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Abstract

This study undertook a 2010 to 2030 electricity demand profile for Lesotho, with 2010 used as the base year.
The demand forecast was modelled using the International Atomic Energy Agency Model for Analysis of Energy
Demand, largely because of its proven ability to accurately forecast demand in developing economies based on
socio-economic, technology and demography variables. The model correlates well with the actual data, where
data exists, and predicts that by 2030 Lesotho will achieve a national electrification rate of 54.2%, with 95%
for urban households and 14% for rural households, up from 19.4%, 54.1% and 1.8% respectively in the base
year. Moreover, in the same period, the forecast for the most likely scenario gives the following results: the
maximum demand will increase to 211 MW from 121 MW; the annual average household energy consumption
will continue its decline to 1 009 kWh/household from 1 998 kWh/household; and the total consumption will
increase to 1 128 284 MWh from 614 868 MWh. The overall low growth rate is attributed to the consistently
declining average household consumption that is contrary to international norms. The forecast results gave a
root mean square percentage error of 1.5% and mean absolute percentage error of 1.3%, which implied good
correlation with the actual data and, hence, confidence in the accuracy of the results.

Keywords: MAED; energy demand forecast; electrification rate; declining average household consumption.

Highlights

Between 2030 and 2010:

e Achievement of national electrification rate of 54.2% up from 19.4%.

e  Electrification: 95% urban, 14% rural households, from 54.1% and 1.8% respectively.

e  The maximum demand will increase to 211 MW from 121 MW.

e Annual average household consumption will decline to 1 009 kWh/household from 1,998 kWh/household.
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1. Introduction

Access to electricity is a key success factor in every
economy. In Lesotho, the national electrification
rate has reached 41% of households (Lesotho Elec-
tricity and Water Authority (LEWA) 2018), and that
calls for more efforts to be geared towards electrifi-
cation to provide for the remaining 59% of house-
holds, mostly in the rural areas of the country. At
present only about 10% of rural households are
grid-connected, compared to about 80% of urban
households. Furthermore, as Lesotho embarks on
its journey of industrialisation, in a quest for an im-
proved level of economic development, the national
demand for power is increasing. According to
LEWA (2017), Lesotho reached peak demand of
161 MW. With a national installed generation ca-
pacity of approximately 74 MW, this leaves the
country with a huge supply deficit (LEWA, 2018).
Hence a greater need for a robust supply and de-
mand balance. The key factor in establishing a reli-
able and sustainable demand and supply balance
lies with proper planning and forecasting of the
country’s energy demand.

Currently, the only official demand forecast for
Lesotho is found in the 2007 National Electrifica-
tion Master Plan (NEMP) from 2005 to 2020 (Gov-
ernment of Lesotho 2007). A key driver of the
NEMP forecast was meeting the government elec-
trification rates targets of 35% by 2015 and 40% by
2020. A comparison of forecasted and actual main
parameters and key drivers is depicted in Table 1.
The comparison for 2010 shows that the realised
peak demand (120 MW forecast versus 121 MW ac-
tual) and electrification rates (20% targeted versus
19% actual) were close to the forecast. Other pa-
rameters show less alignment, such as the total en-
ergy consumption (i.e., energy sales in the Lesotho
Electricity Company (LEC) data), which was higher
than forecast. Thus, there is a need for the revised
electricity demand forecasts that will address both
the shortfalls of the NEMP and forecast demand be-
yond 2020.

According to the literature, it is imperative that
energy demand forecasting is done with minimal
errors, as the consequences of such errors could be
very costly for a utility or country. For example, un-
derestimating electricity demand could result in
supply shortages which in turn cause blackouts. In
South Africa the cost of unserved electricity was es-
timated around USD 0.3/kWh in 2013 for a house-
hold (Minnaar et al., 2017) compared to an average
unit cost of USD 0.077/kWh in 2019 (TimesLive,
2019); and for Lesotho the value could be as high as
USD 0.75-1.0/kWh. On the other hand, overestimat-
ing the demand could result in excessive invest-
ment in infrastructure towards capacity expansion
(Steinbuks, 2019). The cost of the investment trans-
lates back to consumers via increased tariffs due to
increased capital and operating costs. Since it is ex-
pensive to store power, this could end up costing
the utility to pay neighbouring countries to dump
its excess power. In light of these potential prob-
lems, selecting the right modelling tool and ap-
proach for energy demand forecasting is critical
(Suganthi and Samuel, 2012).

