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I. Summary
Project SU-L1039 is an investment loan to support EBS’s investment plan.  It comprises two components:

· Improvement of EBS’s operations through the implementation of (i) a Distribution/Outage management system (DMS/OMS), (ii) an Enterprise Resource Planning platform, (iii) assistance in the transition to a new corporate model, and (iv) a program to promote renewable energy and energy efficiency;

· Upgrading of critical infrastructure in the EPAR network, which comprises improvement of two existing substations and construction of one new substation.
The economic analysis will concentrate on the following evaluable elements of the project:

a) The DMS/OMS component, which reduces outage times and therefore provides economic benefits by making more energy available to consumers;

b) The upgrading of substations, which provides greater capacity to serve increasing loads.
Findings. Regarding the two elements that were evaluated, the following results were obtained:

c) The DMS/OMS component can be justified using CBA and it yields a 13 percent base case IRR;

d) Three substations were evaluated, all of which can be justified using a base case analysis with reasonable assumptions.  However, the sensitivity analysis yielded different degrees of robustness, and a critical factor that influences all three evaluations is the price of electricity, which is currently below cost.  If tariffs are adjusted to cost-reflecting levels, the justifications become considerably more robust.
II. DMS/OMS Component

Assumptions and methodology.  This is an important factor to be improved, as it will have a direct bearing on providing better customer service and reducing the duration of outages through opportune information to EBS.

EBS tracks its reliability through the System Average Interruption Frequency Index (SAIFI) and the System Average Interruption Duration Index (SAIDI) indices, which are commonly used in the electricity industry and are defined as:

SAIFI = Total Number of Customer Interruptions
                 Total Customers Served

SAIDI = Total Customer Hours of Interruption

                 Total Customers Served

EBS plans to improve the SAIDI reliability indicator by reducing it from 18.5 hours in 2013 to 16.2 hours in 2020.

The average interrupted energy per customer can be calculated as:

Interrupted energy per customer = SAIDI*Average Load per customer (kW)

And the total unserved energy (UE) can be estimated as

UE = Total interrupted energy = Interrupted energy per customer * Total customers
Benefits.  The benefits of the reduction in outages can be obtained by valuing the reduction in unserved energy UE at the maximum Willingness to Pay of the users.  This is normally the “Rationing Cost” and consists of a multiple of the price paid by customers in the system.  In planning studies this cost is on the order of US$0.6 to US$1 per kWh.  Table 1 provides an estimate of the OMS/DMS benefits.  The data for estimating benefits includes:

e) SAIDI 2013-2020: estimates of achievable values for achieving the 2020 target;
f) Customer data: extrapolation based on trend of new customer connections (KEMA study); average customer consumption was calculated based on historical values, with a reasonable growth assuming that the country continues to develop and that the population will adopt greater electricity-intensive appliances (e.g. air conditioning);
g) Value of UE: the rationing cost in the base case ($0.6/kWh) was chosen as a conservative value located at the upper end of self generation, i.e. the costs incurred for addressing unexpected outages ($1/kWh is often used in planning studies elsewhere).
Table 1—Estimation of OMS/DMS Benefits
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2013 2014 2015 2016 2017 2018 2019 2020
SAIDI	
  w	
  project 18.5 18.5 18.1 17.7 17.3 16.9 16.6 16.2
SAIDI	
  w/o	
  project 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5
Customers 136,000	
  	
  	
  	
  	
  	
   140,760	
  	
  	
  	
  	
   145,687	
  	
  	
  	
  	
   150,786	
  	
  	
  	
  	
   156,063	
  	
  	
  	
  	
   161,525	
  	
  	
  	
  	
   167,179	
  	
  	
  	
  	
   173,030	
  	
  	
  	
  	
  
Average	
  kWh/customer-­‐yr 8,000	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   8,080	
  	
  	
  	
  	
  	
  	
  	
  	
   8,161	
  	
  	
  	
  	
  	
  	
  	
  	
   8,242	
  	
  	
  	
  	
  	
  	
  	
  	
   8,325	
  	
  	
  	
  	
  	
  	
  	
  	
   8,408	
  	
  	
  	
  	
  	
  	
  	
  	
   8,492	
  	
  	
  	
  	
  	
  	
  	
  	
   8,577	
  	
  	
  	
  	
  	
  	
  	
  	
  
