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3 Calculating the tariff based on a five-year investment plan

3.1 Description

In order for the water board to make minor investment plans for financing extension of the network and the replacement of assets over a five-year projection period, a simplified spreadsheet is provided (Annex 1).  Minor works could include, for example, extension of the secondary distribution network, construction of new standpipes and individual connections, and replacement of pumping equipment.  The main variables in the analysis are (i) the water tariff, (ii) the investment costs, and (iii) the amount of water sold.  

The data sheet given in Section 3.3 tabulates the input data required by the spreadsheet, and Sections 3.4 and 3.5 provides notes on the use of the spreadsheet.  Most of the input data required in Chapter 3 can be found in the data sheets for Chapter 2 (calculating the tariff based on the annual budget), and it is therefore a useful exercise to complete Chapter 2 before moving on to Chapter 3.

The water board must set the method used for paying standpipe vendors, and the method used to finance new connections:

· Paying standpipe vendors: (i) The best practice option is that vendors pay the water board a bulk rate for the volume of water recorded at their standpipe meter, and sell water to consumers at a higher price that is also fixed by the water board.  Under this arrangement there are incentives to reduce water losses, because the vendor “pays” for water losses that occur at the standpipe.  The arrangement is also easy to implement, because the water board can establish bulk sales from meter readings, and the vendors are responsible for collecting their own revenue through “pay as you fetch”.

Two less efficient (and not recommended) arrangements are also found in use: (ii) Vendors are paid a fixed salary.  This arrangement is easy to implement, but there are no incentives to reduce water losses.  (iii) Vendors are paid a commission (fixed percentage of water sales) based on the volumetric consumption recorded by the standpipe meter, with a deduction made for water losses that occur at the standpipe.  Under this arrangement there are incentives to reduce water losses, but implementation is complicated by the need to calculate the value of water losses and impose a deduction on vendors
. 

· Financing new house connections:  Cash requirements to pay for materials and labour used in making new house connections come from two sources: (i) The “connection fee” paid by new clients.  The connection fee is set on the basis of “ability to pay” rather than the actual cost of materials and labour.  Typically, the connection fee is between three and six months of an average water bill.  (ii) The difference between the actual cost of making a connection and the connection fee is paid as a subsidy from a “connection fund”.  The connection fund is replenished through an additional “surcharge” included in the water tariff.  This surcharge is paid by all users of the water system.  

The connection fund (subsidy) provides a method of reducing the initial cost of connection for new clients, making a house connection more affordable for poorer households, and thereby encouraging expansion of the water system with increased water sales and long-term benefits for everyone
.  The connection fund is only for house connections – other types of connection receive no subsidy and pay the full connection cost.

3.2 Limitations

The method has two main limitations (i) a five-year projection period is still too short for the tariff to accurately account for large, long-term expenses, such as additional pumping capacity, storage tanks and primary distribution pipes, and (ii) no detailed method is provided for taking and repaying loans. 

3.3 Data sheet for a small town water supply system

	Country and town data

	Name of town or system
	

	Base year (normally current year)


	

	First year of financial forecast (base year plus one)


	

	Local currency 


	

	Dollar exchange rate


	

	Rate of inflation (percentage)


	

	Current population of town
	

	Population growth rate (percentage)


	


	Current tariff and connection fees

	What is the size of a standard bucket or container of water used at public standpipes (liters)?
	

	What is the price of one standard bucket or container of water at a public standpipe?
	

	What is the ratio of the price of water paid at individual connections to the price of water paid at standpipes?

Price factor  =  price of water at individual connection
                         price of water paid at standpipe
	PF1 (standpipe) = 1.00

PF2 (house connection) = 

PF3 (institutional connection) = 

PF4 (industrial/commercial connection) = 



	What are the connection fees for different types of connections ?
	house connection = 

institutional connection = 

industrial/commercial connection = 



	What is the actual cost of making a connection (materials and labour) ?
	

	(a) Do vendors purchase water at a bulk rate – what is the ratio of the bulk rate to the price of water paid by consumers at standpipes ?

