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Executive Summary

Reliable, affordable and environmentally sustainable access to water is a binding constraint on rural
development across western Azerbaijan. Traditional kahrizes — gently sloping underground galleries
that tap aquifer discharge by gravity — and sub-artesian wells equipped with electrically driven deep
pumps are the two most commonly used water structures locally. Kahrizes embody centuries of local
engineering know-how, require almost no external energy and are part of the local cultural heritage,
yet many have fallen into disrepair as unregulated bore-well drilling has proliferated and sediment has
clogged the tunnels. Wells, by contrast, offer higher initial yields and can be sunk quickly, but they
impose large life-cycle energy costs, create a long-term liability for pump replacement and accelerate

groundwater drawdown.

This analysis presents quantitative evidence on whether public resources are best spent rehabilitating
existing kahrizes or drilling new sub-artesian wells in each selected hydro-geographical context
— Gazakh—Tovuz, Karabakh and Ganja—Dashkasan economic regions. Using a 27-year appraisal
horizon — the mid-point of the typical 25-30-year service life for both rehabilitated tunnels and
well-pumping assemblies — this report evaluates one representative kahriz versus one standard
150-metre sub-artesian well in each of the three target regions. For every option, the analysis compiles
full capital and operating cash flows, evaluates environmental externalities, and converts social and
financial effects into present values at an 8 per cent discount rate, consistent with the Central Bank’s
refinancing rate. It also tests the robustness of the ranking under higher discount rates and under

hydrological stress scenarios that simulate mild and severe summer droughts.

A kahriz-first approach is superior in all three regions. Per installation, kahrizes deliver net social
benefits of 6-9 million Azerbaijani manat (AZN)' and net present value (NPV) of AZN 2.4-3.6
million, while comparable wells are negative on NPV across the board once lifetime electricity and

pump replacements are counted.

The drivers are clear. Restored kahrizes eliminate household water-tariff outlays (bill savings of
AZN 5.6—7.8 million per asset) and avoid the energy burden carried by wells (214-271 megawatt-
hours a year of grid power). This translates into 100—155 metric tons of carbon dioxide emissions a

year avoided and 1.4—2.1 million cubic metres of natural gas freed for higher-value use.

Results are robust under higher discount rates and under both mild and severe drought profiles;
only extreme, sustained shortages materially narrow the gap. If, in future, some wells run on on-site
solar photovoltaic systems (PV), the analysis should be rerun with PV-specific capital and operating
expenditures and storage assumptions. Until such systems are viable at scale locally, the base case

1 USD 1 = AZN 1.7 on 7 October 2025.
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remains grid-powered wells; any eventual utility-bill savings from PV wells can be ring-fenced to

finance more kahriz rehabilitation.

The recommendation is to adopt a kahriz-first policy as the default for rural water schemes, using
subartesian wells only as a last-resort, time-bound measure where no viable kahriz corridor or
recharge exists. Prioritizing gravity-fed supply locks in tariff-free service, avoids exposure to energy
price shocks, and minimizes operational and maintenance costs. Each kahriz installation avoids
emitting 2.7—4.2 kilotons of carbon dioxide over its life, directly supporting Azerbaijan’s 40 per cent
emissions-reduction pathway to 2050, in line with the revised Nationally Determined Contribution,
while delivering greater social value to communities. VWhere a well is unavoidable, government
needs to require the use of high-efficiency pumps (and, where practical, on-site solar), enforce strict
abstraction permits to protect kahriz yields, and implement a mitigation plan, as well as allocating any

realized savings into a fund for additional kahriz rehabilitation.



Introduction

Kahrizes — gently sloping underground tunnels that tap groundwater and deliver it to the surface
by gravity — have supplied drinking and irrigation water in Azerbaijan for over a millennium. From
the Soviet era onward, these low-energy systems were progressively replaced by subartesian wells
equipped with electric pumps, a shift that reduced construction time, but increased operating costs
and vulnerability to power prices and aquifer drawdown.

Recognizing these trade-offs, the government’s National Water Strategy on the Efficient Use of
Water Resources (Government of Azerbaijan, 2024) calls for restoring kahrizes as both a cultural
heritage and a climate-resilient water source. In support of this goal, the International Organization
for Migration (IOM) has rehabilitated more than 200 kahrizes over the past 25 years, improving water
security for thousands of rural households (IOM, 2024).

This cost-benefit analysis (CBA) was carried out within IOM’s project “Promoting Kahriz Rehabilitation
for Enhanced Water-Related Climate Adaptation in Azerbaijan”, funded by the Sasakawa Endowment
Fund and commissioned by the Azerbaijan State Water Reserves Agency (ASWRA). Its purpose is to

answer a single policy question:

Which option — rehabilitating an existing kahriz or drilling a new subartesian well — delivers the greater net

social benefit?
There are 14 economic regions in Azerbaijan, established in 2021 (Government of Azerbaijan, 2021).

Western corridor (study area): Gazakh—Tovuz and Ganja—Dashkasan run side-by-side along the
Georgian and Armenian borders, while the newly created Karabakh region stretches south-east
across recently liberated districts. Most of the kahrizes in Azerbaijan are located here. These three
adjoining regions provide the geographic frame for this CBA, allowing a like-for-like comparison of
kahriz rehabilitation versus new subartesian wells under similar rainfall, but differing topography and

groundwater conditions.

Northern and eastern belt: Mountain districts such as Shaki—Zagatala and Quba—Khachmaz give
way to the Absheron—Khizi coastal strip and the standalone Baku economic region on the Caspian
shore, reflecting tourism, horticulture and urban-industrial specializations. Central Aran occupies
the mid-Kura valley, flanked downstream by Mil-Mughan and Shirvan—Salyan, areas dominated by

irrigated agriculture and agroprocessing.
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Southern subtropics and exclave: Lankaran—Astara hugs the lranian border with tea and citrus
estates, while the Nakhchivan Autonomous Republic forms a separate region mapped off the

south-west corner.

The three focus regions of this report are Gazakh—Tovuz, Ganja—Dashkasan and Karabakh. Taking
into account the broader national economic mosaic, described above, it becomes clear why findings
from these regions are relevant, yet not automatically transferable to Azerbaijan’s other hydrological

and economic contexts.

The Gazakh—-Tovuz economic region is made up of the districts of Aghstafa, Gadabey, Gazakh, Shamkir
and Tovuz. The Ganja—Dashkasan region includes the districts of Dashkasan, Goranboy, Goygol and
Samukh, together with the cities of Ganja and Naftalan. The Karabakh economic region spans the
districts of Aghdam, Aghjabadi, Barda, Fuzuli, Khojaly, Khojavend, Shusha and Tartar, as well as the
city of Khankendi.



Methodology

The cost—benefit model is grounded in a mixed-methods approach that combines primary fieldwork

with secondary administrative and technical data.

Household survey

Between 14 and 28 June 2025, a structured questionnaire was administered in nine districts that
span the three studied economic regions. In total, 263 respondents completed the survey, of whom
253 were men and 10 were women. The questionnaire captures current water-use volumes and
costs, and perceptions of kahriz versus sub-artesian reliability. Enumerators selected respondents
purposively around existing or abandoned water points to ensure coverage of both kahriz-dependent

and well-served communities.

Two districts — Tovuz (62 respondents) and Aghdam (48 respondents) — account for almost half the
total sample. Medium-sized clusters appear in Samukh, Shamkir and Aghstafa (30-32 interviews each),
while Goranboy and Tartar contribute fewer than 10 responses apiece. Such an imbalance means
that views from the north-western edge of the study area dominate the data set, whereas insights
from central districts may be statistically underrepresented. The red bars (male) tower over the green
bars (female) in every district. The highest female participation is in Aghstafa, yet even here women
accounted for only 4 out of more than 30 surveys. In Goranboy, Tartar and Fuzuli no women were

surveyed at all. Across the entire chart, women comprise under 5 per cent of survey respondents.

Figure 1. Household survey participants by district
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Source:  Household Survey conducted by Caucasus Geo Survey within the Cost-Benefit Analysis (14-28 June 2025).
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Focus-group discussions

To triangulate the household findings and probe operational issues, nine focus-group discussions
(FGDs) were held with staff of the district branches of ASWRA, sometimes joined by representatives
of the district executive authorities. These sessions engaged 172 participants (157 men, 15 women)
and generated qualitative insights into maintenance practices, failure modes, tariff collection and
user satisfaction. Discussions were organized in every target district, with Aghdam hosting by far the
largest group (45 participants). Tovuz and Samukh follow at around 24 and 19 participants each, while
Aghstafa, Naftalan and Tartar deliver mid-teen turnouts. Fuzuli and Shamkir lie at the lower end with
roughly 8 to 10 participants apiece.

