
This slide deck includes examples of various SAVi applications

1. Energy infrastructure in the Netherlands
2. Irrigation infrastructure in Tanzania
3. Road infrastructure in Morocco
4. Energy infrastructure in Senegal
5. Public transportation infrastructure in Senegal
6. Built and nature-based infrastructure for lake nature conservation in 

Canada
7. Built and nature-based infrastructure for lake conservation in India
8. Lake restoration in Sri Lanka
9. Public Bike-sharing System in India
10. National Green Economy Planning in Georgia

Coming soon:
• Energy & mining infrastructure in South Africa 
• Wetland conservation in Italy 
• Wetland conservation in Senegal
• Energy infrastructure in Germany 
• Energy infrastructure and river restoration in Albania
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1. THE SUSTAINABLE ASSET VALUATION (SAVi) of the 

9.5 GW OFFSHORE WIND FARM (THE NETHERLANDS)
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Profile of the asset

• Large-scale project plan: Assessment 
based on 9.5 GW capacity from offshore 
wind

• Total production: 39,946 GWh/Year

• Location: North Sea, The Netherlands 

• Timing of investments:
• Construction period: 2020-2030 

• 2020-2024: 700 MW / year
• 2025-2030: 1 GW / year

• Replacement period for poles, 
turbines and blades: 2050-2080

Overview: Offshore wind farms in the North Sea

Existing wind farms

Routekaart Area for wind farms: 2023

Routekaart Area for wind farms: 2030

Other areas for wind farms

Color coding for the image: 
Red    = existing windfarms
Blue   = windfarms to be built before 2023 (Borssele fully 
tendered, HK Zuid first half tendered, second half tendered this year, HK Noord 
tendered 2019)

Green = areas 2024-2030 
(first 3 x 700 HK West and northern area, then 4 x 1000 IJmuiden-ver)

Yellow = undecided designated areas
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Comparison to other energy technologies

• The valuation of externalities was compared to: coal, gas, biomass, onshore wind, 

photovoltaic (PV) solar, hydropower and nuclear (assuming the same electricity 

generation for all technologies).

• The financial performance of the offshore wind asset was compared to a coal fired 

power plant of the same electricity generation, under 4 different scenarios
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Valuation of Externalities 

Externalities / Technologies Wind (off) Coal Gas Nuclear Biomass Hydro Solar Wind (on)

Income spending 2.42 1.25 1.59 1.60 5.59 1.53 4.74 1.56

Military base Petten - 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fisheries - 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sand mining - 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Recreation - 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Real estate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Land use 5.63 -2.03 -0.12 -0.27 -840.37 -34.21 -18.48 -1.74

Waste management 0.00 0.00 0.00 -19.00 0.00 0.00 0.00 0.00

Valuation of emissions 0.00 124.22 37.15 0.09 24.43 0.00 0.00 0.00

• The positive valuation of “Income spending” indicates the generation of additional employment and related discretionary spending (a portion of 
the additional income generated) in The Netherlands

• The negative valuations “Military Base”, “Fisheries” and “Sand mining” are lower than initially expected
• The positive valuation in “Land use” indicates the opportunity cost of land as the wind asset is located offshore
• The valuation on “Recreation” is negative given that the turbines are visible from the shore. 
• Real estate is neutral because no change in real estate value has been observed in coastal areas. 

The table below shows the valuation of externalities in EUR/MWh for the offshore wind asset compared to 
other energy technologies.

Valuation of emissions: Valuation of CO2, PM2.5, SO2, and NOx emissions based on 
their costs on human health. 
Labor income: Income spending from additional employment created, average income 
per worker and share of discretionary income spent in the Netherlands.
Land use: Opportunity costs of land used for power generation. This is calculated 
based on the productivity per hectare of agriculture land and the land required for 
generating the same electricity output as the offshore wind park.  
Loss of fisheries: Losses in revenues for the fishing industry. 
Recreation: Impacts on tourism and recreational revenues. This includes impacts on real 
estate prices in Ijmuiden and the surrounding coastal areas.  
Sand mining: The construction of wind farms will constrain the ability to harvest sand.  
Seaweed: Farming seaweed between the wind turbines can become a new industry.  

Discussion on the externalities:
Income spending is generally higher for the technologies that create most jobs. The 
higher the labor intensity, the higher the income created, and spending.
The military base at Petten, fisheries, sand mining and recreation are coastal, and 
are assumed to be affected only by offshore wind farms.
Impacts on real estate value are included in the model, but the location of power 
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generation capacity is crucial. While studies have shown there is no impact on real 
estate value in the case of offshore wind in the North Sea, no estimates are available 
for other technologies.
Land use is estimated for all technologies. Offshore wind allows to scale up 
production of seaweed, and hence show a positive value. All other technologies 
would require changes to the current land cover, with the consequence of avoiding 
the economic activities that are currently taking place on this land (e.g. agriculture).
Waste management is calculated specifically for nuclear power, and represents the 
cost for ensuring a safe operating environment, and costs related to the management 
of nuclear waste.  
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Financial performance of the asset under 4 scenarios

Scenario 1: Business as Usual (BAU)

Scenario 2: BAU with a correction for the externalities identified 
by Rijkswaterstaat

Scenario 3: BAU with a correction for externalities, plus a climate 
change scenario of an increase in air temperature by 1.5 °C

Scenario 4: BAU with a correction for externalities, plus a climate 
change scenario of air temperature increase of 1.5 °C, plus the 
impact of a carbon tax of 16.27 EUR/MWh
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Physical Risk: An increase in temperature of 1.5°C in the 
Netherlands 
The global temperature increases by 2°C (as forecasted by the IPCC), resulting in a 
1.5°C increase in the Netherlands.

Transitional Risk: Carbon Tax
A carbon tax of €16.27/MWh is imposed throughout the operation of the North Sea 
offshore wind asset. The total burden of the carbon tax is estimated by multiplying 
electricity generation by its CO2 intensity, and by the tax per ton of CO2.

Climate risk scenarios that impact the financial 

performance of the asset
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SAVi simulates how the different scenarios affect the 
Levelized Cost of Electricity (LCOE)

All values expressed in EUR/MWh

 Scenarios Offshore wind  Coal  

Scenario 1: Business as usual CBA* 
With cost of financing 

72.93 46.08 

Scenario 2: Business as usual CBA, SAVi+** 65.22 171.08 

Scenario 3: Business as usual CBA, SAVi+, 
1.5°C temp increase 65.22 171.77 

Scenario 4: Business as usual CBA, SAVi+, 
1.5°C, carbon tax of  16.27 EUR/MWh  65.22 185.92 

 
*Cost Benefit Analysis
**Externalities listed previously

Offshore wind is more expensive than coal when externalities are not considered.  This is mainly because the 
offshore wind project has larger capital costs, and this increases the cost of financing. However, when the 
LCOE is corrected for the externalities, we see that the LCOE for wind decreases to 65 Euros per MWh and 
coal increases to 171 Euros per MWh. When we take climate change-related risks into account, the LCOE 
for coal increases even further to 186 Euros per MWh. The LCOE for offshore wind remains stable at 65 
Euros per MWh.
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Scenarios
IRR Offshore
wind

IRR Coal plant
comparator

Difference in IRR

Scenario 1: Conventional assessment (CA) 14.39% 23.43% - 9.04%

Scenario 2: CA, SAVi+ 16.61% 3.89% + 12.71%

Scenario 3: CA, SAVi+, 1.5°C temp. increase 16.61% 3.85% + 12.76%

Scenario 4: CA, SAVi+, 1.5°C, carbon tax 16.61% 0% + 16.61%

SAVi simulates how the different scenarios affect 
Internal Rate of Return (IRR)

The IRR for the offshore wind project is significantly higher than the IRR for the coal plant when we consider 
the externalities and climate change-related risks. The difference in IRR is around 12 per cent. Under the 
scenario 4, the difference in IRR increases to more than 16 per cent and the IRR of the coal plant falls close to 
zero. 
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How the different scenarios affect Equity Net Present 
Value (NPV) 
Scenarios 2-4 demonstrate that the North Sea offshore wind asset has a higher equity NPV. This indicates 
better profitability of the renewable asset when externalities and climate risks are included.

Scenarios NPV Offshore wind
(EUR Mio)

NPV Coal plant comparator 
(EUR Mio)

Difference in NPV
(EUR Mio)

Scenario 1: Conventional assessment (CA) 5,224 13,119 - 7,894

Scenario 2: CA, SAVi+ 8,094 - 1,851 + 9,944

Scenario 3: CA, SAVi+, 1.5°C temp. increase 8,094 - 1,876 + 9,970

Scenario 4: CA, SAVi+, 1.5°C, carbon tax 8,094 - 3,827 + 11,920

Under Scenario 1, the coal power plant comparator has a higher equity NPV than North Sea offshore wind
asset, suggesting that the coal option is more profitable for project sponsors.

However, under Scenarios 2, 3, 4 when the costs of externalities measured by SAVi, the physical climate risks
(water and air temperature increase) and transitional climate risks (carbon tax of EUR 16.27 / MWh), are
included, the North Sea offshore wind asset has a significantly higher NPV, demonstrating the financial
attractivness of the renewable option.
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How the different scenarios affect the Minimum Debt 
Service Coverage Ratio (DSCR)

Scenarios DSCR Offshore wind DSCR Coal plant comparator Difference in DSCR

Scenario 1: Conventional assessment (CA) 1.45x 2.75x - 1.30x

Scenario 2: CA, SAVi+ 1.58x 1.00x + 0.58x

Scenario 3: CA, SAVi+, 1.5°C temp. increase 1.58x 0.99x + 0.59x

Scenario 4: CA, SAVi+, 1.5°C, carbon tax 1.58x 0.16x + 1.42x

Under Scenario 1, the coal power plant comparator has a higher minimum DSCR than the North Sea
offshore wind asset, indicating that the cash flows of the coal option can service its debt obligations easier.