(b) Are vendors paid a fixed salary ? If yes, then enter salary data under staff costs (below).

(c) Are vendors paid on a commission basis – what is the commission (percentage) ?


	EITHER (a)

OR (b)

OR (c)


	Investment costs and working lifetimes

	Investment cost of borehole (adjusted to base year value)
	

	Investment cost of pumping equipment (adjusted to base year value)
	

	Investment cost of electrical works (adjusted to base year value)
	

	Investment cost of pipes and civil works (adjusted to base year value)
	

	Working lifetime of pumping equipment and electrical works (years)
	(usually taken as 10 years)

	Working lifetime of borehole and pipes and civil works (years)
	(usually taken as 25 years)

	Maintenance costs for pumping equipment and electrical works (percentage of investment costs)
	(usually taken as 3 %)

	Maintenance costs for boreholes, and pipes and civil works (percentage of investment costs)
	(usually taken as 0.5 %)


	Financial data

	Item
	Year 1 
	Year 2
	Year 3
	Year 4
	Year 5

	What is the cost of annual investments planned over five year projection period? (costs given at base year values)
	
	
	
	
	

	What is the estimated income from sources other than water sales and connection fees? (e.g. from investments, grants etc)
	
	
	
	
	


	What is the bank account balance in the base year?
	


	System characteristics

	Item
	Year 1 
	Year 2
	Year 3
	Year 4
	Year 5

	What is the production capacity of  the source (m^3/day)?


	
	
	
	
	

	What is the storage capacity (m^3)?


	
	
	
	
	


	Water production / water consumed / unaccounted for water

	What was total production last year (m^3/year)?

(read from meter at source)
	

	How much water was consumed last year (m^3/year)? (read from meters):

1. At all standpipes?

2. At all house connections?

3. At all institutional connections?

4. At all industrial/commercial connections?


	1.

2.

3.

4.


	Total water consumed

	What are the physical water losses as a percentage of total production?  = (total production – water consumed)/(total production) (percentage)
	Base year
	Year 5 (target) 

	What is the collection efficiency ?  = (cash collected)/(revenue billed) (percentage)
	Base year
	Year 5 (target)




	Number of  standpipes and individual connections

	Item
	Base year
	Year 1 (same as base year)
	Year 2
	Year 3
	Year 4
	Year 5

	Number of standpipes?
	
	
	
	
	
	

	Number of house connections?
	
	
	
	
	
	

	Number of institutional connections?
	
	
	
	
	
	

	Number of industrial/commercial connections?
	
	
	
	
	
	


	Number of persons per standpipe or house connection

	Item
	Base year
	Year 5 (target)

	Number of persons per standpipe?


	
	

	Number of persons per house connection?
	
	


	Water demand data (actual or forecast data)

	Item
	Base year 
	Year 5 (target)

	How many liters per person per day are consumed at standpipes? = (water consumed per day)/(number of users)
	
	

	How many liters per person per day are consumed at house connections? = (water consumed per day)/(number of users)
	
	

	What is the average consumption at institutional connections (m^3/month)? = (water consumed per month)/(number of connections)
	
	

	What is the average consumption at industrial/commercial connections (m^3/month)? = (water consumed per month)/(number of connections)
	
	


Please complete the following expense items:

	Expense Item
	Breakdown
	Cost/month
	Sub-total /month

	Staff costs

(fixed monthly salary, including benefits and taxes)
	1. System manager/administrator

2. Accounts clerk

3. Secretary/typist

4. Operator/technical manager

5. Assistant operator

6. Plumber

7. Revenue collector

8. Watchman/security guard

9. Vendors (only include here if vendors are paid on a fixed salary basis)

10. Other


	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.
	


	Administrative costs
	1. Stationary and printing

2. Hospitality

3. Telephone and postage

4. Office equipment

5. Travel and transport

6. VAT and other taxes

7. Other


	1.

2.

3.

4.

5.

6.

7.


