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We are worldwide infrastructure economic
consultants specialising in the energy sector

ECA provides economic consulting advice in infrastructure services for utilities,
investors, regulators, and governments worldwide

20 years 60+ 15+ years 23 100%
in business assignments average Consultants Employee owned
annually experience
He;d office '
._~._"_,v | London \t‘&‘ |
40+ o A W oa 2 65+
Utilities and Athens Countries worked
regulators advised in

| Bangkok ~ W

4 £6m

Regional Annual

representations New Zealand¥— * turnover
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We specialise in providing economic and
financial advice to energy utilities and regulators

Tariff studies and A Malawya_nd Zambia: Cost of'serwce and_ t_arlff study
. A Australia: Regulatory modelling of electricity networks
regulatory methodologies A Greece: Electricity network pricing study

Papua New Guinea: Action plan for electricity grid expansion
least cost plans

Power development and ﬁ Southern Africa: Regional generation and transmission plan (SAPP)
A Malawi: Integrated Resource Plan (IRP) study

Financial plan ning and ﬁ In_doneS|_a: Cost of_ service and _flnanC|aI !mpact study for PLN
. Vietnam: Economic and financial analysis of the power sector master plan
analysis A Iraq (KRG): Private sector participation in transmission investments
A Mongolia: Renewable energy regulatory development roadmap
Integration of renewables A Pacific: IFC guide to investing in RE power generation

ACroatia: Analysis of networkoés wind pow
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We specialise in providing economic and
financial advice to energy utilities and regulators

Investments and power A Tunisia: Model power purchase agreement
A Kenya: Karura hydropower plant feasibility study
purchase agreements A Nigeria: Electricity DISCO privatisation due diligence

George: Energy trading platform
Ireland: I-SEM market monitoring strategy
Ukraine: Intraday market rules development

Market design and
operation

o I o

Oman: Electricity load forecasting model
Egypt: Development of a load management program

demand-side management Armenia: Demand-side management study

o I o

Rural electrification and
off-grid technologies

Cambodia: Rural electrification strategy and implementation plan
Papua New Guinea: National electrification masterplan
Ethiopia: Electrification program prospectus

Load forecasts and }

To T I
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Project objectives and organisation of tasks

Project objectives

Develop a least cost plan
for generation,
transmission, distribution
and supply

Estimate SEC Revenue
Requirements (average
tariff)

Estimate the Cost of
Supply
Estimate End User tariffs

and the need to cater for
needy consumers

Develop a transition
strategy to move to cost
reflective tariffs

l. Inception Phase

a) Meeting

with SEC and b) Collection

other key of data

stakeholders (financial
economic,
demand,

Review of data R

and plans, etc.)

assessment of

methodologies

! Workshop | .

Il. Demand forecast,
Least cost Plan and
Revenue Requirements

a) Update demand forecast

b) Generation, £l Re\_lenue
L. Requirement
Transmission .
- Generation
and .
P -Transmission
Distribution o
- Distribution
least cost plan
- Supply

d) Average tariffs (Generation
tariff, Transmission tariff and
Generation tariff by technology)

lll. Total Required
Revenues, LRMC,
Economic cost of supply,
end user-tariffs

a) Determination of total SEC
revenue requirements

b) Estimate LRMC for main
activities and by customer
category

c) Cost-recovery tariff
determination

e) End-user cost-reflective and
cost-recovering tariffs

d) Proposals for tariff redesign

Development of Least-cost planning
tools and Allowed Revenue model

Development of LRMC model and
Revenue Simulation models

IV. Proposal of new tariff regime and implementation plan

Tariff regime

Tariff levels Tariff structure

Implementation plan

V. TRAINING AND TRANSFER OF TOOLS

-. |

Training needs
assessment

Training Program and
Workshop IV

Recommendation for improvements
for future COSS
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Work plan and deliverables
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Weeks from project start