Many energy demand forecast models have
been developed, with quantitative ones ranging
from econometric to accounting (or end-use) mod-
els. A wide literature review of these models is
given in Suganthi and Samuel (2012) but without
any focus on a specific country. In the case of Leso-
tho, an econometric model, the autoregressive inte-
grated moving average (ARIMA), is employed for
long-term electricity demand forecast (Senatla et
al,, 2018). The forecast is done from 2016 to 2050,
assuming two scenarios for predetermined growth
rate in electricity consumption. However, Al-Mu-
saylh et al. (2018) report that ARIMA tends to have
large errors in long-term demand forecasting and is
useful only for the short term. This is primarily be-
cause the model uses stationary data and assumes
that the demand fluctuates around the mean value.
This assumption clearly ignores socio-economic
changes and structural changes that may occur in

Table 1: Comparison of the National Electrification Master Plan forecast with the actual data.

2010 NEMP 2010 actual 2015 NEMP 2015actual 2020 NEMP
forecast data forecast data forecast
Energy consumption (GWh) 500 614.9 725 691 1000
Peak demand (MW) 120 121 190 154.2 290
Implied on-grid electrification 20 35 36 40
rate (%) Target Estimate Target Estimate Target
Annual average consumption Not stated 1980.07 Not stated 1207.6 Not stated

per household (kWh/year)

Source: Actual electrification rates derived from a number of domestic customers (Lesotho Electricity Company data for

financial years 2010/11 and 2015/16)
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the long run and therefore can give huge errors, es-
pecially for developing countries (Bhattacharyya
and Timilsina, 2009). In an attempt to incorporate
some of the socio-economic parameters, Adeoye
and Spataru (2019) employ multiple regression
analysis to forecast hourly demand of West African
Power Pool countries. The model is first ap-
proached using a bottom-up framework, by consid-
ering urban and rural household electricity con-
sumption and electrification rates, among other pa-
rameters, to construct an hourly demand profile.
Second, the non-residential sector is modelled us-
ing a top-down approach by aggregating the indus-
try to an annual load then modelling the hourly de-
mand from the forecasted annual load profile. The
model achieves 15% error relative to the actual de-
mand. Aman et al. (2011) use a similar strategy of
both bottom-up and top-down methodologies using
multiple regression analysis in the Malaysian steel
industry to model hourly electricity demand and
achieves a mean absolute percentage error (MAPE)
of 2.3%.

Alternatively, Bhattacharyya and Timilsina
(2010a) conduct a wide energy system models that
have largely been used in developing countries. It is
concluded that econometric models are less suita-
ble for developing countries than end-use models,
due to structural changes often found in developing
countries. Steinbuks (2019) agrees with this obser-
vation, suggesting that modelling in developing
countries such as those in Sub-Saharan Africa can
best be done using disaggregated data, although the
challenge may be its availability. Finally,
Bhattacharyya and Timilsina (2010b) assess the
specific features of developing countries that need
to be captured in energy modelling. The study com-
pares four models on their suitability for develop-
ing countries and these are: Model for Analysis of
Energy Demand (MAED), Long-range Energy Alter-
native Planning (LEAP), Prospective Outlook on
Long-term Energy Systems (POLES) and World En-
ergy Model (WEM). MAED and LEAD are both bot-
tom-up accounting models while POLES and WEM
are hybrid accounting and econometric models.
POLES and WEM require a high level of skill to use
and have limited coverage of rural energy - two lim-
itations that make them less suitable for developing
countries. Moreover, the end-use models can create
scenarios that can capture non-price policies and
any structural shifts.

Hainoun et al. (2006) also employ a bottom-up
approach using Model for Analysis of Energy De-
mand - Energy Demand module (MAED_D) to fore-
cast the long-term energy demand of Syria. The
model employs three possible scenarios aimed at
capturing the possible socio-economic and tech-
nical evolution of the country. It was found that the
consumption of electricity increased at a rate

higher than the final energy demand of the country,
owing to increased automation in industry and an
increase in household electricity consumption for
all scenarios, and the growth rate of consumption is
lower than the growth rate of GDP. The study was
followed by another, forecasting the electricity de-
mand profile of the country using the second mod-
ule of MAED, MAED_EL (EL = Electricity), to deter-
mine future peak demand (Hainoun, 2009). Similar
results were obtained in a study in Tanzania by
Kichnoge et al. (2014) using MAED, where the rate
of growth of electricity demand is highest for indus-
try. A possible explanation for the trend is that
these are developing economies.

