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Topic Person Time
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Overview of business case model NM 11:15 - 11:30
Model demonstration NM 11:30 - 12:15
Input parameters and their sensitivity SK 12:15-12:30
Lunch 12:30 - 13:15
Interactive session SK/NM/CG 13:15 - 14:15
Case study feedback All 14:15 - 15:00
Tea 15:00 - 15:15
Feedback and closing All 15:15 - 15:45




Before we start...

Participants to form groups of approx. 6 people
Within your group please share the following:

Experiences of solar PV installations by customers within your municipality

Experiences of SSEG tariffs within your municipality

Do you perceive this change in the electricity supply industry landscape to be an opportunity or a threat?
Report back to the rest of the participants
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Background

+ Electricity supply issues in SA
* Price of solar PV decreasing* whilst Eskom/municipal tariffs are increasing

* More and more residential and business customers choosing to install solar PV, either with or without official
approval

* Interest in feeding excess electricity onto the grid

+ Parallel connections need to be managed:
« Ensure safety of municipal staff, customers and general public
+ Ensure quality of electricity

Solar PV electricity prices
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Source: Green Cape (2017) Utility-Scale Renewable Energy: Market Intelligence Report 2017, pg. 13
Note: Prices in 2016 ZAR; prices represent the LCOE for utility-scale solar PV plants G: ‘ 6



Background cont.

+ Decrease in prices and exponential growth in uptake

Figure 4: Global capacity of solar PV and rooftop PV cost
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Introduction

Excel based tool that calculates:
How municipal revenue is impacted by customers installing Solar PV
The business case for customers that install Solar PV

Model assists municipalities in designing tariffs that balance municipal revenue requirements with customer
expectations for Solar PV investment returns

Model design requirements:
Generic i.e. can be used by big and small munics
Simple and easy to use
Data requirements that aren’t too onerous
No macros
What the model can do:
Generate reduction in municipal revenue and value of solar (VOS) for a given set of SSEG tariffs
Determine if a business case exists for that set of tariffs for the customer
SSEG tariffs can be changed and the results analysed to assist in tariff design
What the model can’t do:
Generate the best set of SSEG tariffs



Introduction cont.

Model is indicative of what will happen to municipal finances and the business case under different tariff
scenarios

Model uses a generic customer that consumes electricity according to a particular load profile, and generates
electricity from Solar PV according to historical irradiation patterns

BUT every customer behaves differently, so results need to be treated as such

Results from the model can guide a municipality's tariff setting process and the testing of alternative SSEG tariffs
IS very useful in this process

BUT additional work and analysis required to determine tariffs that fulfil each individual municipality’s
requirements



Basic architecture of the model

* Model answers 2 important questions:
+ What will happen to municipal revenue once a SSEG tariff is introduced?
« Will customers want to install Solar PV under the chosen tariffs?

* Model assists municipalities in selecting tariffs that will lead to a win-win situation for municipalities and
customers i.e. acceptable revenue change for munic + compelling business case for PV customer

Tolerable
impact on
municipal
revenue

Positive
business
case for
customers
to install
rooftop PV

Objectives may not be
purely financial i.e.

SOCio economic in
nature




‘ What does the model look like?

* Please open the model for a quick tour of the:

* Input sheets

« Data sheets

« Calculation sheets
* Output
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Before introducing Solar PV

Source: http://msolarpower.co.za/5kw-hybrid-solar-rondebosch/
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Residential load profile before the introduction of Solar PV

kw

4,50

4,00

3,50

3,00

2,50

2,00

1,50

1,00

0,50

0,00

0

Residential SUMMER demand

1 2 3 4 5 6 7 8 9 10 11 12 13 14

= Res demand (kVA)

15 16 17 18

19 20 21 22 23

G: |«



After introducing Solar PV

Source: http://msolarpower.co.za/5kw-hybrid-solar-rondebosch/
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Residential demand, solar output and resulting demand after the introduction of Solar PV
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Revenue impact calculations

Residential demand (sunny day)
PV size 50% of peak demand

C 00
Revenue impact calculations need to
consider: Reduced sales (loss)
- ToU customer tariffs
- Varying Megaflex rates (ToU, seasonal) PV export compensation (loss)

- Varying solar output
- Reduction in tech losses (small)

(there are no demand charge reductions)
-t

0.00

1 00 01234567 181920212223
e Resale of PV export (gain)
-2.00 Reduced bulk (Megaflex)
3.00 purchase (gain)

e Res demand (kVA) === Solar output (kW) == Re sulting demand

G: | v



Revenue impact calculations cont.
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Residential bill

Residential Bill

Energy characteristics
Consumption pm:

Customer Bill:

Purchased from the municipal grid:

Small consumer, small (2kWp) PV system)

kWh

kWh

582,6

582,6

Tariff
R1,54
Total

Bill

R899,06

R899,06




‘ Grid-tied feed in PV systems

Solar panels convert sunlight
into clean DC energy
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distribution board
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Grid-tied feed in PV systems

©,
Revenue impact calculations need to
consider: Reduced sales (loss) @
- ToU customer tariffs
- Varying Megaflex rates (ToU, seasonal) PV export chmpensation (loss)
- Varying solar output yi :
- Reduction in tech losses (small)
(there are no demand charge reductions) ]
— r
0.00 - ' -~ S~
1 00 0123456 7 8Y1IW111A31415117181920212223
o ' Resale of PV export (gain)
-2.00 Reduced bulk (Megaflex)
3.00 purchase (gain)

