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Presenter
Presentation Notes
Good morning, my name is Steve Clark and today I would like to discuss the dispatchable power requirements that will be necessary to implement the transition to renewable power generation in South Africa in the coming years.
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Integrated Resource Plan - (IRP)

 The first IRP was developed in 2010, covering the period up to
2030.

 The IRP has been updated several times , but not published since
the 2010 IRP.

e Latest update was 2018, with an additional report released in 2019
with some changes due to Eskom difficulties.

 The updated plans covered the period up to 2050. However, the
2018 report recognized the uncertainty that this period brings
and declared that the later years were “indicative”.

« The IRP developed “scenarios” for the Grid requirements based
on fixed parameters.
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Presenter
Presentation Notes
The South African government has commissioned the development of an IRP – integrated resource plan - to forecast the electricity generation that will be required in the future.
The first IRP was developed in 2010 and covered the period up to 2030.  Since that original IRP, there have been several updates developed, but none of these have been published.  
The latest update was prepared in 2018, with some revisions made in 2019 after the recent problems that Eskom had with their facilities.
The updated plans covered the period up to 2050, however, they have indicated that there is enough uncertainty in the later periods to refer to the forecast for these years as indicative.
The process used for this forecasting is the creation of scenarios for given development case.  Sensitivity is only considered by comparison of the various scenarios.



IRP Renewable Generation Plan

The IRP supports a significant
growth in renewable supply from
wind and PV

This growth is supported by
dispatchable power to handle
intermittency and replacing aging
base generation

In 2018 Wind and PV varied from
meeting 0.1% to 11% of the hourly
generation - showing the need for
dispatchable backup
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IRP 2018 Base Scenario Renewable Plan

Resource -GW | 2018 | 2030 | 2040 | 2050
wind 2 13 27 50
PV 1.5 7 18 35
Min Supply | 01% | 0.7% | 12% | 1.9%
Max Supply 11% 51% | 101% | 161%
Dispatchable 5 10 25 40
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Presentation Notes
One of the main objectives of the IRP is to promote growth in electricity supply from renewable sources, particularly from wind and PV.  In the IRP, this growth is supported by the development of dispatchable generation to handle the intermittency and to replace the aging base generation facilities.
Some wind, PV and CSP has already been developed and is supplying power to the grid. From Eskom statistics, this varied from meeting 0.1% of the required power to up to 11% in 2018.
The IRP anticipates growth in both wind and PV generation.  Using the 2017 base information, this would imply up to 51% of supply from these sources by 2030, building up to over 160% of supply by 2050.  However, the minimum supply stays below 2% of the demand throughout the period.



Dispatchable need

 The purpose of this analysis is to verify the premises of the IRP to determine
whether the predicted dispatchable power need is reasonable and the likely
range.

 The analysis is a sensitivity to understand the effects of the major premises for
the forecast.

 The analysis also looks at the impact of increased, or decreased, generation
from wind and PV.

* The sensitivity analysis doesn’t include any economic sensitivity nor
recommendation on technology — it only relates to feasibility of meeting the
need.
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Presentation Notes
It is clear that dispatchable power will be needed, but the question is how much will be required.  The analysis that I am presenting here looks at the premises within the IRP to determine if the predictions for the dispatchable needs are reasonable and what is the likely range around the scenario-based answers.  This analysis was conducted by looking at the major factors that go into the forecast and seeing how they impact the outcomes.
I also looked at the percentage of power coming from wind and PV to understand how the amount of power that comes from these resources affects the dispatchable power requirement.
I must emphasize however, that this is a technical feasibility analysis – that is an analysis of what dispatchable power will be needed, not a technology selection nor economic analysis



Sensitivity Analysis 2030 - 2050
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Presenter
Presentation Notes
Before reviewing the factors that go into the analysis and their ranges, I would like to summarize that premises that went into the analysis.