Targeted interviews were conducted with hydrogeologists and officials of ASWRA. These discussions
supplied site-specific estimates for kahriz rehabilitation budgets, well-drilling costs, pump lifetimes
and electricity consumption rates. For example, such interviews in Naftalan and Goranboy helped
to conclude that kahriz discharges of 19 I/s and well yields of 24 I/s are highly realistic for Ganja—

Dashkasan scenarios.

Figure 2. Focus group discussion participants by district
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Source:  Focus group discussion conducted by Caucasus Geo Survey within the Cost-Benefit Analysis (14-28 June 2025).

The scarcity of female voices in both the household surveys and the FGDs reflect long-standing rural
traditions in western Azerbaijan: public discussions on infrastructure are typically viewed as a male
domain, while women are expected to remain at home or speak through household heads. These
cultural norms, reinforced by conservative social settings and meeting times that clash with domestic

duties, restricted women’s direct participation.

To reduce potential gender bias, the questionnaire was administered at the household level: one
respondent —head of the household answered on behalf of the entire household. Capturing information
in this aggregate way means that the data reflect joint consumption and decision-making rather than
an individual’s viewpoint, thereby minimizing the risk that either male or female perspectives are

systematically underrepresented.
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Direct flow measurements and site inspections

During the same field campaign, flow gauges were installed temporarily at the outlets of functioning

kahrizes and at bore-well heads. These spot readings, together with historical flow logs held by

local water utilities, informed the baseline discharge and annual decline rates used in the technical

parameter tables (e.g. the 10-12 litres per second kahriz yields now typical in Karabakh).

Secondary statistical and regulatory sources

Electricity tariffs (AZN 0.126 per kilowatt-hour) including value-added tax (VAT)) and
domestic water tariffs (AZN 0.60 per cubic metre, including VAT) were taken from current
decisions of the Tariff Council of the Republic of Azerbaijan (2016, 2024).

Carbon shadow prices adopt the Ukrainian carbon-tax benchmark of AZN 2 per metric ton
carbon dioxide (tCO,), because Azerbaijan has no domestic carbon price. The Ukrainian rate
— 30 Ukrainian hryvnia per tCO,, equivalent to roughly AZN 2 at the 2024 average exchange
rate — offers a conservative yardstick that is still grounded in regional policy practice (State
Tax Service of Ukraine, 2024).

Household water usage norms and household sizes follow official statistics from relevant
government bodies, as corroborated by the field survey. According to the National
Hydrometeorological Service (2019), average daily water use per capita by households is
310.6 litres per day (around 9.3 m? monthly). According to the State Committee on Urban
Planning and Architecture (SCUPA), the normative per capita water consumption in rural
settlements is 175 litres per day, which serves as the official baseline for water demand
assessments (SCUPA, 2015). However, for the purposes of this cost-benefit analysis, a higher
consumption norm of 350 litres per person per day (equivalent to approximately 10.5 m’
per month) was adopted. This assumption reflects the upper limit of the consumption range
reported by SCUPA and aligns with national standards applied to settlements equipped with
improved water supply systems. The decision to employ the higher benchmark is based on
the long-term (27-year) appraisal horizon of the analysis, which assumes gradual improvement
of rural water infrastructure and service quality over time. Moreover, sensitivity tests indicate
that adopting a lower consumption norm would not alter the fundamental conclusions of
the study. On the contrary, reducing the assumed household water demand would further
strengthen the relative economic advantage of kahriz rehabilitation, since the main comparative
benefit of subartesian wells arises only during periods of temporary kahriz water shortages.
Therefore, the higher consumption assumption serves as a conservative and forward-looking
proxy for long-term rural water demand without affecting the robustness of the results.
Cost of alternative water sources in case of current supply drought was estimated based on
the survey results, AZN 1 per m>.

Invaluing environmental externalities, we rely entirely on quantitative evidence from Humbatova
(2023), which reports construction-phase and operating-phase greenhouse-gas footprints
for both technologies. For a single rehabilitation campaign, the kahriz releases an estimated
18.9 tons of CO2 equivalent (t CO,-eq), whereas drilling and casing a new sub-artesian
borehole generates 10.6 t CO,-eq. Over its operating life, the kahriz incurs only intermittent

emissions, when a tunnel section is cleared with a compressor — about 1.2 t CO,-eq every
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fourth year — while the well emits continuously through electricity use, the emission levels
varying with consumption. These physical flows are inserted into the cash-flow as separate
lines: a one-off “rehabilitation CO,” charge in Year 0, a discrete “major-repair CO,” entry
every fourth year, and for the pumped alternative, an annual “pumping CO,” cost.

+ The discount rate is 8 per cent, a rate aligned with the current refinancing rate of Central
Bank of the Republic of Azerbaijan (2025) and therefore consistent with domestic
public-investment appraisal practice. Real figures are derived by deflating nominal projections
with a 4 per cent inflation assumption, which corresponds to the medium-term consumer
price outlook published by the International Monetary Fund (2025). Together, these
macroeconomic parameters create a neutral baseline: they neither over-penalize long-term
benefits nor understate the fiscal weight of up-front rehabilitation costs, while the low carbon
price reflects current regional policy reality, but still captures the direction of travel toward
climate-accountable budgeting.

* In Azerbaijan, subartesian wells are typically drilled to a depth of around 150 m. Although
ASWRA project estimates range from 100 m to 300 m, the majority of subartesian well
designs in the country adopt a 150 m depth. For this reason, the present analysis applies
150 m as the benchmark depth when evaluating subartesian well options. The useful life of
both kahrizes and subartesian wells in Azerbaijan generally ranges between 25 and 30 years.
For the purposes of this analysis, an average service life of 27 years has been applied to both
technologies.

By integrating quantitative survey data, qualitative stakeholder perspectives and validated administrative
figures, the study achieves a robust empirical foundation for the subsequent economic modelling and
sensitivity analysis.
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4.1. Gazakh—Tovuz Economic Region

4.1.1. Background information

The Gazakh—Tovuz economic region is semi-arid and heavily dependent on small-scale agriculture
and orchards. For generations, local communities have relied on kahrizes, while increasing numbers
of sub-artesian wells have been drilled since the 1990s to meet growing domestic and farm demand.

Technical indicators

Table 1. Technical parameters

Parameter Units Kahriz Subartesian well
Service life years 27 27
Water flow per second litres 15 19
Daily water flow m3/day 1296 1680
Annual decline % 0.005 0.02
Average monthly flow m3 38855 50 269
Total volume over 27 years m3 12.59 million 16.29 million
Households served hh 1000 1000
Household size persons 4 4
Monthly water demand m? 40 000 40 000

The comparative appraisal rests on the parameter set presented in Table 1. Both options are
evaluated over a 27-year operating horizon, reflecting the typical life of a rehabilitated kahriz lining
and of the sub-artesian alternative. Initial discharge is drawn from field measurements, historical data
from ASWRA experts and local communities. The kahriz delivers on average 15 litres per second,
equivalent to 1,296 m’ a day, while the electric depth-pump is sized for an average of 19 litres per
second, or 1,680 m® a day. This figure matches the national average kahriz discharge of 15 I/s reported
in IOM (2024) and Guliyev (2019), so our base case is conservative, yet evidence-based. Although the
well starts with a higher flow, it is assumed to lose capacity faster because of mechanical wear and
progressive drawdown; annual decline is therefore set at 0.02 per cent for the pumped installation
and only 0.005 per cent for the gravity-fed tunnel, whose output mainly depends on aquifer recharge

and regular desilting.
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While ASWRA's recent records shared via email indicate that some newly drilled subartesian wells in
the Gazakh—Tovuz region can initially yield up to 25 I/s, such values typically reflect optimal early-stage
performance under controlled drilling and pumping conditions. In practice, many existing wells in the
area are several years old and are partially depleted or operate with inefficient pumping systems,
resulting in substantially lower sustainable discharge. Locally reported vyields collected through
household questionnaires and focus-group discussions therefore offer a more realistic representation
of the long-term average performance of operational wells. For this reason, the adopted 19 I/s
benchmark reflects a prudent and evidence-based assumption, ensuring that the model does not
overstate the economic returns from subartesian systems or underestimate their maintenance

challenges over time.

