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1 INTRODUCTION

South Africa has had a monopolistic electricity sector for many years, with Eskom, the state-run
electricity supply company, being responsible, as owner and operator, for the majority of electricity
generation. Eskom supplies around 45 per cent of power needs on the continent of Africa. This is
due to South Africa being part of the Southern African Power Pool (SAPP)', which connects a number
of the Southern African Development Community (SADC) member states. This also presents an
opportunity for collaboration and generation, not only within South Africa’s borders, but also beyond
them, in potentially supplying more power to the members of the SAPP.

For a number of reasons, South Africa has seen a shortage of electricity supply. One reason for the
shortage has been the diminishing margin between electricity supply and demand. As a planning
tool, the national Department of Energy (DoE) developed the Integrated Resource Plan (IRP), which
sought to predict the future capacity needs of the South African electricity sector. In doing so, each
technology (nuclear, fossil-fuelled, and renewable energy) received an allocation. Table 1 is an
extract from the IRP for 2010-2030 [1].

To address the current and future supply gap, the government embarked on the Renewable Energy
Independent Power Producer Procurement Programme (REIPPPP)2, which sought private investment.
This programme is a competitive bidding procurement approach, with a number of bidding rounds

1
2

SAPP: http://www.sapp.co.zw/members.html
http://www.ipprenewables.co.za/
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that issue set amounts for each type of technology. The REIPPPP reached the end of round four in
2015, and since then the costs of energy that have been procured have dropped considerably, as
seen in Figure 1 [2]. Renewable energy projects are reaching grid parity, and are being viewed as a
more commercially attractive and feasible option, whereas before they were punted as the ‘green’
or ‘sustainable’ energy option. The cost (average indexed price) of the wind projects accepted in
round four of the REIPPPP is around ZAR 0.619/kWh, and R0.786/kWh for solar photovoltaic (PV) [3].
Thus both wind and solar PV projects in the REIPPPP’s fourth round are below the range of ZAR
1/kWh for new-build coal and gas options.

The REIPPPP has been so successful that the DoE is preparing further bidding rounds for coal, natural
gas, and co-generation, and potentially for further renewable energy projects. These will follow
formats similar to the renewable energy bidding rounds.

Table 1: IRP Allocation [1]
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Figure 1: Levelised cost of energy drop over REIPPP rounds [2]

Traditional project finance sees companies opting to keep projects off their balance sheets so that
they are separately ring-fenced entities. Thus a project will be solely reliant on the revenue stream
that can be captured through the project.

Economic methods for project evaluation include[4]:

1.  Simple payback period — ratio of extra costs to annual savings;

2. Initial rate of return — inverse of the simple payback period;

3. Net present value (NPV) — includes time value of money and a discount rate for the cash flows;

4. Internal rate of return (IRR) — the discount rate that causes the NPV of electricity investments
to become zero;

5.  Cash flow analysis; and

6. Levelised cost of energy (LCOE) — the present value of energy costs divided by the energy

generated.

Another useful metric for testing the viability of a project is the debt service coverage ratio (DSCR)
[5], which is represented by the formula:

Profit after Depreciation and Tax + Interest on debt (1 )
Interest on debt + Principal

DSCR =

While the values are numerical and unit-less, the DSCR metric tests whether interest and principal
repayment can be met by the project. Ratios above 1 are imperative, with safe ranges specific to
different industries. For the electricity sector, above 1.2 and up to 1.5 are typical targets [5].

Thus it is clear that there are a number of ways to measure and compute project metrics. However,
the focus of this paper is on the LCOE metric, because it is popular and widely-used in conventional
electricity generation projects [6,7].

The objective of this paper is to evaluate the LCOE metric critically. In evaluating it, its utility and
limitations will be discussed and elucidated upon.

2  METHODOLOGY

A semi-structured systematic literature analysis was undertaken by identifying key concepts in the
LCOE metric, such as the input costs and the variables used to compute the power generated. This
review was guided by the information and knowledge relevant to understanding and explaining the
LCOE. Having introduced the metric and variations therein, the areas not typically covered in the
LCOE are presented, such as externalities, system costs, different technology types underlying the
LCOE analysis, and other issues. From this review, a conclusion is drawn on the utility of the metric
at a system level.
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2.1 Levelised cost of energy

Described in simple terms, the LCOE is as follows:

Total discounted expenses (2)

LCOE =

Total discounted power

However, to calculate the total discounted expenses and the total discounted power, a number of
input values are required (For further insight into the derivation of the formula, see De Villiers [8]).
One common reason for the popularity of the LCOE is the relatively simple nature of its computation,
with its deterministic values and easily-understood formula.

