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GLOSSARY
Energy charge: The charge for each unit of energy consumed, charged as c/kWh.

Export tariffs: A payment for every kilowatt-hour of surplus electricity a customer’s solar PV
system exports to the electricity grid.

Flat tariff: A tariff with energy charges that are constant over time of use periods.

Import tariffs: A payment for every kilowatt-hour of electricity imported by a customer from the
electricity grid.

Inclining Block tariff (IBT): IBTs divide the electricity price into several steps. The first block
of electricity is at the lowest price and as the customer uses more electricity during the month,
that electricity falls into subsequently more expensive blocks.

Net-metering: A service to an electricity customer under which electric energy generated by
that electricity customer from an eligible on-site generating facility and delivered to the local
distribution facilities may be used to offset electricity energy provided by the electric utility to
the electricity customer during the applicable billing period.

SSEG: Small-scale embedded generation; in this case the focus is on solar PV (or roof-top
PV) generation.

TOU: Time of use, which refers to the time of day, during a particular season (i.e. summer or
winter) during which electricity is used.

TOU tariff: A tariff with energy charges that change during TOU periods and seasons. TOU
periods are generally classified as Peak, Standard and Off-peak which are different in summer
and winter.

Value of Solar (VOS): This refers to the financial benefits flowing to the municipality as a
result of some of its customers installing solar PV systems. VOS consists of reduced bulk
power purchase costs from Eskom, reduced technical losses as a result of lower purchases
from Eskom, and the cheaper power from SSEG customers that municipalities can resell
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1.

INTRODUCTION
These guidelines have been created to assist in the use of the SALGA/GIZ excel-based
model which (1) measures the financial impact of proposed Small-scale Embedded
Generation (SSEG) tariffs on municipal finances; and (2) evaluates the business case for
customers who have installed solar photovoltaic (PV) systems based on the proposed
SSEG tariffs.
The following diagram shows the basic architecture of the financial impact model. Overall
impact on municipal finances is equal to the reduction in revenue after SSEG tariffs are
introduced plus the associated decrease in costs. Revenue is reduced because of a
reduction in sales volume to SSEG customers as well as the payments from
municipalities to customers for electricity that is fed onto the grid. At the same time the
municipality’s costs decrease because of (i) a reduction in bulk power purchases from
Eskom, (ii) a reduction in technical losses from these purchases, and (iii) cheaper
electricity from SSEG customers can be sold to other customers, thus the margin
between the Eskom tariff and the SSEG tariff constitutes a cost saving.

Figure 1: Architecture of the financial impact model

The following diagram shows the basic architecture of the business case model.
Essentially the business case model looks at whether the SSEG tariffs that the
municipality puts in place constitutes a favourable business case for the customer that is
considering installing solar PV. The four metrics generated are the net present value
(NPV), the pay-back period (PBP), the internal rate of return (IRR) and the levelised cost
of electricity (LCOE).
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Figure 2: Architecture of the business case model

This guide explains how the model works. Most users will only need to enter data in the
“Standard model inputs” sheet and perhaps the “Advanced model inputs” sheet and then
use the “Printable report” sheet. These will be explained in Section 2. Section 3 then
provides a brief explanation of the calculations made in the financial impact model and the
business case model for interested users.
The model contains a number of sheets that are used to calculate the impact of SSEG
tariffs on municipal finances and the business case. A brief explanation of each sheet is
presented below:
5.1.

User instructions: contain a high-level description of the model, an explanatory
guide to the different sheets of the model, the assumptions that underlie the model
and a list of data requirements;

5.2.

Standard model inputs: these are where the required data is inserted to generate
the results of the model;

5.3.

Advanced model inputs: if the user has their own customer load profiles, tariff
escalation percentages or business case assumptions, these inputs are entered in
this sheet;

5.4.

Printable report: this sheet is formatted for ease of printing and presents the
results of a particular SSEG tariff scenario entered by the user;

5.5.

Financial impact model results: these are the detailed results of the impact of
SSEG tariffs on municipal revenues for a particular SSEG tariff scenario (it is not
formatted for printing);
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5.6.

Business case results: these are the detailed results of the business case for
customers who have installed solar PV systems based on the proposed SSEG
tariffs (it is not formatted for printing);

5.7.

Map: visual representation of the solar irradiation data;

5.8.