When these daily rates are aggregated, the restored kahriz supplies about 38,900 m? a month in the
first year and 12.6 million m? over the full 27-year horizon, after accounting for the modest decline.
The well’s larger initial flow and steeper deterioration path yield roughly 50,300 m® a month and
16.3 million m? in total. Either source comfortably covers the target service catchment of 1,000
households. Using an average household size of four persons, the total population reaches 4,000
people. Multiplying the consumption norm of 10 m? by the population gives a monthly demand of
40,000 m* — well within the capacity of the kahriz and even more so of the sub-artesian well, whose

surplus can be directed to small-plot irrigation.

By aligning flow assumptions with measured data and statutory demand norms, the parameter set
ensures that the comparison between a single rehabilitated kahriz and a new sub-artesian well is both

technically realistic and service-equivalent.

Field engineers confirmed that the larger villages in Gazakh—Tovuz (e.g. Qarayeri, Girli, Samad Vurghun)
host 2,000-2,500 households and are normally served by two parallel sources. To keep results
transparent and scalable, we compare one kahriz versus one sub-artesian well, each dimensioned to
supply 1,000 households. Doubling the results reproduces the full-village case without changing the
relative ranking.
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4.1.2. Economic assumptions and environmental costs

Table 2. Environmental costs

Parameters Units Kahriz  Subartesian well Notes
Emissions

Emissions during rehabilitation t 189 10.6 Construction phase; occurs in

Year O
Emissions during major repairs t 1.2 0.3 Diesel for compressor / pullout rig
Emissions during pumping thyr 0.0 127.0 Grid electricity for depthpump

Environmental costs

Proxy: Ukraine carbontax rate,

Carbon shadow price AZN/t 20 20
rounded up
Cost of rehab emissions AZN (Year 0) 378 21.2 189t x AZN 2;10.6 t x AZN 2
Cost of repair emissions AZN (each 24 0.7 12t X AZN 2,03t x AZN 2
4 years)
Cost of pumping emissions AZN 0.0 254 127 t x AZN 2

Applying carbon costs converts the construction footprint into an economic cost of AZN 37.8 for
the kahriz and AZN 21.2 for the well in Year O, while operating-phase emissions add AZN 2.4 every
fourth year to the kahriz ledger and AZN 0.7 per year to the well ledger. A subartesian well consumes
approximately 271,441 kWh of electricity annually. Based on an average energy mix, producing this
electricity requires about 65,146 m’ of natural gas (calculated at 240 g of natural gas per kWh
after technical losses). This results in annual pumping-related emissions of roughly 127 t CO2
(65,146*1.95/1,000), corresponding to an annual carbon cost of AZN 254 at the applied carbon
price benchmark. Although these amounts are modest, including them ensures that both options are
treated on the same accounting basis and that future policy moves toward carbon pricing will not
overturn the project ranking.

4.1.3. Benefits and costs

Costs structure

Capital expenditure. The kahriz rehabilitation budget is AZN 109,228 on average.” The well requires
AZN 90,000, a figure confirmed by the regional amelioration service for a 150 m borehole equipped
with an ECV 8-60 pump set. Both estimates carry a contingency allowance — 10 per cent for the
kahriz and 3 per cent for the well — bringing total capital expenditure (CAPEX) to AZN 120,151 and
AZN 92,700 respectively.

2 Cost estimates for kahriz rehabilitation are based on the average rehabilitation cost of 33 kahrizes restored by IOM between 2020 and 2024.
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Operating expenditures. Routine cleaning and administrative maintenance are budgeted at
AZN 1,000 and AZN 1,100 for kahriz and subartesian well respectively in Year 1, escalating with
general inflation. In the absence of asset-specific maintenance records for kahriz systems, this analysis
adopts a major repair cost equivalent to 1 percent of the base CAPEX, occurring once every
four years (AZN 7,245 for 27 years). This figure is consistent with ranges applied in international
cost—benefit analysis practice for long-lived infrastructure, where annualized repair and renewal costs
are typically estimated at 1-2 per cent of CAPEX when empirical data are unavailable (European
Commission, 2014). While the kahriz incurs no energy expense, the well consumes approximately
0.45 kWh/m®. Multiplying this rate by the lifetime production volume and by the regulated service-sector
tariff of AZN 0.126/kWh yields a cumulative electricity bill of AZN 913,732 (undiscounted), which
dominates the well’s operating ledger.

Environmental costs. Life-cycle greenhouse-gas emissions are taken from the Humbatova (2023)
study. Rehabilitation releases 18.9 t CO,-eq for the kahriz and 10.6 t CO,-eq for the well; subsequent
major repairs add 1.2 and 0.3 t CO,-eq respectively every four years. Annual pumping is responsible
for an additional 127 t CO,-eq in the well scenario, whereas the kahriz remains emission-free during
operation. Using a shadow carbon price of AZN 2/t, derived from Ukraine’s explicit carbon tax and
deliberately conservative, gives environmental debits of AZN 52 for the kahriz and AZN 6,885 for

the well over the appraisal horizon.

4.1.4. Benefit valuation

The total monthly water demand of households is estimated at 40,000 m? whereas the average
discharge from a kahriz is 38,880 m?®. Over the assumed 27-year service life, this equates to a total
kahriz output of 12,588,935 m?, compared with 16,287,214 m? from a subartesian well. Over the same
period, cumulative household demand would reach 12,960,000 m? (371,065 m? shortfall), indicating
that kahriz supply would fall slightly short of meeting total demand. Households therefore occasionally
purchase tanker- or neighbour-supplied water at AZN 1 per m? to meet demand, and this additional
expenditure, equal to AZN 371,065, is treated as a benefit foregone in the kahriz scenario and an
avoided cost in the well ledger. The principal monetary gain from kahriz rehabilitation is the removal
of the household water bill. Saving is calculated based on the flow of kahriz at 38,800 m*/month and
the domestic tariff set at AZN 0.60/m?, with aggregate savings reaching AZN 7.55 million in present
value terms. Energy-related benefits accrue exclusively to the kahriz; by displacing the electrically
pumped well, the community avoids 7.3 million kWh of consumption over 27 years, a saving valued
at AZN 913,732 . Given that roughly 90 per cent of Azerbaijan’s electricity is produced from natural
gas, the same displacement frees 1.8 million m? of fuel and prevents 3,400 t CO,-eq from entering
the atmosphere. Even at the modest carbon price adopted here, the avoided emissions are worth
AZN 6,842. If, instead of being consumed domestically, the liberated gas is marketed at the current
average export price of USD 100/1,000 m?* (well below recent spot prices, but representative of
long-term contracts of the State Oil Company of the Republic of Azerbaijan (SOCAR)), the public
revenue gain is AZN 298,242.
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Economic results

Summing all costs gives AZN 546,498 for the kahriz and AZN 1,118,924 for the subartesian.
Corresponding benefits are AZN 8,777,088 and AZN 371,065 . The kahriz therefore generates net
benefits of AZN 8.23 million, yielding an economic net present value (NPV) of AZN 3.26 million and
an internal rate of return of 259 per cent —an order of magnitude above both the social discount rate
and any plausible hurdle used in public-investment screening. In stark contrast, the well records a net
loss of AZN 0.75 million and a negative NPV of —AZN 0.35 million. The result is driven mainly by
the recurring electricity expense — which, at the regulated tariff, already outweighs the well’s capital
and repair costs — and by the removal of the household water tariff once the kahriz is brought back

into service.