It is against this background that the paper aims
to present the current electricity demand profile
and the modelled forecasts expected in Lesotho up
to the year 2030 using MAED, developed by the In-
ternational Atomic Energy Agency. The demand
profile is critical for several reasons, including: to
aid relevant planning departments in determining
the appropriate medium-to-long-term develop-
ment programmes; to set tariffs at the right level; to
help the government to come up with informed pol-
icies (such as setting realistic targeted electrifica-
tion rates); and to inform investors in the sector of
the size of the market, hence potential investment
opportunities. The demand forecast to 2030 is con-
sidered as arealistic target date for analysis primar-
ily due to uncertainty as to the future grid roll-out
methodology in Lesotho. There are likely to be sig-
nificant reductions in grid expansions in the future,
with a major switch to off-grid solar home and mini-
grid solutions, as per the draft off-grid masterplan
currently under review. Moreover, there are cur-
rently no committed generation expansion projects.
Therefore, it could be misleading to project beyond
2030.

The results presented in this paper are part of

the cost of service study undertaken in 2018 for
LEWA, with the raw data obtained from LEC for the
period 2000 to 2017. Since 2017 to date, there has
not been any significant change in terms of the data
on customer movements and consumption. For in-
stance, the average consumption per household
continues its decline trajectory, from 1 157 kWh/
year in 2016/17 to 1117 kWh/year in 2018/19,
which goes to corroborate the results discussed fur-
ther in this paper.
The paper is arranged such that the next section dis-
cusses the current demand profile derived from the
actual data. Section 3 talks about the methodology
used to determine the forecasts which is then fol-
lowed by the section of the forecast results. Section
4 gives conclusions. The various MAED input tables
and data are available separately from the online
home page of the article.
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2. Current demand profile

The analysis of the recent electricity demand pro-
vided by the utility company Lesotho Electricity
Company (LEC) (energy purchases, energy sales
and peak demand) from 2000 to 2016 is shown in
Figure 1. The graph shows that the overall con-
sumption and peak demand have increased over
the period (the graph shows a dip in consumption
during 2014/15, but it has since continued to
grow). More precisely, since 2001/02 the peak de-
mand has increased by 93% (83.5 MW to 161.0
MW) and total consumption by 186% (257.9 GWh
to 737.3 GWh).

A key driver for this increase in demand has
been the connection of new customers. Figure 2
shows how the LEC customer base has increased by
almost a factor of 10 from around 25000 in
2001/02 to approaching 210 000 in 2016/17, alt-
hough the average consumption per household has

decreased by over 60% during the same period
(2951 to 1 157 kWh/year). The causes for this sit-
uation were looked into critically and it was found
that affordability for the majority of the households
that are recently being connected to the grid is the
major reason: it results in very low consumption,
hence continually reducing the average consump-
tion (Mpholo et al., 2020).

2.1 Daily load curves and seasonal profiles
Figure 3 shows the daily load curves for typical
workdays for five major commercial high voltage
(HV) customers. There are around 40 commercial
HV customers in total. It shows how some commer-
cial activities have more demand during business
hours on weekdays, with a flat and lower profile at
weekends. There are similar weekday profiles in
summer and winter, although the absolute values of
demand are higher in winter.
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Figure 1: Lesotho Electricity Company electricity sales (consumption) and
peak demand MW in Lesotho, 1999/2000- 2016/17.
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Figure 4 shows the daily load curves for typical
workdays for two major commercial low voltage
(LV) customers, of which there are around 200 in
total. These profiles are similar between weekdays
and weekends and within seasons.

Figure 5 shows the daily load curves for typical
workdays for six major industrial high voltage (HV)
customers, of which there are around 45 in total.
These profiles are quite flat and, on the whole, win-
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ter demand is lower than summer.

Figure 6 shows the daily load curves for typical
workdays for five major industrial low voltage (LV)
customers, of which there are around 175 in total.
These profiles have a similar shape throughout the
year, with winter demand higher than summer.
There is also a distinct drop around the middle of

the day - most likely coinciding with staff lunch
breaks.
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Figure 6: Daily load curves and seasonal variations for five industrial low voltage customers of

2.2 System load factor

Figure 7 shows a plot of the system load factor for
2015 and 2016. The average system load factor is
59% in both years. The plot shows Lesotho’s maxi-
mum demand pattern over the winter months
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Figure 7: Lesotho Electricity Company system load factor, 2015-2016.