Solar output (kW) Resulting demand

Res demand (kVA)

@ Solution: Compensate PV customer at a rate lower than retail, but fair rate
(e.g. avoided ESKOM avoided costs or “cost of supply)

@ Solution: Introduce other (fixed) charges to recover parts of the induced IossG .

|21



Residential bill after the introduction of Solar PV

Energy characteristics

Consumption pm:

SSEG production:

SSEG own use:

SSEG exported to the municipal grid:

Customer Bill:

Purchased from the municipal grid:

SSEG exported to the municipal grid (bidirectional meter):

Municipality savings (avoided megaflex & SSEG kWh resale)
Balance (+ gain - loss) for the municipality (from original bill)

kWh
583
308
169
139
kWh
414
139

2kWp

Tariff
R1,54
RO,65
Total

% change

Bill
R638,22
-R90,36
R547,86
R309,94
-R41,26

-5%

Consumption pm:

SSEG exported to the municipal grid:

Customer Bill:

Fixed charge (R/mth)

Purchased from the municipal grid:

SSEG exported to the municipal grid (bidirectional meter):

Municipality savings (avoided megaflex & SSEG kWh resale)
Balance (+ gain - loss) for the municipality (from original bill)

kWh
582,6
139

kWh

413,6
139,0

Tariff
R200,00
R1,54
RO,65
Total

% change

Bill

R200,00

R638,22

-R90,36

R747,86

18%

R309,94
R158,74
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Defining SSEG tariffs (1/2)

Compensation mechanism = the instrument designed to reward the Solar PV customer for any
generation that is exported to the electricity grid

Compensation mechanisms matter because they influence the value proposition of a Solar PV investment for
individual customers i.e. influence the customer’s business case

Important components of any mechanism include:
Contract length
Crediting terms
System caps

No universally accepted definitions of the many types of SSEG tariffs that exist eg. net-metering tariffs, net-
billing tariffs, net-FiT tariffs, gross-FiT tariffs

For the purposes of the model, the user is able to choose from a number of pre-defined options in order to best
fit their tariff design to the model. These options are:

TOU or flat?

Credit balances cleared every month, or rolled forward and only cleared at the end of the year?
Can the munic pay customers for credit balances?

Does the export tariff change over time or is it fixed?*

* The model assumes that it increases over time if the “change” option is chosen. However, note that internationally, export
tariffs may not increase over the years and may actually decrease G: ‘ 24



Defining SSEG tariffs (2/2)

2 examples of how SSEG tariffs may be defined in the model
Definitions:

Net-billing: consumption costs and export credits are offset against each other for each ToU period. The
monthly balance is rolled over from month to month so that 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. If the total is negative it is set equal to zero in calculating the total bill

Net-FiT: the same calculation is done but payments can be made from the municipality to the customer i.e.
the variable component of the bill is not set equal to zero in calculating the total bill

Net-billing tariffs:
Balance rolls over from month to month (for the 12 month billing period) by ToU period
Customer doesn’t receive payment from the municipality for exports > imports
Export tariff is not fixed (it increases over time in the model)*

Net-FiT tariffs:
Balance rolls over from month to month (for the 12 month billing period) by ToU period
Customer can receive payment from the municipality for exports > imports
Export tariff is fixed for a 20 year period

* The model assumes that it increases over time if the “change” option is chosen. However, note that internationally, export
tariffs may not increase over the years and may actually decrease G: ‘ 25



Tariff elements — standard consumption tariff

Consumption tariff

Energy charge
(TOU, IBT, Flat)
(Rands/kWh)

Network cost Service charge
(Rands per month) (Rands per day)

Fixed charges Variable charges
(fixed regardless of (change with
consumption) consumption)

Source: Adapted from GreenCape, Basic Tariff Guiding Principles: Small-scale Embedded Generation (SSEG) tariffs

G: |2



Tariff elements — standard consumption tariff cont.

Network cost

Costs associated with
maintaining and
operating the network

Service charge

Costs associated with
providing a retail service
network i.e. metering,
billing, call centres etc

Energy charge

This covers the total cost
of electricity purchased
from Eskom, which
includes a margin

Should be charged to all
consumers and be the
same for SSEG and non-
SSEG customers

Service charge normally
a daily rate and charged
monthly

Cost varies with the
amount of electricity
consumed per month

If higher for SSEG
customers could
disincentivise Solar PV
installations

All customers should pay
a service charge

TOU might be the most
cost-effective option

Source: Adapted from GreenCape, Basic Tariff Guiding Principles: Small-scale Embedded Generation (SSEG) tariffs

sl 27



Tariff elements — SSEG tariff

SSEG tariff

Network cost

(Rands per
month)

Service charge Energy charge

= t tariff
(Rands per day) (RET W) xporttaf

f f

Fixed charges Variable charges

Source: Adapted from GreenCape, Basic Tariff Guiding Principles: Small-scale Embedded Generation (SSEG) tariffs

G: |2



Alternative rate structures

Standard rate

Increased fixed charge

Minimum bill

TOU energy rates

Demand based rate

* Default customer rate
* Volume based kWh charge + fixed charge

* Increasing the fixed charge component
* May involve lowering the variable charge

* Set the lower limit that a customer will pay
each billing period

» Time based charges

* Demand charge based on maximum kW
used over a specific time period

* Typically has a lower energy charge

Source: Owen Zinaman (8 Dec 2016) Module 1: Power Sector Regulation and Distributed Generation, NREL



