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1. Introduction
1.1 Introduction
The objective of the present IDB Investment Loan SU-L1009 (“Support to Improve Sustainability of the Electricity Service”) for Suriname is: (i) to support the implementation of IT business support tools for EBS, (ii) to contribute to expand electricity coverage by grid extension and renewable energy systems in the Hinterlands, and (iii) to provide financial support for upgrading critical infrastructure.  The Economic Analysis presented in this report is tailored to Component II of the operation (Sustainable Rural Electrification and Institutional Strengthening). The Programme is implemented by the national electricity company EBS. The total IDB resources assigned to this operation are USD 30,000,000, of which USD 10,500,000 will be used for investments under Component II. The disbursement period for the Loan is 84 months.

1.2 Project Context
Suriname is the youngest sovereign country in South America. The country covers an area of 163,820 square kilometers (km2) and has a population of approximately 567,000 people. Approximately 90% of the population lives in the coastal area. The interior of Suriname (the Hinterland), which extends to the Amazone Rainforest, is sparsely inhabited. Many of the estimated 217 villages in the interior can only be reached by boat or plane.
The electricity sector in Suriname is based on contractual arrangements between the State and public and private companies. The responsibility for the sector is assigned to the Ministry of Natural Resources (MNH).  Energiebedrijven Suriname (EBS) is a state-owned company under the supervision of the Ministry of Natural Resources (MNH) which operates under a 50-year, countrywide concession covering transmission, distribution and commercialization of electricity.  The electricity sector in Suriname consists of individual grid systems.  Paramaribo and the surrounding areas are interconnected by the EPAR grid, which serves about 79% (388,000 people) of the population. This system is the largest in the country with a peak demand of 130-MegaWatts (MW) and an annual electricity consumption of 730,000-MegaWatt hour (MWh/yr).  Smaller grids, operated by EBS and powered by thermal generators on a 24-hour basis exist in the western part of the country and in the main towns in the coastal plain
.  Private mining companies rank second and third in terms of electricity consumption, including Suralco at Paranam (429,000-MWh) and IAMGOLD in the Rosebel area (118,000-MWh).  
Electricity supply in the Hinterland is under the mandate of Dienst Electrificatie Voorziening (DEV), which is an agency of MNH.  About 130 villages have diesel generators installed with a total nominal capacity of 4.5-MW, serving an estimated population of 30,000 people.  About 100 of these villages are provided with diesel fuel by DEV on a monthly basis.  The electricity service is designed for an average time of 6 hours per day (from 5 pm to 11 pm).  Rural households are not charged for the service as all the costs are absorbed by the Government of Suriname (GOS).  Fuel supply is constrained due to cost and logistical reasons and in some villages it is unavailable for long periods, which greatly affects services, quality of life and economic activity.  In response, in some areas people tend to migrate temporarily or permanently. 
The GOS has acknowledged the need to strengthen the electricity sector through a comprehensive and coordinated approach.  To this extent in 2012, the GOS sought support from the Inter-American Development Bank (IDB) to establish a Sustainable Energy Framework for Suriname (SEFS) with the objective of creating conditions for the economic, social, financial and environmental sustainability of the sector, thereby anticipating future demand growth. IDB’s support to the SEFS includes Investment (IL) and Policy-Based Loans (PBL). The present operation (SU-L1009) has been designed to contribute to the SEFS by: (i) helping to improve EBS’ operation; (ii) improving the reliability and cost-effectiveness of energy supply in selected rural areas by expanding the network and incorporating non-conventional RE technologies; and (iii) rehabilitating critical infrastructure required for the effective operation of the electricity system. The operation will contribute to reduce EBS’ operating costs, improve quality of the electricity service, and increase the number of people reached.
1.3 Project Scope

The general objective of this operation is to contribute to the implementation of a Sustainable Energy Framework for Suriname by strengthening EBS’ operational procedures and corporate performance, and by improving the sustainability of rural electricity supply. The three components are: 

I. Improvement of EBS’ Operations
;

II. Sustainable Rural Electrification and Institutional Strengthening; and:
III. Critical Infrastructure
.

The present report analyses economic aspects of the investments proposed under Component II
. Specifically, the activities under this component envisage to achieve the following: (i) the integration of Powakka village and surrounding communities into the EPAR grid by rehabilitating and upgrading the transmission and distribution system and securing the sustainability of the investment; and (ii) the installation of hybrid RE generation to local distribution systems to improve sustainability of electricity supply in Atjoni and nearby communities. Electrification of the Powakka and Atjoni areas is prioritized by the Government of Suriname in order to (i) stabilize demographic development as a prerequisite for future development, (ii) reduce the additional stress on public services in Paramaribo caused by the floating population from the inland, and (iii) directly improving quality of life of the local population, including public services and enabling economic activities.  The investments under the operation are aimed at: (i) reducing EBS’ operational losses by the implementation of more cost-effective technologies, and (ii) securing the economic feasibility of the planned electrification projects.
Rural Electrification