LCOE is used in many different situations [9]:

Utility resource selection;

Dispatch decisions;

Electricity pricing;

Energy conservation programmes;

Research and development (R&D) incentives;
Subsidy determination; and

Environmental planning.

The complete calculation of the LCOE, which is also called the ‘cost of generation’, can include
many input variables. Figure 2 shows a concise summary of all the relevant categories, including:
plant characteristics, plant cost data, financial and general assumptions, fuel cost, and tax
information. All of this information should be available as project information, or from various
industry sources.

Plant Characteristics
« Gross Capacity (MW)
+ Plant Side Losses

= Transformer Losses
= Transmission Losses

General Assumptions
(Merchant, Muni & IOU)

= Insurance
« O&M Escalation
= Labor Escalation

Deflator Series

+ Forced Qutage Rate

+ Scheduled Outage Rate
«+ Capacity Factors

-« Heat Rate (if applicable)
+ Heat Rate Degradation

«+ Capacity Degradation

-+ Emission Factors

COST OF
GENERATION
MODEL

Plant Cost Data
= Instant Cost (S/KW)
« Installed Cost (kW) / \

«+ Construction Period (Yrs)
= Fixed O&M (S/kW)
+ Variable O&M (B/MWh)

Tax Information
(Merchant & 10U)

Financial Assumptions Fuel Cost Federal Tax Rate (%)
(Merchant, Muni & I0U) + Fuel Cost ($MMBtu) State Tax Rate (%)

.
-
« Federal Tax Life (Years)
.

% Debt Heat Rate (Biu/kWh)
= CostofDebt (%) * ! ! State Tax Life (Years)
- St et
+ Loan/Deht Term (Years)
« Sales Tax

+ Econ/Book Life (Years)

Figure 2: ‘Cost of generation’ model [10]

When the breakdown of the costs per generation technology is considered, it is possible to distinguish
between capital, fixed operations and maintenance, and fuel costs. Figure 3 shows these values for
renewable and conventional technologies [11]. Renewable technologies have virtually no fuel costs
- with the exception of hybridised concentrating solar power (CSP), but high capital costs, whereas
the main components of gas technologies (a conventional technology) are the fuel costs.
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Figure 3: LCOE input costs (adapted from Bischoff-Niemz [11])

Understanding the three cost elements discussed here can assist in making tactical and strategic
decisions. Essentially, fuel costs are monitored in the short term, whereas in the long term, all three
elements are factored into the decision-making process. This is illustrated in Figure 4.

Investment cost

Capacity utilization

LCOE
The full lifetime cost ot
the plant, per MWh
produced

Fixed O&M

Capacity utilization

Cash costs
The cash drain over

Short-run the year, per MWh Build plant ?
produced

Fuel expenses marginal costs
+ The direct cost of

: making the power plant
variable O&M produce Keep plant ? .
1 additional MWh

Figure 4: LCOE cost breakdown (adapted from Bischoff-Niemz[11])

Considering the LCOE formula again, the numerator is the total discounted expense, which usually
includes capital outlay (CAPEX), operations and maintenance costs (OPEX), fuel costs (for fossil- and
nuclear-fuelled technologies), and decommissioning costs. In many cases, the decommissioning costs
are neglected because it is assumed that the present value of these costs for long-term projects is
negligible. At the end of a 50-year coal-fired plant’s life, the equipment could also be sold off for
scrap to counter the other costs. These costs are computed over the lifetime of the plant and are
discounted to a present value:

Total discounted expenses = PV Y,(Capex + Opex + Fuel + Decom) (3)

For consistency in the formulation of the LCOE, total power must likewise be discounted. The
denominator concerns the power generated over time, which needs to be computed in present value
terms, since the numerator is in present value monetary format. This term is the product of the
capacity factor (ratio of rated power output to the actual power generated in a year), the nameplate
power of the plant, the degradation factor (which accounts for wear and tear of the plant), and the
efficiency of the power plant:
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Total discounted power = PV Y,(CF * Power Output = DF * Ef ficiency) (4)