However, under Scenarios 2,3,4 when the costs of externalities measured by SAVi, the physical climate risks
(water and air temperature increase) and transitional climate risks (carbon tax of EUR 16.27 / MWh), are
included, the North Sea offshore wind asset has a higher DSCR ratio. At the some time, the minimum DSCR
of the coal plant falls below the important DSCR lockup ratio of 1.15x. Reaching the lockup ratio raises a
red flag for lenders and potentially trigger relevant debt covenants (e.g. cash sweeps, etc.) to ensure that
the investments of senior leaders are not affected by a temporary drop in cash flows.
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The average debt service coverage ratio (DSCR), indicating the financial robustness of the project during the
tenor of the loan, is higher for the coal power plant comparator under the base case scenario. However, when
the cost of externalities measured by SAVi, the physical climate risks (water and air temperature increase) and
transitional climate risks (carbon tax of 16.27 EUR/MWh) are included then the wind project has a higher
average DSCR. Under Scenario 4, the average DSCR falls significantly below 1.00x for the coal plant
comparator, suggesting that the cash flows are consistently insufficient to service debt obligations. Coals is
therefore not a viable investment.

How the different scenarios affect Average Debt Service 
Coverage Ratio (DSCR)
Scenarios 2,3,4 demonstrate that the North Sea offshore wind asset has a higher average DSCR, indicating that the 

project revenues can comfortably cover debt payments.

Scenarios DSCR Offshore wind DSCR Coal plant comparator Difference in DSCR

Scenario 1: Conventional assessment (CA) 2.35x 3.48x - 1.13x

Scenario 2: CA, SAVi+ 2.58x 1.17x + 1.40x

Scenario 3: CA, SAVi+, 1.5°C temp. increase 2.58x 1.16x + 1.41x

Scenario 4: CA, SAVi+, 1.5°C, carbon tax 2.58x 0.22x + 2.35x
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How the different scenarios affect Minimum Loan Life 
Coverage Ratio (LLCR)

Scenarios
LLCR Offshore
wind

LLCR Coal plant
comparator

Difference in 
LLCR

Scenario 1: Conventional assessment (CA) 1.72x 3.23x - 1.51x

Scenario 2: CA, SAVi+ 1.88x 1.08x + 0.80x

Scenario 3: CA, SAVi+, 1.5°C temp. increase 1.88x 1.07x + 0.81x

Scenario 4: CA, SAVi+, 1.5°C, carbon tax 1.88x 0.17x + 1.71x

Scenarios 2,3,4 demonstrate that the North Sea offshore wind asset has a more attractive minimum LLCR 
ratio. Note the differences in the final column.

Under Scenario 1, the coal power plant comparator has a higher minimum LLCR than the North Sea offshore 
wind asset, indicating that the cash flows of the coal option can service its debt obligations easier.

However, under Scenarios 2,3,4 when the costs of externalities measured by SAVi, the physical climate risks 
(water and air temperature increase) and transitional climate risks (carbon tax of EUR 16.27 / MWh), are 
included, the North Sea offshore wind asset has a higher LLCR ratio. At the some time, the minimum LLCR of 
the coal plant falls below the important LLCR lockup ratio of 1.10x. Reaching the lockup ratio raises a red 
flag for lenders and potentially trigger relevant debt covenants (e.g. cash sweeps, etc.) to ensure that the 
investments of senior leaders are not affected by a temporary drop in cash flows.
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How the different scenarios affect employment and 
emissions

Scenarios Wind (off) Coal Gas Nuclear Biomass Hydro Solar Wind (on)

Employment (FTE/year) 2,783 1,244 2,466 2,055 9,748 1,658 9,999 2,960

Emissions-fuel (Mn Tonne) - 1,652.0 731.6 - - - - -

Emissions-lifecycle 
(Mn Tonne)

19.6 1,661.5 745.1 7.1 8.2 4.7 56.2 31.4

• The results show that biomass and solar power would be by far the most labor intensive, but only when considering 
that feedstock would be locally produced, as well as all solar panels locally manufactured. Offshore wind considers 
26% of jobs created locally.

• Emissions are primarily generated when burning fuel in conventional thermal power generation, with lifecycle 
emissions for the manufacturing of power generation capacity being comparatively very small.

The table below illustrates the impact of the different scenarios on projected employment creation (estimated for
construction, operation and maintenance process) and emissions (calculated for operations and over the lifecycle of
the asset, considering the manufacturing of power generation capacity).
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Summary of results

Scenario 1: Business as Usual (BAU)
Under the business-as-usual scenario, coal emerged 
as the most profitable technology, with a lower 
levelized cost of electricity, higher internal rate of 
return and a more attractive debt service coverage 
ratio and loan life coverage ratio.

Scenario 2: BAU + correction for externalities
When correcting the levelized costs of electricity by 
adding the costs of the externalities, offshore wind came 
in cheaper at 65 Euros per MWh, with coal at 171 Euros 
per MWh. Similarly, the internal rate of return for wind 
increased to 17%, with coal at 4%. 

Scenario 3: BAU + correction for 
externalities, + air temperature increase
Adding the impacts of a higher temperature, offshore 
wind came out as the clear winner with an IRR at a 
steady 17%, while coal fell to 0%. The debt life 
coverage ratio and the loan life coverage ratio of 
coals followed suit and ended up below the lock-up 
ratio of 1.15x and 1.10x respectively.

Scenario 4: BAU + correction for 
externalities, + air temperature increase + 
carbon tax
When adding in a carbon tax, the North Sea offshore 
wind asset has a significantly higher internal rate of 
return (IRR).
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Table 2: Conventional assessment assumptions 

Construction time: 4 years

Operation time: 60 years, turbines built in construction year(n) becoming 
operational in year(n+1)

Construction costs: EUR 25,888,490,000 (foundation, turbines, cables, 
electrics and other costs)

Operational capex: EUR 16,827,517,000 (replacing turbines after 30 
years of use)

Operational expenditure: EUR 16.40 / MWh

Total capacity 9.5 GW

Load factor: 48%

Efficiency: 100%

Price: EUR 90 / MWh

Table 3:  Conventional assessment assumptions 

Gearing target for debt sizing: 70% debt, 30% equity

Credit ratio target for debt sizing: LLCR: 2.00x ; DSCR: 1.30x

Senior debt tenor: 20 years (a second 20 year loan will be taken to 
cover the operational capex

Senior debt grace period: 1 year

Senior debt interest margin: during construction: 3.00% ; during 
operation: 2.75 - 3.25%

Senior debt upfront fee: 0.25%

Senior debt commitment fee: 0.75%

Senior debt refinancing: at the end of construction, 2x during 
operations

Repayment terms: Annuity based

The Assumptions 
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Table 3: Conventional assessment assumptions 

Discount rate project: 4.50%

Discount rate equity: 6.50%

Base EUR interest rate: 2018-2019: 0.00% ; 2020: 0.50% ; 2021: 1.00% ; 2022+: 1.50%

Cost escalation: assumed to be factored in the variable Opex

Corporate tax rate: 25%

Accounting depreciation: using straight line depreciation

Tax depreciation: using reducing balance depreciation

The Assumptions 
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2. Applying the Sustainable Asset Valuation (SAVi) Methodology to the 
Southern Agricultural Growth Corridor of Tanzania
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About SAGCOT

• Large-scale agriculture growth corridor: 
350,000 ha of agriculture land of which 
51,800 ha in the Kilombero Valley

• Estimated annual gross revenue USD 35 
mio within first 5 years

• Estimated job creation: 4,500

• However, the agriculture expansion will
put increased pressure on natural
resources in the Kilombero bassin, 
especially in relation to the irrigation 
needs. Figure 1. Land use and geography of the Kilombero Valley, 

Tanzania
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SAVi application on the SAGCOT in relation to irrigation 

infrastructure
SAVi assesses the costs and benefits of water infrastructure (irrigation) under the Southern Agricultural
Growth Corridor of Tanzania (SAGCOT) policy with a comparison between flood and drip irrigation,
including a range of externalities:
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SAVi application on the SAGCOT in relation to irrigation 

infrastructure
 Assessment of the costs of water infrastructure (irrigation) under the Southern Agricultural Growth 

Corridor of Tanzania (SAGCOT) policy with a comparison between flood and drip irrigation

 Cost and Benefits SAGCOT:
 socioeconomic development will yield significant benefits in terms of revenues and employment
 conversion of 52,000 hectare leads to increasing pressure on water resources and biodiversity

• Irrigation investments needed:
• drip irrigation: $46.5 Mn (low cost assumption) up to $74.3 Mn (high cost assumption)
• flood irrigation: $14.8 Mn 

• But additional co-benefits emerge from drip irrigation’s water efficiency: 
• expand agriculture land generating additional $52 Mn in revenues: the increase in water efficiency 

saves around 44.5 million m3 of water annually. This allows to increase the average amount of 
cultivated land by 10,600 hectares. This in turn increases employment with roughly 10,000 
additional jobs
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The analysis demonstrates that only in the case of a low CAPEX scenario (USD 39.21 mio) would the net benefits 
of the use of drip irrigation outweigh those of flood irrigation (USD 12.88 mio).

The implementation of SAGCOT with flood irrigation will lead to a net benefit of USD 
12.88 million compared to USD 39.21 million. The analysis also shows that the 
additional land that can be exploited for agriculture purposes in the case of the use of 
drip irrigation brings with it another additional cost of investment, ranging from USD 
8.23 to USD 15.62 million. The revenue generated because of the additional 
production in the case of drip irrigation is higher (USD 168.61 million) than in the case 
of flood irrigation (USD 117.65 million).
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The internal rate of return (IRR) and net present value (NPV) indicate the financial viability of the project. In other words, they 
calculate whether the project can pay back investors and still generate a sufficient return. Flood irrigation generates a positive IRR 
of 6.20 per cent. Both drip irrigation scenarios, when corrected for the value of the externalities, generate a positive IRR as well. In 
the low capex case, the IRR is 13.42 per cent, significantly higher than the flood irrigation scenario.

The debt service coverage ratio (DSCR) and the loan life coverage ratio (LLCR) indicate the financial health of the project. These 
credit ratios are particularly of interest for lenders as they calculate how easily the cash flows can service the outstanding debt in 
each period. These minimum ratios do not reach the so-called lockup ratio, which is 1.15x for DSCR and 1.10x for LLCR.

Flood irrigation maintains a sufficient level of DSCR and LLCR during the life of the loan with 1.18x and 1.19x. In scenarios 2 and 
3 the credit ratios of both the high and low capex versions outperform the flood irrigation scenario, e.g., minimum DSCR 1.22x and 
2.33x respectively.
Of course, the inclusion of the value of externalities does not make the cash flows less or more robust in reality. The purpose of this 
exercise is to demonstrate that, when taking a high-level macro perspective, sustainability can have a positive impact on the 
financial health of public infrastructure investments.
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By 2030 the implementation of SAGCOT with drip irrigation is estimated to provide 8 per cent more 
employment and 8 per cent more agriculture production and use 14 per cent less water compared to flood 
irrigation.