Solar PV output: this sheet contains the solar generation data used in the model
for various geographic areas;

5.9.

Customer load usage profiles: the generic load usage profiles of the different
types of customers;

5.10. Prodn and consm: this sheet contains electricity production and consumption by
the half hour for the whole year, as well as a number of calculations pertaining to
production and consumption;
5.11. Revenue from SSEG customers: computation of the revenue received from solar
PV owners after the introduction of SSEG tariffs;
5.12. Revenue from other customers: computation of the revenue from non-solar PV
customers after the introduction of SSEG tariffs;
5.13. VOS: calculations to determine the VOS calculated as the reduction in the
municipalities’ bulk power purchases from Eskom after the introduction of SSEG
tariffs, the reduction in technical losses, and the cheaper electricity from SSEG
customers that the municipality can resell;
5.14. Avg tariff calc: computation of the average municipal tariff (prior to the introduction
of SSEG tariffs) for users that selected IBTs;
5.15. NPV calculations: computation of the net present value to the customer of
installing solar PV after the introduction of SSEG tariffs;
5.16. PV prodn for 25 years: extended computation of the savings to solar PV
customers after the introduction of SSEG for 25 years (to determine the business
case).
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2.

MODEL INPUTS AND PRINTABLE REPORT

2.1.

MODEL INPUTS
The “Standard model inputs” sheet contains all the variables in the model that need to be
adjusted in order to reflect the specific characteristics of the relevant municipality. The
“Advanced model inputs” sheet contains inputs that can be used if available, but are not
necessary as the model uses generic inputs if these are not available.
Four customer classes are defined in the model and are categorised according to the size
of their connection: residential (≤13.8 kVA), small business (>13.8 kVA and ≤100 kVA),
medium business (>100 kVA and ≤1MVA) and large business/industrial customers
(>1MVA). Data needs to be provided for each customer category, and the model provides
results per customer category in the results sheets and the printable report.

2.1.1.

Standard Model Inputs
Location
The name of the municipality should be entered and the closest location to this
municipality in the drop-down box must be selected in order for the model to use the most
appropriate solar generation data for that municipality. There are 14 locations to choose
from. Figure 3: Choosing the nearest location to the City of Tshwane illustrates an
example of this for the City of Tshwane municipality. Select block I15 and a drop-down
arrow will appear. Select the drop-down arrow and a list of locations will appear. Pick the
nearest location to the municipality.
Figure 3: Choosing the nearest location to the City of Tshwane

In order to assist in selecting the nearest location, we have provided a solar irradiation
map in the tab labelled “Map”. By selecting “Click here for the map”, you will be taken to
the tab labelled “Map”. All the available locations in the drop-down box are plotted on the
map.
Municipal tariffs
This section contains the actual tariffs currently charged to customers of the municipality
i.e. before the introduction of SSEG tariffs. These tariffs should reflect the tariff type and
magnitude of the tariff that the user wishes to test i.e. customers will shift from only this
tariff type to SSEG tariffs. For municipalities who already have SSEG tariffs in place,
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these tariffs pertain to customers who are not on the SSEG tariff i.e. these are regular
tariffs.
For each customer class, select the type of tariff in place. Select cell N26 for residential
customers, O26 for small business customers, P26 for medium business customers and
Q26 for large business/industrial customers. A drop-down arrow will appear, then select
the drop-down arrow and pick the appropriate tariff type – TOU, IBT or Flat.
Once the type of tariff has been selected for each customer category, the model will
highlight the cells (in yellow) where the tariffs applicable to each customer type need to be
inserted. In the example in Figure 4, we have selected “IBT” for residential customers,
“Flat” for small business customers, “TOU” for medium business customers and “TOU” for
large business/industrial customers.
Figure 4: Entering the appropriate municipal tariffs for each customer class