Net-metering vs net-billing (1/2)

Net-metering Net-billing
Eg. NMBM Eg. City of Cape Town
Standard bi-directional meter owned by the utility Standard bi-directional meter owned by the utility
Export tariff payed by municipality Export tariff payed by municipality
Metering system captures net-production/consumption Metering system captures net-production/consumption
Export tariff = import tariff Export tariff < import tariff (export tariff indexed to import
Billing example: iigokr\t/(\elg tariff)
Grid supplied energy: 1,100 kWh subtracted from Billing example:
last block i ; .
Exported energy: 250 kWh Grid supplied energy: 1,100 kWh
Balance: 850 kWh Exported energy: 250 kWh
Balance: 850 kWh
IBT
tariff
Block  Quantity (c/kWH) Total
0-350 350 17 409.50 _ Import  Export
351-600 250 / 140 350.00 Tariff tariff tariff
601-900 259/ 155 387 50 type (c/KWh) (c/KWh) Imports Exports Charge
900+ 70 166 0.00 Flat tariff 250| R1 213
Total 1100 R1 147.00 |

NB fixed charges excluded from example

NB fixed charges excluded from example

IBT and flat
tariff examples



Net-metering vs net-billing (2/2)

Net-metering

Eg. NMBM
Standard bi-directional meter owned by the utility
Export tariff payed by municipality
Metering system captures net-production/consumption
Export tariff = import tariff
Billing example:

Grid supplied energy: 1,100 kWh

Exported energy: 250 kWh

Balance: 850 kWh

T

Tariff
TOU (c/KWh) Imports Exports Balance Charge
Peak 150 350 - 350 525
Standard 125 500 100 400 500
Off-peak 100 250 150 100 100
1100 250 850 | R1 125

NB fixed charges excluded from example

Net-billing

Eg. City of Cape Town

Standard bi-directional meter owned by the utility
Export tariff payed by municipality

Metering system captures net-production/consumption

Export tariff < import tariff (export tariff indexed to import
tariff)

Billing example:
Grid supplied energy: 1,100 kWh
Exported energy: 250 kWh
Balance: 850 kWh

Import  Export

tariff tariff
(c/KWh) (c/KWh) Imports Exports Charge

Peak 150 75 350 - 525
Standard 125 63 500 100 563
Off-peak 100 50 250 150 175

1100 250 | R1 263

TOU examples

NB fixed charges excluded from example



Net-FiT vs gross-FiT (1/2)

Net-FiT

Proposed by CSIR
Standard bi-directional meter owned by the utility
FIiT payed by a central off-taker
Metering system captures net-production/consumption
Export tariff is fixed for a 20 year period
Billing example:
Grid supplied energy: 1,100 kWh
Exported energy: 250 kWh

Import FiT

Tariff tariff tariff
type (c/KWh) (c/KWh) Imports Exports Charge
Flat tariff 250| R1 213

NB fixed charges excluded from example

Flat tariff
example

Gross-FiT

Involves a PPA between customer and utility
Standard bi-directional meter owned by the utility +
PPA meter owned by customer

Metering system captures gross production and gross
consumption

All SSEG electricity is exported to the grid and
compensated via a FiT

Power purchased either by the municipality or Eskom’s
single buyer office

: 33



Net-FiT vs gross-FiT (2/2)

Net-FiT

Proposed by CSIR

Standard bi-directional meter owned by the utility

FIiT payed by a central off-taker

Metering system captures net-production/consumption

Export tariff is fixed for a 20 year period

Billing example:
Grid supplied energy: 1,100 kWh
Exported energy: 250 kWh

Import FiT
tariff tariff

TOU (c/KWh) (c/KWh) Imports Exports Charge
350 - 525
Standard 125 63 500 100 563
Off-peak 100 50 250 150 175
1100 250 | R1 263

fixed for 20 years but import tariff will
NB fixed charges excluded from example

TOU tariff
example

Gross-FiT

Involves a PPA between customer and utility
Standard bi-directional meter owned by the utility +
PPA meter owned by customer

Metering system captures gross production and gross
consumption

All SSEG electricity is exported to the grid and
compensated via a FiT

Power purchased either by the municipality or Eskom’s
single buyer office

.| 34



Comparison of tariffs

Evolution of tariffs

400

350

Import tariff
Export tariff (Net-
metering)

300

250

200

Cents/kWh

150

100

50

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20

Years

e |mport tariff == Export tariff (Net-metering)

e Export tariff (Net-billing) Net-FiT
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Comparison of bills*

Gross consumption 1100kWh Import tariff 130|cents
Total Solar PV generation 350/kWh Export tariff 65|cents
- PV self-consumption 100kWh Net-FiT tariff 65|cents
- PV feed-in 250kWh
Net consumption 1000kWh

Net-metering bill:
= 1000 kWh * Import tariff - 250 kWh * Import tariff

R 975.00

Net-billing bill:

= 1000 kWh * Import tariff - 250 kWh * Export tariff
R 1137.50

Net-FiT bill:

= 1000 kWh * Import tariff - 250 kWh* Net-FiT tariff
R 1137.50

Gross-FiT bill:

= 1100 kWh * Import tariff - 350 kWh * Gross-FiT tariff

* Excluding TOU; all tariff schemes simplified
Source: Christopher Gross, GIZ



Worked example — net-billing

Net-billing tariffs are as follows:

Fixed charge = R200 per month

Import tariff = 120 cents/kWh

Export tariff = 70 cents/kWh
Electricity imported from the grid per month = 900 kWh
Electricity generated per month = 150 kWh
Self-consumption rate = 50%
Tariff increase for the next year = 10%

What is this consumer’s annual electricity bill under a net-billing scheme for the current year and the next
year?