More information: https://www.iisd.org/sites/default/files/publications/savi-tanzania-sagcot-initiative.pdf
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3. The Sustainable Asset Valuation (SAVi) of the Contournement de Rabat 
(Morocco)
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About the Contournement de Rabat

• The Contournement de Rabat (or Rabat bypass) road project was officially inaugurated
in August 2017. It has a length of 41.1 km and includes the Mohammed VI Bridge, an
important landmark. The toll road was built to improve mobility around the city and
reroute traffic not destined for Rabat.

• SAVi was applied to the Rabat bypass to inform the Autoroute Du Maroc on the costs of
various risks, including climate change risks, and their impact on the overall financial
viability of the project. The SAVi analysis also includes a valuation of several
externalities and demonstrate their impact on the cost, revenues and financial
performance of the road.
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SAVi analysis of the Contournement de Rabat
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SAVi analysis of the Contournement de Rabat
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The SAVi integrated cost–benefit analysis (CBA)
demonstrates that externalities have a significant
impact on the operating costs of the bypass. The
value of time saved and the total cost of accidents
across the different scenarios are particularly high.
For example, in Scenario 2, we observe that a
reduction in maintenance expenditure from EUR 73.64
million to EUR 65.34 million will lead to an increase in
the cost of accidents from EUR 212 million to EUR 236
million. In Scenario 5, we observe the increase in
revenue from EUR 456.10 million to EUR 464.89
million generated by increased heavy vehicle traffic.
This does not, however, offset the costs of the
externalities: the integrated CBA leads to a net loss
of EUR 16.3 million.

The SAVi integrated cost–benefit analysis (CBA) demonstrates that externalities have 
a significant impact on the operating costs of the bypass. The value of time saved 
and the total cost of accidents across the different scenarios are particularly high. For 
example, in Scenario 2, we observe that a reduction in maintenance expenditure 
from EUR 73.64 million to EUR 65.34 million will lead to an increase in the cost of 
accidents from EUR 212 million to EUR 236 million. In Scenario 5, we observe the 
increase in revenue from EUR 456.10 million to EUR 464.89 million generated by 
increased heavy vehicle traffic. This does not, however, offset the costs of the 
externalities: the integrated CBA leads to a net loss of EUR 16.3 million.
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The negative net present value (NPV) means that the
discounted cash flows of the project cannot cover the
capital and operating expenditures. In other words, the
project is not a sound investment for either debt or equity
investors. Under Scenario 6 the traffic decreases due to
frequent climate-related disruptions.

This also results in an additional operational CAPEX (EUR
+7.3 million) as major reconstruction works are needed to
fix the damage done due to climate events. The cumulative
negative effects of climate change are well demonstrated
in the worsening of all financial indicators compared to
Scenario 0.

More information: https://iisd.org/savi/project/southern-agricultural-growth-corridorof-tanzania/
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4. The Sustainable Asset Valuation (SAVi) of the Taiba N’Diaye windfarm 
(Senegal)
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The Sustainable Asset Valuation (SAVi) of the Taiba windfarm (Senegal)About the N’Diaye Wind Farm

The Taiba N’Diaye wind farm has a capacity of 158.7 MW, and will generate around 
400 GWh of electricity per year. The project’s construction phase started in early 2019.

The SAVi assessment consists of:

•  A valuation of externalities related to the project. 
•  A simulation of three scenarios: business-as-usual, a climate risk scenario and a scenario 
that includes climate risks coupled with externalities. 
•  A comparison of the levelized cost of electricity (LCOE) of the wind farm with two 
project alternatives: coal-fired and heavy fuel oil (HFO-) fired electricity generation. 
•  A comparison of carbon dioxide emissions and employment creation for all three 
electricity generation options. 
•  An assessment of the impacts of externalities and climate risks on traditional project 
finance indicators.

The windfarm includes 48 wind turbines and 35 km of internal access roads. When 
fully operational, it will generate 158.7 MW of electricity into the Senegalese grid. It 
will be constructed in the Thiès region of Senegal, northwest of Tivaouane. The land 
on which the turbines will be build was formerly used for agriculture production. 
Around 49.5 ha of land for the project was acquired on a long-term lease from the 
Municipality of Taiba Ndiaye. The project has a lifetime of 20 years. According to the 
documentation by BOS, the total cost of the project, without the cost of financing, is 
around CFA 185 billion (USD 330.36 million) over the 20 years. The expected capital 
cost for the project is CFA 124.5 billion (USD 222.4 million) spread over three years. 
The variable cost is expected to be CFA 7,495 per MWh (USD 13 per MWh). These 
estimates are based on the International Energy Agency’s World Energy Outlook 2014 
for onshore wind projects based in Africa. Following industry best practices, 30 per 
cent of the capital cost is assumed to be financed by equity capital and the remaining 
70 per cent by long-term debt. 
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The Sustainable Asset Valuation (SAVi) of the Taiba N’Diaye windfarm 
(Senegal)

SAVi analysis of the N’Diaye Wind Farm - Externalities
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The Sustainable Asset Valuation (SAVi) of the Taiba N’Diaye windfarm 
(Senegal)

SAVi analysis of the N’Diaye Wind Farm - Scenarios

SAVi simulates 3 scenarios for the wind farm and demonstrates the impact of including 
climate risks and the valuation of the externalities on the financial performance of the 
project. 
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The Sustainable Asset Valuation (SAVi) of the Taiba N’Diaye windfarm 
(Senegal)

SAVi analysis of the N’Diaye 

Wind Farm - Results
The SAVi integrated cost–benefit analysis calculates the
LCOE in CFA/MWh. It demonstrates that HFO fired
electricity generation is the least attractive option
across all indicators, with a total LCOE of CFA 155,728
per MWh (USD 267 per MWh).

It also reveals that, when taking into account climate
risks and externalities, the LCOE of the onshore wind
farm project amounts to CFA 43,266 per MWh (USD
74 per MWh) while the LCOE from coal-fired electricity
generation increases to CFA 52,998 per MWh (USD 91
per MWh).

The calculated externalities, notably the social cost of
carbon, have an even larger impact on the LCOE of
coal-fired electricity generation than the climate risks.
Consequently, electricity generated by wind power
becomes comparatively more affordable.
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SAVi analysis of the N’Diaye Wind Farm - Results

SAVi estimates that the wind project creates the most jobs, with 66 full-time equivalent (FTE)
jobs per year, compared to 15 for HFO and only 11 for a coal power plant.

The emissions over the life cycle of the energy projects are highest for coal with 6.1 million
tons carbon dioxide compared to 0.1 million tons carbon dioxide for the wind energy
project.
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SAVi analysis of the N’Diaye Wind Farm - Results

Under a conventional financial assessment (Scenario 0), coal-fired electricity generation has a higher expected IRR (23.53 per cent) compared to the wind farm 
project (12.17 per cent). This is mainly due to the capital expenditures of the renewable alternative being more than double than those of coal. Also, the NPV is 
more favorable for coal-fired electricity generation compared to the wind farm project. 

Under Scenario 1, the climate risk scenario, the financial performance of coal-fired electricity generation is less attractive. This is due to the additional costs of 
the carbon tax as well as sub-optimal electricity generation under higher air temperatures. When both climate risks and externalities are included in Scenario 2, 
the NPV of the wind farm project outperforms coal-fired electricity generation. The HFO option performs financially very weakly compared to the other 
technologies. This is the result of the high cost and inefficiency of burning HFO to generate electricity. 

We wish to also point out that the costs of externalities, calculated and included in Scenario 2, do not change the cash flows or the profitability of the wind farm 
project. The financial performance indicators under Scenario 2 therefore reflect the “societal value” of the three technologies, demonstrating again that the wind 
farm project brings better societal value than fossil fuel-based electricity generation.
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SAVi analysis of the N’Diaye Wind Farm - Results

Credit ratios being comfortably above 1.00x means that neither the coal fired-project, nor the wind farm 
is expected to have cash flow problems to repay the loan with interest. Similarly to the NPV analysis 
(previous slide), the HFO technology is not a financially viable option as the credit ratios are negative.

More information: https://www.iisd.org/sites/default/files/publications/savi-senegal-ndiaye-wind-farm-
en.pdf
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5. The Sustainable Asset Valuation (SAVi) of the Bus Rapid Transit in Dakar 
(Senegal)
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About the BRT
The BRT is a new public transportation project that is set up to improve mobility in and
around Dakar, and is one of the flagship projects of the Plan Senegal Emergent. The BRT
is expected to improve the capital’s economic performance as well as making the labour
market more accessible to those living further away. At the same time, the cleaner
public transportation system will make a positive environmental contribution by
reducing the use of alternative, more polluting modes of transportation and by limiting
Senegal’s GHG emissions from the transport sector.

The BRT infrastructure consists of an 18.3 km separate lane/corridor for buses involving
23 BRT stations, three terminals (Petersen, Grand Medine and Guédiawaye) and a fleet
of 144 buses. The BRT will cover the area between Dakar Plateau and Guédiawaye. The
Petersen terminal will be located in Plateau and will connect the BRT to the rest of the
Dakar urban transport system. The terminal will be located at the existing Petersen bus
station, which receives more than 50,000 people per day. The Grand Medina terminal is
located near the road that goes in the direction of the airport. Finally, the Guédiawaye
terminal will be located in front of the Guédiawaye mosque and include a bus terminal,
taxi stand and (in future) a car park.

Upon project completion in 2023 it is expected that the BRT will be able to transfer up to
300,000 passengers per day. The total cost of the project is estimated at EUR
369,490,000, financed by the World Bank, the European Bank, the Senegalese
Government and the Green Climate Fund.

The BRT infrastructure consists of an 18.3 km separate lane/corridor for buses 
involving 23 BRT stations, three terminals (Petersen, Grand Medine and Guédiawaye) 
and a fleet of 144 buses. The BRT will cover the area between Dakar Plateau and 
Guédiawaye. The Petersen terminal will be located in Plateau and will connect the 
BRT to the rest of the Dakar urban transport system. The terminal will be located at 
the existing Petersen bus station, which receives more than 50,000 people per day. 
The Grand Medina terminal is located near the road that goes in the direction of the 
airport. Finally, the Guédiawaye terminal will be located in front of the Guédiawaye 
mosque and include a bus terminal, taxi stand and (in future) a car park. 