The time of value of money is incorporated into the formula above. This is according to Boyle [11]:

Va

v, = (5)

P (14r)n

where V, is the present value of money, and V, is the value of money in year n. It is evident that
the present value will be different from the future value, as the interest rate (or discount rate) is
the discounting factor. This can be accomplished by simple mathematical manipulation of the
formula. Typically, when calculating investments and returns made, the interest rate is used.
However, if cash flows need to be converted into present value terms, the discount rate is used.
Hence the terms ‘discount rate’ versus ‘interest rate’, where one discounts future cash flows into
current monetary value, and the other determines future interest accrued on an investment.
Although these terms are used interchangeably in literature and business discussions, it is important
to note the different applications and inherently different direction (forward and reverse) in which
the calculations are performed.

A critical financial indicator, which is an input to the LCOE calculation, is the discount rate (DR),
which is used in discounting all future cash flows into present-day values, as specified above. To
determine the DR, prevailing security rates (bonds, country interest rates, and so forth) are often
used, or else other methods assist in calculating the DR. One such method is the capital asset pricing
model (CAPM), which describes the relationship between risk and return and provides a method to
price risk [12]. It says that the expected return is equivalent to the risk-free (R¢) rate of return plus
some risk premium (B):

Required return = Ry + (Market return — Rf) *f3 6)

The beta (B) value can be determined in various ways, but these are too in-depth for this analysis.
However, a positive beta means that the return is positively correlated with the market movement.

Another popular method is calculating the weighted average cost of capital (WACC) [12]. W
represents the relative weights of different sources of debt, R the interest rates for that debt source,
and T the tax rate [12]:

Essentially, tax decreases the cost of capital, as evidenced by the reducing term in the equation.

Two other ways to determine the DR are to find the opportunity cost of capital, or to set a hurdle
rate that must be overcome to move ahead with a specific project [5].

2.2 LCOE variations

Despite the LCOE being a useful metric, there are a number of variations that account for certain
limitations. One such variation is including the impact of inflation, which is the increase in costs of
goods over time. The relationship between real (R) and nominal discount rates (r) is given by the
formula below, where i is the interest rate [8]:

A+r=Q+R)+(A+10) 8)

Taking this formula and substituting it into the LCOE metric, the following is derived:

Total costs
=
_ (1+r)"
LCOE = ~romaretsaricty generarea @)
1+Rmn

Essentially, the above formula can be reduced to the present value of the costs over the annual
electricity produced, using the applicable discount rates:

PV (ofannual nominal costs at nominal discount rate) (1 0)
PV (of annual electricity produced at real discount rate)

LCOE =
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Thus it is possible to account for inflation, although this requires somewhat more intensive
computation. It is therefore recommended that it be determined whether inflation is necessary for
the specific case, as historical data is readily available for South African cases. At times, if projects
are all thought to neglect inflation, it is possible to omit this, provided that the implications are
understood.

Silinga et al. [13] argue that the LCOE metric merely focuses on the cost minimisation perspective,
which is typically the viewpoint of larger state-owned utilities, such as Eskom. However, the private
sector focuses on maximising profits to increase shareholder value, with cost minimisation often
being a minor or secondary objective. Thus Silinga et al. [13] propose the levelised profit of energy
(LPOE) metric [13], which is a minor modification to the original LCOE, and can be described by
formula (11) below. The units would remain ZAR/kWh in the South African case. In this formula, the
numerator now includes income and costs, which is just the profit of the electricity sold:

PV Y (Total Income from energy—Total costs
LPOE = 2V [rom energy ) (11)
PV Y (Total eletcricity generated)

2.3 Aspects not covered in the LCOE metric

The LCOE does not account for the daily variation in demand and supply, which are the real value
of energy. However, it uses an average of the costs and energy profiles over time [14]. A number of
other aspects are not captured in typical calculations of the LCOE, such as externalities, system
costs, technology types, and input data; these are discussed below.