Table 3. Costs and Benefits calculations

Kahriz Subartesian

Component Units I well (new Notes/source
P (rehabilitation) (

build)
A. Capital expenditure (CAPEX)
Base CAPEX AZN 109 228 90 000 IOM unit cost; district drilling
cost for 150 m borehole
Contingency allowance AZN 10 923 2700 gvcjeﬁ’l)d CAPEX (kahriz); 3%
Total CAPEX AZN 120 151 92 700
B. Operating expenditure (OPEX)
. . AZN 1 000 and AZN 1 100 in
Cleaning/maintenance AZN 47 084 51793 Year 1, inflating at 4%
Major repairs (4yr cycle 1% CAPEX versus
for kahriz and 3-yr for AZN 7245 52914 AZN 5 000 pump replacement,
subartesian) inflating at 4%
. 3
Alternative water purchase AZN 371 065 0 Kahriz shortfall x AZN 1/m
(based on surveys)
3
Energy (pumping) AZN 0 913732 045 kWh m™ x AZN 0.126/
kWh
Waterquality test (4yr) AZN 900 900  AZN 150 per test
Total OPEX AZN 426 294 1019 339
C. Environmental costs
Construction CO, AZN 38 21 189 t versus 10.6 t X AZN 2 /t
Repair CO, (4yr) AZN 15 4 12 tversus 0.3 t
Pumping CO, (27-yr) AZN 0 6 842 127 thyr x 27 yr x AZN 2
Total environmental cost AZN 52 6 885
D. Total economic cost (A+B+C) AZN 546 498 1118 924
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Kahriz Subartesian

mponen ni well (new N r
Component Units el ell (ne otes/source

build)
E. Monetized benefits
Household waterbill saving AZN 7 558 272 0 38 800 m* /mox AZN 0.60 /m?
Avoided energy cost AZN 913 732 o  Matches pumping fine in well
column
Avoided CO, from power AZN 6 842 0 3400t x AZN 2
Export value of freed gas AZN 298 242 0 1.8 Mm?® x USD 100
Absence of tanker cost AZN 0 371 065 Benefit appears only for well
Total benefits AZN 8777 088 371 065
F.  Net benefits (E-D) AZN 8230 591 — 747 841
G. Economic NPV AZN 3266 785 —359 342 Discounted net cashflow, r = 8%

H. Internal rate of return % 259 -

4.1.5. Sensitivity check

Discount rate sensitivity check

The discount-rate test confirms that the economic ranking of the two technologies is insensitive
to plausible changes in the social rate of time preference (Table 4). Under the base-case discount
factor of 8 percent, the rehabilitated kahriz yields an NPV of AZN 3.26 million, whereas the
electrically pumped well returns — AZN 0.35 million. Raising the real discount rate to 10 per cent
— approximately the upper end of rates used in recent public-investment appraisals in Azerbaijan —
reduces the present value of all long-run cash-flows, but the kahriz still registers a strongly positive
NPV of AZN 2.74 million. At 12 per cent, the kahriz NPV falls further to AZN 2.34 million, yet
remains an order of magnitude larger than its capital cost and far above zero. In contrast, the well’s
NPV remains negative at every tested rate.

Table 4. Discount rate sensitivity check

Base case Scenario A Scenario B
Discount rate
8% 10% 12%
Kahriz Subartesian Kahriz Subartesian Kahriz Subartesian
NPV (AZN) 3266785 -353 342 2741696  -312084 2 341 205 -280 728
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Drought sensitivity check (for kahriz)

For the mild drought case, the monthly discharge is reduced by 40 per cent in June and July, 50 per cent
in August and 30 per cent in September; on an annual basis, this is equivalent to a 13 per cent fall in
total volume. Nevertheless, the kahriz still posts net benefits of AZN 5.61 million and an NPV of
AZN 2.20 million. The well conversely gains from the drought specification; because its mechanically
pumped supply is assumed to remain unchanged, the model attributes to it the avoided expenditure
that households would otherwise incur on alternative water, converting what had been a negative
NPV in the base case into a small positive figure of AZN 0.31 million. Even so, the kahriz retains an
NPV almost eight times larger.

In the severe drought scenario, the flow reductions deepen to 70 per cent for June—August and
60 per cent for September, reducing the annual volume by 23 per cent. The kahriz NPV falls further,
to AZN 1.39 million, but remains firmly positive and still exceeds the well's NPV (AZN 0.82 million)
by a factor of 1.7. Put differently, the kahriz would have to lose considerably more than one quarter

of its lifetime yield before its economic return converged with that of the subartesian option.

Two mechanisms drive these results. First, almost all kahriz benefits are proportional to delivered
water, so any cut in discharge directly lowers savings and crop income. Second, the model penalizes
the kahriz — but not the well — for residual demand by charging AZN 1/m’ for substitute water,
reflecting the tanker-water prices reported in the household survey. The well thus appears to gain
relative ground in drought conditions, even though its high electricity and pump-replacement costs

are unchanged.

The sensitivity therefore illustrates both the strength and the limitation of the gravity-fed solution.
Under realistic hydrological stress of up to one-quarter loss of flow, the rehabilitated kahriz still
dominates on economic grounds; only under far more extreme or prolonged drought would the
mechanically pumped alternative begin to look competitive. Policymakers may take the result as
evidence that kahriz rehabilitation is a low-regret investment even in a changing climate, provided that
complementary drought-management measures — such as rotational distribution or modest storage —
are put in place to mitigate occasional supply gaps.

Table 5. Drought sensitivity check (for kahriz)

Base case Mild drought Severe drought
Discount rate
1 0.87 0.77
Kahriz Subartesian Kahriz Subartesian Kahriz Subartesian
NPV (AZN) 3266785 —353 342 2 205 874 309 620 1389 788 819 591
Net benefits (AZN) 8 230 591 —747 841 5611 454 888 720 3596 733 2 147 614
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4.2. Karabakh Economic Region

4.2.1. Background information

The Karabakh economic region — recently reintegrated and undergoing rapid resettlement — lies on
the south-eastern flanks of the Lesser Caucasus. Topography ranges from rolling piedmont to broken
uplands; precipitation is higher than in the Kura plains, but is still markedly seasonal, so reliable water
supply is critical for the revival of orchards, vineyards and pasture now being rehabilitated under
the government’s master plan for liberated territories. Historically, rural communities in Karabakh
depended on kahrizes. During the Soviet and immediate post-Soviet periods, many of these tunnels
were abandoned or collapsed, and water shortages were addressed instead by drilling subartesian
wells — boreholes equipped with electrically driven deep pumps. As displaced households return and
agricultural enterprises restart, local authorities must decide whether scarce reconstruction funds

should prioritize the restoration of traditional kahrizes or the installation of additional pumped wells.

Technical Indicators

Table 6. Technical parameters

Parameter Units Kahriz Subartesian well
Service life years 27 27
Water flow per sec litres 11 15
Daily water flow m3/day 960 1320
Annual decline % 0.005 0.02
Average monthly flow m? 28 800 39 600
Total volume over 27 years m3 9.32 million 12.80 million
Households served hh 750 750
Household size persons 4 4
Monthly water demand m3 30 000 30 000

The comparative appraisal rests on the parameter set presented in Table 6. Both options are evaluated
over a 27-year operating horizon, reflecting the typical life of a rehabilitated kahriz lining, as well as
for the sub-artesian alternative. The technical parameters for Karabakh diverge from those used in
the Gazakh—Tovuz appraisal with lower absolute discharge. Each adjustment reflects hydrogeological
measurements and settlement patterns recorded during the household surveys in Fuzuli, Tartar
and Aghdam.
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First, measured spring yields, historical data and literature (Guliyev, 2019) show that many Karabakh
kahrizes now flow at 10-12 I/s, a level constrained by partial collapse of galleries during the conflict
years and by slower upland recharge. To remain conservative, the model fixes the initial kahriz
discharge at 11 I/s (960 m’/day). Depth-pump records supplied by regional water utilities indicate
that newly drilled sub-artesian wells average 15 I/s in this terrain, below the 19 I/s adopted for
Gazakh—Tovuz, because the productive horizon sits in fractured volcanic rock rather than in porous
alluvium. These lower starting flows propagate through the volume accounts: the rehabilitated kahriz
now delivers 9.32 million m® over 27 years, and the well 12.80 million m>. While hydrogeological
data shared via email by ASWRA indicate that recently drilled subartesian wells in parts of the
Karabakh region can initially yield up to 35 litres per second, such high performance typically applies
only to newly constructed wells under ideal conditions. In reality, many existing wells in the region
were installed during the conflict period or even prior to that, and they now face declining yields
due to sedimentation, reduced aquifer recharge and mechanical pump deterioration. Consultations
with local residents and district engineers revealed that sustainable operational yields rarely exceed
15 litres per second once these factors are considered. Therefore, the assumption of 15 I/s used
in this analysis reflects a long-term realistic average, grounded in both field evidence and expert
judgement. This conservative specification ensures that the comparison between rehabilitated
kahrizes and subartesian wells is not biased by short-term, optimized drilling results that are unlikely

to persist over the 27-year appraisal horizon.