Unserved	
  kWh	
  w	
  project 2,297,717	
  	
   2,401,918	
   2,456,557	
   2,511,211	
   2,565,770	
   2,620,114	
   2,690,316	
   2,744,555	
  
Unserved	
  kWh	
  w/o	
  project 2,297,717	
  	
   2,401,918	
   2,510,845	
   2,624,712	
   2,743,743	
   2,868,172	
   2,998,243	
   3,134,214	
  
UE	
  reduction	
  kWh -­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   -­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   54,289	
  	
  	
  	
  	
  	
  	
   113,501	
  	
  	
  	
  	
   177,973	
  	
  	
  	
  	
   248,058	
  	
  	
  	
  	
   307,928	
  	
  	
  	
  	
   389,659	
  	
  	
  	
  	
  
Value	
  of	
  UE	
  ($/kWh) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Benefits	
  US$ -­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   -­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   32,573	
  	
  	
  	
  	
  	
  	
   68,101	
  	
  	
  	
  	
  	
  	
   106,784	
  	
  	
  	
  	
   148,835	
  	
  	
  	
  	
   184,757	
  	
  	
  	
  	
   233,795	
  	
  	
  	
  	
  










2013 2014 2015 2016 2017 2018 2019 2020

SAIDI	w	project 18.5 18.5 18.1 17.7 17.3 16.9 16.6 16.2

SAIDI	w/o	project 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5

Customers 136,000 						 140,760 					 145,687 					 150,786 					 156,063 					 161,525 					 167,179 					 173,030 					

Average	kWh/customer-yr 8,000 										 8,080 									 8,161 									 8,242 									 8,325 									 8,408 									 8,492 									 8,577 									

Unserved	kWh	w	project 2,297,717 		 2,401,918 	 2,456,557 	 2,511,211 	 2,565,770 	 2,620,114 	 2,690,316 	 2,744,555 	

Unserved	kWh	w/o	project 2,297,717 		 2,401,918 	 2,510,845 	 2,624,712 	 2,743,743 	 2,868,172 	 2,998,243 	 3,134,214 	

UE	reduction	kWh - 														 - 													 54,289 							 113,501 					 177,973 					 248,058 					 307,928 					 389,659 					

Value	of	UE	($/kWh) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Benefits	US$ - 														 - 													 32,573 							 68,101 							 106,784 					 148,835 					 184,757 					 233,795 					
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SAIDI	
  w	
  project
SAIDI	
  w/o	
  project
Customers
Average	
  kWh/customer-­‐yr
Unserved	
  kWh	
  w	
  project
Unserved	
  kWh	
  w/o	
  project
UE	
  reduction	
  kWh
Value	
  of	
  UE	
  ($/kWh)
Benefits	
  US$



2021 2022 2023 2024 2025 2026 2027 2028 2029
16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2
18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5



179,086	
  	
  	
  	
  	
   185,354	
  	
  	
  	
  	
   191,841	
  	
  	
  	
  	
   198,556	
  	
  	
  	
  	
   205,505	
  	
  	
  	
  	
   212,698	
  	
  	
  	
  	
   220,142	
  	
  	
  	
  	
   227,847	
  	
  	
  	
  	
   235,822	
  	
  	
  	
  	
  
8,663	
  	
  	
  	
  	
  	
  	
  	
  	
   8,749	
  	
  	
  	
  	
  	
  	
  	
  	
   8,837	
  	
  	
  	
  	
  	
  	
  	
  	
   8,925	
  	
  	
  	
  	
  	
  	
  	
  	
   9,015	
  	
  	
  	
  	
  	
  	
  	
  	
   9,105	
  	
  	
  	
  	
  	
  	
  	
  	
   9,196	
  	
  	
  	
  	
  	
  	
  	
  	
   9,288	
  	
  	
  	
  	
  	
  	
  	
  	
   9,381	
  	
  	
  	
  	
  	
  	
  	
  	
  



2,869,020	
   2,999,130	
   3,135,141	
   3,277,319	
   3,425,946	
   3,581,312	
   3,743,725	
   3,913,503	
   4,090,980	
  
3,276,350	
   3,424,933	
   3,580,253	
   3,742,618	
   3,912,346	
   4,089,770	
   4,275,241	
   4,469,124	
   4,671,798	
  
407,330	
  	
  	
  	