The BRT has four components: 
• BRT infrastructure, fleet and systems
• Public transport network restructuring and road works
• Capacity building and project management
• Road safety

Upon project completion in 2023 it is expected that the BRT will be able to transfer 
up to 300,000 passengers per day. The total cost of the project is estimated at EUR 
369,490,000, financed by the World Bank, the European Bank, the Senegalese 
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Government and the Green Climate Fund. Project financing was approved in 2017. 
The project is currently (publication date 2019) in the procurement stage after it 
released a general procurement notice and subsequent invitations for 
prequalification, invitation for bids and expressions of interest for various parts of the 
project in 2018.
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SAVi analysis of the BRT- Externalities
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Th(Senegal)SAVi analysis of the BRT – Scenarios and Impact on Congestion

SAVi estimates that with the construction of the
BRT, the congestion in and around Dakar will
drop significantly compared to the BAU situation
where no BRT will be built.

The spike in congestion between 2018 and 2021
is due to the construction phase of the project
itself, which is estimated to cause disturbances in
traffic.
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SAVi analysis of the BRT - Results

The implementation of the BRT will affect employment in the transportation sector. The SAVi
assessment shows that the BRT will cause a job loss under different modes of transportation
that will not be fully compensated by the job creation resulting from the project.

The net job loss is estimated at 14 per cent. However, when looking at the economy overall,
discretionary spending increases with 15.6 per cent thanks to the BRT project. This is due to
job creation in other sectors from improved mobility.
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SAVi analysis of the BRT 
- Results
The integrated CBA shows that the implementation of
the BRT project generates net benefits across all
three scenarios. Under the BRT scenario, the net profit
amounts to CFA 11,99 billion (USD 20,5 million).

The integrated CBA also shows that the value of
externalities is significant. The “value of time saved,”
“avoided cost of transportation” and “discretionary
spending” are considerably high. This demonstrates
the importance of integrating externalities into the
assessment to reveal the true value of the BRT project
to the Senegalese society.

Total net benefits for each of the scenarios are
ranging from CFA 1.7 trillion to almost CFA 2.7
trillion (USD 2.94 billion to USD 4.61 billion).
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SAVi analysis of the BRT – Financial Indicators Results

The financial indicators for scenarios 1, 2 and 3 present the results under a traditional financial assessment
with different demand forecasts. The indicators suggest that the BRT project is financially not viable
irrespective of the assumed passenger demand. Incorporating the value of the externalities (Scenarios 1E,
2E, 3E) significantly enhances the financial performance indicators of the project.

We thus see the positive economic spillovers enabled by better mobility. We are also able to appreciate
the value of time saved from faster commutes.

More information: https://www.iisd.org/sites/default/files/publications/savi-senegal-bus-rapid-transit-en.pdf
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6. The Sustainable Asset Valuation (SAVi) of Pelly’s Lake and Stephenfield 
Reservoir in Canada
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About nature-based infrastructure
In Manitoba, Canada, and all over the world, policy-makers grapple with the costs of maintaining natural ecosystems, including wetlands and forests, for
example.

Pelly’s Lake is a natural lake and wetland in Pembina Valley in Manitoba, while Stephenfield Reservoir was built in 1963 for the storage of water for irrigation
and domestic water supply and provides habitat for wildlife and is used for hiking, boating, camping and fishing.

As public budgets diminish, decision makers are often viewing such spending as a luxury that can be ill afforded, especially in light of other seemingly more
urgent upgrades in mobility, healthcare, education, transport, social housing and the like.

However, natural ecosystems provide a range of “services” — Such as storing water, supplying water, protecting against floods, preventing erosion, reducing
the impacts of heat and drought, reducing air pollution, reducing noise pollution and improving aesthetics. With the advent of climate change, natural
ecosystems are also critical, as they serve as buffers against catastrophic weather and the resulting floods, droughts, landslides and forest fires. However, what
is the financial value of these “services”? Also, if policy-makers, investors and citizens were better informed on these services and their values, would it support
the conservation and regeneration of natural habitats?

This SAVi assessment responds to these questions. It gives a valuation of the ecosystem services provided by examples of built and natural
infrastructure:
- Stephenfield Reservoir is a civil engineered reservoir that was built for irrigation and domestic water supply
- Pelly’s Lake is a natural wetland that is being actively managed for flood control.

Their added benefits are related to improved habitat and biodiversity, groundwater recharge, nutrient and sediment sequestration, carbon offsets and various
economic uses of the biomass (plant material). From there, the assessment values the cost of the grey infrastructure that would be needed to provide the same
level of service.

This assessment was conducted in close collaboration with LaSalle Redboine Conservation District, Manitoba Sustainable Development and
Manitoba Infrastructure. We sourced data from public sources as well as from these organizations.
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Th(Senegal)SAVi analysis of nature-based infrastructure – Scenarios

In the SAVi analysis on Pelly’s Lake and Stephenfield Reservoir two scenarios were explored, as
described above.
For each of the assets a comparison was made with new engineered infrastructure that would provide
the same services as the reservoir and the lake are providing today, including the ecosystem services
such as irrigation and water storage.
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SAVi analysis of Stephenfield Reservoir - Results

The operating and management costs of the reservoir are CAD 256,000, while the irrigation and water storage services it provides
enable economic activity that adds up to a cumulative discounted value of CAD 6.07 billion by 2050. The SAVi analysis also highlights
that, if the Province of Manitoba were to build grey infrastructure to provide the same water storage and irrigation services that are
currently being provided by Stephenfield Reservoir, the capital cost required would be CAD 5.3 million.
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SAVi analysis of Stephenfield Reservoir - Results

The SAVi analysis also highlights that, if the
Province of Manitoba were to build grey
infrastructure to provide the same water storage
and irrigation services that are currently being
provided by Stephenfield Reservoir, the capital
cost required would be CAD 5.3 million. The cost
of maintaining the reservoir by way of
comparison is CAD 256,000.
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SAVi analysis of Pelly’s Lake - Results

The SAVi analysis also highlights that, if the Province of The real benefits of Pelly’s Lake
are in the ecosystems and infrastructure services that it provides: representing cumulative
discounted valuation of approximately CAD 60 million between 2019 and 2050. The
breakdown is provided in Table 3.
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SAVi analysis of Pelly’s Lake - Results

More information: https://iisd.org/savi/project/pellys-
lake-and-stephenfield-reservoir-manitoba-canada/
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7. Applying SAVi to Lake Dal, in Srinagar, State of Jammu & 
Kashmir, India.

Analysis of Grey and Natural Infrastructure for Lake Conservation.

Clients:
Special Advisor on Infrastructure Development to the State 
Government of J&K, the Department of Tourism of J&K, 
and the J&K Lakes and Waterways Development Authority.
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Background of the SAVi Application at Lake Dal

The Tourism Directorate and the Lake 

and Waterways Development Authority 

(LAWDA) of the Jammu & Kashmir 

State Government, India approached 

IISD to conduct a systemic assessment 

of various ongoing and potential 

conservation options for Lake Dal. The 

lake is located in Jammu & Kashmir, 

India’s most northern state. 

54



Pollution Pressures for Lake Dal

The lake has suffered from anthropogenic pressures since 

the last few decades: 

• Encroachment of the lake and water extraction, 

• Outdated sewage treatment plants and overflow of these 

plants during heavy rainfall and electricity blackouts,

• Discharge of untreated domestic sewage from different 

polluter groups, 

• Solid waste pollution, 

• Run off from fertilizer use.  

This has led to a sharp decrease in water quality, 

eutrophication and further cascading effects such as 

decreasing fish stocks and negative impacts on the 

lake´s recreational attractiveness.
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Scope of this SAVi Assessment

SAVi is employed to examine the extent to which various conservation interventions 

contribute to the social, economic and environmental sustainability of Lake Dal and the 

surrounding region. Several model components of SAVi, representing grey infrastructure 

and natural infrastructure, are combined to allow for a systemic assessment:

• SAVi Wastewater model was applied to assess options to treat domestic sewage.

• SAVi Energy model was used to estimate the impact of installing solar PV to provide 

electricity to sewage treatment plants (STPs) and pumping stations.

• SAVi Natural Infrastructure model was used to forecast the outcomes of investing in 

the construction of an artificial wetland.

• SAVi Roads model was employed to determine the impact of a new 20 km Western 

Foreshore Road to be constructed along the lake. 
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Scenarios
Scenario Interventions implemented by 2025

Scenario 0: Business as 
usual (BAU)

The status quo of 2018 prevails:
• 75% of the lake’s periphery are connected to the sewage network.
• Sewage from lake dwellers and houseboats not connected to the sewage network 

flows into the lake untreated.
• Sewage treatment plants overflow during heavy rainfalls and electricity blackouts.

Scenario 1: Sewage 
treatment for houseboats

• On-site sewage treatment installed for houseboats.
• Other BAU assumptions remain.

Scenario 2: Grey 
infrastructure upgrade

• 100% of lake periphery is connected to upgraded sewage treatment plants.
• Sewage treatment plants and pumping stations are powered by solar PV with 

battery storage. Plants will therefore operate irrespective of blackouts. Sewage 
outflows will continue to occur during heavy rainfall.

• On-site sewage treatment for all lake dwellers and houseboats.

Scenario 3: Hybrid 
infrastructure upgrade

• Construction of 500 ha artificial wetland to complement the upgraded sewage 
treatment solutions in Scenario 2. 

Scenario 4: Road 
construction and hybrid 
infrastructure upgrade

• Building of the 20 km Western Foreshore Road along Lake Dal.
• All conservation measures of Scenario 3 remain. 

The SAVi analysis is organized across a range of different scenarios. Scenario 
interventions and externalities were identified as material through engagement 
with local stakeholder, among others the Tourism Directorate, the Urban 
Environmental Engineering Department, the Lakes and Waterways 
Development Authority of the Jammu & Kashmir State Government, and the 
Scientific Advisory Committee for the conservation of Lake Dal. All scenarios 
and results are presented in depth in our technical report . The table here 
provides a snapshot of selected scenarios and the interventions they entail. 
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Environmental Outcome Parameters Assessed
The analysis focusses on the following water quality indicators to determine the
environmental effectiveness of different intervention scenarios:

• Nitrogen loadings: The total annual amount of nitrogen from anthropogenic
wastewater and fertilizer use that reaches the lake. N loadings serve to determine the
N concentration in the lake water.