The baseline scenario for rural electrification in Suriname consists of diesel-based electricity. Electricity costs in the Hinterlands were estimated by KEMA (2008) at USD 0.63 per kWh (made up of USD 0.41 for diesel fuel, USD 0.18 for transport, and USD 0.03 for operation and maintenance)
. These costs are borne by the State (through DEV) and do not include the capital costs of the diesel generators. The traditional approach to rural electrification in Suriname is not sustainable due to: (i) insufficient technical capacity and resources; (ii) high diesel costs; (iii) vulnerable logistical chains claiming scarce human resources and transport means; and (iv) costs of the electricity service borne by the GOS.  
At the project sites (Powakka and Atjoni), the GOS plans to transfer the responsibility of the electricity service from DEV to EBS to improve the quality of the service and strengthen sector governance
. By consequence, EBS will be obliged to provide 24-hour service, similar to the situation in the capital, Paramaribo.  Contrary to the present situation, end-users will have to pay for the service according to the applicable tariff (between USD 0.05-0.07 per kWh). Since diesel generation costs are much higher than EBS’ average generation and transmission (G-T) costs, the baseline scenario (diesel generation) would imply very high operational losses for EBS. 

Powakka area (Para district)
Powakka and the surrounding villages are located about 50-kms south of Paramaribo in the Para District.  The power generation is being done by small diesel generators from 5pm to 12pm.  The area is easily reached by road from Paramaribo and includes several resorts for leisure and tourism (both national and international). Economic development is hampered by the inadequate energy services. Moreover, local people tend to leave the area during the week to work in Paramaribo. The targeted settlements in the area include the villages of Powakka and Ayo (west of the Suriname river) and Redi Doti and Casipoera (east of the river); and the more disperse dwellers along the main road from Paranam southbound to Afobaka. 
In order to upgrade the electrical infrastructure in the Powakka area, four projects have been identified: (i) upgrade substation Paranam (S/S P); (ii) construction new substation Powakka (S/S POW); (iii) extension of existing single circuit 33-kV Overhead Line (OH) with 7.4-km between substation Paranam and substation Powakka; and (iv) new installation of 12-kV in 220V OH from Powakka to Casipoera. The total number of connections is about 1,797 with an expected power demand of approx. 5,493-kVA
.  EBS has prepared a project document to compare the cost-effectiveness of 24/h diesel-based electricity supply and the alternative (integration of the area into the EPAR grid)
. The document provides a description of the area and required infrastructure; a draft environmental management plan has also been submitted
. The estimated total investment is USD 7,273,000, including labour costs.
Atjoni area (Sipaliwini district)

Atjoni is one of the planned civic centers in the inland Sipaliwini District and is expected to play a pivot role for the development of central Suriname, thereby serving an estimated 5,162 households.  It is located about 195-km from Paramaribo and can be reached over land by a good road.  From Atjoni, boats depart connecting the villages upstream the Suriname river with the coastal area.  Atjoni is presently served by diesel generators (2 units of 437-kVA) offering electricity between 7:00 pm and 7:00 am.  Several economic activities and community services are in place, including small supermarkets and restaurants, a small timber factory, the District’s Administrative Center, and a large school with houses for the teachers
.  In order to provide electric power on a 24-hour basis, major upgrades in the electrical infrastructure (including generation), are needed which surpass the technical capabilities of DEV.  
The project will provide high-quality service on a 24-hour basis to 494 households and other end-users in Atjoni and adjacent Pokigron, including 9 shops, the Civic Centre, and 7 local businesses. The existing diesel generators will be complemented with 500-kW solar PV systems to feed the local distribution network.  The upgrade involves the installation of 1,600 m 12-kV OH lines, 450-kV transformers, 1,405-m LV cable, 54 units of street lighting, the network, and site preparation for the installation of approximately 200 PV panels, and a battery bank to guarantee reliability and 24/h supply. EBS has prepared the technical design and an investment plan to assume the service in Atjoni-Pokigron based on the full-diesel option. The investment for the upgrade, including the 500-kW PV system, is estimated at USD 2,312,000.
1.4 Methodology and Assumptions
The approach to assess the economic benefits is based on the analysis of the cost-effectiveness (CEA) of the investment proposal compared to the business-as-usual scenario (stand-alone diesel generation). Performing a cost-benefit analysis (CBA) from the perspective of the national economy (State of Suriname) would be cumbersome due to the following:

i) the existing and future situations are not equivalent from the perspective of the end-user, as (a) the present service is limited in terms of duration and capacity; and (b) the present service is not paid for, unlike the future situation; 

ii) the target population is unstable due to migrational effects, which inhibits detailed evaluations of economic benefits and financial flows based on the existing situation; 