G: |x



Worked example — net-billing

Net-billing tariffs are as follows:

Fixed charge = R200 per month

Import tariff = 120 cents/kWh

Export tariff = 70 cents/kWh
Electricity imported from the grid per month = 900 kWh
Electricity generated per month = 150 kWh
Self-consumption rate = 50%
Tariff increase for the next year = 10%

What is this consumer’s annual electricity bill under a net-billing scheme for the current year and the next
year?

Current year net-billing electricity bill:
= (R 200 * 12) + (900 kWh * R 1.20/kWh * 12) — (75 kWh * R 0.70/kWh * 12)
=R 14,730

Next year net-billing electricity bill:
= (R 220 *12) + (900 kWh * R 1.32/kWh * 12) — (75 kWh * R 0.77/kWh * 12)
=R 16,203

.38



Worked example — net-FIT

Net-FiT tariffs are as follows:

Fixed charge = R200 per month

Import tariff = 120 cents/kWh

Export tariff = 70 cents/kWh
Electricity imported from the grid per month = 900 kWh
Electricity generated per month = 150 kWh
Self-consumption rate = 50%
Tariff increase for the next year is 10%

What is this consumer’s annual electricity bill under a net-FiT scheme for the current year and the next
year?

G: |2



Worked example — net-FIT

Net-FiT tariffs are as follows:

Fixed charge = R200 per month

Import tariff = 120 cents/kWh

Export tariff = 70 cents/kWh
Electricity imported from the grid per month = 900 kWh
Electricity generated per month = 150 kWh
Self-consumption rate = 50%
Tariff increase for the next year is 10%

What is this consumer’s annual electricity bill under a net-FiT scheme for the current year and the next
year?

Current year net-FiT electricity bill:
= (R 200 * 12) + (900 kWh * R 1.20/kWh * 12) — (75 kWh * R 0.70/kWh * 12)
=R 14,730

Next year net-FiT electricity bill:
= (R 220 *12) + (900 kWh * R 1.32/kWh * 12) — (75 kWh * R 0.70/kWh * 12)
=R 16,266

: |40



Best practices for the SSEG tariff design process (1/2)

Description

* A COS study should be carried out prior to developing new tariffs.
* The study will determine the true, fixed and variable costs of supplying electricity to consumers.
+ The NERSA COS Framework can be used as a guideline in conducting the COS study. The NERSA framework is
used in the City of Tshwane’s (CoT) COS study and includes:
> Developing revenue requirements > reviewing CoT’s accounts with Eskom over the past number of financial
years and estimating CoT’s future purchases from Eskom > reviewing CoT’s historic sales and estimating sales
to each consumer group over the next 4 financial years > allocating costs to each consumer group to arrive at
estimates of variable, fixed and demand related costs for each consumer group
* The CoT COS study (drafted February 2017) indicates that the average avoided Eskom costs when supplying
residential customers is 83c/kWh (fixed and variable costs). This is a suitable benchmark for the feed-in tariff and
indicates that 83c/kWh will adequately protect revenue.

* All customers should be able to be on an SSEG tarriff.

+ SSEG tariffs should be designed in such a way that customers cannot reduce their bill simply by switching onto that
tariff, without making any other changes to self-consumption or generation.

* In South Africa, there is currently no guaranteed period for continued payment of feed-in tariffs - this is an added risk
faced by SSEG customers, as many rely on the feed-in tariff to create a financially feasible business case.

+ This risk can be lessened by ensuring that the payment system will not end before the SSEG customer has had a
chance to recover their investment.

« ATOU tariff may be more cost-reflective than a flat or two-part tariff, as it accounts for the varying costs of generating
and supplying electricity during different hours of the day.

Sources: 1. Green Cape. Basic tariff guiding principles. 2017. p.2-5. | 2. City of Tshwane Metropolitan Municipality. Electricity Cost of Supply Study. G ‘ a
Dec 2016. p.6. | 3. City of Tshwane. Impact of Small Scale Solar PV Embedded Generation (SSEG) on Tshwane’s revenue (DRAFT). Feb 2017. o



Best practices for the SSEG tariff design process (2/2)

Description

+ Decisions regarding SSEG tariffs should ensure that remaining grid-tied is the most appealing option in comparison
to off-grid alternatives, both financially and in terms of security of supply.

Economically efficient systems are those with a low levelised cost of electricity; calculated by accounting for all of a
system’s expected lifetime costs divided by the system’s lifetime expected power output.

* The benefits of these systems are that they provide a better return on investment.

« The introduction of SSEG tariffs should be done with some degree of consumer engagement.
Public consultations should be underpinned by a transparent, accessible and easy-to understand tariff policy.

Representative high resolution load profiles should be generated using a sample of high-resolution consumer
demand data collected over a period of time.

Load profiles can be used to model the resulting net electricity revenue and margins resulting from the proposed tariff
change.

The impact on typical customer electricity bills from applying the various tariffs under different scenarios should also
be modelled and analysed to test the fairness of the tariffs for the different customer types.