• Nitrogen concentration: The amount of organic and anorganic nitrogen per liter of
lake water. It can contribute to eutrophication if nitrogen concentration exceeds a
critical threshold.

• Water clarity: A Secchi disk is a black and white plate that is used to measure water
clarity. Secchi depths is an indicator for the general ‘health’ of an analysed water body.

• Chlorophyll a concentration: The concentration of planktonic algal chlorophyll per
liter of lake water, typically measured in microgram per liter. The higher the chlorophyll
concentration per liter of water, the lower the water clarity. Chlorophyll concentration is
often used as a proxy for eutrophication.
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Externalities and Risks
The analysis takes the following externalities into account to point to socio-economic implications
of different intervention scenarios:

• Fishery revenues: Valuation of additional revenues in the fishery sector due to better water
quality in the lake.

• Tourism revenues: Valuation of additional revenues in the tourism sector due to higher
tourism numbers attracted by a healthier and cleaner lake.

• GHG emissions: Valuation of GHG emissions, calculated as social costs of carbon. Electricity
for STPs and pumping stations in Srinagar is currently provided by diesel generators that
produce high GHG emissions. Installation of solar PV would prevent this negative externality.

Scenario 4 includes a risk factor that affects the effectiveness of interventions:

Environmental impacts of road infrastructure: A currently planned road along Lake Dal would
lead to additional sealed surface area and cause land encroachment along the lake. This would
lead to more runoff directly being discharged into the lake.
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SAVi Projections on Water Quality Indicators (1/3)
SAVi reveals that interventions of scenarios 2, 3 and 4 significantly reduce the amount 
of nitrogen loadings that reaches the lake. 

N Concentration,
2016 level: 0.91 mg N / liter

Unit 2030 2060
Average % vs BAU 

2030 - 2060

0) BAU mg N / liter 1.18 1.53 ―

1) Houseboats mg N / liter 1.18 1.53 -0.02%

2) Grey infrastructure + solar PV mg N / liter 0.49 0.69 -54.7%

3) Hybrid infrastructure mg N / liter 0.37 0.51 -65.5%

4) Road + hybrid mg N / liter 0.43 0.58 -60.7%

SAVi reveals that interventions of scenarios 2, 3 and 4 significantly reduce the 
amount of nitrogen loadings that reaches the lake. Consequently, these 
scenarios yield better results for all water quality indicators than a BAU 
scenario. Water quality improvements lead to the recovery of fish stocks and 
improve the recreational attractiveness of the lake. The resulting economic 
opportunities will attract more people to Srinagar. Higher population numbers 
will create additional pressures on Lake Dal. Such causal links explain why the 
2060 values for water quality indicators of scenarios 2, 3 and 4 demonstrate 
poorer performance compared to the 2030 values. Only the houseboats 
scenario yields hardly any water quality improvements. This provides evidence 
for the insignificance of treating the comparatively little volumes of sewage 
from houseboats. Treating only their sewage will reduce the total amount of 
nitrogen loadings that reaches the lake to a negligible extent. 

Across all water quality indicators, the hybrid infrastructure scenario performs 
the best. Throughout the period between 2030 and 2060, this scenario 
reduces the nitrogen concentration on average by 65.5%, improves the water 
clarity on average by 174% and reduces the chlorophyll a concentration on 
average by almost 90% compared to the BAU scenario. The hybrid 
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infrastructure solution performs better than Scenario 2 as the former includes 
the construction of an artificial wetland which absorbs additional amounts of 
nitrogen from the lake water. The SAVi assessment further demonstrates that 
constructing a road along the lake comes at the cost of the lake´s water 
quality. The sealed surface of the road increases the amount of nitrogen 
loadings that reaches the lake, which is why scenario 4 results in lower water 
quality than the hybrid infrastructure scenario.
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SAVi Projections on Water Quality Indicators (2/3)
SAVi reveals that interventions of scenarios 2, 3 and 4 significantly reduce the 
chlorophyll a concentration in the lake compared to the BAU scenario. 

Chlorophyll a concentration,
2016 level: 26.22 ug / liter

Unit 2030 2060
Average % vs BAU 

2030 - 2060

0) BAU ug / liter 40.47 71.10 ―

1) Houseboats ug / liter 40.43 71.08 -0.05%

2) Grey infrastructure + solar PV ug / liter 6.81 13.66 -81.4%

3) Hybrid infrastructure ug / liter 3.89 7.66 -89.5%

4) Road + hybrid ug / liter 5.20 9.85 -86.2%
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SAVi Projections on Water Quality Indicators (3/3)
SAVi reveals that interventions of scenarios 2, 3 and 4 significantly improve the water 
clarity of the lake over time. 

Water clarity (Secchi depths),
2016 level: 1.28 meter

Unit 2030 2060
Average % vs BAU 

2030 - 2060

0) BAU meter 1.07 0.75 ―

1) Houseboats meter 1.07 0.75 +0.03%

2) Grey infrastructure + solar PV meter 2.32 1.67 +108.8%

3) Hybrid infrastructure meter 3.00 2.19 +174.2%

4) Road + hybrid meter 2.65 1.94 +140.4%
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SAVi´s Integrated Cost Benefits Analysis (1/2)

Sewage
treatment 

for 
houseboats

Grey infra-
structure 
upgrade

Hybrid 
infra-

structure 
upgrade

Road + 
hybrid infra-

structure
Scenario

Expenditures

Upgrade sewage treatment network 0 10'301 10,321 10,382
Investment in STPs 0 6'750 6,750 6,750
O&M costs STPs 0 3'551 3,571 3,633

Solar energy capacity for sewage network 0 391 393 423

Sewage treatment for houseboats and lake 
dwellers 768 4'933 4,933 4,933

Artificial wetland construction 0 0 1,321 1,321
Investment in artificial wetland 0 0 336 336
O&M cost artificial wetland 0 0 985 985

Road construction 0 0 0 16,032

Investment for road construction 0 0 0 15,658

O&M cost road 0 0 0 374

Total costs 768 15'625 16,968 33,092

The SAVi integrated cost–benefit analysis compares:
• The total additional costs and benefits that accrue between 2019 and 2060 
as result of implementing the respective scenarios.
• Expenditures: The cumulative public investment required for capital and 
operational expenditures to execute each respective scenario.
• Benefits: The increase in cumulative revenues each scenario will yield for two 
key industrial sectors in Srinagar—tourism and fisheries.
• Avoided costs: The economic value from avoided emissions that occur from 
implementing the respective scenario. The social cost of carbon is the total 
costs of emitting one additional tonne of carbon dioxide. It is measured in 
monetary terms and discounted to the value of money today. The social cost of 
carbon calculation assumes USD 31 per tonne of carbon emitted and an 
exchange rate of INR 67 to USD 1.

63



SAVi´s Integrated Cost Benefits Analysis (2/2)

Sewage
treatment 

for 
houseboats

Grey infra-
structure 
upgrade

Hybrid 
infra-

structure 
upgrade

Road + 
hybrid infra-

structure
Scenario

Benefits

Revenues for sectors that benefit from
a cleaner lake

Revenues from tourism 73 234'743 373,863 301,478

Revenues from fisheries 1 2'975 3,077 3,027

Avoided Costs 0 0 1,321 1,321

Social costs of carbon 0 75 75 75

Total added benefits 0 0 0 16,032

Net results 768 15'625 16,968 33,092

In Scenario 0, we note a continuous downward spiral of the water quality in Lake Dal. 
In fact, the integrity of the lake will continue to deteriorate, causing severe revenue 
shrinkages for the tourism industry in Srinagar and threatening the existence of the 
local fishery industry by 2060.
Scenario 1 examines the costs and benefits related to only treating sewage released 
by the houseboats. The benefits are extremely negligible and the required investment 
of INR 768 million will not be worthwhile. This is confirmed by negative net results.
In Scenario 2, the grey infrastructure upgrade presents an intermediate solution. The 
benefits of INR 237 billion significantly outweigh the associated investment of INR 
15.6 billion.
Scenario 3, the hybrid infrastructure upgrade, brings the highest net benefits for 
Srinagar at INR 360 billion. It pays to invest in the construction of an artificial 
wetland as the net benefits are 62% higher compared to Scenario 2 while the 
investments only increase by 8.6%.
Scenario 4 has lower net benefits than the hybrid infrastructure upgrade because of 
expenditures for the construction and maintenance of the Western Foreshore Road. 
Benefits are also lowered due to the large-scale damage the sealed road surface and 
new encroachment will bring to water quality and integrity of the lake. Compared 
to the hybrid intervention scenario, the road will reduce revenues to the tourism and 
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fishery industries by more than INR 72
billion until 2060.

Background info for social cost of carbon:
Electricity for sewage treatment in Srinagar is currently generated by fossil fuel-based 
energy sources. This causes emissions and additional costs for the society calculated 
as social costs of carbon and priced at 31 USD per ton CO2 (Nordhaus 2017). These 
social costs of carbon are avoided in the three intervention scenarios 2, 3 and 4 
because solar PV is installed for the generation of electricity. Echange rate used: 1 
USD = 67 Rs
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Costs and Net Benefits of Intervention Scenarios
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8. Applying SAVi to the Ecological Restoration of the Beira Lake in 
Colombo, Sri Lanka.

Assessing the Economic Value of Restoration Interventions.

Client: Indocean Developers (Pvt) Ltd.
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Scope of this SAVi Assessment

IndoOcean Developers (Pvt) Ltd., the project developer of the Altair building in Colombo, 

Sri Lanka, requested a SAVi assessment on the economic value of different options for 

restoring the ecological health of the south-western part of Beira Lake, an artificial 

freshwater lake located in the city centre. That assessment reveals what the restoration 

options would mean for the lake’s water clarity and the associated impacts on property 

values and recreational spending from the local population and tourists.

The SAVi assessment demonstrates that interventions devoted to restoring the 

ecological health of Beira Lake are effective both from an environmental standpoint and 

also from the perspective of economic development opportunities for the city of 

Colombo. As the assessment considers the effectiveness and benefits of these 

restoration options relative to their costs over the 2020–2025 timeframe, it also highlights 

the varying benefit-to-cost ratios and provides evidence for prioritizing investments.