Second, village size in this region is smaller and more dispersed than in Ganja—Gazakh. Survey data
show that typical water-supply units serve 750 households, or 3,000 persons; the model therefore
scales demand and benefits to that population. At the observed consumption of 10 m® per person
per month — a figure that matches the reported household water-expense bracket of AZN 25—
30 per month — total community demand is roughly 30,000 m* monthly. The kahriz covers about
90-95 per cent of this requirement, depending on the settlement, whereas the well can exceed it,

leaving an operational surplus.

Third, the annual decline factors are tightened. Even with systematic cleaning, the exposed tunnel
segments are more vulnerable to post-conflict sediment inflow, so the kahriz flow is assumed to
diminish by 0.005 per cent per year. Pumped wells experience a faster productivity loss — 0.02 per cent
per year — because fractured-rock aquifers in Karabakh exhibit higher specific capacity declines once

pumping resumes at scale.
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4.2.2. Economic assumptions and environmental costs

Table 7. Environmental costs

Subartesian

Parameters Units Kahriz Notes
well
Emissions
Emission during rehabilitation t 18.9 10.6 Construction phase; occurs in
Year O
Emission during major repairs t 1.2 0.3 Diesel for compressor/pullout rig
Emission during pumping t/year 0.0 100.0 Grid electricity for depthpump

Environmental costs

Carbon shadow price AZN/ 2.0 2.0 Proxy: Ukraine carbontax rate,

rounded up
Cost of rehab emissions AZN (Year 0) 378 21.2 189t x AZN 2;10.6 t X AZN 2
Cost of repair emissions AZN (each 2.4 0.7 12t x AZN 2,03 t x AZN 2
4 years)
Cost of pumping emissions AZN (annual) 0.0 200 100 t x AZN 2

Applying carbon cost converts the construction footprint into an economic cost of AZN 37.8 for
the kahriz and AZN 21.2 for the well in Year O, while operating-phase emissions add AZN 2.4 every
fourth year to the kahriz ledger and AZN 0.7 a year to the well ledger. A subartesian well consumes
approximately 213,840 kWh of electricity annually. Based on an average energy mix, producing this
electricity requires about 51,322 m’ of natural gas (calculated at 240 g of natural gas per kWh
after technical losses). This results in annual pumping-related emissions of roughly 100 t CO?2
(51,322*%1.95/1,000), corresponding to an annual carbon cost of AZN 200 at the applied carbon
price benchmark. Although these amounts are modest, including them ensures that both options are
treated on the same accounting basis and that future policy moves toward carbon pricing will not
overturn the project ranking.

4.2.3. Benefits and costs

Costs structure

Capital expenditure. The kahriz rehabilitation budget of AZN 109,228 is taken directly from the
unit cost schedules in the 2024 IOM report. Geological conditions in Karabakh require heavier
casing, gravel packing and blow-out prevention, driving well construction costs above the lowland
average. Based on the local drilling contractors’ recommendations and reports from the relevant
government agencies, we budgeted AZN 115,000 for a 150-metre borehole and pump assembly,
compared with AZN 90,000 in Gazakh—Tovuz. Both estimates carry a contingency allowance
— 10 per cent for the kahriz and 3 per cent for the well — bringing total CAPEX to AZN 120,151 and
AZN 118,450 respectively.
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Operating expenditures. Routine cleaning and administrative maintenance are budgeted at
AZN 1,000 and AZN 1,100 for kahriz and subartesian respectively in Year 1, escalating with general
inflation (based on the recommendations of ASWRA experts and international experience) of
4 per cent. In the absence of asset-specific maintenance records for kahriz systems, this analysis
adopts a major repair cost equivalent to 1 per cent of the base CAPEX, occurring once every four
years (AZN 7,245 over 27 years). This figure is consistent with ranges applied in international cost—
benefit analysis practice for long-lived infrastructure, where annualized repair and renewal costs
are typically estimated at 1-2 per cent of CAPEX when empirical data are unavailable (European
Commission, 2014). While the kahriz incurs no energy expense, the well consumes approximately
0.45 kWh/m?. Multiplying this rate by the lifetime production volume and by the regulated
service-sector tariff of AZN 0.126/kWh yields a cumulative electricity bill of AZN 719,837, which
dominates the well's operating ledger. In some villages, based on the survey we found that the
annual OPEX of subartesian wells can reach AZN 40,000-50,000, which is very consistent with our

maintenance, electricity and major repairs assumptions.

Environmental costs. Life-cycle greenhouse-gas emissions are taken from the Humbatova (2023)
study. Rehabilitation releases 18.9 t CO,-eq for the kahriz and 10.6 t CO,-eq for the well; subsequent
major repairs add 1.2 t and 0.3 t CO,-eq respectively every four years. Annual pumping is responsible
for an additional 100 t CO,-eq in the well scenario, whereas the kahriz remains emission-free during
operation. Using a shadow carbon price of AZN 2/t, derived from Ukraine’s explicit carbon tax and
deliberately conservative, gives environmental debits of AZN 52 for the kahriz and AZN 5,429 for

the well over the appraisal horizon.

4.2.4. Benefit valuation

The total monthly water demand of households is estimated at 30,000 m? whereas the average
discharge from a kahriz is 28,800 m’. Over the assumed 27-year service life, this equates to a total
kahriz output of 9,325,137 m®, compared with 12,797,096 m’ from a subartesian well. Over the same
period, cumulative household demand would reach 9,720,000 m® (394,863 m? shortfall), indicating
that kahriz supply would fall slightly short of meeting total demand. Households therefore occasionally
purchase tanker- or neighbour-supplied water at AZN 1 per m’ to meet demand and this additional
expenditure, equal to AZN 394 863, is treated as a benefit foregone in the kahriz scenario and an
avoided cost in the well ledger. Energy-related benefits accrue exclusively to the kahriz: by displacing
the electrically pumped well, the community avoids 5.8 million kWh of consumption over 27 years, a
saving valued at AZN 719,837. Given that roughly 90 per cent of Azerbaijan’s electricity is produced
from natural gas, the same displacement frees 1.4 million m? of fuel and prevents 2,700 t CO,-eq
from entering the atmosphere. Even at the modest carbon price adopted here, the avoided emissions
are worth AZN 5,390. If, instead of being consumed domestically, the liberated gas is marketed at the
current average export price of USD 100/1,000 m? (well below recent spot prices, but representative

of SOCAR’s long-term contracts), the public revenue gain is AZN 234,955 in present value.
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Economic results

The subartesian well also records a positive outcome in this region, but on a smaller scale: net benefits
of AZN 5.9 million, an NPV of AZN 2.4 million, and an internal rate of return (IRR) of 189 per cent.
The relatively high return for the well in Karabakh, compared with Gazakh—Tovuz, reflects the large

benefit from avoiding costly tanker-water purchases during summer shortfalls.

The subartesian well records a negative outcome: net benefits of ~AZN 0.55 million and an NPV

of —AZN 0.29 million.

Kahriz remains the superior option again, because it provides the greatest economic surplus and

strongest resilience against future energy-price escalation. lts advantage is primarily driven by

household tariff savings, avoided energy pumping costs and additional public gains from freeing natural

gas for export.