2.3.1 Externalities

Externalities are broad, and can encompass many different costs and impacts. Roth and Lambs [9]
list some externalities: “damage from air pollution, energy security, transmission and distribution
costs, and other environmental impacts”. Essentially, externalities are costs and benefits that do
not accrue to the parties involved in the activity [15]. Other important externalities are shown in
Figure 5. Especially important are the health costs as a result of pollution, which are difficult yet
necessary to quantify.

Emmissions costs

Air Pollution costs

Damage costs

(health etc.)
Land use
Other
environmental
Externalities impacts
Water
Security of supply
Non-

environmental Employment

Fiscal

Figure 5: Externalities (adapted from Roth and Lambs [9]

Roth and Lambs [9] determined the impact of externalities in monetary terms, and concluded that
they have a significant effect on the viability of the different generating technologies. As they
stated: “when externalities are considered, renewable electricity generation is comparable in cost
to fossil fuel generation” [9], and externality costs associated with fossil fuel technologies are
generally greater than their renewable energy technology counterparts. This said, it is impossible
to account absolutely for all these costs, as the data required would be immense. However, if
necessary, these should be considered.
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2.3.2 System costs

From a system perspective, a technology portfolio (all power stations in the grid) is the level of
analysis, not merely one type of technology (single power station). These are the types of decisions
that policy-makers and business executives must make about how technologies impact on the costs
of the overall system. As such, these system costs are not encapsulated in the LCOE metric.

Some commentators suggest that network costs (transmission, distribution, and marketing costs) can
be as much as 40 per cent of total electricity costs [16], adding a significant burden to the network
operators that must then be recovered through tariffs. These can be recovered by means of feed-
in-tariffs (FITs), which assign a connection fee to generators, or by applying a network cost as part
of the generation project; this will, however, increase the actual cost when compared with the
standard LCOE values.

In a study conducted by the WWF [17] on the system costs of scenarios pertaining to the IRP 2010-
2030, a system LCOE cost of ZAR 0.62/kWh was calculated. The WWF were able to look at the entire
electricity network, using a spatial-temporal modelling approach that simulated the operation of
the electricity system in South Africa under specific conditions [17]. One important position was the
penetration of renewables in the energy mix. This was one of a limited number of studies into system
LCOE.

The WWF study [17] proposed a new metric of system LCOE that includes the generation costs as
before, but then introduces the integration costs [18]. However, the metric proposed by Ueckhardt
et al. [18] is highly technical, in that it uses derivatives and other higher-order mathematical
techniques that are not easily accessible to the general project practitioner. It will not be discussed
further, as it needs to be refined before it can be applied.

2.3.3 Technology types

Dispatchable energy technologies are those that are available when required, such as fossil fuel and
CSP, so that — if the network requires it — power can be generated, assuming that the capacity is
available. A difficulty is encountered when comparing dispatchable and non-dispatchable (e.g., solar
PV and onshore) technologies [19], as the LCOE merely accounts for average electricity produced,
and does not take into account the production profiles and the market value of energy produced by
the different technologies [19]. Furthermore, power (the rate at which energy is produced) and the
actual energy provided are two different yet interrelated terms, and the LCOE does not differentiate
between them. This is an underlying concept of physics and energy, but nevertheless, critical to
understand.

One must then be attentive to understand this underlying difference between dispatchable and non-
dispatchable technologies. Both are useful, but comparing a solar PV farm of 100 MW with a 100 MW
pulverised fuel plant purely on a cost basis gives a skewed and incomplete representation of the
actual system. Clearly, if base load were required, one would select the fossil fuel option. However,
if the PV farm supply matched the demand profile, it could be considered a viable option, despite
the requisite need for backup supply in the event of lost solar resources (from cloud cover and so
forth). Therefore, the value of the energy produced is a significant motivating factor in selecting
the type of technology that will deliver this energy.

Energy security can be supported through the uptake of renewables, as the variations in costs from
fuel are minimised. However, this benefit is not included in the LCOE costs. Often, studies look at
specific types of technologies (solar, wind, coal, etc.) and lump all the various different sub-
technologies (parabolic troughs, concentrating solar towers, PV, wind, etc.) into one cost metric.
However, there is a wide range of technologies within each technology type, and one cannot assume,
unless motivated, that the costs of one technology type are the average of the underlying sub-
technologies. In the LCOE calculation efforts, the way to address this issue is to provide ranges of
costs for different technology types, which then account for the underlying differences. This
difference in the energy delivered can be adapted in the tariff employed. Silinga et al. [13]
described how tariff changes impact on the profitability of different technologies.

