8TH SOUTHERN AFRICA

ﬁ" Igre REGIONAL CONFERENCE

SOUTHERN AFRICA 14 - 17 NOVEMBER 2017

Electricity Supply to Africa and Developing Economi es —
Challenges and Opportunities

Planning for the future in uncertain times

Quantitative Assessment of Geographical Based Load Forecast Technique at
Eskom Distribution: Forecast Error and Impact on In frastructure Execution

M. Soni, Pr. Eng., MSAIEE, MIEEE
Eskom SOC LTD
South Africa

SoniM@eskom.co.za

SUMMARY

Prior to the year 2007, Eskom Distribution followed a method of forecasting that was not
structured. The method (referred to as the legacy method in this report) was based on collecting
customer applications, load trending, and relied on the planner’s knowledge of the area and was
based on Microsoft Excel. On seeking to improve its forecasting approach, the utility adopted a
technique that was based on spatial forecasting. The technique was called a geographically
based load forecasting (GLF) technique, which was performed using a special computer based
tool called PowerGLF. The aim of this research is to assess improvements (or lacks thereof) that
were brought about by adopting GLF as compared the legacy method. To do this assessment,
three network strengthening studies that were done about 10 years ago, based on GLF and
legacy method were reviewed and their forecasts were evaluated against the actual load in those
areas. The assessment was done in ex post approach. The second part of the assessment was
done on the infrastructure comparing the planned infrastructure to the actual infrastructure
commissioned over the decade under the assessment.

The results showed that the legacy method was more accurate than the GLF method in two out
of three cases. It was also observed that the forecast error did not affect the infrastructure
procurement negatively. The procurement showed to align to the actual load growth and not the
forecasts which were largely overstated from the network strengthening studies.

KEYWORDS: Forecast comparison, Spatial forecast, Geographical based load forecast,
PowerGLF, Forecast error, Trending method, Distribution planning.

1. INTRODUCTION
As part of continuous monitoring and improvement, Eskom went through a process to change its
planning operation in 2007. Part of the business improvement was that Eskom Distribution
transitioned into a new method called the Geographical Based Load Forecast (GLF).
Prior to adopting the GLF method, Eskom used a method of forecasting that was not
standardised in a documented standard or guide. In this research, this method has been given a
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name “legacy method” (LM). Although the legacy method was performed in different ways by
different planners, the generic description was arrived at by consulting old network planning
studies that were carried out at Eskom in years prior to 2007, as well as by interviewing some of
the planners who were working for Eskom during the time.

In essence, this research is an appraisal of the GLF and it will be compared to the legacy method
in order to identify the improvements that were aimed for when GLF was adopted.

The study evaluates the GLF against the legacy method with regard to forecast accuracy, which
is a measure of how close (or far in a case of error) the forecasted value turned to be from the
actual load that took place in the years following the forecast. Also, the planned infrastructure
(plans based on GLF and legacy method) will be compared alongside the actual infrastructure
that was commissioned, in order to understand how the utility business used the plans that
emanated from these different forecast methods. This is an ex post evaluation. In the project
lifecycle, this paper is located at the areas shown in Figure 1 below.

Figure 1 Project lifecycle showing location of this study

1.1. Geographical Based Load Forecast (GLF)
The GLF technique is a derivative of a spatial forecast method. It combines the land-use forecast
and Gompertz-curve fitting algorithms on a small area basis. As it has been especially derived for
the South African utility planning environment, the GLF technique has the so-called customer
based forecast algorithm, which is a manual capturing of customer applications and the
conversion of these into a load forecast.
The set of customised growth curves that align to different economic sectors and the constant
percentage growth algorithms are used to align the electric forecast to the econometrics study.
Specifically in the case of the GLF technique, the computer based tool called PowerGLF is used
to perform the forecast. According to the review that was done by Willis & Aguero [1], PowerGLF
is a tool mainly used to store the forecast; the actual forecasting is performed, mostly, manually.
The GLF forecast is characterised by three main components: load position forecast (where),
load magnitude (how much), the anticipated period (when) and load class (what).
Where: This component of the GLF gives details of where the forecasted load will be situated and
it makes it possible to secure sites and servitudes for the future infrastructure timeously,
according to the Eskom standards [2] and [3]. In the South African context, the development of
the land is guided by the government policies through the spatial development frameworks
according to the Spatial Planning and Land-use Management Act [4], this framework becomes
the backdrop of the GLF forecast.
How much: The forecast magnitude refers to the forecasted load size (in kVA, MVA, etc.). Itis
particularly important as it guides the infrastructure planning process with regard to the size of the
infrastructure needed, [5]. Cartina, et al. [6] stated that the forecast magnitude is a function of
customer class, the number of customers/connections, month (of the year or simply a season),
day (of week) and load diversity.
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When: The load existence is with reference to time; it could be existing currently or will be in the
future, and the when component of the forecast is the indication of time in that sense. When
viewed from the infrastructure investment planning perspective, the when component can be
used to place orders for network equipment such as transformers with longer lead times.