Premises for analysis

* The base information for demand and renewable supply is from Eskom for
2017 (verified for consistency with 2016 and 2018 data).
— Forecast demand profile is as per 2017, increased by the growth factor analysed.
— Wind and PV hourly CF’s from 2017 were used and adjusted by installed capacity
 Base Generation capacity was taken from the IRP assumptions.
— Base generation was assumed to be one unit of generation, not broken down

— No attempt was made to cycle any of the base load (multiple daily cycling would be
required). It was assumed that base generation was used or wasted.

« Existing CSP and pumped hydro storage were used as per 2017 data without
change of hourly timing or capacities. (the IRP makes no provision for growth)
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Presentation Notes
The sensitivity analysis was conducted on an hourly spreadsheet model for the generation of electricity for a one-year period.  The base information that went into the model was from Eskom 2017 performance, with demand information as well as supply from renewable sources.  This information was compared to 2016 and 2018 data to ensure consistency.
For the year of analysis, the 2017 hourly demand values were increased by the growth factor.  Wind and PV were as per 2017 capacity factors multiplied by the installed capacity in the year of study. 
Base generation capacity was taken from the Eskom plan presented in the IRP.  For this analysis, the base generation was treated as a block and no attempt was made to cycle these facilities.
For CSP and pumped hydro storage, the IRP does not assume any growth.  For this analysis, growth in these areas was treated as part of generic storage and dispatchable generation.



Factors affecting dispatchable requirement

Demand Growth
Base Fleet EAF
Decommissioning
Wind

PV
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Presentation Notes
The factors that were considered for this analysis are;
Demand growth - how much will the demand will increase to the year in question
EAF – what is the availability – percent of time that the equipment is usable- of the existing base fleet to meet the generation needs.
Decommissioning – what would the effect be for changing the schedule for decommissioning of the base fleet.
Wind – how does increased or decreased wind effect the need for dispatchable power
PV – how does increased or decreased PV effect the need for dispatchable power



2030 sensitivities

2030 Dispatchable Power Capacity 2030 Disptachable GWh Energy

Growth = 0.5 t0 2.5% (1.8)
Base EAF = 0.851t0 0.7 (0.75)
Decomm.=-12 to -21 GW (-12)
l Wind = 3 to 53 GW (13)
PV =21t027 GW (7)
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Presentation Notes
These two graphs show the effect of each of the parameters on the required capacity of dispatchable generation and the GW hours of generation that will be used from these sources.
The two graphs show that the major effect on capacity is from the sensitivity to growth.  For 2030, EAF and decommissioning also have significant impacts.  
Changes in Wind and PV have minimal impact on the need for dispatchable generation.



2040 sensitivities

2040 Dispatchable Power Capacity 2040 Dispatchable Energy GWh

o - o .I

Decomm

Growth = 0.5 to 2.5% (1.6)
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Presentation Notes
By 2040, growth is clearly the dominate effect.  EAF still has some impact, but decommissioning is decreasing in impact as the base generation is decreasing.
Wind and PV still have minor impact on the dispatchable requirement



2050 sensitivities

2050 Dispatchable Power Capacity
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Presentation Notes
By 2050, the sensitivity is totally dominated by growth.  EAF and decommissioning have become insignificant as the base is gone.  Wind and PV still have minimal effect.


2030 dispatchable requirement
forecast
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Presentation Notes
In looking at each of the sensitivity parameters, I will concentrate on the effects in 2030 as indicated from the IRP, these are the most “firm” and after that things become more indicative