	

	Professional support services for electrical and mechanical items


	

	Professional support services for financial management (including external audit)


	

	Water quality tests


	

	 Fixed costs/month = (staff costs + administrative costs  + professional support services for electrical and mechanical items and for financial management + water quality tests)
	


	Expense Item
	Annual cost

	Chemicals (for water treatment plant)
	

	Energy (electricity or diesel)
	

	Variable costs/cubic meter water produced  = (annual costs for chemicals and energy)/(annual production of water) (cost/m^3)
	


	What other expense items are anticipated  other than those listed above? (e.g. interest on bank overdraft, repayment of loans, bulk water purchased etc.)
	Year 1 
	Year 2
	Year 3
	Year 4
	Year 5

	
	
	
	
	
	


3.4 Investment planning and financial sustainability assessment

· The excel spreadsheet “WATER-5” allows the user to set and update the water tariff (including the price of a standard bucket of water of known volume, and the price per cubic meter at standpipes and at individual connections).  The calculation requires (i) input predictions for water demand (in liters per person per day consumed at standpipes and individual connections), and (ii) investment plans over the five-year period.   Investment plans and the tariff can be adjusted year by year to maintain a positive bank balance.   In this way the spreadsheet provides a useful planning tool. 

· Alternatively, if the tariff is fixed at predetermined values over the five-year period, then the theoretical water demand (in liters per person per day consumed at standpipes and individual connections) required to maintain a positive bank balance can be calculated.  This is a useful indicator for the likely financial sustainability of existing or proposed small towns water supply systems.  For example, if the required water demand is unrealistically high the system is not likely to be financially sustainable. 
· In addition, the spreadsheet provides estimates of:  (i) percent of the population served by standpipes (based on investment plans for standpipe construction, and input number of persons per standpipe);  (ii) percent of the population served by house connections (based on input number of connections, and input number of persons per connection);  and (iii) comparison of water production per capita (based on analysis of water demand) and installed production capacity per capita – if demand exceeds production capacity, then the water board must consider alternative arrangements, such as purchasing bulk water or increasing production capacity.

Use of the spreadsheet requires good understanding of water system income and cash requirements, and the issues of water demand and investment needs. 

3.5 Example: WATER-5 Version 2.0 (1)

The spreadsheet is presented in the form of a worked example “WATER-5 Version 2.0 (1)”  which sets out the water demand and financial forecast for the town of Walewale, Northern Region, Ghana.  Attached in the data sheet at the end of the chapter are the results of a small towns survey carried out in Walewale on 16 December 2000.   Water system characteristics and project investment costs were provided by the consultant engineer, and investment plans outlined by the Walewale Water and Sanitation Development Board (WSDB).

The following notes take the user through each stage of the spreadsheet. 

· Input data is required in the yellow (or shaded) cells.  This data can be collected in the data sheet provided (Section 3.3), which, together with Chapter 2 (annual budget method), provides further explanatory notes on each data point.

· All financial data inputs are at base year values.  If necessary data must be adjusted to the base year value to account for inflation
.

3.5.1 Spreadsheet sheet 1 and 2: INPUT

1. The “base year” is usually the current year.  

2. The “first year of the financial forecast” is the year after the base year.

3. Input data is required for the size of one standard bucket or container of water used at public standpipes, the price of one cubic meter of water at public standpipes (for each of the five years), and the price ratio of water at individual connections/water at standpipes.  

The price of one bucket or container at public standpipes is automatically calculated from the price per cubic meter
, but the actual price to be charged must also be input for each of the five years.  This is because, if calculated values must be rounded up to the nearest currency unit, then there may be a difference between calculated values and actual values.  For example, the smallest currency in use in Ghana is the 50 cedis coin, and buckets must be priced at 50 cedis, 100 cedis etc. whereas the calculated value may lie somewhere in between.

These tariff values can be adjusted (along with investment plans and “predicted” water demand) to control the amount of money in the bank account over the five year timeframe.  It is usually recommended that the tariff be increased gradually over a number of years, and sudden, large increases avoided.

4. Connection fees are charged for different types of connection, and are usually different to the actual cost of making a connection (materials and labour).  In particular, household connections may be subsidized, while institutional and industrial/commercial connections usually pay the full cost.