  	
   425,802	
  	
  	
  	
  	
   445,113	
  	
  	
  	
  	
   465,298	
  	
  	
  	
  	
   486,400	
  	
  	
  	
  	
   508,458	
  	
  	
  	
  	
   531,517	
  	
  	
  	
  	
   555,621	
  	
  	
  	
  	
   580,818	
  	
  	
  	
  	
  



0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
244,398	
  	
  	
  	
  	
   255,481	
  	
  	
  	
  	
   267,068	
  	
  	
  	
  	
   279,179	
  	
  	
  	
  	
   291,840	
  	
  	
  	
  	
   305,075	
  	
  	
  	
  	
   318,910	
  	
  	
  	
  	
   333,372	
  	
  	
  	
  	
   348,491	
  	
  	
  	
  	
  










SAIDI	w	project

SAIDI	w/o	project

Customers

Average	kWh/customer-yr

Unserved	kWh	w	project

Unserved	kWh	w/o	project

UE	reduction	kWh

Value	of	UE	($/kWh)

Benefits	US$

2021 2022 2023 2024 2025 2026 2027 2028 2029

16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2

18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5

179,086 					 185,354 					 191,841 					 198,556 					 205,505 					 212,698 					 220,142 					 227,847 					 235,822 					

8,663 									 8,749 									 8,837 									 8,925 									 9,015 									 9,105 									 9,196 									 9,288 									 9,381 									

2,869,020 	 2,999,130 	 3,135,141 	 3,277,319 	 3,425,946 	 3,581,312 	 3,743,725 	 3,913,503 	 4,090,980 	

3,276,350 	 3,424,933 	 3,580,253 	 3,742,618 	 3,912,346 	 4,089,770 	 4,275,241 	 4,469,124 	 4,671,798 	

407,330 					 425,802 					 445,113 					 465,298 					 486,400 					 508,458 					 531,517 					 555,621 					 580,818 					

0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

244,398 					 255,481 					 267,068 					 279,179 					 291,840 					 305,075 					 318,910 					 333,372 					 348,491 					


Costs.  These consist of investment costs and O&M costs, as shown in Table 2.  The data is based on the following assumptions:
h) Project designs and procurement will take place during 2015, and the system will be installed during 2016 with a delivery date of December 2016;

i) The O&M cost was estimated on the basis of system maintenance contracts; the OMS/DMS system maintenance costs are expected to be shared with the Enterprise Resource Platform costs and they should not vary significantly over time.
Table 2–OMS/DMS Costs

	
	2015
	2016
	2017-2030

	Investment $
	200,000
	1,140,000
	0

	O&M cost $
	0
	0
	20,000

	Total Cost $
	200,000
	1,140,000
	20,000


Economic return.  The following economic indicators were obtained for this component:
j) NPV benefits @12%:
US$1.16 million
k) NPV costs @12%:
US$1.16 million

l) B/C ratio

1.0

m) IRR


12%

Although this investment is marginally viable from a strictly economic viewpoint based on the SAIDI parameter, there are several benefits which have not been quantified in terms of customer service, such as the capability of EBS to respond to customer queries regarding outages, which allows the latter to better plan activities around electricity cuts.  
Sensitivity Analysis.  The main unknown parameter is the cost of UE.  In the base case it was taken as US$0.6/kWh, a relatively low value.  Increasing it to US$0.7/kWh increases the B/C ratio to 1.16 and the IRR to 14%, thus confirming the critical nature of this parameter in the evaluation.  As mentioned, a common benchmark is $1/kWh, which yields a B/C ratio of 1.7 and an IRR of 21%.  A reduction of SAIDI is also the product of complementary investments in higher reliability networks, which should also be taken into account and which would reduce the strict economic justification for the OMS/DMS taken in isolation; however, this kind of software implementation is essential to any modern utility willing to improve customer service and it should be implemented to keep EBS up to standard.
III. Component 2: Substation Upgrades Component
The upgrading of substations can have different purposes: it can improve reliability by modernizing the switchgear, or it can provide a greater transformation capacity, thus channeling more energy to the load.  Three substations are contemplated in the project: upgrading of two existing ones (J and F), and a new substation (Boma) that requires an investment upgrade in the substation to which it will be connected (substation E).
Substation J
Description.  This substation involves the following works: (a) replacing the conventional switchgear by Gas Insulated Switchgear, which is more reliable and less prone to outages due to weather disturbance, and (b) increasing the transformation capacity from the current rating of 20MVA to 45MVA with an additional transformer to facilitate the dispatch of the 63MW DPP2 power plant.  Substation J is considered a critical link to evacuate the DPP2 generation.  Substation J is expected to have a peak load of 16MW in 2014, which is close to the current rating of 20MW and the reason behind the upgrade, which is budgeted at US$4 million.
Methodology.  The economic analysis of Substation J will consist of a Cost Benefit Analysis based on the additional load that can be serviced through the upgrade.  The benefits of the upgrade will therefore be evaluated as the additional gross consumer surplus that can be obtained from the project, as shown in Fig. 1.
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Figure 1: Demand Curve and Gross Benefits
In Figure 1 [Q1–Q0] represents the additional energy channeled to the load that the substation expansion facilitates.  Areas A+B under the demand curve represent the additional consumer surplus, i.e. the gross benefit of the project in a given year
.  The costs are composed of (a) the investment costs plus O&M, and (b) the upstream costs incurred to deliver the energy.  
Benefits.  Using the approach outlined above, project benefits are summarized in Table 7.  The assumptions for the base case analysis include:

n) A price of US$60MWh in 2014 which EBS and the Government have agreed to increase to US$80/MWh in 2015;

o) A maximum load handling capability of 135GWh without the upgrade, which yields a load factor of 77%, about the maximum that can be expected on a fully loaded substation;
p) A long run price elasticity of demand of -0.4; this value is representative of findings in several econometric studies
;
q) A future load of the substation which reaches a maximum of 269GWh in 2025, equivalent to the maximum load factor of 77%; intermediate values were interpolated and yield an average growth rate of 7 percent, which is around the expected growth of demand of the system as a whole.
Table 7—Gross Benefit Estimation for S/S J
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GWh Demand (Q1)
GWh Demand w/o (Q0)
Elasticity
Price  P1 ($/MWh)
Price  P0 ($/MWh)
Consumer Surplus (M$)



2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
125.8 134.8 144.6 154.9 166 177.8 190.6 204.1 218.7 234.2 251 268.7 268.7
125.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8



-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4
60 80 80 80 80 80 80 80 80 80 80 80 80
60 80 95 113 135 160 190 226 268 318 378 449 449



0.00 0.00 0.86 1.92 3.25 4.88 6.93 9.39 12.44 16.11 20.63 26.00 26.00










GWh Demand (Q

1

)

GWh Demand w/o (Q

0

)

Elasticity

Price  P

1 

($/MWh)

Price  P

0 

($/MWh)

Consumer Surplus (M$)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035

125.8 134.8 144.6 154.9 166 177.8 190.6 204.1 218.7 234.2 251 268.7 268.7

125.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8 134.8

-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4

60 80 80 80 80 80 80 80 80 80 80 80 80

60 80 95 113 135 160 190 226 268 318 378 449 449

0.00 0.00 0.86 1.92 3.25 4.88 6.93 9.39 12.44 16.11 20.63 26.00 26.00


Costs.  Costs include the investment costs and the upstream costs necessary to produce and transport the additional energy being delivered.  Investment costs for Substation J are detailed in Table 8:
Table 8. Breakdown of Investment Costs for S/S J

	Description
	Amount [USD]

	Electrical Equipment
	  3,090,000

	Civil works
	     500,000 

	Training
	      50,000 

	Labor & Transportation
	     180,000 

	Temporary Provisions
	     155,000 

	Shipping & Insurance
	      25,000 

	Total 
	 $  4,000,000 


A cost calculation prepared in the context of SU-L1009 estimated upstream costs on the order of 120$/MWh.  This value is significantly above the price of electricity of $80/MWh shown in Table 7, as the Government is subsidizing customers.  The following results are obtained:

Table 9—Cost Estimation for S/S J
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Incremental	
  energy	
  (GWh)
Upstream	
  cost	
  ($/MWh)
Upstream	
  cost	
  M$
Project	
  Investment	
  Cost	
  M$
Cumulative	
  investment	
  M$
O&M	
  Cost	
  M$
Total	
  Cost



2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-­‐2035
0 0 9.8 20.1 31.2 43 55.8 69.3 83.9 99.4 116.2 133.9 133.9