Revenue protection and customer SSEG financial returns should both be considered when setting SSEG tariffs.
If customer SSEG financial return needs are not considered adequately, it will impact on the municipality as it
increases the number of ‘unofficial’ connections, with associated power quality and safety concerns, and reduces
municipal revenue as ‘unofficial’ customers often simply allow their meters to reverse when generation exceeds
demand.

* It is therefore advisable to keep fixed charges in the SSEG tariff low, and to provide a reasonable feed-in
compensation.

Sources: 1. Green Cape. Basic tariff guiding principles. 2017. p.2-5. | 2. City of Tshwane. Impact of Small Scale Solar PV Embedded Generation G ‘ 42
(SSEG) on Tshwane’s revenue (DRAFT). Feb 2017. ’
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Financial impact on municipalities

Reduction
IN revenue

Reduction in
sales volume

Compensation
for PV feed-in

Decrease
IN COSts

Reduction in
technical losses

Cheaper
electricity to on-
sell

G: |«



Basic architecture of the financial impact model

Residential Small Medium Large
business business business
Reduction in * Determine “original revenue from chosen customers” using no. of customers
municipal X original municipal tariffs

» Determine the bill for a single SSEG customer using proposed SSEG tariffs

« Then determine municipal revenue post introduction of SSEG tariffs in 2
parts:

(1) That from SSEG customers — assume either 1%, 5%, 10% or 20% of
customers in the chosen tariff category install Solar PV

(2) That from regular customers — the remaining 99%, 95%, 90% or 80% of
customers

* Reduction in revenue = original revenue — revenue after introducing SSEG
tariffs

revenue

Reduction in bulk electricity purchases = total electricity generated from

Solar PV @ Eskom rates

» Reduction in technical losses = technical losses % X reduction in bulk
purchases

» Difference between Eskom tariff and export rate X Solar PV electricity fed

onto the grid

Value of Solar

Net effect { in municipal revenue + { costs (VOS)

G: |4



Determination of the Solar PV customer’s bill

Consumption of electricity determined by municipal sales divided by number of customers and distributed by
season (summer/winter), time of week (weekday and weekend day) and hour of the day using generic load
usage profiles

Generation of electricity from solar PV panels determined by no. of panels installed and solar profile

Electricity balances (consumption less production) were determined for each half hour of the day for week days
and weekend days by month

These were then consolidated into monthly balances which allocated half hourly balances to (1) import from grid
if cons>prodn, (2) export to grid if prodn>cons by TOU period (peak, standard, off-peak)

Variable component of monthly bill was determined as follows:

If flat tariffs used: (total consumption from grid * import tariff) — (exports to grid * export tariff)

If TOU tariffs used: (peak cons * peak tariff + std cons * std tariff + off-peak cons * off-peak tariff) — (exports to
grid * export tariff)

Rolling balance from month to month by TOU period
For net-billing, no payment to customer if exports > imports
For net-FiT, payments to customers are permitted

Total bill = fixed charges + variable component

G: |4



Municipal revenue calcs

A B C D E F G H J K L M N (0] P Q R -
; Developed by
Return to
3 - " Jump to top
5
6
7
8 This sheet calculates revenue from SSEG customers after the introduction of SSEG tariffs by the municipality.
9
10 Revenue from SSEG customers
11
12 Imports from the grid and Exports to the grid
13 Monthly balances (ZAR)
14 Consumption from grid (kWh) Exports (kWh) Consumption from grid (ZAR) Exp
15 Residential Small business  Medium business Large business Residential Small business Medium business Large business Residential Small business Medium business Large business Residential Small busines
16 January Peak 69.91 372.14 3087.82 53 384.47 - 12.42 - 10.13 - - 104.86 518.02 30983.29 64114758 - 10.30 - 8.4
17 January Standard 78.80 536.43 625550 11337053 - 12726 - 22850 - - 11820 746.71 507947 8412093 - 10583 - 189.6
18 January Off-peak 79.57 766.20 4105.32 64 272.90 - - - - 118.35 1 066.54 2 360.56 33743.27 - -
19 February Peak 68.31 374.57 295454 50 820.12 - 968 - 5.64 - - 102.46 521.40 3811.35 6103496 - 8.04 - 4.6
20 February Standard 7373 49566 5881.34 106 390.56 - 12432 - 22193 - - 110.58 68995 477565 7894180 - 10319 - 184.2
21 February Off-peak 7473 714.53 3827.73 60 297.99 - - - - 112.10 994.62 2 200.94 31 656.44 - -
22 March Peak 7183 382.60 3128.75 53931.19 - 1471 - 13.50 - - 107.74 532.68 4036.08 6477136 - 1221 - 11.2
23 March Standard 80.22 53252 629987 11387644 - 13631 - 24514 - - 120.32 T41.27 511549 84 496.32 - 11314 - 203.4
24 March Off-peak 80.00 762.82 4 086.41 64 524.79 - - - - 118.98 1061.84 2349.68 33875.52 - -
25 April Peak 69.05 363.11 299266 51722.05 - 14.79 - 16.66 - - 103.58 505.45 3860.53 62118.19 - 12.28 - 13.8
26 April Standard 81.46 54590 611618 11051727 - 12462 - 22323 - - 122.19 759.89 4 966.34 8200382 - 10343 - 1852
27 April Off-peak 717 740.47 3 966.68 62 287.56 - - - - 115.76 1030.73 2280.84 32700.97 - -
28 May Peak 7333 388.55 312204 53 841.30 - 1419 - 13.82 - - 110.00 540.86 4027 .44 64 66340 - 11.78 - 114
29 May Standard 90.08 602.67 6390.78 11513143 - 12728 - 22962 - - 135.13 838.9 5189. 8542752 - 105.64 - 190.5
30 May Off-peak 79.80 764.61 4096.02 64 400.96 - - - - 19.70 1084 2355 33810.50 - -
31 June Peak 165.70 73715 4 459 67 68 588.93 - - 1.55 - - S 102§ 140 215094 89 - - 1.2
32 June Standard 132.84 704.44 7 869.06 14269428 -  86.04 - 202.95 - - 99 7142 - 168.4
33 June Off-peak 142.56 897.95 4810.29 81 046.51 - - - - 2 - -
34 July Peak 171.36 736.82 4 464 .68 68 614.39 - - 1.15 - - 257 0> ici - - 09
aeteze o - - 1B How municipal revenue . e
4 > ‘ Business case result Revenue from SSEG customers | Revenue from other cu after the intrOdUCtion Of 1 »
r B i i _— 00%
LT e SSEG tariffs is 1o