June-July (31st July 2015, 28th July 2016) with
minimums over the November-February period.
Figure 8 shows the daily load profile for the ma-
jor customers in each category: industrial HV (five
customers), industrial LV (five customers), com-
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mercial HV (four customers) and commercial LV
(two customers) against the system peak profile in
2016. The profile is depicted as the proportion of
the hourly load to the maximum demand for the
day. The plots show that in 2016 the peak load
occurred at 10:00 am and, on the whole, the peak
load for industrial HV customers (05:00 am) tended
not to coincide with the system peak (10:00 am),
whereas for other customers a coincidence with the
peak did occur.

Industrial HY

2.3 Diversity of consumption

Table 2 shows the diversity of consumption by con-
sumer category, with percentage diversity shown in
Table 3. The tables show that consumption is quite
diverse, although domestic and industrial make up
the main share. Overall, the consumption of each
category relative to the total is uniform from year to
year.
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Figure 8: Lesotho Electricity Company customer load profiles (hourly load as % of daily maximum)
during the system maximum demand in 2016 (31/7/2016).

Table 2: Consumption (MWh) by Lesotho Electricity Company consumer category, 2012/13 —-2016/17.

2012/13 2013/14 2014/15 2015/16 2016/17
Domestic!? 236 946 247 807 233770 238147 245 835
General purpose? 89 295 90 799 77 791 79 785 89 568
Commercial 123410 229093 133728 137911 141934
Industrial 231676 134 410 232950 241872 263 735
Street lighting 4009 3310 1497 1654 2336
Total 685 335 705 420 679 736 699 369 743 408
Notes:

1. Domestic (pre-paid + credit) plus LEC staff.

2. For the supply of electricity to premises used solely for primary and secondary schools and churches.
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Table 3: Percentage of consumption by Lesotho Electricity Company consumer category,
2012/13-2016/17

2012/13 2013/14 2014/15 2015/16 2016/17
Domestic 34.6 35.1 34.4 34.1 331
General purpose 13.0 12.9 114 114 12.0
Commercial 18.0 325 19.7 19.7 19.1
Industrial 33.8 19.1 34.3 34.6 35.5
Street lighting 0.6 0.5 0.2 0.2 0.3
Total 100.0 100.0 100.0 100.0 100.0

3. Demand forecast methodology

3.1 MAED Model

The revised and projected electricity demand in this
study are carried out using the International Atomic
Energy Agency Model for Analysis of Energy De-
mand (MAED). MAED uses analytical bottom-up
variables together with their constituents and their
drivers. Its inputs include the gross domestic prod-
uct (GDP), population, electrification rates, and en-
ergy usage per economic sector. The identified ma-
jor shortcoming of the current NEMP forecast (dis-
cussed earlier in the Introduction), namely constant
or increasing average household consumption, is
addressed in this model. The MAED model forecasts
medium-to-long-term energy demand based on the
following parameters: socio-economy, technology,
and demography.

The model presents a framework for evaluating
the impact on energy demand by changes in the
overall macroeconomic picture of the country as
well as in the standard of living of the population.
The energy demand is disaggregated into various
end-use categories and each category is affected by
assumptions on a number of variables, such as de-
mography (urban/rural population, population
growth rate, potential/active labour force), GDP
(total GDP and GDP structure by main economic
sectors), energy intensities for industry (agricul-
ture, construction, manufacturing and mining),
modes of transportation (freight/passenger, in-
tra/inter-city), and household usages (space heat-
ing/cooling, cooking, water heating and appli-
ances). The total energy demand is combined into
the following energy consumer sectors: industry
(includes agriculture, construction, mining and
manufacturing); transportation; service; and
household.

The first year of the model projection, the base
year, is typically calibrated to outturn data. This re-
quires collection, verification, and, in the case of Le-
sotho, estimation (due to scarcity of data) of certain
model input data. Once the base year has been cali-
brated, then scenarios for the future evolution of

the system can be computed. The scenarios are typ-
ically based on expectations about the overall mac-
roeconomic picture but there is scope to focus on
more-detailed factors such as consumption effi-
ciency and the penetration of different energy
sources in the supply mix (e.g., biomass, solar, fuel,
and thermal). The affordability of these energy
sources is not taken into consideration.

The model computes total energy demand and
there are options for how different types of end-use
demand are met. For example, biomass and electric-
ity compete for cooking purposes. The model de-
rives the end-user demand, in terms of useful en-
ergy, and then converts useful energy into final en-
ergy where penetration and efficiency of all energy
sources, including electricity, are taken into consid-
eration.