120 120 120 120 120 120 120 120 120 120 120 120 120
0.0 0.0 1.2 2.4 3.7 5.2 6.7 8.3 10.1 11.9 13.9 16.1 16.1
0 3 1 0 0 0 0 0 0 0 0 0 0
0 3 4 4 4 4 4 4 4 4 4 4 4
0 0.09 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12



0.0 3.1 2.3 2.5 3.9 5.3 6.8 8.4 10.2 12.0 14.1 16.2 16.2










Incremental	energy	(GWh)

Upstream	cost	($/MWh)

Upstream	cost	M$

Project	Investment	Cost	M$

Cumulative	investment	M$

O&M	Cost	M$

Total	Cost

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 20252026-2035

0 0 9.8 20.1 31.2 43 55.8 69.3 83.9 99.4 116.2 133.9 133.9

120 120 120 120 120 120 120 120 120 120 120 120 120

0.0 0.0 1.2 2.4 3.7 5.2 6.7 8.3 10.1 11.9 13.9 16.1 16.1

0 3 1 0 0 0 0 0 0 0 0 0 0

0 3 4 4 4 4 4 4 4 4 4 4 4

0 0.09 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

0.0 3.1 2.3 2.5 3.9 5.3 6.8 8.4 10.2 12.0 14.1 16.2 16.2


O&M costs were estimated at 3% of investment per year, a standard figure for the operation of transmission equipment in electrical utilities.

1. Economic benefits.  Net benefits are obtained as the difference between the two cash flows, as shown in Table 10.
Table 10—Net Benefits from SS/J Upgrade
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2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
Net Benefit M$ 0.00 -3.09 -1.44 -0.62 -0.62 -0.40 0.11 0.96 2.25 4.07 6.56 9.81 9.81










2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035

Net Benefit M$ 0.00 -3.09 -1.44 -0.62 -0.62 -0.40 0.11 0.96 2.25 4.07 6.56 9.81 9.81


Economic results can be characterized as follows:


NPV of Benefits @12% discount rate
73.0 MUS$


NPV of Costs @ 12% discount rate

56.3 MUS$


B/C ratio




1.3


IRR





29%

Using the noted parameters the upgrade can be economically justified.

Sensitivity analysis.  The factors that influence the economic analysis include (a) the price elasticity of demand, and (b) the price of electricity, which—as noted—is currently below cost.  Table 11 provides a summary of economic results for different values of these parameters (benefits and costs are discounted at 12%).

	Table 11—Sensitivity to Critical Parameters S/S J

	
	Elasticity
	2015 Price ($/MWh)

	
	(=-0.4 (Base)
	(=-0.6
	(=-0.3
	80 (Base)
	60
	120

	NPV Benefits M$
	73.0
	55.7
	98.5
	73.0
	54.8
	109.6

	NPV Costs M$
	56.3
	56.3
	56.3
	56.3
	56.3
	56.3

	B/C Ratio
	1.3
	0.99
	1.7
	1.3
	0.97
	1.95

	IRR
	29%
	11%
	42%
	29%
	10%
	53%


From Table 11 the sensitivity indicates that lower elasticities (in absolute value) yield higher rates of return, thereby reflecting a higher willingness to pay.  In terms of controllable parameters, the analysis indicates the need to readjust tariffs (as intended by EBS) starting in 2015 for the project to be economically viable.  When tariffs reach the level of service costs ($120/MWh) economic indicators improve dramatically.
Substation F
Substation F is critical for the supply of the Southwest area, including the national airport.  It will also serve new housing projects with an approximate load of 8MVA and around 1,200 new connections.  This substation is very similar to Substation J.  It has a 2.16MVA transformer and an additional 25MVA transformer is to be installed.  However, its expected demand is significantly less than that of substation J.  Also, switchgear is going to be upgraded to GIS and a SCADA system will be put in place.  A similar methodology to that of Substation J was applied for evaluating the upgrade.