More about the context and purpose of the SAVi assessment:
The assessment demonstrates how and to what extent the PBS system can improve 
the quality of life in Dwarka, a sub-city of New Delhi. It also shows how the system 
can contribute to achieving the sustainable mobility targets described in the Delhi 
Master Plan 2021, a set of policy objectives prepared by the Delhi Development 
Authority and targeting issues such as the under-provision of transport infrastructure 
services and the need for improved environmental conservation. 
Moreover, the results of the cost-benefit analysis conducted in this SAVi assessment 
provide benchmark values of appropriate and optimized investment volumes for 
sustainable transport infrastructure in Dwarka. This includes bicycle lanes and 
additional road safety elements to make the use of the PBS system viable and realize 
the associated benefits. The calculated SAVi net results represent the societal value 
that the PBS system could deliver in Dwarka if desired demand for the system is 
realized. These SAVi net results provide a reasonable starting point for public sector 
decision makers to determine the maximum monetary amount that infrastructure 
components could cost over a course of 20 years.

67



Pollution pressures for South-West Beira Lake

• Sewage system and wastewater treatment facilities in the drainage area of Beira 

Lake are old and lack capacity to handle the current volumes and the likely increase 

of wastewater from the growing urban population.

• Heavy rain events and flooding during the monsoon season cause overflows of 

wastewater treatment facilities and lead to untreated wastewater entering the lake.

• Stormwater channels are illegitimately connected to parts of the sewage system.

• Illegal settlements are reported in proximity to Beira Lake and release their 

wastewater directly into the lake. 

• High volumes of solid waste are polluting the lake, too.

→ Ecological consequences: High nutrient loadings reach the lake. These high 

levels of pollution have led to accumulation of nutrients in the lake´s sediments, 

hypertrophic water conditions, algae growth, poor water clarity, fish mortality and odour. 

These lake conditions have been apparent for a couple of decades and negatively 
affect the surrounding natural environment, human health, economic activities and 
property prices. Despite the implementation of some conservation measures in the 
past, a restoration project for the South-West part of Beira Lake in 2004, long-lasting 
water-quality improvements has yet to be implemented. Essentially, external 
pollution loads continue to accumulate in the lake water and are emerging to the lake 
surface, causing an increase of sediment pollution (MCUDP, 2016; MMWD et al., 
2017). The external and internal pollution sources make ongoing lake cleanup 
activities insufficient, while making effective and preventative restoration 
interventions difficult.
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Scenario Assumptions

Four scenarios are considered. Respective costs and benefits are estimated and valued 

for the years 2020 to 2025. The table indicates assumptions per scenario whereas 

numbers for 2020 are performances prior to new interventions and performance figures 

for 2025 represent results after interventions have been finalized.

Scenarios & Interventions

Share of 
wastewater 

treated

Nutrient removal 
efficiency of wastewater 

treatment facilities

Sediment removal 
from dredging 

lake surface area

2020 2025 2020 2025 2021

Scenario 1: Business-as-usual (BAU) 80% 80% 80% 80% ―

Scenario 2: Wastewater treatment 
upgrades

80% 100% 80% 96% ―

Scenario 3: Dredging of lake deposits 80% 80% 80% 80% 180,000 m3

Scenario 4: Combined wastewater 
treatment and dredging

80% 100% 80% 96% 180,000 m3

These scenarios each rely on a set of assumptions. 
Scenario 1, “business-as-usual,” assumes that there is no change to current 
trends, such as the level of wastewater treatment or the fact that lake deposits 
are not dredged. Expected levels and pace of population growth, as well as 
the introduction of nutrient loadings from untreated stormwater, are also 
specified in this scenario.
Scenario 2 assumes that there is a greater investment in upgrading 
wastewater treatment facilities over the years 2020–2025 beyond what is 
projected under current trends, while otherwise relying on the assumptions 
from Scenario 1. 
Scenario 3 keeps the level of wastewater treatment and all other assumptions 
the same as in Scenario 1, with the only change being a one-time dredging of 
the lake bottom in 2021 to remove the high volume of phosphorus deposits. 
This intervention targets the reduction of phosphorus being reintroduced into 
the lake from its bottom layer. 
Scenario 4 incorporates the increased investments in upgrading wastewater 
treatment facilities, as well as the introduction of dredging activities in 2021. All 
other assumptions, namely the pace of population growth and the introduction 
of nutrient loadings from untreated stormwater, are the same as Scenario 1.
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Biophysical Assessment Results: Nutrient Loadings

The table indicates the annual nitrogen and phosphorus loadings before and after 

restoration interventions per scenario. 

The table displays the scenario results of the development of N and P loadings over 
time. The table compares the volume of N and P loadings before (2017–2019) and 
after the implementation of a restoration intervention (2025–2027). For these two 
time periods, annualized values for N and P loadings reaching the lake are expressed 
in kilogram per year. 
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Biophysical Assessment Results
Reducing the inflow of 

nutrients is paramount 

to reducing the nutrient 

concentration in the 

lake water over time 

and consequently to 

solving the 

eutrophication and 

algae bloom problems. 

Finally, this will yield 

better water clarity. 

The figure highlights 

the achieved Secchi 

depth (water clarity) 

per intervention 

scenario over time.
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The figure highlights the relationship 

between water clarity improvements 

in South-West Beira Lake per 

intervention scenario and the 

associated property value increases 

of properties surrounding that part of 

the lake. The combined Scenario 4 

leads to by far the highest increases 

in property values once interventions 

are being implemented.

Relation of Water Clarity Improvements and Property Value 

Increases
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Relation of Water Clarity Improvements and Recreational Spending 

by Local Population

The following two tables indicate the cumulative additional spending for recreation from 

local residents and tourists visiting South-West Beira Lake when the water clarity level of 

0.4m is exceeded. 
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Relation of Water Clarity Improvements and Recreational Spending 

by Tourists
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SAVi’s Integrated Cost–Benefit Analysis (in USD and discounted)
Scenarios

Costs and benefits 

1. BAU
2. Wastewater 

treatment 
upgrades

3. Dredging of lake 
deposits

4. Combined: 
Wastewater treatment 

+ dredging

Costs

Cost for wastewater treatment 
upgrades 

Nitrogen removal technology \ 479,314 \ 479,314

Phosphorus removal technology \ 140,718 \ 140,718

Cost of sediment removal \ \ 5,712,616 5,712,616

Total cost (2020 to 2025)
\ 620,032 5,712,616 6,332,648

Benefits

Property value net change by end of 
2025*

(172,770) 14,266,034 5,098,886 43,221,392

Additional spending for recreation by 
local population

\ 656,674 433,114 1,240,463

Additional spending for recreation by 
tourists

\ 9,676,134 6,427,039 18,373,396

Total benefits (by end of 2025) (172,770) 24,598,842 11,959,039 62,835,251

Net results (172,770) 23,978,810 6,246,424 56,502,603

Benefit to cost ratio N/A 39.67 2.09 9.92

*Note for the table: The calculated property value net changes do not account for the 
market-driven, organic appreciation of property values around South-West Beira Lake 
over time. For example, the negative value in the BAU scenario indicates solely the 
negative impact of deteriorated water clarity on property values.

The cost–benefit analysis shows that Scenario 2, involving investments into 
wastewater treatment upgrades, yields the highest benefits relative to the costs of 
implementation. Under this scenario, the benefit-to-cost ratio is 39.67—far higher 
than the values seen in the other three scenarios. The improvements in lake water 
clarity yield an increase in property values of USD 14.3 million by the end of, as well 
as an increase in spending by locals and tourists by approximately USD 10 million 
over the 2020–2025 period. 
Scenario 4 demonstrates even higher water clarity improvements and associated 
benefits. Property values increase by over USD 43 million by the end of 2025, and 
recreational spending increases over the years 2020–2025 to the tune of USD 19.5 
million. The investment required for the wastewater treatment and lake dredging 
activities combined, however, amounts to USD 6.3 million. This is over 10 times the 
investment required in Scenario 2, with the benefit-to-cost ratio at 9.92. 
While Scenario 4 provides the highest level of benefits, these will need to be 
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considered against the cost of these investments, as well as the financial means 
available for making such investments relative to other priorities. If there are 
significant financial constraints, Scenario 2 may prove to be the most cost-effective 
option. Scenario 3 did not reach the level of benefits provided by Scenarios 2 and 4. 
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9. Applying SAVi to a Public Bicycle Sharing System in Dwarka, New 
Delhi, India.

Assessing the environmental, social and economic impacts of non-
motorized transport infrastructure.

Client: The Centre for Green Mobility
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Scope of this SAVi Assessment
The Centre for Green Mobility, which is the developer of an implementation program for 
a Public Bicycle Sharing (PBS) system in New Delhi, asked IISD to assess the benefits 
of a well-implemented PBS system. This quantitative evidence is crucial for 
strengthening the business case for the PBS system and for encouraging public 
authorities to invest in providing the bicycle lanes and safety infrastructure that would 
support a PBS system. SAVi was customized to estimate and value the environmental, 
social and economic co-benefits and avoided costs generated by the PBS system.

The SAVi assessment consists of the following elements: 
• A valuation of nine externalities resulting from a successfully implemented PBS 

system.

• A comparison of three demand scenarios and the scale of their valued externalities.

• An integrated cost–benefit analysis of the PBS system, including valued externalities 
per demand scenario.

More about the context and purpose of the SAVi assessment:
The assessment demonstrates how and to what extent the PBS system can improve 
the quality of life in Dwarka, a sub-city of New Delhi. It also shows how the system 
can contribute to achieving the sustainable mobility targets described in the Delhi 
Master Plan 2021, a set of policy objectives prepared by the Delhi Development 
Authority and targeting issues such as the under-provision of transport infrastructure 
services and the need for improved environmental conservation. 
Moreover, the results of the cost-benefit analysis conducted in this SAVi assessment 
provide benchmark values of appropriate and optimized investment volumes for 
sustainable transport infrastructure in Dwarka. This includes bicycle lanes and 
additional road safety elements to make the use of the PBS system viable and realize 
the associated benefits. The calculated SAVi net results represent the societal value 
that the PBS system could deliver in Dwarka if desired demand for the system is 
realized. These SAVi net results provide a reasonable starting point for public sector 
decision makers to determine the maximum monetary amount that infrastructure 
components could cost over a course of 20 years.
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Valued Externalities (1/2)
The SAVi assessment generates monetary values of project-related externalities. The 
following nine externalities are integrated into the assessment:

 Health benefits from physical activity: reduced risk of all-cause mortality due to 
increased physical activity from cycling.