Fill in the yellow-highlighted cells with the appropriate tariffs:
13.1. For TOU tariffs (rows 30 to 41), fill in separate summer and winter tariffs. Both
summer and winter tariffs consist of a fixed monthly charge (R/month), a monthly
demand charge (R/kVA) and separate peak, standard and off-peak tariffs which are
expressed in cents/kWh.
13.2. For IBT tariffs (rows 45 to 76), fill in the fixed monthly charge (R/month) and
monthly demand charge (R/kVA) and then the block tariffs. See for example figures
5 and 6 below. Figure 5 shows IBTs for the Nelson Mandela Bay Municipality (the
relevant tariffs are circled) and figure 6 shows how they should be entered in the
model.
13.2.1. A “block” in the model is a consumption range over which a certain tariff is
applied. Block 1 in the model refers to 0-350 kWh for Nelson Mandela Bay
over which a tariff of 117.720 cents applies.
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13.2.2. For each block, input the lower limit of the block, the upper limit of the
block and the tariff applied to consumption between the lower limit and
upper limit. The lower limit of block 1 is 0 kWh, the upper limit is 350 kWh
and the tariff applied to consumption between the 0 and 350 kWh is
117.720 cents. Note that the next block should start 1 kWh after the last
block even if this isn’t reflected in the tariffs e.g. first block is 0-350 kWh,
second block is 351-600 kWh and not 350-600 kWh.
13.2.3. If there is no upper limit on a block, leave the upper limit cell blank. For
Nelson Mandela Bay, this would apply to Block 4: the lower limit of 901
kWh is entered in cell N64, there is no upper limit so cell N65 is left blank
and the applied tariff of 166.315 cents is entered in cell N66.
Figure 5: Nelson Mandela Bay Municipality Inclining Block Tariffs

Source: Nelson Mandela Bay Municipality Electricity Tariffs as from 1 July 2015, Available at:
http://www.nelsonmandelabay.gov.za/datarepository/documents/electricity-tariffs-2015-16.pdf [Last accessed on
27 June 2016]

6

Figure 6: Nelson Mandela Bay IBTs

13.3. For flat tariffs (rows 80 to 87), input separate summer and winter tariffs, both of
which consist of an average fixed charge (R/month), a monthly demand charge
(R/kVA) and average variable charges per month in cents/kWh.
Bulk power purchase tariffs
Enter the bulk power purchase tariffs paid by the municipality to Eskom for electricity
purchases here. Bulk power purchase tariffs (N93 to N100 in Figure 7) are TOU tariffs
and have separate tariffs for summer and winter. Both summer and winter consist of
separate peak, standard and off-peak tariffs, expressed in cents per kWh.

Figure 7: Entering bulk power purchase tariffs

Solar PV installations
This section need only be completed if it is known to the municipality. Otherwise, the data
that has been hard-coded into the model (see Figure 8) will suffice. For each customer
class, input an average solar PV system size (row 106) measured in kWp, the cost of the
system measured in Rands per kWp (row 108), and any government incentive subsidy in
place for installing solar PV systems measured in Rands (if applicable) (row 111).
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Figure 8: Solar PV installation specifications

Line 106 contains the average size of the solar PV installation in kWp for each customer
type. These are: residential – 2 kWp, small business – 5 kWp, medium business 15 kWp
and large business 200 kWp.
Note that the cost per kWp has been coded to change depending on the size of the solar
PV installation, so if that changes the cost will change in line with the size of the
installation.
Electricity sales
This section requires information on electricity sales for those customers that are on the
tariff that has been entered by the municipality in the “Municipal tariffs” section. Users
need to input the number of customers on the relevant tariff (in row 118) and then either
(i) electricity consumption per annum for a representative customer (row 121), or (ii) total
volume of electricity supplied per annum to that group of customers (row 123).

Figure 9: Electricity sales to municipal customers

Technical losses
This section requires the percentage of electricity purchases from Eskom that are lost due
to power dissipation in the electricity system. Technical losses refer specifically to power
dissipation on the grid and are distinct from non-technical losses which consist of
electricity theft, customer non-payment, and accounting errors. The model requires
separate technical loss percentages for each customer class (see Figure 10: Technical
losses on the grid 10). The percentage must be entered in percentage form and not as a
whole number.
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Figure 10: Technical losses on the grid

Proposed SSEG tariffs
In this section we ask for the tariffs that the municipality is proposing to put in place for
customers who choose to install solar PV. The model will test these tariffs and determine
how they affect municipal finances and how they affect the business case for customers
installing solar PV systems.
Figure 11: Customising SSEG tariffs