Base forecast for “May 2030”
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Presentation Notes
Based on the premises of the 2018 IRP, I have used the hourly spreadsheet to develop a base forecast for 2030.  Based on the 2017 Eskom data, the peak month for dispatchable energy requirement is in May, and specifically the peak demand is defined by the requirement for May 16.  
This is not to say that there is a black box to predict what will actually happen on 16 May 2030, but this is the date that defines the peak need in the model. So this date is only chosen as representative of the peak requirement and could be any date in the year. 
As can be seen from the graph for the month, the base generation has a twice daily exceedance, even in the peak month of May. In most cases the exceedance is over 10 GW out of the installed base of about 40 GW. This power is either wasted or a significant portion of the base fleet must be cycled twice per day which is a major challenge for coal or nuclear plants.
On the peak date, almost 10 GW of dispatchable power is needed, but only for a few hours.  Thus, this peak power must be available but rarely used.
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Demand growth
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Presenter
Presentation Notes
I would now like to describe the effect of the major factors that determine the range of dispatchable need. As shown before growth has the largest impact.


IRP demand growth forecast

Generation Growth - IRP Forecasts
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Presenter
Presentation Notes
Since the 2010 IRP, the developers have struggled to determine the proper growth forecast.  The brown curve shows the prediction used in the 2010 IRP.  The red curve shows the actual generation history from Eskom.  The grey curve shows what was used for the 2018 update.
Due to the significance of this factor and the obvious challenges that it presents to forecasting as shown from the IRPs, I am going to use a couple of minutes of my limited time to review this parameter further.



Rate of demand growth since 1991

Electricity Change - (10 year annual average)
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Presenter
Presentation Notes
I have done a statistical analysis of the growth of the demand up to now based on an annual lagging 10-year period.  Thus the number presented for 2018 covers the period from 2008 to 2018 annualized.  This gets rid of short-term effects.  From this graph, it can be seen that we have had some growth over even that last ten-year period.


— GDP growth effect
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Presenter
Presentation Notes
There have been many theories discussed about the declining growth in the demand curve and the most commonly discussed topic is the relation between demand growth and GDP growth.  In these two graphs, in the first graph I have plotted the change in demand and the change in GDP. In the second the ratio of these two parameters.
As can be seen from this graph, there is a reasonable correlation between GDP growth and electricity demand growth, but one that has be decreasing over time.



Growth forecast

 |IRP Growth Forecast —-1.8%
e GDP - 1% to 4%, average 2.3%

 Ratio - Electricity Growth in
the range of 50% of GDP

o Likelyrange —0.5% to 2.5%
e Expected - approx.1.2%
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Presentation Notes
From this analysis, it is not possible to determine a specific forecast for demand growth, but it is reasonable to predict a range based on likely GDP growth.  Since 1991, GDP growth has been between 1 and just above 4 percent.  Assuming a 50% ratio of power growth to GDP growth, this would imply an expected growth range from 0.5 to 2.2 percent.


Effect of growth on dispatchable need

16 May 2030 Forecast with 0.5% Annual Demand Growth 16 May 2030 Forecast with 2.5% Annual Demand Growth
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Presenter
Presentation Notes
As can be seen by the size of the dispatchable generation for the peak date in 2030 (the red bars), the effect of growth is the major factor.
Unfortunately, as this is an unknown and uncontrollable factor, there is no way to eliminate this uncertainty in the forecast.



Capacity factor (EAF)
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Presentation Notes
The availability factor for the base plants should be one of the factors most well defined and easily controllable by the utility.  However, this is not the case and this is a major uncertainty in the forecast.


— EAF plan

e Internationally, an EAF for the * ESKOM PLANT PERFOMANCE SCENARIOS
Base Facilities is expected to be :
about 85% - =

« The Eskom plants have operated 8 /f_/-——’—"\/
at or below 70%. "

e The IRP indicated expectations e FEILEIPII LS PSSP S
that this would increase to over el oo sl o si—
80%

 Alow EAF effectively removes a
portion of the generating fleet.
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Presentation Notes
Large base load coal generation plants should have an EAF in the range of 85%.  This is the aspirational goal that Eskom presented in the IRP.  At the time the IRP was first developed, Eskom had an EAF of about 70% and expected to improve this to 80% within the first study period.  However, there has not been improvement, with the current EAF being below 70%.
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Presentation Notes
These two graphs show the effect of the EAF on the dispatchable power need.  With a low EAF, the required dispatchable power increases significantly


