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Synergex Model & Simulation Framework: South African Electricity System & Eskom

A Dynamic Systems Model for Diagnosis, Foresight, and Intervention
Using Synergex v1.1 — Ready for Simulation, Policy, and Public Insight

"To fix the grid, we must first model the system — not just the symptoms."

This document presents a comprehensive Synergex model of the South African electricity system,
centered on Eskom, and includes a simulation-ready architecture to explore:

® Load shedding dynamics
* Maintenance failure

® Renewable integration

* Financial collapse

* Reform pathways

Designed for engineers, policymakers, activists, and Al-driven foresight tools.

¥ 1. System Declaration

[South African Electricity System]"E
# ~E = Emergent Identity: A failing system with transformation potential

[Eskom]~C
# ~C = Co-Created System: Shaped by state, unions, engineers, and global markets

[Gride] -» Interacts with: [NERSA], [DMRE], [Private Generators], [Municipalities],
[Citizens], [IMF]

This is not just a utility.
It is a socio-technical-financial-political system in crisis.

2. Core Architecture & Composition

[Coal Fleet] ® [Hydro] ® [Nuclear (Koeberg)] & [Renewables (REIPPPP)] & [Diesel
Peakers] - [Generation Mix]

[Generation] » [Transmission (National Grid)] -» [Distribution (Municipal)] - [End
User]

# Eskom Subsystems

[Power Stations] - [Maintenance] -» [Availability]

[Debt] » [Tariff Pressure] -» [Affordability Crisis]

[SOE Governance] » 0([Technical Need]) - [Political Interference?]



energy.md 2025-08-29

The system is hierarchical, brittle, and delayed.

3. Feedback Loops & Dynamics

Loop 1: Load Shedding Vicious Cycle

$_Collapse(
[Plant Breakdown] » X - [Capacity Shortfall] - [Load Shedding]

> [Economic Loss~] - [Revenuel] » [Maintenance Underfunding]
> [More Breakdowns]

)

A self-reinforcing collapse — the core pathology.

Loop 2: Tariff Spiral

$_Tariff(
[Debt Service] » [Tariff Hike] -» [Affordability Crisis] - [Municipal Non-Payment]

> [Eskom Revenuel] - [Debt?]
)

Financial death spiral driven by social and technical failure.

Loop 3: Renewables Integration (Virtuous Cycle)

$_Transition(
[Private Investment] -» [Solar/Wind Capacity] -» [Grid Supply?]

-» [Load Sheddingl] - [Public Trustft] » [Policy Support] - [More Investment]
)

The emergent hope — if scaled.

$8 4. Semantic Kernels in Action

Kernel Role in Electricity System

NERSA sets tariffs, DMRE oversees policy

Grid tries to balance supply/demand via load shedding

REIPPPP selects private energy projects

Rooftop solar accelerates decentralization
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Kernel Role in Electricity System

Metering, billing, grid access points

Market and policy select which energy sources survive

Eskom mediates between state, unions, and engineers

Corruption, decay, inefficiency disperse value

Load shedding amplifies economic and social damage

A\ 5. Risks & Tipping Points

# Tipping Point 1: Grid Collapse
[Critical Transformer Failure] 4 -» X - [Regional Blackout] » [Cascading Failure]

# Tipping Point 2: Financial Default
[Debt/GDP > 10%] - [Sovereign Downgrade] - [IMF BailoutA] - [Austerity Enforced]

# Tipping Point 3: Municipal Collapse
[Non-Payment > 40%] » X - [Distribution Failure] - [Local Grid Fragmentation]

# Cyber Threat
[Eskom IT] - ~([Ransomware]) - X - [SCADA Failure] - [Unplanned Outage]

The system is one major shock away from irreversible failure.

@ 6. Inter-Institutional Coupling

# Eskom e Government
[Bailout] » [State Guarantee] - [Debt MonetizationA] - I([Fiscal Discipline))

# Eskom e Unions
[Wage Negotiation] = [Operational Stability] -» 1([Affordability])

# Private Sector e Grid
[Embedded Generation] - [Wheeling] » [Grid Services] » € > [Resilience]

# SABRIC o Eskom
[Cyber Threat Intelligence] -» [Eskom SOC] - [Incident Response]

Success depends on alignment — currently weak.

QS 7. Temporal & Scale Architecture
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No[Household Meter] - Ai[Substation] » A,[Power Station] -» Asz[Eskom] » Az[National
Economy]

T([Load Shedding]) ©(Daily) - [Public Anger~] - =([Election Impact])

>([Coal Delivery]) - [Stockpile Replenishment] -» <([Plant Restart]) # 7-14 day
delay

Delays in feedback destroy control.