There are five drop-down boxes from rows 135 to 143 which allow the user to customise
the SSEG tariff for each customer group. These options are as follows:
21.1. Are SSEG tariffs available? If “yes” is chosen then enter all the other information
that is required in this section. If “no” is chosen then no more data should be
entered. The model will make use of the municipal tariffs as SSEG tariffs and no
exports will be allowed.
21.2. Do you want to test a TOU or Flat SSEG tariff? The model accommodates both
TOU and flat tariffs so please make this choice here. Once again the model will
highlight the relevant sections where tariffs need to be entered.
21.3. Should credit balances be cleared every month, or rolled forward and cleared at the
end of the year? Choose either “Monthly clearing” or “Annual clearing” from the
drop-down box. This choice affects how the SSEG customer’s bill is calculated. If
credit balances are cleared every month, then the export balance is set to zero at
the end of every month and an excess of exports over imports in one month can’t
be used to offset imports in the next month. However, if balances can be rolled
forward then this can occur.
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21.4. Can the municipality pay customers for credit balances, or are these balances set
equal to zero? The user can choose if customers can be compensated if they
produce more electricity than they consume of not.
21.5. Does the export tariff change over time or is it fixed? If the export tariffs changes
over time it will increase (or decrease) in line with the tariff escalation rate. If it
doesn’t change then it is fixed at the amount specified by the user. This affects the
business case only.
If TOU tariffs have been selected then enter these tariffs in lines 150 to 172. If flat tariffs
have been selected then enter these tariffs in lines 178 to 192. If no SSEG tariffs are
available then leave all sections blank.
Figure 12: Inserting the appropriate SSEG tariffs for each customer class

Input the appropriate SSEG tariff data into the yellow highlighted cells:
23.1. Import tariffs refer to what the customer pays the municipality for electricity
consumed from the grid, whilst export tariffs refer to the compensation the
customer receives for exporting electricity onto the grid. For TOU SSEG tariffs,
input separate import and export tariffs, even if these tariffs are the same, and for
both the import and export tariffs, input separate summer and winter tariffs. Both
summer and winter tariffs for both import and export tariffs consist of a fixed
monthly charge (Rands per month), a monthly demand charge (expressed in
R/kVA) and separate peak, standard and off-peak tariffs, which are expressed in
cents per kWh.
23.2. For flat tariffs, input separate import and export tariffs, even if these are the same,
and for both the import and export tariffs, input separate summer and winter tariffs.
The summer and winter tariffs for the export tariffs consist only of average variable
charges per month in cents per kWh. Both summer and winter tariffs for import
tariffs consist of an average fixed charge (R/month), a monthly demand charge
(R/kVA) and average variable charges per month in cents/kWh.
Customer load profiles
In this section the user is given the option of entering their own customer load profiles or
using generic customer load profiles. If the user chooses to customise the load profiles
i.e. chooses “Yes”, then go to the “Advanced model inputs” sheet.
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Tariff escalation
In this section the user is given the option of entering their own tariff escalation
percentages or making use of those that have been hard-coded by the model. If the user
chooses to enter their own tariff escalation percentages i.e. chooses “Yes”, then go to the
“Advanced model inputs” sheet.
Business case assumptions
In this section the user is given the option of entering their own business case
assumptions or making use of those that have been hard-coded by the model. If the user
chooses to enter their own business case assumptions i.e. chooses “Yes”, then go to the
“Advanced model inputs” sheet.

2.1.2.

Advanced Model Inputs
Go to the “Advanced model inputs” sheet if you have chosen to customize either the
customer load profiles, the tariff escalation or the business case assumptions.
Customer load profiles
Enter your own customer load profiles in item 1 of the “Advanced model inputs” sheet
(see Figure 13). The user should enter the percentage of total electricity used by the half
hour for a typical day in winter/summer, during the week/weekend (cells F24:I71 for
residential customers; F80:I127 for small and medium business customers; and
F136:I183 for large business customers). As a check, the sum of the half-hourly load
profiles for a typical winter/summer day during the week/weekend should equal 100%.

Figure 13: Adjusting customer load profiles

11

Tariff escalation
Enter your own tariff escalation percentages in item 2 of the “Advanced model inputs”
sheet (see Figure 14). There are four different tariff components that can be customized.
These are: (i) the import rate, (ii) the export rate, (iii) the demand charge, and (iv) the fixed
monthly charge. Please enter tariff escalations as a percentage in the relevant cells.