Table 8. Costs and Benefits calculations

Component

A. Capital expenditure (CAPEX)
Base CAPEX

Contingency allowance

Total CAPEX

B. Operating expenditure (OPEX)
Cleaning/maintenance

Major repairs (4yr cycle for
kahriz and 3-yr for sub-
artesian)

Alternative water purchase
Energy (pumping)
Waterquality test (4yr)
Total OPEX

C. Environmental costs
Construction CO,
Repair CO, (4yr)
Pumping CO, (27-yr)

Total environmental cost

Units

AZN

AZN
AZN

AZN

AZN

AZN
AZN
AZN
AZN

AZN
AZN
AZN
AZN

Kahriz
(rehabilitation)

109 228

10923
120 151

47 084

7 245

394 863
0

900

450 092

38
15

52

Subartesian
well (new
build)

115 000

3450
118 450

51793

52914

0

719 837
900

825 443

21

5390
5415

Notes/source

IOM unit cost; district drilling cost
for 150 m borehole

10% of CAPEX (kahriz); 3% (well)

AZN 1 000 and AZN 1 100 in
Year 1, inflating at 4%

1% CAPEX versus AZN 5 000
pump replacement, inflating at 4%

Kahriz and well shortfall X AZN 1/m?
0.45 kWh m?*x AZN 0.126 /kWh
AZN 150 per test

18.9 t versus 10.6 t X AZN 2/t
1.2 tversus 0.3 t

100 t/yr x 27 yr XAZN 2
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D. Total economic cost (A+B+C)  AZN 570 296 949 309

E. Monetized benefits

Household waterbill saving AZN 5598 720 0 28800 m¥mox AZN 0.60/m?
Avoided energy cost AZN 719 837 0  Matches pumping line in well column
Avoided CO, from power AZN 5390 0 3400txAZN?2
Export value of freed gas AZN 234 955 0 1.4 Mm®xUSD 100
Absence of tanker cost AZN 0 394 863  Benefit appears only for well
Total benefits AZN 6 558 902 394 863

F. Net benefits (E-D) AZN 5988 606 —554 446

G. Economic NPV AZN 2 358 388 —289 979 Discounted net cashflow, r = 8%

H. Internal rate of return % 189 -

4.2.5. Sensitivity check

Discount rate sensitivity check

The discount-rate test confirms that the economic ranking of the two technologies is insensitive to
plausible changes in the social rate of time preference (Table 9). Under the base-case discount factor
of 8 per cent, the rehabilitated kahriz yields an NPV of AZN 2.35 million, whereas the electrically
pumped well returns —~AZN 0.29 million. Raising the real discount rate to 10 per cent — approximately
the upper end of rates used in recent public-investment appraisals in Azerbaijan — reduces the
present value of all long-run cash-flows, but the kahriz still registers a strongly positive NPV of
AZN 1.97 million. At 12 per cent, the kahriz NPV falls further to AZN 1.68 million, yet remains an
order of magnitude larger than its capital cost and far above zero. In contrast, the well’s NPV remains

negative at every tested rate.

Table 9. Discount rate sensitivity check

Base case Scenario A Scenario B
Discount rate
8% 10% 12%
Kahriz Subartesian Kahriz Subartesian Kahriz Subartesian
NPV (AZN) 2 358 388 -289 979 1974 285 -262 499 1681304 —241 655
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Drought sensitivity check (for kahriz)

For the mild drought case, the monthly discharge is reduced by 40 percent in June and July,
50 per cent in August and 30 per cent in September, reducing the annual volume by 13 per cent.
In the severe drought scenario, the flow reductions deepen to 70 per cent for June—August and
60 per cent for September, reducing the annual volume by 23 percent. The results in Table 10
indicate that kahriz systems consistently outperform subartesian wells under all drought scenarios
in terms of economic viability. In the base case without drought, the kahriz shows a positive NPV of
AZN 2.36 million and net benefits of AZN 5.99 million, while the subartesian well records a negative
NPV of —AZN 0.29 million and net losses of ~AZN 0.55 million. Under mild drought conditions, both
technologies experience a decline in economic performance; however, the kahriz remains strongly
positive with an NPV of AZN 1.57 million and net benefits of AZN 4.05 million. In contrast, the
sub-artesian well moves into a modestly positive range, with an NPV of AZN 0.20 million and net
benefits of AZN 0.66 million. Under severe drought, the economic returns of both systems decrease
further, yet the kahriz continues to demonstrate higher resilience, maintaining a positive NPV of
AZN 0.97 million compared with AZN 0.58 million for the subartesian well. Overall, the analysis
suggests that while drought reduces the benefits of the kahriz, it still retains a stronger economic

advantage across all scenarios.

Table 10. Drought sensitivity check (for kahriz)

Base case Mild drought Severe drought
Discount rate
1 0.87 0.77
Kahriz Subartesian Kahriz Subartesian Kahriz Subartesian
NPV (AZN) 2 358 388 -289 979 1572 527 201 104 968 020 578 860
Net benefits (AZN) 5988 606 —554 446 4 048 504 657 822 2 556 119 1590 336

4.3. Ganja—Dashkasan Economic Region

4.3.1. Background information

The Ganja—Dashkasan economic region is one of Azerbaijan’s traditional kahriz heartlands. Community
surveys reveal that 28—30 kahrizes are still identifiable in Goranboy alone, and residents overwhelmingly
favour their rehabilitation over the drilling of new wells. Yet intensive bore-well development — 986
wells are already registered in the district — has lowered groundwater levels and reduced kahriz
discharge in several villages.

The region therefore presents a mixed picture: large numbers of legacy kahrizes valued for their
low-cost, high-quality water, but increasingly underperforming because of unregulated well drilling and
sedimentation. At the same time, households already incur considerable cash and time costs to secure
supplementary water. These characteristics make Ganja—Dashkasan well suited for a comparative
cost-benefit analysis that weighs the rehabilitation of one representative kahriz against drilling a new
subartesian well, capturing both the economic savings from reviving a gravity-fed source and the

potential penalties when kahriz flow is insufficient and expensive tanker water must be purchased.
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Technical indicators

Table 11. Technical parameters

Parameter Units Kahriz Subartesian well
Service life years 27 27
Water flow per sec litres 19 24
Daily water flow m?3/day 1680 2 040
Annual decline % 0.005 0.02
Average monthly flow m? 50 400 61200
Total volume over 27 yrs m3 16.31 million 19.78 million
Households served hh 1000 1000
Household size persons 4 4
Monthly water demand m? 40 000 40 000

The technical parameters selected for Ganja—Dashkasan position the region midway between the
two areas already analysed. Initial discharge is higher than in Karabakh and slightly above that in
Gazakh—Tovuz, yet the settlement structure and household-demand profile remain essentially the
same. In particular during the survey, it was discovered that the monthly water costs are around
AZN 30, which still justifies our assumption of a 10 m*® monthly consumption norm per person.

The representative kahriz is assumed to restart at 19 I/s, equivalent to 1,680 m?/day, while the matching
subartesian well is sized at 24 I/s (2,040 m*/day). The higher initial flow rate for the subartesian well
reflects expert input from ASWRA, which indicated that newly constructed subartesian wells in
comparable regions are generally designed with greater pumping capacity. This difference arises from
the mechanical pumping capability of subartesian systems, which allows operators to abstract water
at a faster rate. Figures for the kahriz arise directly from flow measurements taken in Naftalan and
Goranboy and reports from the relevant government agencies. In both cases, the annual deterioration

rates mirror the earlier studies.

Scaled over the 27-year appraisal horizon, the kahriz delivers 16.31 million m?, while the well reaches
19.78 million m®. Because the service catchment is fixed at 1,000 households of four persons, monthly
domestic demand remains at 40,000 m?3, identical to the benchmarks for Gazakh—Tovuz and Karabakh.
The rehabilitated kahriz therefore supplies all domestic needs in an average year, leaving a modest

margin, whereas the well can cover the entire requirement and provide an even larger surplus.

These volumes sit neatly between the earlier cases. Compared with Gazakh—Tovuz (15 I/s kahriz,
19 I/s well), both technologies enjoy greater flow, implying higher tariff savings for households, but
also higher pumping costs for the well. Relative to Karabakh (11 I/s kahriz, 15 I/s well) the discharge
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advantage is even more pronounced, which means the tanker-water penalty that undermined the
kahriz in severe Karabakh droughts will be smaller here. In other words, the Ganja—Dashkasan region

should yield cost-benefit results that favour the kahriz more strongly than in Karabakh.

4.3.2. Economic assumptions and environmental costs

Table 12. Environmental costs

Subartesian

Parameters Units Kahriz Notes
well

Emissions

Emlss!c.m (liurlng t 18.9 10.6 Construction phase; occurs in Year 0

rehabilitation

Em|5.5|on during major t 1.2 0.3 Diesel for compressor / pullout rig

repairs

Emission during pumping t/year 0.0 155.0 Grid electricity for depthpump
Environmental costs

Carbon shadow price AZN/i 2.0 2.0 Proxy: Ukraine carbontax rate, rounded up

Cost of rehab emissions ~ AZN (Year 0) 378 21.2 189t x AZN 2;10.6t x AZN 2

Cost of repair emissions AZN (each 24 0.7 12t xAZN 2,03t x AZN 2

4 years)
Cost of pumping
- AZN (annual) 0.0 310 155t x AZN 2
emissions

Applying carbon cost converts the construction footprint into an economic cost of AZN 37.8 for
the kahriz and AZN 21.2 for the well in Year O, while operating-phase emissions add AZN 2.4 every
fourth year to the kahriz ledger and AZN 0.7 a year to the well ledger. A subartesian well consumes
approximately 330,480 kWh of electricity annually. Based on an average energy mix, producing this
electricity requires about 79,315 m*® of natural gas (calculated at 240 g of natural gas per kWh
after technical losses). This results in annual pumping-related emissions of roughly 155 t CO?2
(79,315 * 1.95/1,000), corresponding to an annual carbon cost of AZN 310 at the applied carbon
price benchmark.