Decommissioning

UNIVERSITEIT - == =
IYUNIVESITH L .
STELLENBOSCH 00 visit concentrating.sun.ac.za
MNIVERSITY contact sterg@sun.ac.za

19182018


Presenter
Presentation Notes
Decommissioning of the large base coal and nuclear plants is also a parameter that the operator should be able to control.  It also is a factor that can have a major impact on the need for dispatchable power.


Decommissioning plan

Eskom Coal Plant Decomisssioning 2018 / 2019
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Presentation Notes
The average age of the Eskom coal generation fleet is over 37 years and Eskom predicts a plant life of 50 years for these facilities.  Therefore, within the planning period almost all of the base generation fleet will be retired.  The timing of this retirement is the major question.
Plant cycling adds significantly to the operating cost of base load plants and decreases their effective life considerably.  
The major change that was made between the 2018 IRP and the 2019 update was in the retirement schedule for the Eskom fleet and the major change was in the very near term.  These changes bring the entire schedule into question.



Effect of 4 GW extra decommissioning

16 May 2030 Base Forecast 16 May 2030 Forecast- with 16 GW Decommissioning (12 base)
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Presentation Notes
The IRP assumes that about 12 GW of the base fleet will be decommissioned by 2030, with the remainder in the twenty years to follow.  If the decommissioning happens quicker, it will have a major impact on the need for dispatchable power, as shown in this graph with an additional 4 GW of retirement above the expected 12 GW.


wind / PV
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Presentation Notes
I would now like to quickly note what happens if the assumptions on wind and PV installations are changed.


Effect of 20 GW additional wind

16 May 2030 Base Forecast 16 May 2030 Forecast with +20 GW Wind (33 GW)
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Presentation Notes
The peak day for dispatchable power in the forecast is defined by the day that the wind has the least impact.  On 16 May, the 13 GW of expected wind capacity would average only 1.8 GW for the day and almost nothing in the evening.  An additional 20 GW of wind would only make a small impact on the dispatchable requirement.


effect of 20 GW additional PV
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Presentation Notes
Additional PV will reduce the amount of base load generation required in the middle of the day, but has almost no impact on the evening peak of dispatchable power.


Resulting uncertainty
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Presentation Notes
The ranges for each of these parameters was built into a Monte Carlo simulation to determine the range and shape of the curve of likely dispatchable generation.
From the two resulting curves, the expected capacity for dispatchable power ranges from 5 to 15 GW and the energy generation most likely minimal but could be up to about 8 TWh or 2.5% of the overall demand in the worst case.



Recommendations

Change orientation of IRP from a “definitive” plan to a response plan to react
to the developing situation going forward

Structure the business to facilitate shorter term and flexible planning —
eliminate large scale base generation in favour of modular renewable
generation, storage and dispatchable backup

Take advantage of improved technology and costs as they develop

Monitor changes to conditions to allow the plan to adjust as needed
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Presenter
Presentation Notes
Where does this leave us?  From this sensitivity analysis, it appears that the scenario-based IRP fails to adequately cover the range of likely forecasts for what dispatchable power will be required to allow the generation system to function.  The analysis shows that the likely range of outcomes is quite large and not easily forecast.
This modelling indicates that the IRP must move from being a prescriptive plan to being one that is reactive to the developing situation – particularly for demand growth.  The plan must be able to adapt with shorter notice than the IRP planning process suggests. This leads towards a shorter development period system than the longer term planning for base load generation, which implies one dependent on easy to install renewable generation with appropriate dispatchable power backup.



Thank You for Your Attention

CONTACT DETAILS:

Stephen Clark

Solar Thermal Energy Research
Group (STERG)

Stellenbosch University

South Africa
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