Figure 14: Adjusting Tariff escalation percentages

Business case assumptions
A number of business case assumptions can be adjusted. These are the tax rate, the riskfree rate, the financing option (i.e. what proportion of the cost of the solar PV system is
financed via cash, short-term loans and long-term loans), the interest rate (for the various
financing options) and the term (in years) of the various financing options. All inputs
(except for the term which is number of years) must be entered in the cells as a
percentage.

Figure 15: Adjusting Business case assumptions

2.1.3.

A Short Note on Error Codes
In order to assist the user to enter the correct data into the “Standard model inputs”
sheet, we have inserted error codes which trigger when data is entered incorrectly. Error!
Not a valid bookmark self-reference.explains the different error codes and provides
solutions in order to resolve them.
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Table 1: Error code reference table
Error Type
Section
Explanation
Type 1
4. Municipal
Inputted tariff data into the section
tariffs
reserved for TOU tariffs (rows 30
to 39) when a type of tariff (row 26)
other than a TOU tariff has been
selected.
Type 2
4. Municipal
Inputted tariff data into the section
tariffs
reserved for IBT tariffs (rows 45 to
76) when a type of tariff (row 26)
other than an IBT has been
selected.
Type 3
4. Municipal
Inputted tariff data into the section
tariffs
reserved for flat tariffs (rows 81 to
87) when a type of tariff (row 26)
other than a flat tariff has been
selected.
Type 4
8. Technical
Technical loss percentage is either
losses
less than zero or greater than
100%.
Type 5
9. Proposed
Inputted SSEG tariff data into
SSEG tariffs
section reserved for TOU SSEG
tariffs (rows 151 to 172), but the
user has indicated in row 135 that
SSEG tariffs are not in place.
Type 6
9. Proposed
Inputted SSEG tariff data into
SSEG tariffs
section reserved for TOU SSEG
tariffs (rows 151 to 172), but the
user has indicated in row 137 that
Flat SSEG tariffs are in place.
Type 7
9. Proposed
Inputted SSEG tariff data into the
SSEG tariffs
section reserved for flat SSEG
tariffs (rows 179 to 192), but the
user has indicated in row 135 that
SSEG tariffs are not in place.
Type 8
9. Proposed
Inputted SSEG tariff data into
SSEG tariffs
section reserved for Flat SSEG
tariffs (rows 179 to 192), but the
user has indicated in row 137 that
TOU SSEG tariffs are in place.

2.2.

Solution
Change the type of tariff (row
26) to TOU, or remove tariff
data from section reserved for
TOU tariffs (rows 30 to 39).
Change the type of tariff (row
26) to IBT, or remove tariff data
from section reserved for IBT
tariffs (rows 45 to 76).
Change the type of tariff (row
26) to flat, or remove tariff data
from section reserved for flat
tariffs (rows 81 to 87).
Input technical losses as a
percentage that lies between
0% and 100%.
Change row 135 to “Yes”, or
remove tariff data from section
reserved for TOU SSEG tariffs.
Change row 137 to “TOU”, or
remove tariff data from section
reserved for TOU SSEG tariffs.
Change row 135 to “Yes”, or
remove tariff data from section
reserved for flat SSEG tariffs.
Change row 137 to “Flat”, or
remove flat SSEG tariffs from
the section reserved for flat
SSEG tariffs.

PRINTABLE REPORT
The printable report is a four-page document that contains a brief summary of important
model inputs which define the scenario described by the municipality and key results from
the financial impact model and the business case model for this scenario. It consists of a
number of tables and charts:
32.1. Table 1: The type of SSEG tariff chosen by the municipality in terms of TOU/flat, if
there is monthly or annual clearing of the balances, if payments can be made to
SSEG customers and if there is escalation of the export tariff. The tariffs that have
been chosen by the user are then displayed in the table as either TOU or flat tariffs.
32.2. Table 2: The total revenue impact of the SSEG tariff on the municipality. This is
shown for each customer type and for four different uptake percentages: 1%, 5%,
10% and 20% i.e. what proportion of the customers that are on the relevant
municipal tariff decide to install solar PV. Total revenue impact is calculated as the
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reduction in municipal revenue plus the VOS divided by municipal revenue prior to
the introduction of solar PV SSEG tariffs.
32.3. Chart 1: Total revenue impact (%), which is a graphical representation of the
information contained in table 2.
32.4. Table 3: Reduction in revenue, Value of Solar and total effect (%). The key results
of the impact on municipal finances consist of the reduction in municipal revenue,
the VOS, and the total effect (i.e. the reduction in municipal revenue plus the Value
of Solar). Once again the results are shown assuming 1%, 5%, 10% or 20% of
customers install solar PV systems.
32.5. Table 4: Business case for the SSEG customer for the chosen tariffs. The key
metrics for the business case of installing solar PV includes the NPV of the solar
PV installation, PBP, IRR and the LCOE for each customer class. For each of the
metrics, the model highlights whether the metric is unfavourable, average or very
good based on a given set of criteria.
32.5.1. The model uses conditionally formatting to show whether the PBP and
IRR metrics constitute an unfavourable, average or very good business
case from the point of view of the customer who is contemplating installing
solar PV.
32.5.2. The following table shows the criteria used for the PBP and IRR. Users of
the model may be aware of different criteria used by their customers in
their municipality, and thus can interpret the results using these criteria as
opposed to using the pre-programmed conditional formatting to guide their
decisions.
Figure 16: Conditional formatting used to evaluate the PBP and IRR business case metrics