5. Input data is required either for the ratio of the “bulk rate” paid by vendors to the price of water paid by consumers at standpipes, or for the “commission” paid to vendors, or for the fixed salary paid to vendors.  Only one of these payment methods is used and so the following points are noted: (i) if vendors are not paid a commission then “0 %” is entered as the value of the commission, (ii) if vendors do (don’t) pay a bulk rate then ”yes” (”no”) is entered in the cell indicated, (iii) if vendors are paid a fixed salary, then this data is included as a staff cost (as a sub-item under fixed costs – as shown in the data sheet in Section 3.3).
6. Investment costs (for the original system) are at base year values.  If the base year is not the same as the construction year then costs must be adjusted for inflation to base year values.  Maintenance costs are calculated as a percentage of investment costs.

7. Methods for calculating monthly fixed costs and variable costs per cubic meter of water produced are provided in the data sheet in Section 3.3.  

Fixed costs (cost/month) include staff costs, administrative costs (including travel and transport), water quality tests, and professional support services for electrical/mechanical items and for financial management. Variable costs (cost/cubic meter) include chemicals and energy.

8. Investment costs at base year value are input for each of the five years according to the water board’s investment plan. From the information provided by the Walewale Water Board the following investment plan (at base year values
) is given as a possible example:

2001:  System in its first year of operation. No investment made.

2002:  Two standpipes constructed at the main school and the new hospital, to which distribution mains have already been laid (7,000,000 cedis).

2003:  A 0.6 km distribution mains extension with two standpipes to Tampoluku residential area in the north-west section of the town (40,000,000 cedis).

2004 to 2005:  Replacement of 2 km of old 6 inch distribution mains (180,000,000 cedis over two years). 

2006:  Construction of a new 40 cubic meter storage tank (140,000,000 cedis).

It can be noted that the investment plan is the same as the “capital fund” described in Chapter 2.  The investment plan or capital fund is used for capital investments that are not paid for by the “renewal and replacement” (depreciation) fund.

9. Income from sources other than water sales and connection fees, includes, for example, return on investments, grants and cross-subsidies.  

If capital investments are financed on a “loan and grant” basis (see box below), then government grants may be a significant factor in reducing the water tariff and need to be accounted for.  No specific method is provided for calculating this additional income.

10. Input data is required for expense items other than those already accounted for: (i) staff costs; (ii) administrative costs; (iii) chemicals; (iv) energy; (v) minor repair and maintenance costs; (vi) payment of vendors; (vii) water quality tests ; (viii) professional support services; (ix) renewal and replacement of long-life items; and (x) cost of new investments.  Other expense items include, for example, interest on a bank overdraft, repayment of loans, and bulk water purchased.  

An alternative to the renewal and replacement fund and the capital fund, is for the water board to finance capital investments on a  “loan and grant” basis.  In this case, annual repayment of loans would need to be entered under other expense items.  Alternative finance strategies are discussed in greater detail in Chapter 1.

The purchase of bulk water may be necessary if water demand exceeds the system’s production capacity.  No specific method is provided for calculating these additional cash requirements, but values should be calculated for each of the five years.

11. Overall values for unaccounted for water (physical water losses and collection efficiency) are input for the base year and a target figure is input for the fifth year (the method of calculation is provided in the data sheet in Section 3.3).  The analysis carried out by the spreadsheet assumes no change in these values in the first year and then a linear increase up to the target value in the fifth year.

12. The numbers of standpipes, house connections, institutional connections (schools, health clinics, public service offices), and industrial/commercial connections are input for each of the five years according to water board development plans.

13. The number of persons per standpipe and the number of persons per house connection is input for the base year and a target figure is input for the fifth year.  The analysis assumes no change in the first year and then a linear increase to the fifth year.

14. The number of liters per person per day consumed from public standpipes and house connections are input for the base year and a target figure is input for the fifth year.  The analysis assumes no change in the first year and then a linear increase to the fifth year.

15. The average consumption at institutional connections and industrial/commercial connections are input in cubic meters/month for each of the five years on the basis of existing knowledge from meter readings and predicted changes.