Excerpts from the input assumption table in
MAED for this paper are provided in the supple-
mentary file. These assumptions include Lesotho-
specific information where available and, in the ab-
sence of such information, values from similar
countries and/or the default values of MAED have
been utilised. For this work, the output of interest is
electricity demand only; however, MAED can also
produce total energy demand for all sectors. The
MAED model was set-up to produce results for
2010,2015,2020, 2025 and 2030, with linear inter-
polation between the intervening years. Each mod-
elled year was broken down into three periods of
four months during which climatic patterns in Le-
sotho are reasonably constant, namely January-
April, May-August, and September-December. The
year is then broken down into 53 weeks (the first or
last week of the year is normally not a complete
week but has been included in the model). Further
calendar definitions for days are that the first day of
the week is Monday and that there are two types of
days - working day and Saturday-Sunday-holiday.

LEC 2010/11 data is used as the 2010 base year
data. This allows enough overlap of the actual data
with the forecast data to check the validity of the
model computations. When comparing consump-
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tion between the actual data for consumption (Fig-

ure 1) and the forecasted values, the LEC customers

are classified as consumers in MAED as follows:

e  Household - represents consumption from LEC
Special Domestic and Pre-paid Domestic cus-
tomers.

e Industrial - represents consumption from LEC
Industrial customers.

e  Service - represents consumption from LEC.
Commercial, Special General Purpose and Pre-
paid General Purpose and Street Lighting cus-
tomers.

e Transport - not used.

To establish the accuracy of the model, relative
error (%) based on the root mean square percent-
age error (RMSPE) and the mean absolute percent-
age error (MAPE) are used. RMSPE is calculated as:

oL )

RMSPE = 1002

Av.EObS

where Eibs represents the it" value of the ob-
served/actual electricity demand; Av.E?bs is the av-
erage of the observed incidents; and E/r is the it
value of the forecast electricity demand.

The other performance assessment metric, the
mean absolute percentage error (MAPE) is given as:

for_pobs

1 E; i
MAPE =100 x~ 3L |~ —55— |

The meaning of the variables is as in RMSPE.

An error below 10% implies an excellent perfor-
mance of the model. If the value lies between 10%
and 20% then the model can be considered to be
good. A value above 20% but lower than 30% is still
acceptable but not desirable, and anything beyond
that is considered a failure of the model to make
predictions (Al-Musaylh et al., 2018).

3.2 Model assumptions

The MAED model allows for electrification rates to
be defined separately for urban and rural dwellings.
The current rate of new connections being under-
taken by LEC has already reached the 2020 target of
40% electrification as the current rate is 41%
(LEWA, 2018). Our analysis suggests that this level

of electrification would involve a reasonable num-
ber of rural households that are typically low-level
consumers and are also widely scattered. Connect-
ing these customers would perpetuate the declining
average consumption per household (Figure 2).
Such an approach to electrification would therefore
result in marginal increases in overall on-grid con-
sumption and peak demand, unless there is signifi-
cantly higher growth in the services and industrial
sectors.

The 2016 population census by the Bureau of
Statistics revealed a trend of population urbanisa-
tion over the last ten years (Bureau of Statistics,
2016). More precisely, the percentage distribution
of household population according to residence lo-
cation has changed from 24% urban and 76% rural
in 2006 to 34% urban, 8% peri-urban and 58% ru-
ral in 2016. The modelling therefore adopted grid
access for 82% of urban households by 2020, with
less significant increases in rural grid access there-
after. The model also adopted a distribution of
households of 34% urban in 2020, rising to 40% by
2030. Using this data, it is determined in the model
that Lesotho will achieve total household electrifi-
cation rates of 44% in 2020, 50% in 2025 and 54%
in 2030.

The total number of new connections per year is
expected to continue at the recent rate of around
15 000 until 2020. Of this total, 10 000 new connec-
tions for households are assumed in urban and peri-
urban areas, while 4 000 is assumed for rural areas.
These rural connections will not be funded by LEC,
but rather via government funds or universal access
funds. This split broadly reflects evidence from LEC
that a high portion (around 8-10 thousand) of new
connections are from applicants in urban areas.
Noting again the decline in average consumption
per domestic customer (Figure 2), this suggests that
consumption from urban as well as rural house-
holds is in decline. This decline would imply there
is little economic justification for continuing at this
rate; therefore after 2020 the number of new con-
nections is scaled back - see Table 4. Note that the
model uses actual numbers for the number of new
residential connections added by LEC in the
2015/16 and 2016/17 financial years and assumes
new committed connections of 14 000 for 2017/18
based on unpublished expansion plan. The actual

Table 4: Number of new customer connections per (financial) year used in the modelling.