@ 8. Cognitive & Epistemic Structure

{Just Transition?) » ? » [Coal Communities] & - [Renewables Investment]
[Breakdown] - o([Cause])/d([Neglect]) - [Systemic Failure] # [Individual Blame]

[Solution] +- [Not One Fix] - [Portfolio: Maintenance + Decentralization +
Governance]

The public needs systemic understanding, not scapegoats.

g 9. Ethical & Societal Alignment

# Trade-0Offs
[Reliabilityd§d] vs [Affordability] - [Tariff Dilemma]
[Coal Jobs%] vs [Clean Energy] - [Just Transition]~C

# Human-Centric Values
[Energy Access¥] - [Solar for Schools] - [Dignity]
[Transparency®] - [Real-Time Grid Dashboard]

# Systemic Harm
[Chronic Load SheddingX] » X - [Economic Exclusion] - ¥([National Development})

This is not just engineering
It is justice.

& 10. Simulation-Ready Subsystems

We now define executable simulations using Synergex operators.

A. Load Shedding Propagation Simulator
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simulate(¢$_Collapse) -
Input: Maintenance backlog = 40%
Output: Load shedding stages over 12 months

B. Financial Sustainability Model

evaluate([Eskom Financial Health]) -
Variables: Debt, Tariff, Revenue, IMF exposure
Output: Probability of default P([Default]) = f(year)

C. Renewables Integration Scenario

simulate(¢$_Transition) -
Input: 5 GW/year solar added, wheeling enabled
Output: Grid stability score, load shedding {

D. Crisis Scenario: Koeberg Failure

[Koeberg Offline] » X - [1,940 MW Loss] -» [Stage 6-8 Load Shedding] s
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E 11. Python Simulation Snippet (Conceptual)

# FILE: eskom_sim.py
import numpy as np

def simulate_load_shedding(maintenance_rate, investment_rate, years=5):

availability = 0.65 # Current plant availability
stages = []

for year in range(years):
# Dynamics
availability = availability - (©.05 * (1 - maintenance_rate))

load_shedding = max(9, 8 - 10 * availability)

# Renewables offset
availability += 0.02 * investment_rate

stages.append(load_shedding)
return stages

# Run scenario: High investment
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print(simulate_load_shedding(maintenance_rate=0.7, investment_rate=0.8))
# Output: [6.0, 5.2, 4.1, 3.0, 2.1] » Improvement

# Run scenario: Business as usual

print(simulate_load_shedding(maintenance_rate=0.3, investment_rate=0.2))
# OQutput: [6.0, 6.7, 7.2, 7.6, 7.9] » Collapse

This can be integrated into a web dashboard using Streamlit.

% 12. Appendix: Full Synergex Model ( )

# FILE: eskom.syx
# SYNERGEX v1.1 — Eskom & National Grid Model

[Eskom]~E
[Gride] - [NERSA], [DMRE], [Municipalities], [Private Generators]

# Core Loop

$_Collapse(
[Breakdown] » X - [Shortfall] » [Load Shedding]
> [Revenuel] -» [Maintenancel] » [Breakdown]

)

# Financial Loop
$_Tariff( [Debt] » [Hike] - [Non-Payment] - [Revenuel] - [Debt] )

# Transition Loop
$_Renewables( [Investment] - [Capacity?] - [Reliability?] » [Trust?] )

# Risks
[Koeberg Failure] 4 - [Stage 8]
[Cyber Attack~] » X - [SCADA Failure]

# Ethics
[Affordability#$d] vs [Cost Recovery]
[Coal Communities®] - [Just Transition]

# Simulation
evaluate([System Resilience])
P([Grid Collapse]) = 0.25/yr
simulate(¢$_Transition)

fii 13. Conclusion: From Crisis to Transformation

[Eskom]~E =
( [Engineering Heritage] ® [National Mandate] ® [Renewable Opportunity] )~C
> [Just Energy Transition] € - [Shared Prosperity]
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# But only if:

#  Feedback loops are broken

# Investment flows to maintenance AND innovation
#  Governance is insulated from politics

#  Ethics guide engineering

The lights will come back on — not because of one fix,
but because we finally understand the system.

And now, for the first time, we have a language to see it clearly.

%,

— For the long game of national resilience.

Model. Repair. Decentralize. Evolve.
This is Synergex.
This is the future of energy stewardship.
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