16. The figures for required water production/capita and installed production capacity/capita allow the user to assess the systems capacity to serve the required water production/capita.  If installed capacity is insufficient to meet required production (predicted consumption plus physical water losses), then the input values for predicted consumption at public standpipes and individual connections must be adjusted accordingly, and/or plans made to increase production capacity or to purchase bulk water.

3.5.2 Spreadsheet sheets 3 and 4: RESULTS

Results are provided in the following form:

· Predicted water consumption

· Required water production

· Predicted water paid for

· The tariff schedule

· Income 

· Cash requirements

· Net profit

· Bank account balance

3.5.3 Interpretation of results for the worked example

Investment planning and tariff adjustment.  In the example, it has been assumed that water consumed at public standpipes will increase from the current level of 8 liters per person per day to 18 liters per person per day (one bucket) by Year 5 (2006), and that water consumed at house connections will increase from 18 liters per person per day to 36 liters per person per day (two buckets).  The number of standpipes increases from 18 to 22 by Year 5 (according to the WSDB investment plan), and the number of house connections from zero to 250 (a figure that covers about 10 % of the population).  

In the example, the WSDB is able to finance the investment costs outlined above by (i) increasing the 2001 basic tariff of 2,800 cedis/m^3 at public standpipes by annual increments of 300 cedis/m^3 up to 4,300 cedis/m^3 in 2006
, and (ii) by encouraging actual water demand to reach the level of the predicted water demand.  In this example, the price ratio of individual connections/standpipes is fixed at 1.25 for all types of connection.  

Financial sustainability assessment.  In the example, the required water demand to maintain a positive bank balance while also keeping the basic tariff below 4,300 cedis/m^3 (and 100 cedis/bucket) and covering all investment costs appears to be reasonable.  In this example, the system is likely to be financially sustainable, provided that actual water demand reaches the level of the predicted water demand.

In practice, it is likely that the investment and finance plan would be updated each year, with adjustments made as necessary.  

	3.6 Small town survey for Walewale

	Date of survey:  16 December 2000

	Name of town or system:                                                                   Year of start up:

WAEWALE, Northern Region, Ghana               October, 2000

	Financing:  Rehabilitated system. 95 % IDA, 5 % community

	Total population/population served:  19,394. Market town for farmers produce. Also chop                       

bars, car washing, pito brewers.

	Type of Management: 

WSDB of 11 members. Local staff.

Professional support services:  

Currently under six month warranty period.  No alternative organized. CWSA compiling list of regional companies for electrical/mechanical services.

	Water sales

	Problems with old pipes.  High yielding borehole.  Reserve borehole (with hydrogen-sulphide problem). Reduction of the scale of original plans has created some discontent in the community, where some areas of the town are not served by the system.  18 public standpipes.  Lines laid to the main school and hospital can be utilized through later construction of standpipes.  23 schools in total.  2 house connections.  No industrial/commercial connections.  More than 50 pito brewers in the outskirts use hand dug wells which always have water.  30 chop bars in the town, with about 4 near the bus stop which may be interested in a shared connection. Water sales for October and November 2000 were 134,370 cedis and 235,580 cedis. In addition 285,548 cedis were taken in October (5,000 from standpipe users as a one-off start-up charge, and 50,000 each in connection fees from two households with connections). The households paid for materials.  The DA provided start-up funds for stationary and office equipment. 2541 m^3 of water was pumped in November 2000 @ 425 units electricity.  There are up to 300 private wells in the town which always have water. CWSA working to educate the community on use of safer piped water.

	System characteristics.  Indicate target values where appropriate.

	Production capacity (m^3/hr)
	 2 No. boreholes with total production of 36 m^3/hour.  Still testing yields.

	Peak factor
	2

	Transmission mains (km)
	3 km.

	Storage (m^3)
	120 m^3 actual.  2005 target 160 m^3.  2010 target 195 m^3.

	Distribution mains (m^3)
	8 km (new) + 1.7 km (old) = 9.7 km.

	Unaccounted for water (%)
	 

	Collection efficiency

	Standpipes (%)
	Too early to assess.

	Other (%)
	Too early to assess.