Benefits.  Using the approach outlined above, project benefits are summarized as follows (based on a price of US$60MWh in 2014 increased to US$80/MWh in 2015), and the same assumptions regarding the price elasticity of demand: 

Table 12—Gross Benefits Estimation for S/S F

[image: image7.emf]


GWh Demand (Q1)
GWh Demand w/o (Q0)
Elasticity
Price  P1 ($/MWh)
Price  P0 ($/MWh)
Consumer Surplus (M$)



2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
27.5 29.5 31.6 33.9 36.3 38.9 41.7 44.7 47.8 51.2 54.9 58.8 58.8
27.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4



60 80 80 80 80 80 80 80 80 80 80 80 80
60 80 95 113 134 160 190 226 267 317 378 449 449



0.00 0.00 0.18 0.42 0.71 1.07 1.51 2.06 2.71 3.51 4.51 5.69 5.69










GWh Demand (Q

1

)

GWh Demand w/o (Q

0

)

Elasticity

Price  P

1 

($/MWh)

Price  P

0 

($/MWh)

Consumer Surplus (M$)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035

27.5 29.5 31.6 33.9 36.3 38.9 41.7 44.7 47.8 51.2 54.9 58.8 58.8

27.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5

-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4

60 80 80 80 80 80 80 80 80 80 80 80 80

60 80 95 113 134 160 190 226 267 317 378 449 449

0.00 0.00 0.18 0.42 0.71 1.07 1.51 2.06 2.71 3.51 4.51 5.69 5.69


Costs.  Costs include the investment costs and the upstream costs necessary to produce and transport the additional energy being delivered.  Investment costs for S/S F are summarized in Table 13.

Table 13—Investment Costs for S/S F

	1
	Electrical equipment 
	2,880,000

	2
	Commissioning & Site supervision
	285,000

	3
	Civil works
	625,000

	4
	Training
	20,000

	5
	Labor and Transportation
	105,000

	6
	Distribution infrastructure
	60,000

	7
	Equipment Transport & Insurance
	25,000

	
	TOTAL
	4,000,000


As in the case of substation J, the upstream costs were estimated at 120$/MWh and the O&M costs were estimated at 3% of investment throughout the project’s life.  The following results are obtained:

Table 14—Cost Estimation for S/S F
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
Incremental energy (GWh)
Upstream cost ($/MWh)
Upstream cost M$
Project Investment Cost M$
Cumulative investment M$
O&M Cost M$
Total Cost



0 2.1 4.4 6.8 9.4 12.2 15.2 18.3 21.7 25.4 29.3 29.3
120 120 120 120 120 120 120 120 120 120 120 120
0.0 0.3 0.5 0.8 1.1 1.5 1.8 2.2 2.6 3.0 3.5 3.5



3 1 0 0 0 0 0 0 0 0 0 0
3 4 4 4 4 4 4 4 4 4 4 4



0.09 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
3.1 1.4 0.6 0.9 1.2 1.6 1.9 2.3 2.7 3.2 3.6 3.6










2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035

Incremental energy (GWh)

Upstream cost ($/MWh)

Upstream cost M$

Project Investment Cost M$

Cumulative investment M$

O&M Cost M$

Total Cost

0 2.1 4.4 6.8 9.4 12.2 15.2 18.3 21.7 25.4 29.3 29.3

120 120 120 120 120 120 120 120 120 120 120 120

0.0 0.3 0.5 0.8 1.1 1.5 1.8 2.2 2.6 3.0 3.5 3.5

3 1 0 0 0 0 0 0 0 0 0 0

3 4 4 4 4 4 4 4 4 4 4 4

0.09 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

3.1 1.4 0.6 0.9 1.2 1.6 1.9 2.3 2.7 3.2 3.6 3.6


Economic benefits.  Net benefits are obtained as the difference between the two cash flows, as shown in Table 15.

Table 15—Net Benefits from SS/F Upgrade
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
Net Benefit M$ -3.09 -1.19 -0.23 -0.23 -0.18 -0.07 0.12 0.39 0.79 1.34 2.05 2.05










2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035

Net Benefit M$ -3.09 -1.19 -0.23 -0.23 -0.18 -0.07 0.12 0.39 0.79 1.34 2.05 2.05


Economic results can be characterized as follows:


NPV of Benefits @12% discount rate
16.0 MUS$


NPV of Costs @ 12% discount rate

15.3 MUS$


B/C ratio




1.04

IRR





13%
Using the noted base case parameters the upgrade can be economically justified.

Sensitivity analysis.  As in the case of substation J, the factors that influence the economic analysis include (a) the price elasticity of demand, and (b) the price of electricity, which is currently below cost.  Table 16 provides a summary of economic results for different values of these parameters (benefits and costs are discounted at 12%).