 Economic value of time saved: value of improved and less time-intensive mobility 
as a result from using the new PBS system.

 Changes in retail revenues: the mode of transport and commuting speed have an 
impact on retail spending. Modes of non-motorized transport are associated with 
higher retail spending than motorized transport modes.

 Changes in property values: replacement of motorized transport infrastructure by 
infrastructure that promotes non-motorized transportation tends to have positive 
impacts on property values as it improves walkability and safety in the affected area. 

Reason why different demand scenarios were assessed: given the difficulty of 
forecasting demand for transformative public transportation projects that are 
implemented in locations where little experience exists how citizens will respond to 
the new transport offer. 
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Valued Externalities (2/2)
 Health cost of air pollution: the shift from motorized, fossil fuel-based transport 

modes to the use of a non-polluting PBS system will reduce air pollution and the 
associated health costs. 

 Cost of carbon emissions: the shift from motorized, fossil fuel-based transport 
modes to the use of a non-polluting PBS system will reduce CO2 emissions and 
associated societal costs.  

 Health cost of increased exposure to air pollution: Cycling in urban environments 
with high background concentrations of air pollutants tends to have worse health 
effects than using motorized forms of transport.

 Health cost of accidents: The number of fatal and non-fatal traffic accidents are 
assumed to decrease if the number of motorized vehicle km are reduced. 

 Health cost of noise pollution: Noise emissions from various transport modes can 
cause negative health effects to humans exposed to the noise. The shift from 
motorized transport modes to the PBS system will reduce noise emissions.

Reason why different demand scenarios were assessed: given the difficulty of 
forecasting demand for transformative public transportation projects that are 
implemented in locations where little experience exists how citizens will respond to 
the new transport offer. 
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Demand Scenarios
Three demand scenarios were considered in this SAVi assessment. Each scenario 
implies a shift in mobility patterns away from other modes of transport to the use of PBS-
provided bicycles. The modes of transport that would be partly replaced and thus face 
reduced demand are buses, cars, motorcycles, auto rickshaws, pedal rickshaws and 
walking.

The table indicates the mobility shifts towards the PBS system per demand scenario:

Scenario

Daily trips shifted 
to the PBS 
system

Daily passenger 
km shifted to the 
PBS system 

Daily vehicle km 
avoided

Scenario 1: PBS low demand 11,147 39,457 29,700

Scenario 2: PBS medium demand 15,831 56,031 42,176

Scenario 3: PBS high demand 23,993 84,919 63,922

Reason why different demand scenarios were assessed: given the difficulty of 
forecasting demand for transformative public transportation projects that are 
implemented in locations where little experience exists how citizens will respond to 
the new transport offer. 
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Results of Externalities, lower end values (1/2)
The results are indicated as daily monetary values per demand scenario relative to a 
baseline scenario that does not involve a PBS system. The externalities are categorized 
into “added benefits” and “avoided and added costs”. The former category is presented 
in the below table:

Costs and benefits Unit
PBS low 
demand

PBS medium 
demand

PBS high 
demand

Added benefits

Benefits from physical activity INR/day 38,550 54,744 78,104

Value of time saved INR/day 168,910 239,865 363,532

Increases in retail revenues INR/day 101,049 143,498 217,481

Increase in property values INR/day 487,397 487,397 487,397

Total added benefits INR/day 795,906 925,504 1,146,514

Key messages:
The table on this slide displays the lower end estimates for the monetary valuation of 
externalities. Values here are not discounted.

The scale of the monetary value per externality depends on the demand for the PBS 
system and the associated shift away from other transport modes. Higher demand 
translates to higher net value. In each scenario, the total value of positive 
externalities clearly outweighs the value of the only negative externality, which is the 
increased direct exposure to air pollution faced by new cyclists. The largest benefits 
stem from the economic value of time saved, the increases in retail revenues and 
property values, and the avoided costs of air pollution. 
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Results of Externalities, lower end values (2/2)
“Avoided and added costs” and “total net values” per demand scenario:

Costs and benefits Unit
PBS low 
demand

PBS medium 
demand

PBS high 
demand

Avoided and added costs

Avoided cost of air pollution INR/ day 33,415 47,452 71,917

Cost of increased exposure to air 
pollution

INR/ day (54,181) (76,941) (116,610)

Avoided social cost of carbon INR/ day 2,003 2,845 4,311

Avoided cost of accidents INR/ day 1,891 2,685 4,070

Avoided cost of noise pollution INR/ day 15,100 21,443 32,498

Total avoided and added costs INR/day (1,772) (2,516) (3,814)

Total net value per day INR/day 794,134 922,988 1,142,700

Total net value per year INR million 289.9 336.9 417.1

Key messages:
The table on this slide displays the lower end estimates for the monetary valuation of 
externalities. Values here are not discounted.

The scale of the monetary value per externality depends on the demand for the PBS 
system and the associated shift away from other transport modes. Higher demand 
translates to higher net value. In each scenario, the total value of positive 
externalities clearly outweighs the value of the only negative externality, which is the 
increased direct exposure to air pollution faced by new cyclists. The largest benefits 
stem from the economic value of time saved, the increases in retail revenues and 
property values, and the avoided costs of air pollution. 
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Results of Externalities, higher end values (1/2)
The results are indicated as daily monetary values per demand scenario relative to a 
baseline scenario that does not involve a PBS system. The externalities are categorized 
into “added benefits” and “avoided and added costs”. The former category is presented 
in the below table:

Costs and benefits Unit
PBS low 
demand

PBS medium 
demand

PBS high 
demand

Added benefits

Benefits from physical activity INR/day 38,550 54,744 78,104

Value of time saved INR/day 168,910 239,865 363,532

Increases in retail revenues INR/day 101,049 143,498 217,481

Increase in property values INR/day 1,457,123 1,457,123 1,457,123

Total added benefits INR/day 1,765,632 1,895,230 2,116,240

Key messages:
The table on this slide displays the higher end estimates for the monetary valuation 
of externalities. Values here are not discounted.

The scale of the monetary value per externality depends on the demand for the PBS 
system and the associated shift away from other transport modes. Higher demand 
translates to higher net value. In each scenario, the total value of positive 
externalities clearly outweighs the value of the only negative externality, which is the 
increased direct exposure to air pollution faced by new cyclists. The largest benefits 
stem from the economic value of time saved, the increases in retail revenues and 
property values, and the avoided costs of air pollution. 

83



Results of Externalities, higher end values (2/2)
“Avoided and added costs” and “total net values” per demand scenario:

Costs and benefits Unit
PBS low 
demand

PBS medium 
demand

PBS high 
demand

Avoided and added costs

Avoided cost of air pollution INR/ day 339,093 481,538 729,805

Cost of increased exposure to air 
pollution

INR/ day (54,181) (76,941) (116,610)

Avoided social cost of carbon INR/ day 2,003 2,845 4,311

Avoided cost of accidents INR/ day 16,784 23,834 36,122

Avoided cost of noise pollution INR/ day 15,100 21,443 32,498

Total avoided and added costs INR/day 318,799 452,719 686,126

Total net value per day INR/day 2,084,431 2,347,949 2,802,366

Total net value per year INR million 760.8 857.0 1,022.9

Key messages:
The table on this slide displays only the lower end estimates for the monetary 
valuation of externalities. Values here are not discounted.

The scale of the monetary value per externality depends on the demand for the PBS 
system and the associated shift away from other transport modes. Higher demand 
translates to higher net value. In each scenario, the total value of positive 
externalities clearly outweighs the value of the only negative externality, which is the 
increased direct exposure to air pollution faced by new cyclists. The largest benefits 
stem from the economic value of time saved, the increases in retail revenues and 
property values, and the avoided costs of air pollution. 
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Integrated Cost-Benefit Analysis, lower end values
Costs and benefits 

(in INR, undiscounted)
Unit

PBS low 
demand

PBS medium 
demand

PBS high 
demand

Capex INR/day 34,253 34,253 34,253

Opex INR/day 87,016 87,016 87,016

Total revenues INR/day 30,138 42,801 64,869

Conventional net results INR/day (91,132) (78,468) (56,401)

Total added benefits INR/day 795,906 925,504 1,146,514

Total avoided costs INR/day (1,772) (2,516) (3,814)

Added benefits + avoided 
costs

INR/day 794,134 922,988 1,142,700

SAVi net result per day INR/day 703,002 844,520 1,086,299

Total SAVi net result over 20 
years

INR million 5,131.9 6,165.0 7,930.0

Total SAVi net result over 20 
years (discounted)

INR million 3,143.6 3,764.5 4,824.9

Key messages:
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Integrated Cost-Benefit Analysis, higher end values
Costs and benefits 

(in INR, undiscounted)
Unit

PBS low 
demand

PBS medium 
demand

PBS high 
demand

Capex INR/day 34,253 34,253 34,253

Opex INR/day 87,016 87,016 87,016

Total revenues INR/day 30,138 42,801 64,869

Conventional net results INR/day (91,132) (78,468) (56,401)

Total added benefits INR/day 1,765,632 1,895,230 2,116,240

Total avoided costs INR/day 318,799 452,719 686,126

Added benefits + avoided 
costs

INR/day 2,084,431 2,347,949 2,802,366

SAVi net result per day INR/day 1,993,299 2,269,481 2,745,965

Total SAVi net result over 20 
years

INR million 14,551.1 16,567.2 20,045.5

Total SAVi net result over 20 
years (discounted)

INR million 8,869.6 10,088.0 12,190.0

Key messages:
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Integrated Cost-Benefit Analysis – Key Insights
The CBA integrates Capex, Opex, revenues and the value of externalities generated by 
the PBS system. The conventional net results indicate that the PBS system falls short on 
financial performance under all demand scenarios. If the environmental, social and 
economic co-benefits and avoided costs valued by SAVi are integrated, the picture 
changes significantly. The SAVi net results demonstrate that each demand scenario 
yields a positive net value. The higher the demand for using the PBS system, the higher 
the positive net result. 