2.3.4 Input data

The LCOE is only as accurate as the input data that is used in the electricity project evaluation
model. However, the inputs are usually deterministic in nature, representing a single figure. Table
2 shows the ranges for different input costs used in system LCOE calculations [17]; as discussed
above in Section 2.3.2, these could be converted into distributions of a stochastic nature to produce
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more representative LCOE calculations. Essentially, probabilistic costing, using methods such as
Monte Carlo simulation, could prove useful.

Table 2: Costing inputs[17]

Technology Range CAPEX  Fixed Variable  Fuel Avall-  Turn- LETT Maximum
OPEX OPEX Costs ability down rate (%/ Life Span
RIKW RikWia limit min)* (yoars)™™
RIMWh RIGJ
PV Fixed tilt Upper 13115 484 0 0 0% NA& 25
Lower 11210 208 0 0
CSP-6h TES Upper 37 610 573 29 0 90% 0 6% 30
Lower 36 726 573 0 0
CSP-Sh TES Upper | 43250 573 29 i 0% 0 6% 30
Lower 42 242 573 0 0
Wind Upper 19 463 400 0 0 90% NA& 20
Lower 14 502 310 ] i
oCGT Upper 5738 ] 0.2 500 0% 0 22.2% 30
Lower 5615 ] 0.2 a2
CCGoT Upper 8708 163 o7 a2 0% ] 5% 30
Lower 8524 163 0.7 70
MNuclear Upper 87 754 1017 29.5 10 0% 0.80 5% 60
Lower | &0000 532 205 6.8
Coal (PF with FGD) Upper 34 938 552 79.8 22-35 B0%— 0.40 2% 60
Lower | 34894 368 51.2 17.5 s
Pumped storage Upper 56 B46 333 li] 0 90% o 50% 60
Lower 23973 247 0 0
Imported Hydro Upper 28 341 344 138 0| 66.7% o 2% &0
Lower 12 044 80.2 0 i
Domestic hydro Upper 28 341 344 139 0| 96.6% o 2% 60
Lower 12 044 B0.2 0 i

At higher penetration rates, renewable energy has a lower market value, and accomplishing the
rollout of these will be a challenge [21]. Thus energy economics also has a role to play in determining
how the market prices energy, and this needs to be accounted for in systems analysis, as it affects
project viability.

3 CONCLUSION

It is a matter of perspective when determining what the relevant inclusive and exclusive costs are
in determining the LCOE. Since the project owner cannot bear the burden of all the costs, but will
instead be liable for the critical costs of the project, it is up to the role-players to decide on the
relevant costs, even if the project owner does not directly experience these.

This paper has analysed the standard LCOE metric, which is widely-accepted and used across
electricity projects worldwide. This paper has also discussed some variations of the LCOE metric —
for example, to include inflation and the levelised profit of energy.

Lastly, the limitations of the LCOE, and what is excluded from it, were discussed, including the
externalities of a project that pertain not only to the project, but also to system costs, technology
costs, and other costs. System costs are important, as many projects have an impact on the greater
system and electricity grid, and thus need to be considered in greater detail.

The LCOE is a robust metric that helps with technology selection and decision support for electricity
projects and expanding electricity portfolios. However, as discussed, the LCOE metric’s limitations
must be highlighted, understood, and taken into account when using it, so that accurate analysis
and due diligence are performed when making decisions that have widespread economic, social, and
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environmental impacts in the long run. It is the authors’ view that this metric will continue to be
used, as it is relatively simple and is the most accessible metric for this type of project evaluation.
However, it must not be used in isolation, but in conjunction with other project metrics and
methodologies.

4  RECOMMENDATIONS

Since the LCOE fails to account for system costs and other non-project costs, an investigation should
be undertaken to understand, model, and predict these other costs for an electricity network. This
would assist policy-makers and network planners in decision-making with new projects, especially
renewable energy ones, and the subsequent costs to the network operator. This is especially
important given the recently revised IRP that has been published for consultation with stakeholders.
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