calculated
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VoS calcs

A B C D E F G H J K L M N (o] P Q R -~

1 Developed by
g D Jump to top
I GIENESIS { antien
5 UNLOCKING VALUE
6
7
8 This sheet calculates the three elements that make up the Value of Solar to the municipality: (1) reduction in bullc power purchases, (ii) reduction in technical losses, (iif) extra margin from on-selling exported electricity to other customers.
9
10 Reduction in bulk power purchases
11
12
13 Self-consumption + exports (kWh) Value of reduced municipal bulk power purchases (ZAR) Exports to the grid (kWh) Extra margin on reselling
Medium Medium Medium Med
14 Residential Small business business Large business Residential Small business business Large business Residential Small business business Large business Residential Small business busi
15 January Peak 59.56 297.79 446.68 5955.73 47.87 239.36 350.04 4787.21 -12.42 -10.13 0.00 0.00 -0.325275629 -0.265498671
16 January Standard 238.83 1194.17 1791.25 23883.38 132.15 660.73 991.10 13214.67 -127.26 -228.50 0.00 0.00 -35.21355401 -63.22464004
17 January Off-peak 0.04 021 0.32 423 0.01 0.07 on 1.48 0.00 0.00 0.00 0.00 0 a
18 February Peak 50.72 25361 38042 507222 40.77 20385 30578 4077.05 -9.68 -5.64 0.00 000 -0.253635627 -0.147775439
19 February Standard 228.94 1144.68 1717.01 22893.51 126.67 633.35 950.02 12666.98 -124.32 -221.93 0.00 0.00 -34.39928086 -61.40883098
20 February Off-peak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
21 March Peak 59.71 298.54 447 81 5970.76 47.99 239.96 358 95 4799.29 -14.71 -13.60 0.00 000 -0.385276612 -0.353619968
22 March Standard 24684 123421 1851.32 24684 27 136.58 682.89 1024 34 13657 81 -136.31 -245.14 0.00 000 -37.71681205 -67.82817736
23 March Off-peak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
24 April Peak 58.94 294.71 442.07 5894.21 47.38 236.89 35533 4737.77 -14.78 -16.66 0.00 0.00 -0.387%” [054 -0.436445722
25 April Standard 22752 1137.58 1706.38 2275172 126.89 62943 944 14 12688.52 -124.62 -223.23 0.00 0.00 - 1483 -61.7687996
26 April Off-peak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
27 May Peak 57.80 288.99 433.48 5779.77 46.46 232.29 348.43 4645.78 -14.19 3 0.00 0.00 p385  -0.362171412
28 May Standard 227.76 1138.79 1708.19 22775.88 126.02 630.09 945.14 12601.90 -127.28 -2 0.00 0.00 b38 086
29 May Off-peak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0D aQ0Q ]
30 June Peak 2692 134.58 201.87 269158 66.33 33163 497 .44 B632.55 0.00 -1.55 A7238639
31 June Standard 268.74 1343.68 2016.52 26873.65 200.58 1002.92 1504.39 20058.49 -86.04 -202.9 =
32 June Off-peak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 July Peak 2716 13579 20368 271572 66.92 33460 501.91 6692.08 0.00 .. . A
209 08 1045 39 1568 08 20407 77 8770 > VOS to the mUﬂlClpallty <05 -
« » | Business case results ‘|“ Revenue from SSEG customers | Revenue from other customers | VOS | Avg »
READY 9
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Theory of Solar PV cash flow modelling and business cases

Each individual customer needs to decide whether a business case exists for them to install Solar PV

BUT this model helps the municipality determine whether customers will want to invest given the level of Solar
PV tariffs chosen by the municipality

Business case takes into account:
The initial capital investment in year O
The annual costs of operating and maintaining (O&M) the PV system
The annual savings in electricity bills
Business case depends on how the Solar PV installation is financed:
If cash then investment will be recouped earlier
If it needs to be financed then the investment will be recouped later, dependent on interest rates

G: | s0



Basic architecture of the model — Business case

Residential Small Medium Large

business business business
Savings on electricity bill

« Over the useful life of the system: 25 years

« System degradation of 0.5%

« Constant consumption

* Apply the same method as municipal revenue
calculation:

1) Determine original bill in each year

2) Determine bill post introduction of SSEG tariffs

3) Savings = original bill — bill after introducing SSEG
tariffs

Discounted net savings

* Net present value of savings less capex and opex
« Discounted using the WACC calculated using CAPM

G: =
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Business case for customers than install Solar PV

) (

» = System’s expected
lifetime costs / expected
electricity output

« Compare to municipal
tariffs

r

* Discount rate that makes
net cash flows =0

» High IRRs are preferable

\_

* PV of cash inflows — PV A
of cash outflows

* Value must be +ve

* Undiscounted PBP

» Length of time to recover
the cost of the investment

J

G: |53




Evaluation of business case metrics in the model

Key for PBP

Small Medium Large and IRR Key for NPV

Residential  business business business results: results:
Net present value (Rands) - 5137 124 308 224 721 2 624 885 Unfavourable  Negative
Pay-back period (PBP) (Years) A 23 8 9 10 Average Positive
Internal rate of return A 1% 15% 12% 12% Very good
LCOE (Rands) A 1.43 1.62 1.43 1.39
Monthly bill for one Solar PV
customer (Rands) R 468 R 8729 R 22156 R 326 932
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Developed by

A B C

UNLOCKING VALUE

Return to Main
Menu

Jump to top

Selected formulas and calculations

This sheet contains the NPV calculations used in the model

Year 0 2 3 4 5 6 7 8 9 10 11

0 < x£13.8kVA

Actual Savings 1007 1080 1179 1275 1378 1480 1611 1740 1880 2030 2192 2367

Discounted Actual Savings 1007 1006 1008 1004 1002 1001 999 997 994 992 989 986

Capital Expenditure -44 000

Actual O+M Costs 660 -186 -833 -883 -936 -992 -1052 -1115 -1182
Operation and Maintenance Costs -660 -660 -660 -B60 -660 -660 -660 -660 -660
Inflation 69

et Nominal Refurns -42 993 430 479 533 5082 657 127 804 888 979 1077 1185

Cumulative Returns -42 993 -42 563 -42 084 -41 551 -40 958 -40 301 -39 674 -38 770 -37 882 -36 904 -35 828 -34 642

Discount Rate 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%

Present value of returns -42 993 397 409 420 431 441 451 460 469 478 486 493

Discounted Costs -44 000 -609 -597 -584 -572 -560 -548 -636 -625 -514 -503 -492

Net real returns -42 993 405 426 448 469 481 513 535 557 579 602 624

Cumulative real returns -42 993 -42 587 -42 161 41713 -41 244 -40 753 -40 240 -39 706 -39 149 -38 570 -37 968 -37 344

13.8kVA < x £100

Actual Savings 23 228 25 452 27 890 30 561 33 488 36 686 40 211 44 063 48 284 52 910 57 979 63 535

Discounted Actual Savings 23228 22 785 22291 21837 21393 20958 20 531 20 113 19704 19 304 18 911 18 527

Capital Expenditure -220 000

... |ETEENEAREE R Revenue from SSEG customers | Revenue from other customers | VOS | Awvg tariff calc | NPV calculations | Prodn and Consm | PV prodn for 25 years ® »
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Model demonstration

Please open the model on your desktop
Input CoT data
Look at the results
Test different inputs:
Use the customised load profile for residential customers
How does SSEG tariff design (lines 137-143 of the standard model inputs sheet) impact the results?
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Customised load profile for residential customers

Generic load profile Customised load profile

Total revenue impact — 0.36% 0.53%
20% uptake
Self-consumption rate 57% 54%

PBP 23 years >26 years




Net-billing vs net-FiT for residential customers

Net-billing Net-FiT

NPV 17 026 -5 137
PBP 16 years 23 years
IRR 5% 1%
LCOE 1.43 1.43




% reduction in revenue after introduction of

% reduction in revenue after introduction of

Input parameters and their sensitivity — changing the export tariff

0.60%

0.40%

0.20%

0.00%

-0.20%

-0.40%

SSEG tariff

-0.60%

-0.80%

-1.00%

-1.20%

- Residential

0.00%

-0.50%

-1.00%

SSEG tariff

-1.50%

-2.00%

-2.50%

- Residential

Total revenue impact (%)

= Small business Medium business Large business

Total revenue impact (%)

1 5% 10% 20%

= Small business Medium business Large business

% reduction in revenue after introduction of

T~

SSEG tariff

CoT SSEG tariffs:
Export tariff = 83
cents/kWh

0.00%

-0.20%

-0.40%

-0.60%

-0.80%

-1.00%

-1.20%

CoT SSEG tariffs:
Export tariff = 100

Total revenue impact (%)

- Residential == Small business

CoT SSEG tariffs:

Net-metering example i.e.
export tariff = import tariff

cents/kWh
10% 20%
Medium business Large business



Input parameters and their sensitivity — changing the fixed/variable components of the
export tariff (results for residential customers)

Fixed charge R/month 150 100 100 150
\Variable charge cents/kWh 150 200 100 150
Export tariff cents/kWh 83 83 100 100
Total revenue impact (10%

up-take) 0.18% 1.53% -2.97% -0.14%
PBP 23 years >26 years 9 years 21 years

G: |e



Introduction

Solar PV economics

SSEG tariff design principles

Overview of revenue impact model

Theory of solar PV cash flow modelling and business cases
Table of Contents Overview of business case model