Even when assuming conservative demand numbers and lower end estimates for the 
valuation of externalities, discounted net benefits over 20 years amount to more than 
INR 3.14 billion (≈ USD 44.4 million). The more optimistic high demand scenario would 
yield a net result of INR 4.82 billion (≈ USD 68.2 million). These SAVi net results also 
indicate benchmark values for making public investment decisions for providing bicycle 
lanes and additional road safety elements to make the use of the PBS system in Dwarka 
viable. 

Explanations why net results provide benchmark values for investment decisions:
Deploying the PBS system successfully, achieving the demand figures estimated by 
the Centre for Green Mobility (CGM) and realizing the added benefits and avoided 
costs as calculated in this SAVi assessment build on the premise that required bicycle 
infrastructure will be provided by the municipality. This includes the construction of 
bicycle lanes and adjustment of existing road infrastructure, new street lighting and 
traffic light systems to improve safety, street furniture, planting of trees to provide 
shade and better ambience for cyclists and pedestrians. The SAVi net results in Table 
ES 2 can thus be considered as benchmark values for policy-makers and public 
infrastructure planners. By carefully assessing the SAVi net results of the different 
demand scenarios over a period of 20 years enables policy-makers to determine the 
scale of investment that could be earmarked for deploying the above-mentioned 
infrastructure components.  
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Conclusions
The SAVi assessment provides evidence that investing into the PBS system in Dwarka is 
worthwhile if the multiple environmental, social and economic benefits and avoided costs 
are taken into account. The integrated SAVi assessments helps to make a stronger case 
for bicycle sharing and other forms of sustainable mobility solutions. 
Altogether, this assessment has shown that the PBS system advances the realization of 
sustainable mobility targets in Dwarka, improves the quality of life and therefore delivers 
the transport policy objectives defined in the Delhi Master Plan 2021: 

• Multi-modal, convenient, safe and affordable transport,

• More equitably allocation of road space,

• Reduced emissions,

• Fewer fatality events,

• Enhanced transport efficiency and positive economic effects,

• Positive health effects.

Details how the PBS system contributes to the transport policy 
objectives of the Delhi Master Plan 2021:
Multi-modal, convenient, safe and affordable transport: The PBS system 
will allow for more convenient and affordable access to public transport, 
including last-mile connectivity, and hence will facilitate multi-modal transport 
use. Moreover, the required bicycle infrastructure (bicycle path, traffic lights, 
street lighting) will improve safety in Dwarka.
Economic benefits: Another objective is to allocate road space more 
equitably. The implementation of the PBS system contributes to this objective 
by providing more road space to cyclists. The SAVi assessment calculated 
economic effects resulting from this new allocation of road space. The low-
demand scenario yields an increase in retail revenues of more than INR 
101,000 per day as well as a one-time increase in property values in Dwarka 
ranging between INR 3,558 million and INR 10,637 million. 
Reduced emissions: The SAVi results demonstrate that the shift from 
motorized transport to using the PBS system contributes to reduced vehicular 
emissions. The results of the low-demand scenario provide evidence that more 
than INR 2,000 in the social cost of carbon are reduced per day, almost INR 
15,100 in the cost of noise pollution (health costs) are avoided per day and the 
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air pollution costs avoided per day range between INR 33,415 and INR 
339,093 depending on the assumed health costs of air pollutants.
Fewer fatality events: The SAVi results on “avoided cost of accidents” 
demonstrate that the PBS system also contributes to a small extent to 
reducing the fatality rates in Dwarka, as promoted by the Master Plan. 
Enhanced transport efficiency: The use of the PBS system will also 
enhance the efficiency of movement in Dwarka as evidenced by the value of 
time saved amounting to INR 168,910 per day in the low-demand scenario.
Health effects: The valued health benefits associated with increased physical 
activity and reduced noise pollution are further indications of improved quality 
of life resulting from the availability and use of the PBS system in Dwarka. 
Only the increased cyclists’ exposure to air pollution will have adverse health 
effects. This circumstance provides another good reason why the severe air 
pollution issues in Delhi and other cities in India need to be tackled.
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10. The Application of the Sustainable Asset Valuation (SAVi) 
Methodology to National Green Economy Planning in Georgia

A Sustainable Asset Valuation for Agriculture, Tourism and 
Buildings

Client: The Ministry of Economy 
and Sustainable Development 
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Scope of this SAVi Assessment and Scenarios
Georgia’s green economy strategy foresees a range of policies that aim to set the 
country on a track toward sustainable development. The aim of the SAVi assessment is 
to inform the further preparation of the national green economy strategy.

The assessment focuses on three economic sectors: buildings, agriculture and tourism. 
It compares a green economy scenario to a business-as-usual (BAU) scenario:

• The Business as Usual (BAU) scenario assumes the continuation of historic trends. 
This includes all policies and interventions currently active and enforced, but excludes 
policies planned but not yet implemented.

• The Green Economy (GE) scenario which assumes additional investments in the 
agriculture, buildings and tourism sectors. 
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Assumptions for analysed Green Economy sectors

• 30 per cent of the total building stock will be sustainable by 2030. This 
can be achieved through energy-efficient technologies, retrofitting old 
buildings and ensuring that new buildings are built sustainably.

• 20 per cent of farmland will be sustainably managed by 2030. This can be 
done through drip irrigation technologies and organic agriculture;

• Yield will increase by 10 per cent; a premium price of 20 per cent will 
apply to this production; 

• Labour intensity will increase by 10 per cent when if sustainable 
practices.

• 50 per cent of newly constructed hotels will be green starting from 2030; 
• Tourists pay a premium of 20 per cent for green hotels;
• 50 per cent of food consumed in green hotels will be sourced locally from 

land that is sustainably managed.
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The avoided costs and added benefits of Green 
Economy Interventions

• Use of water: drip irrigation in agriculture saves water and reduces operational costs 

compared to BAU. Water-efficient technologies in green hotels will reduce the need 

for investment in wastewater treatment plants.

• Demand for energy: energy efficient technologies lead to a reduction in operational 

costs for buildings. They also reduce the need for investment in power plants. 

• Carbon emissions: all green economy interventions lead to reduced carbon dioxide 

emissions compared to BAU. These are valued based on the social cost of carbon.

• Air pollution: particulate matter (PM2.5), sulphur dioxide and nitrogen oxide 

emissions will all reduce thanks to the green economy interventions, compared to 

BAU. These are valued based on health costs of air pollution.

• Carbon sequestration: green economy interventions in agriculture will lead to 

increased carbon sequestration.
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Assessment results of Green Economy indicators

The green economy scenario increases income and revenues and leads to a decreased 
unemployment rate over time. SAVi projects an average GDP growth of 3.8 per cent annually 
under the BAU scenario and 4 per cent under the green economy scenario.

On each indicator, the green economy scenario delivers better results:
• Government revenues in 2040 will rise to GEL 43,805 million under the green 
economy scenario, compared to GEL 41,699 million under BAU.
• The unemployment rate in Georgia is projected to be 16.2 per cent under the 
green economy scenario, compared to 20.8 per cent under BAU in 2040. This 
is 4.6 per cent lower in 2040 under the green economy scenario.
• Household incomes are higher in the green economy scenario.

93



SAVi Results: Integrated CBA (in million GEL)
*

Results per sector in 
the table are displayed 
in reference to the 
BAU scenario.

*Combined GE 
scenario:
Interaction between 
policy options causes 
that results of the 
combined GE scenario 
are different from 
adding up the results 
of each of the three 
sectoral interventions.

*Note for the Building sector: The potential for the construction of energy-
efficient buildings is assumed to be equal to the demolition rate of conventional 
buildings. However, achieving the ambition of a 30 per cent share of energy-
efficient buildings requires the retrofitting of conventional buildings in addition 
to replacing conventional buildings with energy-efficient buildings. Retrofitting 
increases the average lifetime of the building stock and suppresses the 
construction of new buildings. This leads to a reduction in capital investments 
for construction in the green economy scenario compared to the BAU 
scenario, represented by the negative value for the buildings scenario. 
Additional investments occur for retrofitting compared to the BAU scenario, 
represented by the high positive value.

The green economy interventions in the three sectors cumulatively require 
investments of GEL 25.26 billion between
2018 and 2040. These are largely offset by the avoided costs and added 
benefits of the green economy: operation costs,
investment in power generation and wastewater treatment are GEL 6.35 billion 
lower compared to BAU. Further, the
green economy interventions will provide for additional labour income from the 
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green jobs created for almost GEL 35
billion across tourism, buildings and agriculture. The green economy 
interventions also lower GHG emissions compared
to BAU. This leads to a reduction in the social cost of carbon of GEL 784.5 
million compared to BAU. Finally, avoided
costs of particulate matter (PM2.5), suphur dioxide and nitrogen oxide and the 
additional carbon sequestration thanks to
the green economy interventions in agriculture lead to total added benefits of 
around GEL 36 billion. 
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Internal rate of return (IRR) and net present value (NPV) 
of Green Economy Investments

IRR and NPV are usually not used for policy-level analysis, but for assessing the 

financial performance of infrastructure projects. However, the IRR and NPV calculations 

can provide interesting insights for policy-makers, too. Indeed, when applying systemic 

thinking to policy-making. In addition to the integrated CBA, the IRR and NPV provide 

insight into whether a policy decision can indeed deliver sufficient economic and social 

returns to justify the initial investments.

Explanations of results:
Scenario 1, the total investment in the green economy, excludes the 
measurement of avoided costs and benefits. While the IRR of this scenario is 
positive, the negative NPV suggests that discounted benefits do not cover the 
investments required when the wider economic, societal and environmental 
benefits of a green economy intervention are ignored.
In Scenario 2, when the avoided costs and added benefits are factored in, both 
the IRR and the NPV increase significantly.
In Scenario 3, the additional GDP generated by the green economy 
investments is included as revenue into the financial performance of the green 
economy.
The IRR then increases to 71 per cent with the NPV reaching almost GEL 17 
billion.
This high-level financial assessment demonstrates that the green economy 
investments pay for themselves and generate a significant positive return for 
taxpayers
in the longer term. Even though the green economy investments may seem 
unprofitable if only direct costs and benefits are assessed, the integration of 
economic, environmental and social avoided costs and added benefits 
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demonstrates a positive investment case compared to BAU.
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