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QN et

Figure 7. Photograph of a large industrial waste-to-energy facility, illustrating the scale of integrated plant
buildings, utility infrastructure and auxiliary systems. Note; facility identity and operating status have not been
disclosed.

The photograph in Figure 7 provides a visual reference for the physical footprint and interconnected
systems that may be associated with large thermal waste-treatment installations. It is illustrative only: the
photograph does not establish the design, environmental performance or suitability of any proposed
facility in Turkmenistan. Site selection would require separate assessment of transport access, nearby
communities, utility connections, land availability and environmental safeguards.

Prioritized municipal action sequence

The most immediately useful steps are to establish a waste-data baseline, inspect existing facilities,
commission a representative composition and heating-value study, map sensitive receptors and disposal
risks, and compare integrated management options. A short municipal working group could coordinate
data access and identify academic institutions able to support independent sampling. These are non-
binding research and planning recommendations, not project commitments. [1,2,3]

16. Opportunities for Independent Scientific Cooperation

EEESEF could support non-commercial scientific exchange on waste characterization methods,
environmental indicator design, independent review protocols, and educational workshops with
universities and public institutions. Such activity should be documented separately from procurement,
financing, construction, concession and electricity-sale arrangements. Publication of study limitations
and unfavorable findings would be as important to research independence as publication of positive
results.

EEESEF may contribute through non-profit scientific dialogue, environmental education, knowledge
exchange and independent research cooperation with universities or public institutions. Possible topics
include waste-characterisation methodology, comparative environmental indicators, emissions-
monitoring literacy and circular-economy education.
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Such activity would be separate from plant procurement, project development, investment negotiation,
construction, ownership or electricity sales. No commercial participation or endorsement is implied by
this publication.

An institutional workshop could provide a useful early forum to agree data definitions and research
questions before decisions on specific technologies or project structures.

Independent research contributions

EEESEF could facilitate literature reviews, university cooperation, environmental-awareness activities and
transparent discussion of monitoring methodology. Any future independent assessment should be
separately scoped, supported by appropriate evidence and protected from influence by equipment
suppliers, project investors or municipal procurement decisions. This note neither solicits a project nor
offers certification of a future installation.

17. Conclusions

For Turkmenistan, the principal potential contribution of W1E is the provision of an engineered route for
suitable residual municipal waste, with useful electricity as an additional output. The country’s gas-rich
electricity context makes this distinction especially important.

Chinese and other international experience establishes that moving-grate WLE is a mature technology
category. Whether a facility should be built in Ashgabat or elsewhere depends on verified waste data, a
comparison of alternatives, environmental safeguards, institutional capacity and public value.

The next responsible step is evidence gathering and an independent municipal options assessment. This
research note is intended to support that discussion without pre-judging its outcome.

Limits of the present evidence

The study does not establish the current quantity or calorific value of Ashgabat’s municipal waste,
confirm a complete inventory of operating Turkmenistan WLE plants, identify a project site or quantify
avoided emissions. These are explicit research gaps. The appropriate conclusion is that WtE merits
structured consideration within an integrated waste-management strategy, subject to local evidence and
comparison with other treatment options. [1,2,3]
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Appendix A. Glossary

EEESEF-RN-2026-001

Term
MSW
WHE
ESG
EIA
APC
LHV
CEMS

Residual waste

Meaning

Municipal solid waste

Waste-to-energy

Environmental, social and governance
Environmental impact assessment
Air-pollution control

Lower heating value

Continuous emissions monitoring system

Waste remaining after practicable prevention,
separation and recovery

Appendix B. Indicative Municipal Assessment Checklist

Waste data

e Daily collected tonnes by district

¢ Waste composition and moisture by season
e Existing recycling and organics collection

¢ Disposal site locations and conditions

Infrastructure

Potential sites and buffer areas

Grid and water access

Transport distance and road conditions

Ash and hazardous-residue management routes

Governance

e Responsible authorities and permits

e Public consultation procedures

¢ Monitoring and reporting capacity

e Operator qualifications and emergency plans
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Appendix C. Evidence and Uncertainty Register

Statement Current evidence status Next verification

National waste strategy Official 2025 government Check subsequent adoption and

discussions announcement implementation

Operating WIE facilities in Not definitively established in Confirm through competent

Turkmenistan this note national authorities

Ashgabat residual waste No verified primary dataset Municipal weighbridge and

tonnage route records

500 t/day and larger scenarios lllustrative only Representative sampling and
feasibility

Chinese technology maturity Documented broad deployment  Assess technical fit
independently

Local electricity and treatment Not assessed Municipal comparative cost

economics study

Publication note: This is an independent, desk-based research note. It is not an environmental approval,
plant design, investment solicitation, project feasibility report, or endorsement of any supplier.

Legal Notice & Institutional Disclaimer

This research note is published by the Euro-Eurasia Environmental Science & Education Foundation
(EEESEF) for scientific research, environmental education and independent institutional discussion. It
provides a desk-based review of municipal solid waste management, waste-to-energy technology and
environmental, social and governance considerations relevant to Turkmenistan. It is not a commissioned
feasibility study, an environmental impact assessment, or an assessment of a specific project site.

The analysis relies on publicly accessible literature, policy documents and illustrative international
examples. Waste volumes, composition, heating value, local infrastructure, operating conditions,
regulatory requirements and environmental outcomes in Ashgabat or elsewhere in Turkmenistan have
not been independently measured or verified by EEESEF. lllustrative throughput and electricity scenarios
are not forecasts, engineering guarantees or investment projections.

This publication does not constitute engineering design, operational instructions, regulatory authorisation,
procurement advice, an investment solicitation, or a recommendation to construct a particular facility.
Any municipal initiative would require site-specific sampling, alternatives analysis, environmental and
social impact assessment, appropriate permits, public consultation, occupational safeguards and
independently verifiable monitoring arrangements.

Photographs of international facilities and explanatory diagrams, where included, are illustrative only.
They do not establish the performance, environmental compliance, suitability or operating status of any
proposed facility in Turkmenistan. EEESEF does not endorse a manufacturer, investor, technology
supplier or commercial development structure.

EEESEF is an independent non-profit publisher. It makes no warranty that the information is suitable for
any particular project and accepts no responsibility for third-party technical, commercial, financial or
regulatory decisions made without independent professional review.
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