	Table 16—Sensitivity to Critical Parameters S/S F

	
	Elasticity
	2015 Price ($/MWh)

	
	(=-0.4 (Base)
	(=-0.6
	(=-0.3
	80 (Base)
	60
	120

	NPV Benefits M$
	16.0
	12.2
	21.5
	16.0
	12.0
	24.0

	NPV Costs M$
	15.3
	15.3
	15.3
	15.3
	15.3
	15.3

	B/C Ratio
	1.04
	0.79
	1.4
	1.04
	0.78
	1.6

	IRR
	13%
	-0.3%
	22%
	13%
	0.5%
	26%


The sensitivity results are qualitatively similar to those obtained for S/S J.  However, the economic viability of Substation F is much less robust.  This is due to the lower incremental demand it serves (around 70 percent less), and therefore yields lower benefits without a corresponding reduction in investment costs.
Substation Boma

Substation Boma is a new 25MVA, 33/12.6kV substation that will reduce the load of neighboring substations (E and Hanna’s Lust) and will supply the load in the Boma area of the Wanica district; currently the distribution lines are overloaded, and, according to EBS, because large customers cannot be connected any more, the development of the area is being held up.  The substation will provide greater reliability to supplies in the area and will facilitate maintenance in S/S Hanna’s Lust and S/S E.  For the substation to operate according to its design will require an expansion of S/S E.
Benefits.  The estimation of benefits was calculated by analyzing the load collectively supplied by substations Hanna’s Lust, E, and Boma with an expected load growth that provides the incremental energy being handled by S/S Boma supposing a progressive increase in the load factor, starting at 20 percent and gradually increasing to 50 percent (assuming a cos ( of 0.85, i.e. 21MW at full load).  Load flow studies conducted by EBS confirm that this assumption is reasonable.  The price elasticity assumptions correspond to those used for the analysis of substations J and F.
Table 17—Estimation of Boma Benefits
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Boma Load Factor
GWh Demand (Q1)
GWh Demand w/o (Q0) (E+HL)
Elasticity
Price  P1 ($/MWh)
Price  P0 ($/MWh)
Consumer Surplus (M$)



2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
20% 20% 25% 25% 30% 30% 35% 35% 40% 40% 40%



0 137 137 147 147 156 156 165 165 174 174 174
73 100 100 100 100 100 100 100 100 100 100 100



-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4
80 80 80 80 80 80 80 80 80 80 80 80



0 176 176 208 208 243 243 280 280 322 322 322
0.0 4.4 4.4 6.0 6.0 7.9 7.9 9.9 9.9 12.1 12.1 12.1










Boma Load Factor

GWh Demand (Q

1

)

GWh Demand w/o (Q

0

) (E+HL)

Elasticity

Price  P

1 

($/MWh)

Price  P

0 

($/MWh)

Consumer Surplus (M$)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 20252026-2035

20% 20% 25% 25% 30% 30% 35% 35% 40% 40% 40%

0 137 137 147 147 156 156 165 165 174 174 174

73 100 100 100 100 100 100 100 100 100 100 100

-0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4

80 80 80 80 80 80 80 80 80 80 80 80

0 176 176 208 208 243 243 280 280 322 322 322

0.0 4.4 4.4 6.0 6.0 7.9 7.9 9.9 9.9 12.1 12.1 12.1


Costs.  Investment costs for S/S Boma are shown in Table 18, including the expansion of S/S E.

Table 18—S/S Boma Investment Requirements
	Item
	Cost component
	Cost (USD)

	1
	Electrical equipment 
	2,190,000

	2
	Engineering, Commissioning & Site supervision
	285,000

	3
	33 kV cable links (11km to SS HL and 15km to SS E)
	4,370,000

	4
	Civil works
	800,000

	5
	Training
	50,000

	6
	Labor and Transportation
	120,000

	7
	Distribution infrastructure
	60,000

	8
	Equipment Transport & Insurance
	25,000

	9
	Expansion substation E
	2,100,000

	
	TOTAL
	10,000,000

	Source: EBS


Total costs for S/S Boma, including upstream costs, are shown in Table 19:
Table 19—Cost Estimation for S/S Boma
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Incremental energy (GWh)
Upstream cost ($/MWh)
Upstream cost M$
Project Investment Cost M$
Cumulative investment M$
O&M Cost M$
Total Cost