32.6. Table 5: Average electricity consumption per annum, average solar selfconsumption rate per annum and peak demand per season. This table shows a
number of metrics that may be of interest to the user.
32.7. Chart 2: Energy balances. These charts show the amount of electricity generated
that is consumed on-site (i.e. self-consumption) versus how much is exported to
the grid for each customer type, for a typical customer.
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3.

BACKGROUND TO CALCULATIONS
The Excel-based model is made up of two interrelated models. The first model determines
the financial impact of proposed SSEG tariffs on municipal finances and the second
model determines the impact of these proposed SSEG tariffs on the business case for
installing solar PV. Both models have the following common inputs:
33.1. Solar PV output;
33.2. Customer load usage profiles;
33.3. The inputs entered by the user in the standard and advanced model inputs sheets.
The solar PV output was calculated using generation data obtained from the CSIR and
converted to kWh energy production.
Generic customer load usage profiles for different customer types were calculated using
data obtained from Eskom.

3.1.

FINANCIAL IMPACT MODEL
The financial impact on municipalities consists of the decreased revenue from municipal
customers, the reduction in bulk power purchases from Eskom, the reduction in technical
losses and the cost savings from reselling exported electricity from SSEG customers.
Calculating the reduction in municipal revenue requires the calculation of municipal
revenue before and after the implementation of SSEG tariffs. The model does these
calculations for one representative customer before consolidating the bills to determine its
total revenue.
For the municipal revenue before the implementation of SSEG tariffs:
38.1. The total volumes of electricity supplied to each customer type per annum for the
three different TOU periods using the load usage profiles for each customer type
and the total volume of electricity supplied to each customer type was calculated.
This is to enable the model to determine the variable revenue component.
38.2. If TOU tariffs are in place, each TOU volume for each customer type is multiplied
by the respective TOU tariff. Otherwise, each volume for each customer type is
multiplied by a flat tariff, if that is the relevant tariff type, or an average tariff if the
relevant tariff type is an IBT tariff. The TOU revenues were summed to calculate
the total variable component of municipal revenue for the year.
38.3. The fixed component of municipal revenue was calculated by multiplying the
inserted fixed rate for winter and summer by the three winter months and the nine
summer months, respectively.
38.4. Monthly demand charges were calculated by multiplying the inserted demand
charge for winter and summer by the maximum demand in the three winter months
and nine summer months, respectively. Maximum demand in each month was
calculated using the load usage profiles for each customer type.
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38.5. The total revenue per customer per annum is the sum of the fixed, variable and
demand charges in each month.
To calculate municipal revenue after the implementation of SSEG tariffs:
39.1. An individual’s average electricity consumption per day by the half hour, using the
defined customer load usage profiles, was calculated. Consumption per day is the
same for the following four groups of days: all weekdays in winter, all weekdays in
summer, all weekend days in winter and all weekend days in summer. Average
electricity production for an individual solar PV customer per day by the half hour
for each month, using the solar PV output data, was then calculated. Each day in
each month is the same.
39.2. Electricity production was subtracted from average electricity consumption to
calculate the electricity balance per half hour per day for each month for an
individual solar PV customer.
39.3. The half hourly electricity balances were consolidated into consumption and export
balances by TOU period for an average type of day (i.e. week day or weekend day)
in each month.
39.4. The monthly variable costs were calculated by multiplying the consumption and
export balance by the respective tariff.
39.5. The model then calculated the annual bill by taking into account the tariff design
that the user has specified in the standard model inputs sheet. These are the
clearing of balances (i.e. monthly or annually) and the payment to customers.
39.5.1. Clearing of balances: If balances are cleared monthly, then any credit
balance (i.e. if exports exceed imports) is set equal to zero at the end of
the month. If credit balances can be rolled forward, then if exports exceed
imports in a particular month that benefit is shifted to the next month. At
the end of the year the variable component of the bill equals the sum of
the three TOU periods.
39.5.2. Payment to customers: If payments to customers can be made then the
variable component of the bill can be negative. If no payments are allowed
and the variable component is negative, then the model sets it equal to
zero.
39.6. The fixed component of municipal revenue was calculated by multiplying the
inserted fixed rate for winter and summer by the three winter months and the nine
summer months, respectively.
39.7. Monthly demand charges were calculated by multiplying the inserted demand
charge for winter and summer by the maximum demand in the three winter months
and nine summer months, respectively.