iii) important external benefits exist that are difficult to quantify, including: the demographic consolidation of inland communities as a result of improved electricity service and sector governance; the impact of adequate electricity services on education, health, safe water supply and public safety; and local environmental benefits by avoiding the transport, storage and combustion of diesel fuel.
As an indicative figure for the combined social and economic benefits may serve a value of approx. 500 USD/MWh. This value has been used as the average cost of unserved electricity for customers connected to the EPAR grid. It is of the same order as the electricity cost using business-as-usual technology in the Hinterlands, which is in the range 440-630 USD/MWh (2008 estimates). The fact that the Government is planning to provide 24/h service in Powakka and Atjoni at this cost level confirms the value of social and economic benefits from the national perspective
. It is therefore assumed that at levelized energy costs (LCE) up to 500-600 USD/MWh (generation and transmission), the benefits justify the costs of electricity supply.
Compared to this baseline, the proposed investments translate into economic and financial benefits for the State of Suriname by reducing the operational costs related to diesel fuel consumption. The benefits of the investments to mitigate global climate change can be made explicit and may generate additional financial benefits through the sales of emission certificates (CERs
 or VERs
). From the perspective of the operator, EBS; neither generation alternative is financially profitable, since the applicable tariffs in Suriname are below the generation and transmission (G-T) costs. However, operational losses incurred into by EBS are compensated by the GOS.  The actual costs of electricity service is not yet made transparent to the end-user, who receives electricity at a subsidized tariff. The SEFS programme is aimed at contributing to a more sustainable energy sector in Suriname by a range of support instruments, which also address a review of the current tariff system. The present Investment Loan is specifically targeted at supporting EBS by reducing the cost level of the energy services provided in the project areas.
Powakka project
The business-as-usual scenario consists of an increase in installed diesel capacity and an upgrade of the distribution network to provide 24/h service and meet the latent electricity demand. The electricity cost for diesel supply is calculated at USD 0.50 per kWh (based on a fuel cost of USD 0.47 per kWh plus a cost of USD 0.03 per kWh for O&M)
. This figure is comparable to the estimations made by KEMA.

The methodology followed in the economic analysis for Powakka is by calculating the EER (Economic Rate of Return)  and NPV (Net Present Value) of the benefits and costs of the grid connection project
. Net revenues are obtained from the cost difference between the baseline case (diesel generation at USD 0.50 per kWh) versus the marginal generation-transmission (G-T) cost for the EPAR grid. The latter has been estimated at about 156 USD/MWh
. If a positive EER is obtained (at a discount rate of 12%), the project is considered economically feasible. Under the assumption that both alternatives deliver the same quality service, a positive EER for the grid-connection project implies economic superiority, with reduced operational costs for EBS
.
In order to justify the long-term, economical operation of the grid-integration project, a comparison with the diesel base case is no longer valid as future costs will be compared with the energy costs in the EPAR grid. The long-term economic feasibility of the project is demonstrated by calculating the unit energy cost (USD/kWh) for which EER=0. The project is deemed economically viable if the energy costs tend to approach the EPAR’s G-T marginal cost level with increasing demand.  

The main uncertainties are the future demand forecast and the investment costs. Under the present situation, it is assumed that most houses in the villages (928) are already connected and have an average electricity demand of 46.8 kWh/month (based on intermittent service).  Once offered 24/h service and 3-kVA capacity, it is expected that demand will raise to 225-kWh/month (latent demand). In the course of Year 1, EBS expects an additional surge in electricity consumption due to increased economic activity
. The houses along the Afobaka road are presently not connected but are expected to achieve the 225-kWh/month level also during Year 1. After Year 2, an autonomous increase in demand of 6% per year is expected. If energy demand lags behind this expectation, this will adversely affect the economy of the project. These effects will be analyzed by a sensitivity analysis.
The investment costs are calculated by EBS with an uncertainty margin of +/- 20%. Since the proposed technology is commonly used by EBS in Suriname, the price quotations are expected to be accurate.
Atjoni project

Under the business-as-usual scenario for Atjoni-Pokigron, EBS would take over the existing diesel generators (2x467-kVA) and habilitate the electrical installation for synchronized operation to meet increasing demand. Upgrades to the existing network include the installation of fuel tanks, a small 12-kV distribution network, public lighting and habilitation of the LV-grid to meet EBS’ connection standards. The presented alternative proposes electricity generation by a combined diesel-solar PV system.  In this case, substantial savings in diesel fuel consumption are achieved. At a present price level of 1.46 USD/l and a conversion efficiency of 3.1 kWh/l, the present fuel cost is 0.47 USD/kWh.

The methodology followed in the economic analysis for Atjoni-Pokigron is by calculating the levelized cost of energy (LCE) for the business-as-usual option (100% diesel) and for a 500-PV system operating as a fuel saver. This requires that all energy generated by the PV-system is dispatched to the load. Based on an evaluation of the demand capacity, it is assumed that the diesel option will use both existing generators (2x467-kVA), while the hybrid system will use one unit (1x467-kVA)
. As a first approximation, the LCE for the hybrid system is estimated by linear interpolation. The total energy demand in Atjoni-Pokigron? in Year 1 is estimated at 1,531 MWh/yr. The PV-system would deliver 701 MWh/yr (46% of total).