4.3.3. Benefits and costs

Costs structure

Capital expenditure. The kahriz rehabilitation budget of AZN 109,228 is taken directly from
the unit cost schedules in the 2024 IOM report. Both estimates carry a contingency allowance
— 10 per cent for the kahriz and 3 per cent for the well — bringing total CAPEX to AZN 120,151 and
AZN 97,850 respectively. Based on the local drilling contractors’ recommendations and reports from
the relevant government agencies, we budgeted AZN 95,000 for a 150-metre borehole and pump
assembly, compared with AZN 90,000 in the Ganja—Dashkasan economic region.
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Operating expenditures. Routine cleaning and administrative maintenance are budgeted at
AZN 1,000 and AZN 1,100 for kahriz and subartesian well respectively in Year 1, escalating with
general inflation (based on the recommendations of ASWRA experts and international experience) of
4 per cent. In the absence of asset-specific maintenance records for kahriz systems, this analysis adopts
a major repair cost equivalent to 1 per cent of the base CAPEX, occurring once every four years
(AZN 7,245 over 27 years). This figure is consistent with ranges applied in international cost—benefit
analysis practice for long-lived infrastructure, where annualized repair and renewal costs are typically
estimated at 1-2 per cent of CAPEX when empirical data are unavailable (European Commission,
2014). For the well, pump replacement will cost AZN 5,000 over the three-year cycle, reflecting
supplier quotations. While the kahriz incurs no energy expense, the well consumes approximately
0.45 kWh/m?. Multiplying this rate by the lifetime production volume and by the regulated
service-sector tariff of AZN 0.126 /kWh yields a cumulative electricity bill of AZN 1,112,475, which
dominates the well’s operating ledger.

Environmental costs. Life-cycle greenhouse-gas emissions are taken from the Humbatova (2023)
study. Rehabilitation releases 18.9 t CO,-eq for the kahriz and 10.6 t CO,-eq for the well; subsequent
major repairs add 1.2t and 0.3 t CO,-eq every four years. Annual pumping is responsible for an
additional 155t CO,-eq in the well scenario, whereas the kahriz remains emission-free during
operation. Using a shadow carbon price of AZN 2 /t gives environmental debits of AZN 52 for the
kahriz and AZN 8,330 for the well over the appraisal horizon.

4.3.4. Benefit valuation

The largest monetary gain from rehabilitating the kahriz in Ganja—Dashkasan is the elimination of
the household water bill. At a regulated tariff of AZN 0.60 /m* and a monthly demand of 40,000 m?,
households collectively pay AZN 7,776,000 in present-value terms over the 27-year horizon; once
gravity-fed supply is restored, this entire outlay is avoided and therefore enters the kahriz ledger

as a benefit.

Because the upgraded kahriz meets the statutory norm throughout the year, no supplementary tanker

water is required, so the model assigns zero tanker-water benefit to both options in this region.

Energy-related benefits accrue exclusively to the kahriz: by displacing the electrically pumped well
the community avoids 8.89 million kWh of consumption, a saving valued at AZN 1,112,475. Given
that approximately 90 per cent of Azerbaijan’s electricity is gas-fired, that displacement frees roughly
2.13 million m® of natural gas and prevents 4,165 t CO,-eq from entering the atmosphere. Even
at the deliberately low carbon shadow price of AZN 2/t, the avoided emissions add a further
AZN 8,330 to the benefit stream. If the liberated gas is marketed abroad at the present contract
price of USD 100/1,000 m? — well below recent spot levels, but representative of SOCAR'’s long-term
sales — the State captures an additional AZN 363,112.
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Adding these components, the total benefit for the kahriz reaches AZN 9,259,917, whereas the
subartesian well, lacking tariff and energy savings, records no comparable monetary benefit in

this category.

Economic Results

The Ganja—Dashkasan parameter set produces the most decisive result of the three regional
studies. With a total cost of AZN 174,826 and benefits of AZN 9.26 million, the rehabilitated kahriz
generates net benefits of AZN 9.0 million, an economic NPV of AZN 3.61 million, and an internal
rate of return of 285 per cent. The project recovers its entire capital outlay in well under a year and
delivers a benefit—cost ratio of roughly 50 to 1.

The subartesian well tells the opposite story. Even after lowering its capital cost to AZN 97,850
— reflecting easier drilling conditions than in Karabakh — the well’s value of outlay climbs to
AZN 1.32 million, dominated by a lifetime electricity bill of AZN 1.11 million and associated carbon
charges. Because the design flow fully satisfies domestic demand, the well accrues no tariff-saving
benefit and avoids no tanker-water cost. Its NPV is ~AZN 0.58 million with no meaningful internal

rate of return.

Severalfactorsexplainthestark divergence. First,thekahriz's higherinitialdischarge—19 I/s,the strongest
of the three regions — translates into the full household-tariff saving of AZN 7.78 million without
triggering a tanker-water penalty. Second, zero energy consumption means the kahriz avoids both
the AZN 1.11 million electricity cost and the AZN 8,330 carbon charge that weigh down the
well. Third, the well's modest capital advantage (AZN 22,000) is trivial relative to its 30-year operating
burden. Compared with Gazakh—Tovuz, where the well’s larger benefits offset some of its cost, and
Karabakh, the Ganja—Dashkasan numbers leave no room for ambiguity: the gravity-fed system offers

the overwhelmingly superior economic and environmental proposition.

The implication for policy is straightforward. In districts where kahriz discharge approaches 20 I/s
and household density is around 1,000 families per source, rehabilitation is not merely cost-effective;
it is the only strategy that delivers positive social value. Subartesian wells should be reserved for
exceptional circumstances where no viable kahriz line exists or where industrial users, willing to pay

the full energy cost, require high-pressure supply.



Table 13. Costs and Benefits calculations

COST-BENEFIT ANALYSIS OF KAHRIZES AND SUBARTESIAN WELLS

Kahriz

Subartesian

Component Units (rehabilitation)  well (new build) Notes/source
A. Capital expenditure (CAPEX)
Base CAPEX AZN 109 228 95 000 IOM unit cost; district drilling
cost for 150 m borehole
Contingency allowance AZN 10 923 2850 2v(\)/§|)0f CAPEX (kahriz); 3%
Total CAPEX AZN 120 151 97 850
B. Operating expenditure (OPEX)
Cleaning/ AZN 1 000 and AZN 1 100 in
maintenance AZN 47084 51793 Year 1, inflating at 4%
Major repairs (4yr cycle for 1% CAPEX versus
jor repairs (ayr ¢ , AZN 7 245 52914 AZN 5 000 pump replacement,
kahriz and 3-yr for subartesian) o o
inflating at 4%

. Kahriz and well shortfall
Alternativewater purchase AZN 0 0 x AZN 1/m? (based on survey)
Energy (pumping) AZN 0 1112475 0.45 kWh/m?* x AZN 0.126 /kWh
Waterquality test (4yr) AZN 900 900 AZN 150 per test
Total OPEX AZN 55229 1218 081

C. Environmental costs
Construction CO, AZN 38 21 18.9 t versus 10.6 t x 2 AZN/t
Repair CO, (4yr) AZN 15 4 1.2 tversus 0.3 t
Pumping CO, (27-yr) AZN 0 8330 155 thyr x 27 yr x AZN 2
Total environmental cost AZN 52 8 355

D. Total economic cost (A+B+C)  AZN 175 433 1324 287

E. Monetized benefits
Household waterbill saving AZN 7 776 000 0 40 000 m* /mox AZN 0.60/m?

. Matches pumping line in well
Avoided energy cost AZN 1112 475 0
column

Avoided CO, from power AZN 8330 0 3400t x AZN 2
Export value of freed gas AZN 363 112 0 2.1 Mm?3 x USD 100/1,000 m?
Absence of tanker cost AZN 0 0 Benefit appears only for well
Total benefits AZN 9259917 0
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F. Net benefits (E — D) AZN 9 084 484 -1 092 419
G. Economic NPV AZN 3611598 -588 828 Discounted net cashflow, r = 8%
H. Internal rate of return % 285 -

4.3.5. Sensitivity check

Discount rate sensitivity check

Varying the social discount rate confirms that the ranking observed in the base case is insensitive to
plausible changes in the cost of public capital. At the reference rate of 8 per cent, the rehabilitated
kahriz posts a net present value of AZN 3.61 million, whereas the sub-artesian well shows a
negative NPV of —AZN 0.58 million. Raising the rate to 10 per cent trims the present value of every
future cash flow; the kahriz NPV falls to AZN 3.0 million, while the well’s loss narrows slightly to
— AZN 0.51 million because its electricity and pump-replacement costs — both heavily back-loaded —
are now more sharply discounted. A further increase to 12 per cent reduces the kahriz NPV to
AZN 2.59 million and that of the well to —~AZN 0.45 million.