Actual Forecast
2015/16 2016/17 2017/18 | 2018/19 2020-24 2025-30
New domestic customer 14 215 14 751 14 000 14 361 11374 8421
connections (per year)
Of which urban 10 842 9937 7 489
Of which rural 3519 1437 932
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Table 5: Summary of modelling assumptions.

2010 2015 2020 2025 2030
GDP (USD bn) 1.71 2.08 2.53 3.08 3.75
GDP growth (%) 4 4 4 4
Population (mil) 1.991 2.135 2.258 2.373 2.486
Urban
Population (mil) 0.508 0.726 0.835 0.926 0.994
Capita/household 2.98 2.98 2.98 2.98 2.98
Electrification (%) 54.1 72.0 82.0 90.0 95.0
Households with grid access (LEC 92.0 175.1 229.5 279.1 316.5
customers) ('000)
Rural
Population (mil) 1.484 1.409 1.422 1.448 1.492
Capita/household 4.42 4.42 4.42 4.42 4.42
Electrification (%) 1.8 5.5 11.0 13.0 14.0
Households with grid access (LEC customers) 6.1 17.5 354 42.6 47.2
('000)
Total
Households (mil) 0.506 0.562 0.601 0.638 0.670
LEC residential customers (‘000) 98.1 192.6 264.9 321.7 363.7
Electrification (%) 19.4 34.3 44.0 50.5 54.2

population figure for 2006 (Bureau of Statistics, e

2006), together with the anticipated percentage

growth rate from the United Nations World Popula-

tion Review (United Nations, 2019), are applied.
GDP growth rate used in the model is the aver-

age long-run growth rate of 19 years (2000-2018).

This is made up of actual values for 2000 to 2014

and the Central Bank of Lesotho (CBL) projections

for 2015-2018 (CBL, 2016). The CBL Economic out-
look 2015-2018 indicates that Lesotho’s economic
growth is estimated to be 3.5% in 2016, 4.3% in

2017 and 4.2% in 2018 (4% is applied in the MAED

model). This improvement in economic activities is

expected to be supported by the following:

e Strong growth in the diamond mining industry
as a result of the beginning of production pro-
cesses (in the fourth quarter of 2016) at Ligho-
bong mine and the achievement of full produc-
tion capacity at Letseng and Kao mines.

e Positive growth prospects in the building and
construction sector, mainly due to the advance-
ment in infrastructure development (including
construction of the road to Polihali Dam and ac-
commodation facilities, as well as provision of
power supply and telecommunication services)
during the implementation of the second phase
of the Lesotho Highlands Water Project. Again,
the system expansion model includes the asso-
ciated network upgrades.

Good performance of the electricity and water
sector following the establishment of the Leso-
tho Energy Policy and the completion of the
Metolong Dam project.

A summary of the key modelling assumptions is
shown in Table 5.

It is important to note that the MAED model is
employed to provide a very broad-brush estimate
of electricity demand. The key focus in this analysis
has been the proper representation of the decreas-
ing average household consumption. A fuller analy-
sis would have considered the impact of, for exam-
ple, improvements in consumption efficiency on
electrical demand.

3.3 Model calibrations

The calibration was applied to the 2010 and
2015 model years using the actual data. To calibrate
the overall peak demand and energy consumption
by sector (households, industrial and commercial)
for 2010 and 2015 presented in Figure 1, the energy
intensities of each sector were adjusted until the
consumption for each sector was similar to the ac-
tual data. For example, in order to accurately fore-
cast electricity consumption for households, adjust-
ments were made to the levels of electricity pene-
tration in both cooking and space-heating for both
2010 and 2015. This followed the observed trend of
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declining average consumption per household
which also addressed the shortcoming of the NEMP
forecast. The declining household consumption was
extrapolated to subsequent years. Thus, the aver-
age electricity consumption per household for 2010
and 2015 was aligned with the historic data as
shown in Figure 2. This was achieved by setting the
electricity penetration into space-heating for urban
dwellings t0 0.31% in 2010 and 0.21% in 2015. Fur-

thermore, the electricity penetration levels into
cooking for urban dwellings were assumed to be
37.8% in 2010 and 30.7% in 2015. Inputs pertain-
ing to the energy intensities of the service and in-
dustrial sectors for 2010 and 2015 were set to re-
sult in values for electricity consumption that are
closer to the actual. These intensities were then ex-
trapolated to subsequent years. The summary of
the calibration results is given in Table 6.