The purchase price of the generators is included in the LCE calculation for the diesel option
. Reinvestments are made after 5 years when the diesel engines have completed their economic life. The calculations include the planned upgrade of the power house and the distribution grid. The increase of energy demand over time is ignored in the LCE analysis as costs (diesel consumption and O&M) will increase linearly with revenues (from energy production). For the PV system, batteries and inverters are replaced after 10-years. A total project life of 20 years is used. At the end of this period, the PV system may have a residual economic value, which is ignored in this evaluation.
To evaluate the economy of the PV-system from the investor’s perspective (EBS), the EER and NPV are calculated based on a cash flow analysis for two tariff levels for the delivered electricity: (1) tariff equal to present fuel costs; and (2) tariff equal to the calculated LCE for the diesel option. The NPV of the PV-project in the latter case can be interpreted as its cash value for the State of Suriname – money which would otherwise be spent on diesel fuel.

2. Economic Benefits
Powakka project
Quantified in the ERR for the Powakka project are the monetary savings resulting from the difference between the costs of electricity generation under the business-as-usual scenario (stand-alone diesel @ USD 0.50 /kWh) and the marginal cost level of energy generation-transmission in the EPAR grid (@ USD 0.156/kWh). The resulting revenues are USD 0.344 per kWh.
Atjoni project
The evaluation of the hybrid (diesel-PV) electricity generation project in Atjoni is based on a comparison of the levelized electricity costs (LCE) of the business-as-usual option (full diesel) and the PV system. Based on this evaluation, the ERR for the investment in the PV system is calculated by considering the annual revenues obtained from: (a) the diesel fuel replaced by PV-based generation (@ USD 0.47/kWh of electricity); and (b) the economic value of the electricity generated by the PV-system (@ USD 0.56/kWh
).

Non-quantified benefits

The benefits from the investments go beyond the direct financial and economic benefits for the State of Suriname and EBS. A more reliable and sufficient supply in the Hinterlands will have substantial impact in terms of quality of life, economic development and quality of basic services (clean water, health, education). These benefits are expected to be equal or greater than the cost for unserved energy
.  Environmental benefits arise from the avoidance of CO2 emissions by thermal generators (diesel and heavy fuel oil). The value of carbon emission credits (VERs or CERs) may be used for rating these benefits. Indirect economic benefits occur by improving the financial position of EBS and the State, by reducing their costs of capital. 

3. Economic Costs
The costs of the project mainly involve the purchases of equipment, installation, logistics and operational costs of the technologies mentioned above.  For simplicity and lack of data economic costs of the project (social prices) are assumed to be the same as the market costs (market prices).  Diesel fuel costs are based on actual market prices in Suriname to correct for existing subsidies to EBS.
Powakka project

The economic costs for the Powakka grid integration project are summarized in Table 1.

Table 1.  Economic Costs Powakka

	Capital Costs (USD)
	Life time

	Substation Paranam (50 MVA)
	2,165,000
	
	20 years

	Substation Powakka and distribution system
	5,108,000
	
	20 years

	Total capital cost (USD)
	7,273,000
	

	Annual costs (USD)
	

	Grid O&M Costs (Year 1)
	
	159,856

	

	Total annual costs (USD)
	159,856
	


A cost breakdown of the Powakka project is provided in Annex II.
Atjoni project

The economic costs for the Atjoni hybrid-PV project are summarized in Table 2.
Table 2.  Economic Costs Atjoni

	Capital Costs (USD)
	Life time

	PV-panels (500-kV)
	2,000,000
	
	20 years

	Batteries and inverter
	192,000
	
	10 years


	Other project costs

	120,000
	
	20 years

	Total capital cost (USD)
	2,312,000
	

	Annual costs (USD)
	

	PV O&M Costs
	
	10,000

	

	Total annual costs (USD)
	159,856
	


A cost breakdown of the Atjoni project is provided in Annex III.

4. Results of the economic analysis

The economic benefits of the Project are derived from the construction and operation of more cost-effective solutions for rural electrification than conventional, stand-alone diesel generation (the business-as-usual scenario).  Specifically, the investments are: (a) grid expansion to connect Powakka and surrounding villages to the main EPAR grid; (b) implementation of a 500-kW PV system to complement existing diesel generation in Atjoni. The costs of the Project are the initial capital investment and the expenses for operation and maintenance during the lifetime of the investments. Table 4 presents an overview of the ERR and the NPV of the proposed technology options.
Table 3.  Economic Analysis
	Project
	Reference cost
	Capital Cost
	ERR
	NPV

(@12%)

	
	(USD/kWh)
	(USD)
	(%)
	(USD)

	Powakka grid extension project
	0.50
	7,273,000
	35.7%
	16,140,079

	Atjoni PV project

	0.47
	2,312,000
	12.1%
	17,902

	
	0.56
	2,312,000
	15.3%
	438,827


It is concluded that both projects are economically feasible. If the Atjoni PV project is valued only as a fuel saver, it is marginally feasible (ERR = 12.1%). Considering LCE of diesel, the PV option offers a more attractive return on investment (ERR of 15.3% and NPV of USD 438,827 @12%).