39.8. Total annual charges for an individual PV customer were calculated by summing all
the variable costs and fixed costs for each month with the monthly demand
charges.
In order to calculate the decrease in revenue resulting from SSEG tariffs, the difference
between the total revenue per annum prior to the introduction of SSEG tariffs and the total
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revenue per annum from the whole population after the implementation of SSEG tariffs
was evaluated. The latter is the sum of the revenue from solar PV customers and the
revenue from non-PV customers. The difference for a selection of uptake percentages of
solar PV i.e. 1%, 5%, 10% or 20% of customers on the given municipal tariff was
calculated.
The Value of Solar (VOS) components of the model were calculated as follows:
41.1. Reduction in bulk power purchases. For each uptake scenario (i.e. 1%, 5%, 10% or
20%) the model determines how much electricity is produced by solar PV
customers (both for self-consumption and export to the grid). This is the amount by
which the municipality is able to reduce their purchases from Eskom. The value of
this electricity is determined by TOU period, and this is a cost saving to the
municipality.
41.2. Reduction in technical losses. Because the municipality’s bulk power purchases
from Eskom are reduced the technical losses will be reduced as well. This
calculation is simply the assumed percentage of technical losses for each customer
category multiplied by the Rand value of the savings in bulk power purchases for
the municipality.
41.3. Cost savings from reselling exported electricity from SSEG customers. The model
assumes that all excess electricity generated by solar PV customers is fed onto the
grid and then sold by the municipality to other customers. Because the export tariff
should be lower than the tariff paid by the municipalities to Eskom, the difference
between these two tariffs represents a saving to the municipality. The model
calculates this by determining the difference between the bulk power purchase tariff
and the export tariff for each TOU period and then multiplying the amount of
electricity fed onto the grid (in each TOU period) by this margin.

3.2.

BUSINESS CASE MODEL
The business case model measures the discounted net benefits of installing solar PV
given the municipal SSEG tariffs in place. The metrics used to measure the discounted
net benefit were the NPV, the PBP, the IRR and the LCOE.
In order to calculate these metrics the PV electricity production for 25 years was
estimated, which is the assumed useful life of the solar PV system; the discounted actual
savings on each type of customer’s electricity bill net of capital and ongoing solar PV
expenses was then calculated.
To estimate the PV electricity production for the next 25 years, a system degradation of
0.5% was assumed. Thus, electricity output of the system was assumed to decline by
0.5% per annum. The solar PV electricity production per kWp for 25 years was calculated
by degrading each successive year’s production by 0.5%. It was assumed that the
customer’s electricity consumption does not change over the 25 year period.
In line with the financial impact model calculations, an individual’s average electricity
consumption per day by the half hour, using the defined customer load usage profiles,
was calculated. The average electricity production of an individual solar PV customer per
day by the half hour for each month, using the solar PV output data, was then calculated.
Electricity production was subtracted from average electricity consumption to calculate the
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electricity balance per half hour per day for each month for an individual solar PV
customer. The half hourly electricity balances were consolidated into consumption and
export balances by TOU period in each month. This allows for the calculation of variable
costs for monthly billing.
A tariff escalation percentage of 10% for residential customers and 12% for all other
customers was assumed. The escalated variable costs for the year were added to the
escalated fixed and monthly costs for the year to calculate the total annual charges for an
individual PV customer. The total annual charges for an individual that does not install
solar PV was calculated by uplifting the total revenue per customer per annum for non-PV
customers by the annual tariff escalation. The difference between the total annual
charges for an individual PV customer and the total revenue per customer per annum for
non-PV customers is the savings of the PV customer.
The actual benefit to the solar PV customer of installing a solar PV system is the NPV of
these savings less the initial capital outlay and discounted ongoing operation and
maintenance costs. Operation and maintenance costs were assumed to increase at the
rate of inflation (6%) per annum. For each of the 25 years, the net returns from investing
in a solar PV system were calculated by subtracting capital expenses and operation and
maintenance costs from the savings on the electricity bill. The net returns were
discounted by the weighted average cost of capital (“WACC”), calculated using the capital
asset pricing model. The WACC formula is as follows:
𝐶𝑎𝑠ℎ 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
𝑆ℎ𝑜𝑟𝑡 − 𝑡𝑒𝑟𝑚 𝑑𝑒𝑏𝑡 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
+ 𝑟𝐷𝑆 (1 − 𝑡) ×
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑑𝑒𝑏𝑡 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
+ 𝑟𝐷𝐿 (1 − 𝑡) ×
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑊𝐴𝐶𝐶 = 𝑟𝐸 (1 − 𝑡) ×