123 4 5 6 |7 8|9 |10(11)12 |13 /14|15 /16| 17 |18|19| 20 |21|22|23 | 24

Ala|m| s |w|lo|lnlolao|2|3|8 838|858 2|R|J|J|R|T

A T B I I e A B 0 e 0 B - -

O L o O o O o O O L7 O O O L o L o L o o L7 O O O
Task 2|2l =s|=s[=s|=2|=|=2|=|=|=2|=2|=2|=2|2|=2|(=2|8|=2 |=2[=5|2|=
1 Task 1: Field visit and Inception report Due
1.1 Inception meetings No_|Deliverable end of
1.2 Data collection and documentary review 1 |Inception report 4
1.3 Methodologies for Revenue Requirements 2 |Report on the Revenue Requirement 12
14 lnce"tfon report 3 [Report on Medium-Long-term Least-cost plan 12
1.5 Inception Workshop Wi 2 |LRMC report 16
2 Task 2: SEC Revenue Requirements —
21 Review existing models, business plans and data 5 |Reportof transition strategy 19
22 Development of Required Revenue model 6 |Report on Recommendation for Future Studies 19
23 Generation Required Revenues and tariff 7_|Draft report on electricity costs of service 22
2.4 Transmission Required Revenues and tariff 8 |Final report 24
25 Report on the Revenue Requirement 2 9 |Required Revenue model 23
3 Task 3: Least cost development plans 10 |[LRMC and RS models 23
31 Demand forecast
3.2 Generation expansion plan 5
33 Transmission expansion plan No Deliverable
3.4 Distribution and supply expansion plan Wi Workshop 1: Task 1
3.5 Report on Medium-Long-term Least-cost plan 3 W I Workshop 2: Tasks 2-4
4 Task 4: LRMC of supply WIII Workshop 3: Tasks 5-6
4.1 Development of LRMC model W IV |Workshop 4: Final report
4.2 Economic costs of generation, networks and supply
4.3 Economic costs of supply by customer class
44 Development of RS model
4.5 Strict LRMC tariff design and tariff levels
4.6 LRMC report 4
4.7 Workshop: Tasks 2-4 wi
5 Task 5: Tariff design
5.1 Review of current tariff structure
5.2 Proposals for new tariff design
53 Life-line tariff
5.4 Transition plan
5.5 Report on transition strategy 5
6 Task 6: Recommendation for improvements for future COSS
6.1 Recommendation for improvements for future COSS ‘ ‘ 6‘ ‘
6.2 |Workshop: Tasks 5-6 \ | Pwml | | |
7 Task 7: Training
71 Draft report on electricity costs of service 7
72 Workshop 4: Final report W IV
73 Training seminar 9,10
7.4 Final report &
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SECO0s 2017 demand f orecas
Cost of Supply study (CoSS)

. Peak demand forecast B . Y 316 334
300 ZW
From 242 MW in 2017 to 334 MW in 2035 > 250
200
Average annual growth rate 1.9% = 150
100
v Energy demand forecast 50
0
From 1,358 GWh in 2017 to 1,852 GWh in SANFAAININIIGEEI S B S
2035 e N N N N N S R R R R
SRRRRIJIJIRKIRIK/IK/RIKRR
0,
Average annual growth rate 1.8% ~—Peak demand likely (sent-out) MW
v Main facts
2,500
The countryds economy {1 1,872
trend since 2014 w0 358 1452 1801 -~
There were no big projects developed S e
since 2014 and the only growth in energy © 1,000
demand is attributable to expansion of 500
sugar cane fields 0
. . 0 OO0 A NMSTL OMNOWMODDO AN M L ©
The rural electrification programe has R S S G G G I G
marginal impact on the overall energy SSE8E8SRE8EREESEEEEE
demand.

=_=Energy demand likely (sent-out) GWh
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Currently SEC is heavily dependent on imports

12

Total domestic available
generation capacity for grid
supply is 72.5 MW. Total domestic
generation capacity is 141 MW.

43% hydro generators,
56% biofueled power plants,
2% is thermal

Approximately 85% of energy is
covered by imports

Main issues for Swaziland

Security of supply

Price taker i electricity prices
depend significantly on import costs

Government 6s pl an
domestic generation capacity

Peak demand vs Avaialble domestic
capacity
250
200
150
100

.....
.................................................