As a criterion for long-term economic sustainability of electricity supply in Powakka, unit energy costs should decrease with increasing demand. The following graph (Figure 1) shows that this is indeed the case, as energy costs approach the marginal cost level of the EPAR grid (0.156 USD/kWh). An increase of 500% in demand is attainable without additional investments in the proposed infrastructure. At the expected growth rate of 6%, this would be reached 15-20 years after project completion. The cost level would then be around 0.19 USD/kWh, which is about 21% above present marginal G-T costs in the EPAR grid. 
Figure 1. Long-term energy costs in Powakka versus demand
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5. Sensitivity Analysis

Powakka project
The main variables that may affect the economy of the grid-extension project in Powakka and surrounding areas are: (i) the capital costs of the investment; and (ii) the annual energy demand. Compared to the business-as-usual option, grid extension is capital-intensive. If the energy demand is lower than expected, the economic benefits will lag behind, thereby affecting the return on investment. Table 4 shows the effect of increased capital costs and a reduced energy demand on the ERR and NPV (cases II, III and IV) compared to the base case (I).
Table 4.  Sensitivity Analysis Powakka grid extension project

	Powakka grid extension project
	Capital cost
	variation
	Initial Energy Demand 
	variation
	ERR
	NPV

(@12%)

	
	(USD)
	(%)
	(kWh/month)
	(%)
	(%)
	(USD)

	base case (I)
	7,273,000
	-
	225
	-
	35.7%
	16,140,079

	case II
	8,727,600
	+20%
	225
	-
	30.8%
	14,905,562

	case III
	7,273,000
	-
	112.5
	-50%
	19.4%
	4,370,234

	case IV
	8,727,600
	+20%
	112.5
	-50%
	16.5%
	3,071,484


It is concluded that the Powakka grid extension project is robust, generating a positive ERR (16.5%) and return on investment (USD 3,071,484) even in case of increased capital costs combined with low demand.
Atjoni project

The main variables that may affect the economy of PV-based electricity generation in Atjoni (compared to stand-alone diesel), are: (i) the capital costs of the investment; (ii) the capacity factor of the PV-system
; and (iii) the price of diesel fuel. The table below (Table 5) calculates the ERR, NPV and LCE for different capital costs (+/- 20%) and capacity factors (+/- 10%), and combinations thereof.
Table 5.  Sensitivity Analysis Atjoni PV project

	Atjoni PV project
	Capital cost
	variation
	Capacity factor 
	variation
	ERR

	NPV

(@12%)
	LCE 

	
	(USD)
	(%)
	(-)
	(%)
	(%)
	(USD)
	(USD/MWh)

	base case (I)
	2,312,000
	-
	0.16
	-
	15.3%
	438,827
	467

	case II
	2,774,400
	+20%
	0.16
	-
	12.2%
	25,970
	555

	case III
	1,849,600
	-20%
	0.16
	-
	19.9%
	851,684
	378

	case IV
	2,312,000
	-
	0.176
	+10%
	17.2%
	700,735
	424

	case V
	2,312,000
	-
	0.144
	-10%
	13.4%
	176,918
	518

	case VI
	1,849,600
	-20%
	0.176
	+10%
	22.1%
	1,113,593
	344

	case VII
	2,774,400
	+20%
	0.144
	-10%
	10.4%
	-(235,939)
	616


It is concluded that PV-based electricity generation is economically viable in Atjoni, except for Case VII (20% increase in capital costs combined with 10% decrease in capacity factor). The sensitivity of the project to variations in both variables is quite high, which can be considered as a financial risk. Monitoring of capital expenditures as well as due diligence during project preparation (including measurements of the solar potential) can assist in controlling this risk.
The price of diesel fuel is a critical factor determining the cost of the diesel option. The present sensitivity analysis is based on the LCE of diesel generation as a reference price level. Based on global trends in fossil fuel prices, the price of diesel is expected to increase in the future.  Although less likely, it may also become lower. As part of project preparation, it is suggested to simulate fluctuations in annual fuel prices and evaluate the economy of the PV project according to several fuel price scenarios. 
6. Conclusions

A cost-effectiveness (CEA) analysis was carried out for Component II of the Investment Loan SU-L1009. The main benefits of the Project are derived from the substitution of the business-as-usual technology (stand-alone diesel) by more cost-effective alternatives: (i) integration of the Powakka area into the main EPAR grid; (ii) renewable energy-based electricity generation (PV panels with battery backup) in combination with diesel. The ERR of the Powakka project is 35.7% (NPV@12% of USD 16,140,079); for the Atjoni project, the ERR is 15.3% (NPV@12% of USD 438,827). The ERR of the combined projects is 31.7% for a scope of 20 years with a NPV (@12%) of USD 16,578,906. Several sensitivity analyses were carried out all of them yielding a positive ERR
. 
Annex I. Economic Flows