Although the absolute margin between the two technologies declines as the discount rate rises, the
kahriz retains a consistently positive surplus that remains an order of magnitude larger than its capital
cost, whereas the well never crosses into positive territory. The reason is that the kahriz's main
benefit — household tariff savings — begins accruing immediately and carries no corresponding energy
cost, so even heavy discounting leaves a large net gain. By contrast, the mechanically pumped well
faces a substantial stream of operating expenditures that extend far into the future; discounting those

costs makes the project less negative, but never enough to outweigh its capital outlay.

In practical terms, the rehabilitated kahriz would continue to satisfy public-investment screening
criteria even if Azerbaijan were to adopt a real discount rate 50 per cent higher than the Central
Bank’s refinancing benchmark, whereas the subartesian well would remain economically unattractive

under any conventional rate assumption.

Table 14. Discount rate sensitivity check

Base case Scenario A Scenario B
Discount rate
8% 10% 12%
Kahriz Subartesian Kahriz Subartesian Kahriz Subartesian
NPV (AZN) 3611598 -588 828 3032798 -511 631 2 591 377 —452 895
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Drought sensitivity check (for kahriz)

For the mild drought case, the monthly discharge is reduced by 40 per cent in June and July, 50 per cent
in August and 30 per cent in September; on an annual basis, this is equivalent to a 13 per cent fall in
total volume. Under the mild drought profile (annual volume x 0.87), the kahriz’s physical output still
meets the community’s statutory demand, so household tariff savings and energy-avoidance benefits
are unchanged; both the net-benefit total (AZN 9.0 million) and the economic NPV (AZN 3.61 million)
are identical to the base case. The well’'s variable cost structure also remains unchanged, leaving its
NPV at —AZN 0.58 million.

In the severe drought scenario, the flow reductions deepen to 70 per cent for June—August and
60 per cent for September, reducing the annual volume by 23 percent. In the severe drought
scenario (annual volume x 0.77), kahriz benefits fall marginally to AZN 8.45 million and NPV to
AZN 3.36 million — a reduction of barely 7 per cent — because the reduced flow slightly lowers the
volume of household benefit and increases the cost of alternative water sources. The mechanically
pumped well gains a modest advantage: the economic loss narrows (alternative water cost of
kahriz is the benefit of subartesian) from —AZN 0.59 million to —AZN 0.43 million. Nevertheless,
the well remains firmly in negative territory and the kahriz continues to post an NPV more than
AZN 3 million higher.

These results demonstrate that, in Ganja—Dashkasan, the rehabilitated kahriz is highly drought resilient:
even a 23 per cent reduction in annual discharge leaves it with a large positive surplus, whereas the

well cannot achieve economic viability under any of the tested stress levels.

Table 15. Drought sensitivity check (for kahriz)

Base case Mild drought Severe drought
Discount rate
1 0.87 0.77
Kahriz Subartesian Kahriz Subartesian Kahriz Subartesian
NPV (AZN) 3611598 -588 828 3611598 -588 828 3359133 —430 213
Net benefits (AZN) 9 084 484 -1 324 287 9 084 484 -1 324 287 8 458 382 -929 909
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Conclusions and Recommendations

The cost-benefit analysis across the Ganja—Dashkasan, Gazakh—Tovuz and Karabakh economic
regions demonstrates the consistent economic advantage of rehabilitated kahrizes over subartesian
wells. Kahrizes deliver substantial net benefits at lower operational costs, while avoiding the significant
electricity demand associated with pumped systems. Over a 27-year life cycle, kahrizes provide reliable
water supply volumes close to household demand levels, with lower maintenance costs compared

with subartesian alternatives. The results are summarized below:

* Economic returns (per asset, 27-year horizon). Kahriz NPV ranges over AZN 2.36—
3.61 million, with net social benefits of AZN 5.99—9.08 million and IRR of 190-285 per cent.
By contrast, subartesian wells show negative NPVs (-AZN 0.59 million to —AZN 0.29 million)
and net losses (-AZN 1.09 million to —AZN 0.55 million), driven mainly by lifetime
electricity costs.

* Energy and emissions. Opting for a kahriz instead of a well avoids 214-330 MWh of grid
power each year, which corresponds to 100-155 t CO,/year; over 27 years that is 2,700—
4,200 t CO, avoided per asset. The same switch frees 1.4-2.1 million m® of natural gas over
the life cycle. These avoided emissions support Azerbaijan’s revised Nationally Determined
Contribution to reduce economy-wide greenhouse gases by 40 per cent by 2050 compared
to the base year (1990) (Ministry of Energy of the Republic of Azerbaijan, 2024).

* Household bills. Restored kahrizes eliminate the domestic water-tariff outlay, delivering
AZN 5.60-7.78 million in bill savings per installation over 27 years. As electricity costs rise
(a key driver of utility water tariffs), these household savings — and the kahriz’s overall cost
advantage — are likely to increase further.

+ Service adequacy. Kahrizes meet virtually all domestic demand across the study area; the
only shortfalls arise in two regions and sum to 0.77 million m? over 27 years (2% of cumulative

demand) — manageable with modest storage or rotational supply.

Policy implications

The government needs to adopt a kahriz-first investment strategy wherever feasible alignments and
recharges exist. It maximizes social returns, slashes recurrent costs and delivers material, measurable
emissions cuts. Subartesian wells should be used as targeted complements (e.g. where no viable
kahriz corridor exists or to bridge seasonal gaps), and when they are used, they should be paired with
high-efficiency pumps, and, where practical, on-site renewables to contain OPEX and emissions. In
the longer term, if subartesian wells are retrofitted to run on on-site solar PV (with storage and/or
grid backup), their operating profile would change materially — electricity costs and pumping-phase
emissions would fall, and the well’s NPV could improve. In that scenario, the CBA should be rerun
with PV-specific inputs (PV and battery CAPEX, replacement cycles, OPEX at 1-2% of CAPEX,
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capacity factor, residual grid purchases). At present, such systems are not yet widely feasible or
deployed in the study districts, so the base case remains grid-powered wells. If and when PV pumping
is adopted, any utility bill savings achieved at well sites could be allocated to fund additional kahriz
rehabilitation, preserving the kahriz-first strategy while leveraging cleaner energy for the limited wells
that are still needed.

Non-monetary considerations

Several qualitative factors reinforce the numerical result:

* Cultural heritage and social capital. Kahrizes are not merely hydraulic structures; they are
part of the region’s intangible heritage, often listed as community landmarks and maintained
through traditional rota systems. Their restoration strengthens social cohesion and local
stewardship, benefits that cannot be as readily attached to a mechanized well.

* Groundwater sustainability and land stability. Kahrizes abstract water at the aquifer’s
natural discharge rate, maintaining hydraulic equilibrium and avoiding drawdown. Large-scale
pumping, by contrast, risks lowering the water table, inducing land subsidence and damaging
nearby springs — a problem already recorded in parts of central Azerbaijan.

* Maintenance risk. A kahriz's main failure mode is gradual silting, which local labour can
remedy at low cost. Pumped wells are vulnerable to sudden mechanical breakdown; a
burnt-out motor or corroded column pipe can cut supply for weeks and demands skilled

repair crews and imported parts.
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