2013-14 2014-15 2015-16 2016-17

-+ <3+« Peak demand =—o==Available domestic capacity

Generation-Imports Mix (GWh)

1,200
1,000
800
600
400
200
0
2013-14 2014-15 2015-16 2016-17

ESKOM mEDM + SEC mUSL =DAM
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Domestic committed and candidate power plants

Lower Maguduza Committed Private Hydro Hydro 13.6 13.6 2021
Ngwempisi Candidate SEC  Hydro Hydro 80 80 50 2027
Small hydro Candidate SEC  Hydro Hydro 1.9 1.9 S0 2021
Subcritical
: 6x50 6x42. 2025-27
Mpaka 1-6 Candidate SEC Steam Coal X X425 e Bes
Subcritical
50 2 2 2024
RSSC Mhlume Candidate RSSC Steam Bagasse 8 2 0
Subcritical
: : 50 22 25 2022
RSSC Simunye Candidate RSSC Steam Bagasse
Subcritical
: 25 15 25 2021
USL Bagasse Candidate USL Steam Bagasse
Subcritical
: : . 37 33 2 202
Usuthu Saw Mills Candidate IPP Steam Woodchip 2 020
Lavumisa Candidate SEC  Solar PV  Solar 10 10 25 2020
AES Solar PV  Candidate SEC Solar PV  Solar 10 10 25 2020
SPL Solar PV Candidate SEC Solar PV  Solar 10 10 25 2020
Generic OCGT Candidate Private OCGT HFO 30 30 25 2020
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Bagasse and small hydros are the least cost
options for base load (excluding imports)

Levelised Costs of Electricity Screening analysis

300

450

20 245.2 OCGT \ Woodchip

Ngwempisi

USS/MWh
=
wn
o

Mpaka

400
350 \
200 \ \
180.6 300 \ X%
H \ \
%250 ‘*\ %
200 | S
104.6 \ <.
100 2 88.7 150 \ .
70.0 . .
} ; 62.4 100 N - .
45.9 PV -,
50 . .
50 Bagasse
0
0
Hydro Bag:

5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90%
LF

Coal Bagasse e Woodchips Solar HFO Hydro
N isi  Mpak: RSSC USLB Usuthu S L i OCGT  Small Hyd . .
LGS e SIS LS SUM:IS aw :C:II:T;IB el —+—Ngwempisi —e— Mpaka RSSC Mhlume —=—RSSC Simunye
m Annuitised capital costs ® Annual fixed O&M costs —e—USL Bagasse —e— Usuthu Saw Mills ----- Lavumisa Solar PV AES Solar PV

. . ---- SPL Solar PV —OCGT
B Annual variable O&M costs B Annual fossil fuel costs oer
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Least cost options

Scenario 1 No new capacity 31.0
Scenario 2 Small Hydros 3 273 645 920 1 31.0
Scenario 3 PV + Small Hydros 30 275 624 930 3 31.3
Scenario 4 ~ >agasse + Small 76 203 580 949 6 31.9
Hydros
Scenarios = OCGT30+ Small 25 278 638 941 5 31.7
Hydros
Scenarios ~ OCCT 2x30 + Small 25 278 630 934 4 31.4
Hydros
Scenario7 P V* Bag+Small 103 295 560 958 8 32.2
Hydros
Scenariog DVt OCGT +Small 53 281 617 950 7 32.0
Hydros
Scenario 9  Mpaka 1 + Small Hydros 80 283 605 969 10 32.6
Scenario 10 Ngw + Small Hydros 312 276 587 1,174 11 39.5
Scenario 11  Full Independence 1 445 346 429 1,220 12 41.0 F“”QQSj?ﬁ;‘SfQj;
Scenario 12 Full Independence 2 590 326 418 1,333 13 44.9
Scenario 13 Partial Independence 103 295 560 958 8 32.2 depen dencgigg
15 Norconsult 0:0



Generation least cost options

Base case T without Partial dependence 1 Full independence i

any constraints to develop domestic PV
imports and Bagasse

15% reserves margin
by 2025

Lavumisa, AES and SPL
earliest year possible Solar PV in 2020 (30 MW)
(Lusushwana River, USL Bagasse in 2021 (15 OCGT in 2020 (60 MW)

A Lavumisa, AES and SPL
A

Mpuluzi River, Great MW) USL Bagasse in 2021 (15
A
A

Solar PV in 2020 (30 MW)