Table 6: Summary of the main parameters assessed in the model calibrations.

2010 2015
Actual data Calibrated Actual data Calibrated
modelled data modelled data

Household consumption (MWh) 193 836 184 444 232880 244 375
Annual average consumption per 1.998 1.877 1.207 1.267
household (MWh)

Industrial consumption (MWh) 217 964 221952 233767 236 944
Service consumption (MWh) 203068 212973 224 765 223460
Total consumption (MWh) 614 868 619 369 691 412 704 779

Table 7: Aggregate losses derived from energy purchases and sales data from
Lesotho Electricity Company.

Data item 2012 2013 2014 2015 2016
Energy purchases (MWh) 756 788 800012 786 362 804 180 885 589
Energy sales* (MWh) 676 078 707 148 673 281 691412 737 308
Aggregate losses (%) 10.7% 11.6% 14.4% 14.0% 16.7%

* The majority of customers are on pre-payment meters, so it seems reasonable to assume that energy sales is a good rep-

resentation of actual consumption.

4. Demand profile forecast

MAED is used to forecast the total electrical energy
consumption. The corresponding gross system de-
mand projections are derived from these figures.

4.1 Losses

LEC buys all the electricity it supplies. The analysis
of energy purchases and final consumption data
provided by LEC indicates that aggregate transmis-
sion and distribution losses have been around 14%,
with an increasing trend in recent years (Table 7).
In this study, the final consumption figures pro-
duced by MAED are grossed to provide total system
gross energy demand by applying a 14.4% loss fac-
tor, which is broadly in line with historic trends (Ta-
ble 7) and expected loss levels for the system going
forward.

4.2 Profiling demand
Using the actual 30-minute interval chronological
system load data for 2015 provided by LEC, the total

gross energy demand can be transformed into an
hourly load profile. The hourly load is the average
of each half-hourly load within the hour. The per-
unit load in each hour is the ratio of the load to the
average load across the 8 760 hourly loads in one
year:

Hourly load¢
Z?Zfo Hourly load¢
8760

p-u.load; =

This profile is shown in Figure 9.

The maximum per-unit load coefficient is multi-
plied by the average system load (final consump-
tion adjusted for losses) to determine the gross
peak demand. Based on the 2015 load profile data
this is 1.68 and is indicated in Figure 9. It is given
by:

Peak load (MW) =
Final consumption MWh 1

X x 1.68
8760 (1 — 14.4%)
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Figure 9: Per unit load profile derived from 2015 Lesotho Electricity Company
system load profile.

4.3 System peak load

This approach assumes that the evolution of peak
demand is driven by the same underlying parame-
ters as final consumption and, for example, there
are no measures in place to reduce peak demand
growth relative to the overall energy demand
growth. For instance, the system operator might
procure services to provide demand-side response
at times of high system load in order to reduce over-
all production costs.

4.4 Forecast scenarios

The forecast is made on three possible scenarios for
the evolution of on-grid final energy consumption
to 2030. The most likely scenario has the recent
rate of about 15000 new connections per year
maintained until 2020 and then scaled back from
2020 onwards. The resulting total household elec-
trification rates for the on-grid households are 44%
in 2020, 51% in 2025 and 54% in 2030. This sce-
nario assumes the continuation of the current aver-
age economic growth rate in all sectors of the econ-
omy, with no changes (e.g. national policies) that
may affect this trend. Hence, this scenario assumes
the continuation of the long-term average GDP
growth rate of 4%.

The analysis considers two alternative scenarios
for GDP growth. The low economic growth sce-
nario defines a lower bound for economic develop-
ment. The average GDP growth rate of the lowest
five years in the last 19 years (2000-to 2018),
2.19%, is used. Low growth might occur for a num-
ber of reasons, such as unstable socio-economic and
political environments, and low levels of internal
and foreign investment. The high economic
growth scenario assumes an economic growth rate
of 5.68%, which is the average GDP growth rate of
the highest five years in the last 19 years. This sce-

nario is expected to influence factors that result in
higher energy consumption, even for households,
hence the levels of electricity usage intensities in
both cooking and space heating are adjusted up-
wards. The scenarios are summarised in Table 8.
They are used to forecast possible situations from
2020 using the calibrated modelled data for 2010
and 2015.

Table 8: Scenarios used to forecast possible
situations from 2020 using the calibrated
modelled data.