Also, what: For GLF, the load classes were developed according to their characteristics and in
line with NRS 034-1 [7] standard. H. Lee Willis, in [8], mentioned the consumer class forecast as
one of the requirements for a transmission and distribution load forecast, and emphasised the
importance of consumer classification whenever there is a study that involves “consumer side
assessment”.

1.2. Legacy Method (LM)

A survey of the old network planning studies that were done in the absence of a GLF method at

Eskom was undertaken. Subsequent to this survey, the step by step guide to perform load

forecasting using the Legacy Method could be summarised as follows:

« Collect the history loading data for each equipment area (feeders and transformers) in the
study area

« Identify the industrial customer points on the network

¢ Collect the customer applications for both new supply and upgrade of existing customers and
their locations (usually pole numbers)

¢ Collect electrification applications and their locations (usually pole numbers)

¢ Use the historical data to trend the forecast on existing customers

¢ Use informal information sources to decide on load growth, information sets such as:

o0 Planner’s experience about the study area — this assists the planner in vetting the
trends drawn from history for suitability of application into the forecast. Experience
would also give a planner the “gut feel” with regard to probability of certain customer
applications/developments materialising.

0 Interview of local community — planners used the informal interviews to assess what
the locals are expecting versus what the local authorities are planning.

« Add the customer applications to the forecast above

« Diversify the forecasted load according to the diversity factor on that equipment area
(transformer, feeder, etc.)

Willis & Aguero [1] evaluated the trending method against the spatial forecast method (and

others) and noted that it has good accuracy in a short range and it can be done with low labour

involvement. It was also highlighted that the trending method could be poor for long range

forecasting. When historical data includes abnormal switching, cleaning the data up could also

take more time and effort. One of the stated downfalls is the fact that if the historic load is zero,

the forecast will be zero as well.

2. FORECAST ACCURACY ASSESSMENT
The evaluation of a forecast is normally done by assessing its error. A number of methods have
been discussed, such as Mean Squared Error and is defined as the average of sum-squared
errors (RMSE) [9], Mean Absolute Error (MAE) [10] and many more [11]. The book of Willis [8]
(chapter 17) compares 19 spatial forecasting techniques. He selected a number of aspects that
he would test in order to establish the differences between the forecast methods. The aspects
that were selected by [8] for comparison were stated to be: accuracy, forecast applicability, data
needs, and resource requirements. He found that the trending method does not demand as much
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data as other spatial forecast methods (like land-use) and it has high error and negative impact to
planning than other methods (that are based on land-use). The work by Carvallo, et al [12],
compared forecast accuracy from a number of forecast methods using Absolute Average Value
(AAV) error method. They then compared the infrastructure plans to the actual procurement.
Some of the findings made are that; most forecasts are overstated and the actual procurement
does not seem to be following the actual load, it still closely follows the initially planned
infrastructure and they find that not justifiable. They also found a slight to no correlation between
forecast accuracy and forecast method complexity, in that, the more complex methods do not
always prove to be superior in accuracy.

One of the critical points with regard to forecast evaluation that was mentioned by Willis, et al.
[13] is that the land use method has high error in rural areas than urban areas. This is attributed
to the disperse nature of the rural development, that the proximity algorithms do not perform
when exposed to village set up. This can be expected to be the case in the South African context.
The sources of information that are mostly used in GLF are municipal policy documents that
guide the development of the land in the urban areas (more so within the urban edge). In the
South African context, village land is mainly owned by tribal authorities and the municipal by-laws
do not apply. This makes it specifically difficult to “predict” what is highly probable to happen in
the future.

Forecast accuracy assessment method used in this study was Mean Absolute Percentage Error.
Mean Absolute Percentage Error (MAPE): the sum of all errors divided by the sum of actuals. It
gives an idea, on average, of the percentage deviation of the forecast from the actuals.