Powakka Project

	year
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	benefits
	
	1,925,113
	2,642,525
	2,802,342
	2,974,279
	3,158,522
	3,348,033
	3,548,915
	3,761,850
	3,987,561
	4,226,815
	4,480,424
	4,749,249
	5,034,204
	5,336,256
	5,656,432
	5,995,818
	6,355,567
	6,736,901
	7,141,115
	7,569,582

	costs
	
	206,025
	228,965
	234,076
	239,574
	245,465
	251,525
	257,949
	264,758
	271,975
	279,626
	287,735
	296,331
	305,443
	315,102
	325,340
	336,193
	347,696
	359,890
	372,815
	386,516

	net result
	-7,273,000
	1,719,089
	2,413,560
	2,568,266
	2,734,706
	2,913,057
	3,096,508
	3,290,967
	3,497,092
	3,715,586
	3,947,189
	4,192,688
	4,452,918
	4,728,761
	5,021,154
	5,331,091
	5,659,625
	6,007,870
	6,377,011
	6,768,299
	7,183,065

	NPV
	16,140,079
	


Atjoni Project
	year
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	benefits
	
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717
	392,717

	costs
	
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	202,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000

	net result
	-2,312,000
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	190,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717
	382,717

	NPV
	438,827
	


Total Project (Component II)
	year
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	benefits
	
	2,317,830
	3,035,242
	3,195,059
	3,366,996
	3,551,239
	3,740,750
	3,941,632
	4,154,567
	4,380,278
	4,619,532
	4,873,140
	5,141,966
	5,426,921
	5,728,973
	6,049,148
	6,388,534
	6,748,283
	7,129,617
	7,533,831
	7,962,298

	costs
	
	216,025
	238,965
	244,076
	249,574
	255,465
	261,525
	267,949
	274,758
	281,975
	289,626
	297,735
	306,331
	315,443
	325,102
	335,340
	346,193
	357,696
	369,890
	382,815
	396,516

	net result
	-9,585,000
	2,101,805
	2,796,276
	2,950,983
	3,117,422
	3,295,774
	3,479,225
	3,673,683
	3,879,809
	4,098,303
	4,329,906
	4,575,405
	4,835,634
	5,111,477
	5,403,871
	5,713,808
	6,042,342
	6,390,587
	6,759,727
	7,151,016
	7,565,782

	NPV
	16,578,906
	


Annex II.  Economic Parameters Powakka Project
Project costs

The cost breakdown presented in the following table is provided by EBS. Cost estimates are within +/‐ 20% accuracy.
	Cost estimates Powakka Project

	A. Upgrade Substation Paramam (SS/P) 
	Amount (USD)

	Electrical Equipment 
	1,990,000

	Commissioning & Site Supervision
	   135,000

	Civil works
	     15,000

	Shipping & Insurance
	     25,000

	Subtotal
	2,165,000

	B. New Substation Powakka & Transmission
	

	Electrical Equipment, incl.  substation Powakka (SS/POW)
	1,771,000

	Commissioning & Site Supervision
	   135,000

	33 kV Overhead line SS/P ‐ SS/POW
	   662,000

	Civil works 
	   515,000

	Distribution infrastructure
	2,000,000

	Shipping & Insurance 
	     25,000

	Subtotal 
	5,108,000

	Total Estimated Cost 
	7,273,000


Energy demand forecast
The following table presents the increase of energy demand in the area as estimated by EBS. Present demand is based on a monthly average per household of 46.8 kWh. Once 24/h electricity is available, demand will increase to 225 kWh/month and grow further during the first year. Afterwards, an autonomous growth rate of 6% is assumed.
	Energy Demand Powakka Area

	Village
	Number of Connections
	Total Capacity 
	Daily Electricity Demand (kWh)

	
	(-)
	(kVA)
	present
	2,013
	2,014
	2,015
	2,016
	2,017

	Powakka
	600
	1,839
	923
	4,896
	7,800
	8,280
	8,784
	9,312

	Redi Doti
	197
	618
	303
	2,448
	3,912
	4,152
	4,416
	4,680

	Casipoera
	79
	255
	122
	984
	1,584
	1,680
	1,776
	1,920

	Ayo
	52
	174
	80
	576
	936
	984
	1,056
	1,128

	Other (Afobaka Road)
	869
	2,607
	0
	6,428
	6,814
	7,223
	7,656
	8,115

	Total
	1,797
	5,493
	1,428
	15,332
	21,046
	22,319
	23,688
	25,155


Annex III. Economic Parameters Atjoni Project
Energy and power demand

	Present situation

	Diesel fuel consumption
	10,500 l/month
	field survey EBS

	Conversion efficiency
	0.32 l/kWh
	typical value

	Electricity demand
	32,812.5 kWh/month
	calculated

	Energy cost
	4.9 SRD/l
	based on July 2013 market prices;

 exchange rate 1 USD = 3.35 SRD

	
	1.46 USD/l
	

	
	0.47 USD/kWh
	

	Average load factor
	64%
	average of EBS diesel grids

	Estimated peak demand
	71.5 kW
	

	Present generation capacity
	1 x 467 kW
	2 generator sets installed but cannot run in parallel

	Coincidence factor
	15.3%
	


	Future situation

	Connected households
	567
	field survey

	Initial electricity demand
	225 kWh/month
	per connection

	Total electricity demand
	127,575 kWh/month
	total Atjoni-Pokigron in Year 1

	Diesel fuel consumption
	40,824 l/month
	calculated

	
	1,361 l/day
	

	Increase in energy demand
	389%
	

	Estimated peak demand
	278 kW
	

	Present generation capacity
	2 x 467 kW
	2 generator sets with synchronization unit