2010 2015 2020 2025 2030
Most likely
GDP (USD bn) 1.71 2,08 253 3.08 3.75
GDP growth (%) 4.0 4.0 4.0 4.0
Low economic growth
GDP (USD bn) 1.71 208 232 258 288
GDP growth (%) 4.0 2.2 2.2 2.2
High economic growth
GDP (USD bn) 1.71 208 274 3.61 4.76
GDP growth (%) 4.0 5.7 5.7 5.7

4.5 Forecasts
In all scenarios, demand is expected to rise. Figure
10 shows energy consumption. Average household
consumption falls in all scenarios, as seen in Figure
11. With the most likely scenario, the peak demand
is expected to increase from 154.2 MW in 2015 to
211 MW in 2030, while average household con-
sumption will fall from 1 205 kWh/customer/year
in 2015 to 1 009 kWh/year in 2030.

The steep decline in average consumption per
household experienced since 2000 is reduced to a
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more gradual decrease from around 2015 in the
model. This levelling off in the decline in consump-
tion is the result of the modelled reduction in elec-
trification explained in Section 3.2.

Should Lesotho realise a high economic growth,
both the peak and average consumption are ex-
pected to rise further to 258 MW and 1218
kWh/customer/year by 2030, respectively. Table 9
gives the summary of the forecast results.
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4.6 Gross system energy demand

Figure 12 shows the total gross energy demand for
the three scenarios relative to the final consump-
tion.

4.7 System peak load

Figure 13 shows the total gross system maximum
demand for the three scenarios relative to the final
consumption.
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Figure 10: Model projections for final energy consumption.
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Figure 11: Annual average household consumption by on-grid customers (kWh/year).
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Table 9: Summary of the demand profile results

2020 2025 2030
Low GDP Most  High GDP | Low GDP Most High Low GDP Most High
growth likely growth | growth likely GDP growth likely GDP
growth growth

Annual consumption 289 288 306204 322278 | 298221 348430 379364 | 289903 367521 442735
by household (MWh)

Annual average con- 1.091 1.115 1.215 0.926 1.082 1.178 0.796 1.009 1.216
sumption per house-
hold (MWh/cust/yr)

Annual consumption 264 087 288318 312370 | 294299 350783 411749 | 327968 426781 542747
by industry (MWh)

Annual consumption 242903 254755 266519 | 263511 291139 320960 | 285650 333982 390704
by services (MWh)

Total final energy con- 796 277 849277 901167 | 856031 990352 1112073 902520 1128284 1376185
sumption (MWh)
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Figure 12: Projections for gross energy demand derived from MAED final consumption results.
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Figure 13: Projections for gross peak demand derived from MAED final consumption results.
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5. Conclusion

The most likely scenario for on-grid final energy
consumption represents the total household on-
grid electrification rates of 44% in 2020, 50% in
2025, and 54% in 2030. In all scenarios, despite the
average consumption per household reducing and a
reduction in the rate of new connections, the overall
residential demand is expected to increase. How-
ever, the continually declining average household
consumption, which currently is already below the
level that ensures good health and adequate partic-
ipation in society, is cause for concern. Hence there
is an urgent need to look into policy change around
reducing the costly grid extension to poor remote
areas as an intervention but rather looking into rel-
evant affordable solutions, such as localised mini-
grids.

To validate the forecast accuracy of the model,
statistical error metrics were employed. Over the
period 2010 to 2015, where the actual data is avail-
able for comparison, the model produced results
with RMSPE of 2.4% for industrial consumption,
4.9% for household consumption, and 1.5% for to-
tal energy consumption. In the same period, MAPE
was also used to complement the RMSPE. Its results
were 2.3% for industry, 4.89% for household con-
sumption, and 1.33% for total consumption. The er-
ror metrics give very favourable results, hence con-
fidence in the accuracy of the projections (Aman et
al,, 2011; Elamin and Fukushige, 2018; Ramanathan
et al.,, 1997; Soares and Souza, 2006; Yukseltan et
al, 2017).

Although MAED, as a bottom-up framework,
captures most features of a developing country, it is
not without limitations, the greatest being its inabil-
ity to analyse priced policies. The extent to which a
price of a commodity influences its consumption
and that of other commodities is not adequately ad-
dressed. Employing an energy demand forecasting
that has both the capabilities of econometric and
end-use models could be used in the future and the
results compared to those obtained in this study.

The medium-to-long-term development plans
for Lesotho to meet the projected demand from the
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