3. METHOD AND RESULTS
3.1. Forecast Error

To evaluate the forecast error of each forecast method, the ex post approach was used. This was
done by comparing forecasts from old studies to the actual loading data.

» Case 1: Forecast Error Evaluation - Stellenbosch GL ~ F versus Mokopane LM
The Stellenbosch GLF forecast compiled in 2006 was used for the accuracy assessment of the
GLF forecast while the 2007 Mokopane area LM forecast was used for the evaluation of legacy
method. In both areas, the forecasts were compared to the actual load data for the period of
2006-2016 and 2007-2016. The mean absolute percentage error (MAPE) was used to quantify
the error for each forecast method.
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Figure 2: a) Mokopane area legacy method forecast ver sus actual load. b) Stellenbosch area GLF forecast ver sus actual load

tti

MAPE (Legacy Method) = 99.81%
MAPE (GLF) = 28.71%

» Case 2: Forecast Error Evaluation — Stellenbosch GL ~ F versus Stellenbosch LM
The Stellenbosch area GLF (from case 1 above) was assessed against the Stellenbosch area LM

forecast that was compiled in 2005.
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Figure 3: Graph for Stellenbosch areaforecastsfor GLF, LM and actual load

MAPE (Legacy Method) = 12.04%
MAPE (GLF) = 27.02%

» Case 3: Forecast Error Evaluation — Franschoek GLF  versus Franschoek LM
Franschoek area GLF compiled in 2006 was evaluated against the LM forecast for the same
area, compiled in 2005.
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Figure 4: Graph for Franschoek areaforecastsfor GLF, LM and actual load

MAPE (Legacy Method) = 5.84%
MAPE (GLF) = 24.83%
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3.2. Infrastructure Planned Versus Actual Construct  ed
To evaluate the impact of forecast error on infrastructure, the planned infrastructure was
compared to the actual (commissioned) infrastructure. The difference between the two was
quantified using MAPE. A list of projects from the Stellenbosch Master Plan was used to
represent planned network from the GLF method, and the Mokopane Network Development Plan
project list was used to represent a plan from the legacy method.

Table 1: a) Stellenbosch ar ea planned infrastructure and actual commissioned infrastructure. b) Deviation of the actual
infrastructure from the planned per category

a)GLF area infrastructure - planned and actual

Planned TRFR
Capacity
(MVA)

Planned HV
Lines (number
of lines)

2016 Actual
TRFR Capacity
(MVA)

2016 Actual HV
Lines (number
of lines)

Totals

262.5

19

230

17

MAPE =

281.5 — 247

0,
247 X 100%

MAPE = 14%

Total Plan = 19+262.5= 281.5

b) % Error Per Infrastructure Category
HV Lines
12%

Trfr Capacity
14%

Total Commissioned = 230+17 = 247

Table 2: a) Mokopane area planned infrastructure and actual commissioned infrastructure. b) Deviation of the actual
infrastructure from the planned per category

a) LM area infrastructure - planned and actual

Planned Planned Planned 2016 2016 Actual 2016 Actual 917 — 224

Feeder TRFR HV Lines Actual TRFR HV Lines (km) MAPE = x 100%

Bays Capacity (km) Feeder Bays Capacity 224

|| e W(NUMbEF ) (MVA————— L1 (nember)—— (MVA)—
Total 1 600 306 4 160 60 MAPE = 309.4%
S
b) % Error Per Infrastructure Category
Total Plan = 11+600+306 = 917
Feeder Bays Trfr Capacity HV Lines Total C. L. d = 44160460 = 224
175% 175% 110% otal Commissioned = 4+ +60 =

4. DATA CHALLENGES
It is common in developing countries that statistical metering may not be always available on the
network. This challenge is normally dealt with by provision of portable meters with data storage
(data loggers). The practice is that, data loggers would be installed on a part of the network when
the network study is going to be done, in order for a planner to get an understanding of the area’s
base load and as-is network condition. If the South African Grid Code — The Network Code is
followed, the history data is likely to be available in 3 year intervals. Grid Code states that every
utility must have a development plan for its area of supply that covers a minimum of a 5 year
projection and the plan shall be revised every 3 years [14]. This leaves gaps or blind spots during
the periods where no measurements were taken. This is the problem that was faced with the
collected data for the Mokopane area. To ensure fair comparison between the two methods, the
Stellenbosch data was arranged to be in discrete years and not continuous annual data.
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In the LM (legacy method) area, one of the data challenges was that, there were two
transmission injection stations that supply the study area, and part of the network in the study
area shares the transmission supply with other networks — that makes it difficult to use the
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transmission stations’ data directly.
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Figure 5 Legacy method study area network.
In Figure 5, the substation on the far south is linked to another network which links to another
transmission substation. Also, some of the substations are actually out of the study area (two
shaded areas) and there was no forecast data as they were not part of the initial study (the 2007
NDP). This situation presented a challenge as one cannot simply download the metering data
from the transmission supply lines upstream.