Model demonstration

Input parameters and their sensitivity

Interactive session

Case study discussion
Model feedback



Interactive session

Enter data in the “Standard model inputs” sheet

Test a number of different SSEG tariff options
and compare the results

Take notes of your findings and main
conclusions

Use the guide to explore the model

Present your data and analysis to another group
of participants

G: |
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Discussion of case studies

Conclusion

J
. . \

1 or 2 participants

to present results

J
N

General findings
from all users

G: | e



Introduction

Solar PV economics

SSEG tariff design principles

Overview of revenue impact model

Theory of solar PV cash flow modelling and business cases
Table of Contents Overview of business case model

Model demonstration

Input parameters and their sensitivity

Interactive session

Case study discussion
Model feedback



Feedback

Architecture
of the model

Results/

printable
report
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Net metering

~__— Net Metering

Transformer || Grid 1. Standard Meter — Utility owned

re /ﬂ (Bi-Directional)
House TVeSter 2. Export tariff payed by municipality

wiring Standard meter

Solar panels

e.g. as introduced by NMB

Net metering meter connection

The metering system captures net-production/consumption

Billing Example Month X: Tariff evolution:

| Month
/

(kWh) consumption the )
250 higher the -
B0 o efit ——

Blook | quaniy | | —
0-350 350 kWh 117.72 c/kWh R 412.02
351-600 250 kWh 140.53 c/kWh R 351.32
601-900 250 kWh 155.43 c/kWh R 388.58 1 3 5 7 9 11 13 15 17 19
v ISR - N — import Taif

(average) .
import=export tariff G: [

ol 1100 KWH_Total Bl | R| 115002



Net billing

~.__— Net Billing

Transformer || Grid 1. Standard Meter — Utility owned

L — — B /7 - - -
e /ﬂ (Bi-Directional)
Inverter ﬁ 2. Export tariff payed by municipality

House

Solar panels

o[

wiring Standard meter
. . e.g. as introduced by the City of
Net metering meter connection | Cape Town
Lape fown

The metering system captures net-production/consumption

Billing Example Month X: Tariff evolution:

| Month
/

Metered Consumption 1100 /
(kWh) /

Excess feed-in (kWh) 250 /

Resulting Bill = 1100*Tariff at municipality® - 250*Export Tariff P——
(+ eventual fix cost component to recover grid costs)

1 3 5 7 9 11 13 15 17 19

P . p e . : . ) ——Import Tariff ———Export Tariff
weighted average of import tariff if increasing tariff block scheme is applied import>export tariff, export tariff indexed to import tariff

Source: Christopher Gross, GIZ G: | 71


http://savingelectricity.org.za/

TOU net-metering vs net-billing example

The metering system captures net-production/consumption

Billing Example Month X:

I A I
Morning Evening
Metered Consumption

Excess feed-in (kWh) 180 50 20 0
Balance (kWh) 220 150 180 300

Net Metering Bill = 220*Tariff “D” + 150* Tariff “PM” + 180* Tariff “PE” + 300* Tariff “N”

Net Billing Bill = 400*Tariff “D” + 200* Tariff “PM” + 200* Tariff “PE” + 300* Tariff “N”
- 180*Tariff “D-Export” - 50* Tariff “PM-Export” - 20* Tariff “PE-Export”

Source: Christopher Gross, GIZ
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NET-FIT

Solar panels "4::-:,.:-""“ (Net') Feed 'i n Ta.rlff

Transformer || Grid 1 Standard Meter — Utility owned

I ;,7 . . .
£ - /[I (Bi-Directional)
Houge TVerter 2. FiT payed by a central off-taker

wiring Standard meter

e.g. as proposed by the CSIR

The metering system captures net-production/consumption

Billing Example Month X: Tariff evolution:

| Month //

Metered Consumption 1100 /
(kWh) /

250
_—
Resulting Bill = 1100*Tariff at municipality! - 250*Feed-in-Tariff ——

L weighted average of import tariff if increasing tariff block scheme is
applied
+ Municipalities are compensated for lost

gross-margin

1 3 5 7 9 11 13 15 17 19
=—FI|T =—=Import Tariff

Source: Christopher Gross, GIZ G: | 73


http://www.erln.co.za/images/jevents/55c3227b1c40d5.05990472.pdf

Gross-FiT

2. PPA Meter — Customer owned

House wiring & Standard meter
3t deter

Parallel connected PPA meter connections

Metering system captures gross-production and gross-consumption

« Government announces yearly capacity targets for the Gross-FIT programme
« SSEG connections and PPAs are granted on a first-come-first-serve basis

« All SSEG installations are centrally registered

+ Once capacity targets are met, no new PPAs will be issued

All SSEG electricity is

+ exported to the grid (but mostly consumed in the nearby distribution grid)

* IS monitored on a gross-basis (transparency)

* Is remunerated against a feed-in tariff (inspired by previous bidding results of the large-scale IPPP-
Programme), including a carefully calculated surplus which

+ Ideally reflects the real value of SSEG to the system
+ Guarantees a fair return to the PV investor
* is either purchased by
- the municipalities who can choose to deduct the FiT-payments from their ESKOM-electricity purchase costs, or

+ the ESKOM single-buyer office which directly compensates the PV-investor
Source: Christopher Gross, GIZ

Solar panels Transmrmfw’_” Power Purchase Agreement
st _— - _ Grid 1 Standard Meter — Utility owned
Inverter PPA meter /[I (Bi-Directional)