2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
0 37.2 37.2 46.5 46.5 55.8 55.8 65.2 65.2 74.5 74.5 74.5



120 120 120 120 120 120 120 120 120 120 120 120
0.0 4.5 4.5 5.6 5.6 6.7 6.7 7.8 7.8 8.9 8.9 8.9



5 5 0 0 0 0 0 0 0 0 0 0
5 10 10 10 10 10 10 10 10 10 10 10



0.15 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
5.2 9.8 4.8 5.9 5.9 7.0 7.0 8.1 8.1 9.2 9.2 9.2










Incremental energy (GWh)

Upstream cost ($/MWh)

Upstream cost M$

Project Investment Cost M$

Cumulative investment M$

O&M Cost M$

Total Cost

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 20252026-2035

0 37.2 37.2 46.5 46.5 55.8 55.8 65.2 65.2 74.5 74.5 74.5

120 120 120 120 120 120 120 120 120 120 120 120

0.0 4.5 4.5 5.6 5.6 6.7 6.7 7.8 7.8 8.9 8.9 8.9

5 5 0 0 0 0 0 0 0 0 0 0

5 10 10 10 10 10 10 10 10 10 10 10

0.15 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

5.2 9.8 4.8 5.9 5.9 7.0 7.0 8.1 8.1 9.2 9.2 9.2


Economic benefits.  Net benefits are obtained as the difference between the two cash flows, as shown in Table 20.

Table 20—Net Benefits from S/S Boma Investment
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026-2035
Net Benefit M$ -5.15 -5.32 -0.32 0.16 0.16 0.86 0.86 1.77 1.77 2.90 2.90 2.90










2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 20252026-2035

Net Benefit M$ -5.15 -5.32 -0.32 0.16 0.16 0.86 0.86 1.77 1.77 2.90 2.90 2.90


Economic results can be characterized as follows:


NPV of Benefits @12% discount rate
50.2 MUS$


NPV of Costs @ 12% discount rate

43.1 MUS$


B/C ratio




1.16


IRR





12%

Using the noted parameters the upgrade can be economically justified.

Sensitivity analysis.  As in the case of the previous substations, the factors that influence the economic analysis include (a) the price elasticity of demand, and (b) the price of electricity, which is currently below cost.  Table 21 provides a summary of economic results for different values of these parameters (benefits and costs are discounted at 12%).

	Table 21—Sensitivity to Critical Parameters S/S Boma

	
	Elasticity
	2015 Price ($/MWh)

	
	(=-0.4 (Base)
	(=-0.6
	(=-0.3
	80 (Base)
	60
	120

	NPV Benefits M$
	50.2
	40.3
	63.4
	50.2
	47.5
	95.1

	NPV Costs M$
	43.1
	43.1
	43.1
	43.1
	43.1
	43.1

	B/C Ratio
	1.16
	0.94
	1.5
	1.16
	1.1
	2.2

	IRR
	12%
	-14%
	25%
	12%
	9%
	55%


The sensitivity results for Boma indicate considerable variations in its indicators; as in the case of the other two substations, tariffs are critical to ensure that the investments are justified and raising them to the level of costs would improve both EBS’s finances and the undelying economics of the proposed investment plan.
� For a constant elasticity (() demand curve, area A+B is given by [1/(1+1/()] [P1Q1 – P0Q0] for ( ( –1 and 


P1Q1 Log Q1 – P0Q0 Log Q0 for (= –1


� References in this respect include: (i) Neenan, B. and Jiyong, E. “Price Elasticity of Demand for Electricity: a Primer and Synthesis”, Electric Power Research Institute, Palo Alto, CA, January 2008; (ii) Espey, J. and Espey, M. “Turning on the Lights: a Meta-Analysis of Residential Electricity Demand Elasticities”, Journal of Agricultural and Applied Economics, April 2004, pp. 65-8; (iii) Westley, Glenn, “New Directions in Econometric Modeling of Energy Demand”, Inter-American Development Bank, Washington, DC, February 1992; (iv) Lecaros, Fernando “Estudio Sectorial de la Demanda por Energía Eléctrica en el Ecuador”, Instituto Ecuatoriano de Electrificación (INECEL) y Banco Interamericano de Desarrollo, abril de 1986.





6