To resolve this challenge, the forecast and actual load data were gathered per substation and
added up directly. Only forecasted substations were considered for comparison with the actuals.

5. DISCUSSION
Case studies 1, 2 and 3 have shown inconsistency with regard to which method can be declared
more accurate than the other. In two out of three tests, the legacy method proved to be of lesser
forecast error than the GLF.
In zooming into case study 1; it was found that the LM area (Mokopane) was fundamentally
different to the GLF area (Stellenbosch). The main economy driver in Mokopane area is mining
while Stellenbosch is diversified between the university, commercial, grape farming and wine
production. As such, the load forecast for the Mokopane area was based on the assumption that
the mining developments that had started with their feasibility studies were going to be realised in
the near future. The 2008 economic downturn led to that load not coming into existence. An
additional downturn experienced by the mining sector was in 2013, where most mining operations
had to stop due to the mining strike that saw the infamous Marikana Massacre. Therefore, the
legacy method did not manage to predict these economic events before they happened.
The GLF method has no qualities that suggest that it would have been able to foresee these
economic events should it had been used to forecast the Mokopane area. GLF uses municipality
planning policies and strategies as a backdrop for forecasting the load position, magnitude, type
and time. None of these policies were seen to be talking about the downturns before they
happened in 2008 and 2013. This argument suggests that it cannot be concluded that GLF was
better than the legacy method in case 1 as the situations were different. In the cases where the
two forecasting methods were exposed to the same area, the legacy method showed a higher
degree of accuracy than the GLF.
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The results of case 2 and 3 were not expected as the impression from the literature gave an idea
that GLF would perform better than the trend based legacy method. Willis & Aguero [1] had done
the forecast methods comparison and they found spatial forecast method to be generally more
accurate than trending method. Moreover, Willis et al [13] cited that spatial forecast generally
performs better in urban areas — both case 2 and 3 were based in urban areas.

In view of the infrastructure planned versus commissioned (actual), while the Stellenbosch
Master Plan shows better alignment between of planned and actuals, the larger variation on the
legacy plan gives an idea that, even if the forecast can be overstated, the actual construction
tends to follow the actual load growth and this is contrary to what was found by Carvallo, et al
[12]. The correlation that was observed across the two forecast methods was that, the higher
forecast error leads to a higher deviation of the constructed infrastructure from the planned
(execution error).

The correcting factor to overstated forecast is the fact that the network development plans get
revised every 3 years — as was stated earlier. This gives the utility a chance to defer the plans
depending on what is seen coming to the fore as opposed to what was forecasted. This periodic
review of plans makes the forecast accuracy not as important as may be expected for the overall
infrastructure planning and construction.

From the results, it can be asserted that forecast accuracy is not critical for infrastructure planning
as there is flexibility to review the plans and realign to the reality every 3 years. However, the
forecast remains an important part of planning to ensure that the utility has a plan that they would
be able to execute in case of the forecasted eventuality happening. This is of critical importance
for strategic planning to ensure that sites and servitudes are secured timeously.

6. CONCLUSION
The study evaluated the GLF method against the legacy method on forecast accuracy and how
each method leads to the plans that get adopted and constructed by the utility.
Two out of three case studies showed the legacy method to be more accurate than the GLF
method.
The evaluation of the impact of the forecast error on infrastructure procurement showed that the
large forecast error does not lead to over-procurement of the infrastructure. Thus, the utility tends
to follow the actual load for the procurement of infrastructure.
Based on the reviewed case studies and aspects examined on this study, it can be concluded
that the GLF method did not prove to be better than the legacy method.

7. PROPOSED FUTURE WORK
It is recommended that and impact of using these forecasting methods be assessed on the
aspects of planning such as planning of adequate networks, reliability and economics. This will
give an understanding as to how the characteristics of these forecast methods improve the
planning process.
A third method needs to be introduced and be compared to these 2, the scenario-based forecast
method. In the current, constantly changing economic and technological environment, scenarios
with more stochastic weighted probabilities need to be studied in order to understand what is
likely to happen in future as opposed to the deterministic methods.
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