A Develop small hydros

A
A
A
Usuthu River, Mbuluzi Small Hydros in 2021 (1.9 MW)
River, Lubovane Dam) MW) A Small Hydros in 2021 (1.9
A Imports cover most of RSSC Simunye in 2024 (22 MW)
demand requirements. MW) A RSSC Simunye in 2024 (22
MW)
A Mpaka 1,2,3in 2025 (150
MW)
A Mpaka 4 in 2028 (50 MW)

NPV = mUS$ 920 NPV = mUS$ 958 NPV = mUS$ 1,220
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Transmission constraints I Key findings

Main projects addressing key constraints on the existing grid

North-east grid 66 kV reinforcement 132 kV line Moses Hlope i Sihhoye T
Edwaleni PS 66 kV reinforcement 132/66 kV substation extension linking
Edwaleni PS and the 400/132 kV subst.
Stonehenge N-1 reinforcement 132 kV line Edwaleni Il i Stonehenge
South-east grid 66 kV reinforcement 132 kV line Sithobela i Ncandweni

Furthermore, several large projects with new transmission lines are
required to support rural electrification
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Transmission development plan

Transmission Network 2018 | 2019|2020 | 2021 [ 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | Total
Expansion Cost

1 Ongoing Projects

o Substationtransformer =, o 46 g2 9o 00 00 09 00 61 28 00 00 00 168
uprating

Substation upgrade

projects 25 42 69 33 07 11 00 14 23 00 00 00 00 224

4 SUt.)St' TR BES Costs included as part of general Operation and Maintenance costs. -
maintenance

5 Network reinforcement projects 98.7

5.1 HV Network 92 138 32 48 00 00O 58 87 00 00 OO0 00 0.0 455

5.2 Rural Electrification 6.5 9.8 1.7 2.5 3.2 4.8 0.0 6.3 9.4 0.0 0.0 0.0 0.0 442

5.3 New Loads (excl.

e 23 35 00 00 13 19 00 00O 00O 00 00 O00O0 00 91
customer contribution)

Transmission reliability

g | 20 30 12 09 07 15 17 18 08 00 00 00 00 136
projects
7 SCADA 02 01 01 01 00 00 00O 00 00 00 00 00 00 05
g | Reactive power 00 00 40 00 40 00 00 00 00 00 00 00 00 80
compensatlon
Total 283 369 17.7 116 98 93 84 182 187 28 00 00 00 1617
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Distribution least cost plan

Key findings Distribution least cost plan
. . . 9.0
Most feeders on the distribution 8.0
: 7.0
system are lightly loaded i I
Some thermal constraints 2 o I I I
need to be addressed 30 I I I I I I ]
20
Long feeders in some areas 1.0
. 0.0
cause excessive voltage drop 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

ImprOVIng rellablllty |n some MV Lines mLV Lines MV/LV Substations

areas seems justified 9.0

8.0

New in-feeds and 0
strengthening of the system 850 = W R

. 4.0 B m

required to ® 30

2.0

address these constraints e

. . . . 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
increase electrification ratio

Electrification mReliability Strengthening
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What is Tariff level (cost-recovery) and Tariff
design (cost-reflectivity)?

21

Electricity tariffs have two main
aspects

-}

1. Tariff level

o The average level of tariff determined
by the Required Revenues.

)

2. Tariff design A
o Customer categories }
o Type of charges

°  Ratios of charges between customer
categories and ratios of charges
within each category.

The tariff structure (i.e. ratios
among charges) can be kept
constant to reflect economic costs
while the tariff level can be scaled
to ensure revenue recovery.

Costcoveryo
> Revenues from tariffs fully recover
efficient costs (Required Revenues)
Costeflectiveo

°  The tariffs charged to different customers
reflect differences in the costs of service
between those customers

Cost-recovery | Cost-reflective

(]
=
>
—
(<]
n
N—
o
+—
(%)
o
O

Avg Costs

Customer B

Norconsult 0:0

Customer A



Revenue Requirements model are estimated
usi ng SERAOs tari ff metho

Building Blocks model

Operating
expenditures

Depreciation

=+=+l

Allowed Revenues

—
——
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Overall revenue requirement increases by an
average of 4.1% per year

v All figures presented in e .
2018 real terms (i.e. 2,500 L o s

. : 2,116
excluding inflation) 5 000 l l l l l
. ||

u  Power Purchase costs

'H 1,500
contribute most to the = - B .
revenue requirement Joate
mE 1,139 in 2018-19 =20
Followed by distribution 0
(ME 500) and transmission 2018-19 2019-20 2020-21 2021-22 2022-23
(mE 291) PP costs mOther Gen. = Tran. mDist. mSupply

v Highest annual average growth rate forecast in transmission
costs (10.7%)