	Bad debt write-offs (%)
	 Problems with one vendor who has been sacked.        

	What plans are there for network expansion and number of individual connections (domestic and non-domestic)? 

1. Need to replace 2 km of old 6 inch distribution mains @ 90,000 cedis/m.

2. 2 SPs at the main school and the new hospital, to which distribution mains have already been laid.

3. 0.6 km distribution mains extension with 2 SPs to Tampoluku residential area in the north-west section of the town.

4. 1 km distribution mains extension with 5 SPs to new developments on the south side of the town on the Tamale road.

5. 2 km extension of distribution mains to new developments on the west side of the Tamale road in the north of the town.

6.  The need for additional tank storage capacity to cater for expansion plans (consultant recommends increase to 160 m^3 (2005) and 195 m^3 (2010).


	Investments.   Total investment 770,839,382 cedis. Updated figs at proj. completion.

	Available breakdown (consultants updated records)

Pumping equipment:  51,483,200.  Electrical works: 28,464,000.  Civil works: 599,909,532 ( including Pump house:   11,624,500.  Pipelines:  398,954,032. Storage tanks GLT:  154,949,000).  Additional:  90,982,650.        

	Financing plan

	Existing loans and grants

Interest
	None.



	Operating costs. 

	Staff with salary details
	1. Operator @ 80,000 cedis/month.

2. Manager @ 100,000 cedis/month.

3. Watchman @ 50,000 cedis/month.

4  Plumber @ 80,000 cedis/month.

5. Revenue collector @ 80,000 cedis/month.

6. Vendors @ 10 % of water sales.

	Anticipated staff inc./dec.
	None.

	Chemical costs 
	Not applicable.

	Power costs
	44 cedis/m^3 water produced.

	Minor repair and maint. costs
	None yet. Still warranty period.

	Other O&M costs


	For October 2000: 75,000 cedis in electricity, 25,000 miscellaneous items, 390,000 salaries. November 2000: 99,000 cedis in electricity only.

	Current tariff structure and connection fees:


	#34 bucket (18 liters) is 50 cedis at standpipes.  9 handpumps also charged at 50 cedis/bucket. Houses are not metered and are charged a flat rate of 30,000 cedis/month and 20,000 cedis/month which was calculated on the basis of estimated number of 1000 cedis drums consumed per month.

	WSDB policy on price of water from house connections and industrial/commercial connections, and towards the destitute.  Issues have not been addressed yet.



	Balance sheet

	Cash in bank
	Still at start up stage.

	Inventories (chem. and repair)
	None.

	Outstanding accounts receivable
	 None.

	Outstanding accounts payable
	 None.

	Indicate capacity of WSDB to adjust the tariff, and transparency with which tariff is currently being applied:

Ability to set the basic tariff is fair.  WSDB is serious about management but has concerns about extensions to areas not served by the system and with old pipes.  House connections are dealt with informally and a strict policy needs to be developed and enforced.
































� This third arrangement is sometimes improperly used, with vendors paid a commission on the basis of money that they have collected, and no deductions made for water losses.


� In some cases, the connection fee is set higher than the cost of materials and labour, allowing the water board to profit from new connections.  However, in the long-term this discourages new clients from connecting to the system and therefore provides a barrier to future growth of the water system.


� For example, if the item cost 20,000 currency units in 1998 and annual inflation was 20% for the two-year period between 1998 and 2000 (the base year), then the adjusted value for the base year would be 20,000 x 1.2 x 1.2 = 28,800 currency units.


� In communities which rely more on standpipes than connections the price per bucket or  container may be fixed.  In this case, the input price per cubic meter given in the spreadsheet can be adjusted to give the required price per bucket.


� Approximate costs in 2000 are as follows:  150 mm PVC pipe @ 90,000,000 cedis/km, 75 mm PVC pipe @ 55,000,000 cedis/km, standpipes @ 3,500,000 each, and 40 m^3 storage tank @ 140,000,000 cedis. 


� In practice, while these values fix the tariff at individual connections, the tariff at public standpipes is raised only once (in 2006) from 50 cedis/bucket to 100 cedis/bucket.
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