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Background

Economic development shares interdependence with energy investment, a 

complex interaction of systems. Thus, advanced modelling tools are required to 

support the development of strategic integrated energy plans, inclusive of the 

technological complexities in the electricity value chain. 

Objectives

This study involved the use of an adapted system dynamics modelling approach 

with elements of control systems engineering to determine the impact of the electric 

vehicle (EV) technology market penetration on the electricity demand profile and 

the related environmental impact in the energy and transport sectors in South 

Africa. 
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Range: 173 km

Acceleration: 0-100 km in 9 seconds

Charge: 7.5 hours
Range: 330-560 km

Acceleration: 0-100 km in 1.9 seconds

Charge: 4 hours

Purchase price: ?

Range: 2.4 km

Speed: 6.4 km/hr

Charge: 3 hours
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1. Forecasted trends used the logistics curve (Equation 1):

P t =U0+
U1

1+exp⁡[−c t−t0 ]
(1)

where P is the dependent variable and P(t) is a function of time t; U0 is the zero offset; U1 is the 

increase (or decrease) above U0, c is a growth rate exponent;  and t0 is the inflection point.

2. The performance measures used weighted average performance formulas (Equation 2):

𝑀 =
 𝑚𝑖𝐶𝑖
 𝐶𝑖

(2)

where i is the power station, M is the power station’s capacity weighted average of performance 

measure m; mi is the performance measure for the power station (e.g. load factor); and Ci is the 

capacity of station, i. 

3. Regression equations for mathematical structuring in the model (Equation 3).

Range Anxiety y = −0.001 x2 +0.1886 x +85.035 (3)

4. The rate equations for the stock flow structures in the model (Equation 4).

Stock t =Stock t−dt + Inflow Rate−Outflow rate x dt (4)

The differential equation tells us that the Stock at time t is found from the Stock at a previous point in 

time, (t–dt), by adding the net quantity accumulated as the result of the inflow and outflow during the 

period dt.
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y = 411,73x2 - 1948x + 252084
R² = 0,9648

y = 264,9x2 - 2080,1x + 207427
R² = 0,9631

y = 587,45x2 - 5091,1x + 195086
R² = 0,9766
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Results

Provincial:  Low Growth Provincial Number of EVs (2019-2040)
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Results

Provincial:  High Growth Provincial Number of EVs (2019-2040)
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Results

Provincial: Electricity Consumption in 2040 (GWh)

Northern Cape

Western Cape

Eastern Cape

North West

Free State
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Results

Provincial: Carbon Emissions (2020-2040)

Transport 

Sector

% Change Electricity 

Sector

% Change

Base 1668.16 4920.9

Low Growth 1660.71 -0.45% 4925.55 0.09%

High Growth 1574.9 -5.59% 4979.21 1.18%

10% Market 

penetration

Bus LDV Minibus Taxi Truck

Cumulative Carbon 

Emission Reduction  

in transport sector 

(%)

5.12 6.68 5.24 5.23

Number of EVs 

(2040)

6 300
249 763

31 900 37 168

Number of ICEVs 

(2040)

60 218 2 330 975 288 051 345 072



Validity aspect Question

Structure Is the model’s influence structure consistent with that of 

the real system?

Behaviour Does the model qualitatively produce the same results as 

the real system with respect to rates of change, 

oscillations, stability, etc.? 

Empirical Do the model outputs correspond quantitatively (within 

the bounds of its purpose) with empirical results from the 

real system?

Application Is the modelled domain, complexity and functionality 

aligned with the purpose of the simulation.
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• The adapted system dynamics modelling processes, which include elements of 
group model building necessary for strategy implementation, are an effective and 
rigorous modelling process for the practical development and implementation of 
system dynamics tools for use in an electricity utility.  

• The modelling method provides quantitative insights into variations of the impact 
and expectations of various scenarios - more value if used for exploratory modelling 
and descriptive comparative scenario analysis as opposed to predictive system 
behaviour down to the last decimal place.

• The use of the system dynamics methodology to develop energy models allows 
sensitivity and scenario analysis of hundreds of causally linked qualitative and 
quantitative dependencies, and allowed the structural linkage of feedback loops 
involved in complex systems due to the various drivers. 
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