Where:
𝑟𝐸 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑞𝑢𝑖𝑡𝑦 =

𝑟𝑖𝑠𝑘 𝑓𝑟𝑒𝑒 𝑟𝑎𝑡𝑒 + 𝑚𝑎𝑟𝑘𝑒𝑡 𝑟𝑖𝑠𝑘 𝑝𝑟𝑒𝑚𝑖𝑢𝑚
(1 − 𝑡)

𝑟𝐷𝑆 = 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 𝑜𝑛 𝑠ℎ𝑜𝑟𝑡 − 𝑡𝑒𝑟𝑚 𝑙𝑜𝑎𝑛𝑠
𝑟𝐷𝐿 = 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 𝑜𝑛 𝑙𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑙𝑜𝑎𝑛𝑠
𝑡 = 𝑡𝑎𝑥 𝑟𝑎𝑡𝑒
The relevant metrics were calculated as follows:
48.1. The NPV is the sum of the discounted annual net returns;
48.2. The PBP is the number of years at which the cumulative sum of the undiscounted
annual net returns is zero;
48.3. The IRR was determined using the undiscounted annual net returns;
48.4. The LCOE was calculated using the sum of the discounted capital and on-going
costs over 25 years divided by the total number of kilowatt-hours produced over 25
years.
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3.2.1.

Additional Business case assumptions that can be changed
The results for the business case are presented in the “Business case results” sheet and
contain assumptions on (1) installation costs, (2) the cost of capital, and (3) system and
economic variables.
Many of the assumptions used in the business case can be changed in the “Standard
model inputs” or the “Advanced model inputs” sheets. However, if necessary, the user
can go into the “Business case results” sheet and change additional assumptions. These
are coloured blue in the model and are as follows:
50.1. System degradation. The system degradation of 0.5% in row 59 of the “Business
case results” sheet was informed by an analysis of solar PV degradation rates by
Jordan et al.1
50.2. Operation and maintenance costs (percentage of initial system cost per annum)
and Lifespan of PV system. The assumptions of 1.5% for operation and
maintenance costs and 25 years for the lifespan of the PV system in rows 68 and
69 of the “Business case results” sheet were informed by a study on the levelised
cost of solar electricity by Hernández-Moro et al.2
50.3. Inflation. An inflation rate of 6% in row 70 of the “Business case results” sheet was
assumed as this is the upper bound of the targeted inflation band in South Africa.

1

Jordan, D. C. and Kurtz, S. R. Photovoltaic Degradation Rates - An Analytical Review, p. 1. Progress in
Photovoltaics: Research and Applications. Available at: http://www.nrel.gov/docs/fy12osti/51664.pdf [Last accessed on
20 May 2016]
2
Hernández-Moro, J. & Martínez-Duart, J.M. 2013. Analytical model for solar PV and CSP electricity costs: Present
LCOE values and their future evolution. Renewable and sustainable energy reviews. 20(0): 119-132
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