	Coincidence factor
	30%
	


Project capital costs
	Diesel system (business-as-usual option)

	Description
	Quantity
	Unit Cost (USD)
	Total Cost (USD)

	Diesel set 467-kVA
	2
	186,800
	373,600

	Power house upgrade, incl. synchronization
	1
	  60,000
	  60,000

	Fuel tanks
	2
	  15,000
	  15,000

	Labor cost
	1
	  30,000
	  30,000

	Total cost
	
	
	493,600


	Economic parameters diesel generation (business-as-usual option)

	Installed capacity
	0.93
	MW

	Investment
	373,600
	USD

	Specific investment
	400,000
	USD/MW

	Project cost
	120,000
	USD

	Total investment
	493,600
	USD

	Reinvestments
	373,600
	USD (in year 6, 11, and 16)

	
	
	

	Depreciation
	12%
	

	Economic lifetime
	20
	years

	Price indexation
	0%
	

	Energy demand
	1,532
	MWh/yr

	
	
	

	Plant factor
	18.7%
	

	Fuel consumption
	40,824
	l/month

	
	489,888
	l/yr

	Fuel price
	1.46
	USD/l

	Fuel costs
	470
	USD/MWh

	Operating costs
	41,135
	USD/yr


	PV system (investment project)

	Description
	Quantity
	Unit Cost (USD)
	Total Cost (USD)

	PV system 500-kW
	1
	2,000,000
	2,000,000

	Battery bank
	1
	   120,000
	   180,000

	Inverter
	1
	     12,000
	     12,000

	Upgrade power house
	1
	     90,000
	     90,000

	Labor cost
	1
	     30,000
	     30,000

	Total cost
	
	
	2,312,000


	Economic parameters PV system

	Installed capacity
	0.50
	MW

	Investment
	2,000,000
	USD

	Specific investment
	4,000,000
	USD/MW

	Project cost
	312,000
	USD

	Total investment
	2,312,000
	USD

	Reinvestments
	192,000
	USD (in year 11)

	
	
	

	Depreciation
	12%
	

	Economic lifetime
	20
	years

	Residual value
	0%
	

	Price indexation
	0%
	

	
	
	

	Capacity factor
	16%
	

	Energy production
	701
	MWh/yr

	
	57,600
	kWh/month

	
	
	

	Operating costs
	0.5%
	(of investment)

	
	10,000
	USD/yr


	Costs upgrade distribution and public lighting Atjoni


	Description
	Quantity
	Total Cost (USD)

	Low Voltage 3f amka cable
	1,405 m
	  50,146

	High Voltage 12-kV cable
	1,600 m
	  65,161

	Transformers 50-kVA + poles
	4
	  32,995

	Street lighting
	54
	    9,862

	Total cost
	
	158,164


� 	Specifically the Electricity Nieuw-Nickerie (ENIC) grid near Nieuw-Nickerie, which accounts for 47,000-MWh. The main towns are: Albina, Moengo, Boskamp, Coronie, Wageningen, and Apoera, with an estimated total electricity production of approximately 22,000-MWh annually.


� 	Component I of the Programme covers: (i) integrating Supervisory Control and Data Acquisition (SCADA) platforms for technical supervision and operation of the power system; and (ii) incorporating business information solutions by financing Information Technologies (IT) hardware and software, such as Enterprise Resources Planning (ERP) and a Geographical Information System (GIS).


� 	Component III covers the rehabilitation and upgrade of critical infrastructure of EBS including retrofitting of the two existing 33/12/6-kV substations (S/S C and S/S D) in the EPAR system.


� 	For the economic analysis of the Components I and III, please consult the following document (� HYPERLINK "http://idbdocs.iadb.org/wsdocs/getDocument.aspx?DOCNUM=38033882" ��IDBDOCS#3803382�).


� 	These values have been estimated by KEMA in the report “Suriname Power Sector Assessment and Alternatives for its Modernization - ATN/SF-9038-SU”, MNH, (2008). There is a large spread in generating costs per village; therefore, a cost/benefit analysis should be based on local data before deciding whether an investment is economically viable or not.


� 	DEV and EBS both operate under supervision of the Ministry of Natural Resources (MNH). DEV is the entity in charge of rural electrification. Electrification by DEV is based on the installation of small diesel generators (typically 35-160 KVA) and low-voltage (127/220V) distribution grids. Fuel is supplied by DEV officials but, due to cost constraints and logistical difficulties, is insufficient to provide service all day around (24/h). For historical reasons, end-users are not charged for the service. A transfer to EBS brings along the following changes: (i) guaranteed quality standards and 24/h service; (ii) application of EBS technical for connections and indoor installations; (iii) payment by the end-user according to the applicable tariff scheme, implying metering of individual connections; and (iv) broader range of generation, transmission, distribution and commercialization technologies, including higher voltages (12/33kV), renewable energy technologies, prepaid meters and billing methods.