Followed by power purchase costs (4.6%)

23
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Tariffs are expected to increase by an average of
0.97% annually

v Average annual tariff first increases and then decreases over the
forecast period

From 1.86 E/kWh in 2018-19 to 2.02 E/kWh in 2020-21 and then to 1.92
E/kWh in 2022-23

Tariff increase is mainly attributed to growing power purchase costs and
transmission investment costs.

2.50

00 186 1.94 2.02 1.96 1.92
o e Y S0 2
E 1.50
o 1.00

0.50

0.00

2018-19 2019-20 2020-21 2021-22 2022-23
—O=—Average tariff --0--2016-17 average tariff (2018 real terms)

24
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Generation costs contribute to 60% of total tariffs

Generation average tariff

2.50
2.00
£ 1.50
2
i 1.00
0.50

0.00

094 098 103 099 0.8

e

O e O ®

2018-192019-202020-212021-222022-23

Distribution average tariff

2.50
2.00
£ 1.50
% 1.00
0.50
0.00

25

051 050 049 047 0.45

O (e T A
— —_)

2018-192019-202020-212021-222022-23

Transmission average tariff

2.50
2.00
1.50

E/KWh

1.00

050 023 028 031 031 030
@ ® s ® “e

0.00
2018-192019-202020-212021-222022-23

100%

80%
60%
40%
20%

0%

2018-19 2019-20 2020-21 2021-22 2022-23

mE

m Generation = Transmission mDistribution = Supply
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Alternative generation investment scenarios
Impact tariff levels

u  Partial independence case - ** 212
8210
: = 02
Tariffs are expected to grow 5200 . 1.98 s
from 1.86 to 1.92 E/kWh R100 186 1.99 2
Average annual growth rate & 7 ass
0.97% g N T R I T iy
_ =< 1.70 1.75 1.75 1.75 1.75 1.75
v Full independence case Y60

) 2018-19 2019-20 2020-21 2021-22 2022-23
Tariffs are expected to grow

from 1.86 to 1.94 E/kWh
Average annual growth rate 1.25%

u Least cost case

«+<3222016-17 average tariff =—O=Partial dependance case
Full independence case =O=Least cost case

Tariffs are expected to grow from 1.86 to 1.88 E/kWh
Average annual growth rate 0.43%
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Economically efficient pricing requires marginal
cost based tariffs

Economically efficient or cost-

reflective pricing requires that the

tariff paid by a customer should
be equal to the marginal costs of
supply of that customer. If this is
not the case, then the outcome is

inefficient.

Tariff/Cost

Tariff > Marginal cost

Tariff = Marginal cost

28

customers cap their
demand where it is still
profitable for SEC to meet

demand growth

Marginal cost

curve

Customer
demand curve

Quantity

Tariff below marginal cost

It costs SEC more to meet an increase
in demand from that customer than the
corresponding revenue that it will earn.

The result is to force SEC into losses or
for it to refuse to meet demand.

Tariff above marginal cost

A customer must pay more for an
increase in demand than it costs SEC
to supply that increase.

The implication is that customers will
cap their demand at a point below that
where it is still profitable for SEC to
meet demand growth.



What are the efficient price signals to consumers based
on the cost of supplying an extra unit of energy?

29

To do this, we derive long-run marginal costs of capacity
and energy for generation and networks for the system.

Network losses are also taken into account to estimate the
costs at the delivery points of the HV, MV and LV networks.

Then we estimate the long-run marginal costs of supply for
each customer class.



Cost of supply is higher between mid-June and
mid-August

30

The highest Marginal Costs are
observed between mid-June and
mid-August.

Marginal Costs during February,
March and April have an
Increasing trend over years.

Two tariff seasons can be
Identified:
High Cost Season zstarting
from June and ending in August.

Low Cost Season zstarting from
September and ending in May.

Seasonal pattern of generation long
run marginal costs (USc/kWh)

2021

2022

Norconsult 0:0