� 	The connections are distributed as follows: Powakka village: 600 (1,839 kVA); Ayo: 52 (174 kVA); Redi Doti: 197 (618 kVA); Casipoera: 79 (255 kVA); communities along Afobaka road: 869 (2,607 kVA). Total: 1,797 (5,493 kVA). The hardware for the distribution system includes: transformers (10x50-kVA, 2x25-kVA), “Amka” distribution cable (3-phase, 3.885-km), 12-kV OH cable (52.183-km), 43 units street lighting, and 700 meter 12-kV underground cable.


� 	“Upgrade Electrical Infrastructure for Powakka – Redi Doti; Project Scope and Total Cost Estimates”, EBS Project Engineering and Electrical Engineering Department, 13 June, 2013.


� 	“Upgrade Electrical Infrastructure for Powakka – Redi Doti; Environmental Management Plan”, EBS Dept. Health, Safety, Environment and Quality (HSEQ), June 2013.


� 	Note that commercial businesses operated during daytime usually have small private generators installed. As of July 2013, the Civic Centre and school are not fully operational yet.


� 	The actual costs of unserved electricity are likely higher, at least for the people running a commercial business in the project areas. These people have presently small, private generators installed, operated on diesel or gasoline; the unit energy costs are estimated between 500-1,000 USD/MWh.


� CERs stand for certified emission reductions certified by the United Nation’s Executive Board for use under the Kyoto Protocol.





� VERs stand for verified emission reduction, which are verified against one or more of the voluntary standards that exist in the market place


� 	The fuel costs are based on a present market price of diesel of SRD 4.9 per litre, an exchange rate of 1 USD = 3.35 SRD, and a conversion efficiency of 0.32 l/kWh. Note that EBS receives diesel at a subsidized price of USD 1.15 per litre. To evaluate costs from the national perspective, market prices are used here. No surcharge for transport is applied given the vicinity and good road conditions for Powakka and Atjoni.


� 	Net benefits from an investment will occur if the proposed (otherwise equivalent) technologies generate electricity at a cost below the reference cost (ERR > 0). A positive EER does not automatically imply that an investment is rewarding in the context of Suriname since alternative opportunities may be more attractive. A benchmark value is provided by the Internal Rate of Return (ERR/IRR), which includes a reference depreciation rate (interest rate) that depends on the local context. Investments which perform better than this interest rate exhibit a positive net present value (NPV). A more detailed level of analysis includes the investor’s possibilities to access financing for a project, which involves an assessment of project risks, creditor’s profile, the availability of financing sources and the costs thereof. The methodology used in this Annex includes the EER and NPV analysis, the latter based on a reference interest rate of 12%.


� 	Source: “Suriname Technical and Cost-Benefit Assessment of the Power System Expansion – Final report”,  A. Brugman, 17 July 2012 (p.33).


� 	The presented comparison does not consider connection and metering costs (USD 377 per connection). These costs are not considered here since they must be made by EBS in either case for commercializing the electricity supplied.


� 	For more details, see Annex II.


� 	The sizing of the system is based on measurements by EBS of the present load and an estimation of the latent demand. Under this scenario (see Annex III) , energy can initially be supplied with one generator; the second generator is needed to create a redundant system. For the hybrid alternative, the PV system would replace one generator.


� 	EBS will likely receive these generators in donation from MNH.


� As a basis for this calculation, the estimated LCE for diesel generation in Atjoni is taken.


� Which is estimated at least 500 USD/MWh for the EPAR grid.


� 	Grid O&M costs (C) are based on the formula C = 26 USD/(kW-yr) + 11 USD/(MWh-yr)  x E; E is the annual energy demand (MWh/yr). By consequence, grid O&M costs increase with demand. The figure given in the table is for Year 1. The formula is derived from the study by A. Brugman, “Strategic Short Term Investment Program in EPAR electricity system - Economic Analysis Annex”, August 13th, 2013 (p.25).


� 	A reinvestment is made in Year 11 to replace batteries and inverter. This payment is made from the operational cash flow.


� 	Other costs include: the upgrade of the power house and labor costs.


� 	Operation and maintenance (O&M) costs for the PV system are estimated at about 0.5% of the cost of the PV-panels.


� For the Atjoni project, two reference costs are presented: fuel costs (0.47 USD/kWh) and LCE of the diesel option (0.56 USD/kWh).


� The capacity factor (cf) defines the amount of electric energy produced by a PV system of a given nominal capacity: cf = (energy produced [kWh/yr]) / (nominal capacity [kW] x 8760 hours/yr). The capacity factor is site-specific and depends on local solar irradiation levels, panel type, and quality of the installation.


� The sensitivity analysis presented in the table is based on LCE cost of the diesel alternative (0.56 USD/kWh).


� 	With the exception of the worst-case scenario for the Atjoni PV-project, with an ERR of 10.4%.


� 	The costs to upgrade the distribution system and public lighting in Atjoni-Pokigron are excluded from capital costs in the calculation of the (G-T) LCE for diesel and PV.
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