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1. Start with the system we have
First understand the variables before changing them.

Installed solar

11.9 GW
project register

Installed wind

1.5 GW
project register

Grid readiness

75 / 100
training assumption

Storage coverage

~99 / 100
2 GW against current 

portfolio

Curtailment

5%
indicative

System stress

13 / 100
low

Renewable 

capacity

How much solar and wind 

is available to generate 

electricity.

Grid readiness

Can the network connect 

and carry the renewable 

electricity?

Storage 

coverage

Can electricity be shifted 

from when it is generated 

to when it is needed?

Curtailment

Electricity that could be 

generated but cannot be 

accepted at that time.

Pressure & 

stress

Do renewable additions 

exceed the system's 

ability to absorb them?

Core idea

Building renewable capacity is only the first step. Value is realised when the grid can connect it, flexibility can balance it, and demand can absorb it.

Training illustration based on the Saudi Renewable Energy Tracker v1.4.10 model; not an operational grid forecast.



2. Add renewable energy — change nothing else
Illustrative step: add 40 GW solar + 20 GW wind; keep grid and storage assumptions unchanged.

Scenario capacity

67.4 GW
+54 GW delivered after 

delay

Grid readiness

75 / 100
unchanged

Storage coverage

20 / 100
falls as portfolio grows

Integration pressure

37 / 100
rises

System stress

36 / 100
rises

Curtailment

5%
held unchanged

More renewable 

output

Solar and wind capacity 

grows rapidly.

Grid bottleneck

Connection and 

transmission capability 

has not grown at the 

same pace.

Storage 

bottleneck

The same storage now 

covers a much larger 

renewable portfolio.

Absorption risk

More electricity arrives 

when the system may not 

be ready to use or shift it.

Lost value

Curtailment risk, 

congestion and 

system stress 

increase.

WHERE CAN ENERGY VALUE BE WASTED?

At connection

Capacity exists, but network connection or 

transmission is constrained.

In time

Electricity is available when demand is 

insufficient and storage is limited.

In system operation

Balancing and congestion constraints can 

force renewable output down.

Training illustration based on the Saudi Renewable Energy Tracker v1.4.10 model; not an operational grid forecast.



3. Improve grid readiness
Now strengthen transmission, connection capacity and operational readiness.

Renewable capacity

67.4 GW
unchanged

Grid readiness

75 → 85
improved

Storage coverage

20 / 100
still weak

Integration pressure

37 → 35
small improvement

System stress

36 → 34
small improvement

What changed?

Transmission reinforcement, connection 

sequencing, congestion relief and better 

system operations increase the network's 

ability to accept renewable output.

What did not change?

Storage is still inadequate for the 

enlarged renewable portfolio. Grid 

investment alone does not solve every 

integration problem.

Learning point

A stronger grid reduces one bottleneck, but the transition is a 

system. The weakest remaining capability now becomes more 

visible.

GRID

Stronger

STORAGE

Still constrained

SYSTEM OUTCOME

Better, but not yet balanced

Training illustration based on the Saudi Renewable Energy Tracker v1.4.10 model; not an operational grid forecast.



4. Improve storage coverage
Add flexibility so renewable electricity can be shifted and balanced.

Renewable capacity

67.4 GW
unchanged

Grid readiness

85 / 100
stronger

Storage coverage

20 → 79
8 GW storage assumption

Integration pressure

35 → 24
improves

System stress

34 → 21
improves

Midday / high output

Renewable electricity exceeds 

immediate system need.

Store / shift

Storage absorbs part of the 

surplus and makes it available 

later.

Peak / low output

Stored electricity supports 

demand when renewable 

production falls.

Outcome

Less pressure and 

lower stress.

Important

Storage is not 'free energy'. It adds cost. The question is whether the value of reduced curtailment, improved balancing and greater reliability justifies the 

investment.

Training illustration based on the Saudi Renewable Energy Tracker v1.4.10 model; not an operational grid forecast.



5. Continue balancing the system
The simulator is about coordinated capability, not maximising one slider.

Forecasting & 

operations

See renewable output earlier; 

schedule and balance the system 

more effectively.

Demand response

Move flexible industrial and other 

demand toward periods of 

abundant renewable electricity.

Interconnection & 

flexible capacity

Use other regions and flexible 

generation to help balance 

variability.

Demand absorption

Use, store, shift or transfer 

electricity instead of wasting 

available renewable output.

The integrated result

Renewable build + grid readiness + storage + forecasting + flexible demand + interconnection work together. As supporting capability catches up, integration 

pressure, curtailment exposure and system stress become more manageable.

The objective is not the highest renewable capacity at any cost. It is the highest credible 

transition value from the available system.

Training illustration based on the Saudi Renewable Energy Tracker v1.4.10 model; not an operational grid forecast.



6. Now restrict the cash
A simple classroom decision: the transition has more needs than the available investment envelope.

Fixed investment 

envelope

Illustrative: 100 investment 

units. You cannot fund 

everything at maximum.

Renewable 

build

40 units

Grid & 

connection

25 units

Storage

20 units

Operations 

& flexibility

10 units

Demand-

side 

capability

5 units

100
AVAILABLE CASH

Option A

Spend mostly on new 

MW.

Option B

Spend mostly on grid 

and storage.

Option C

Balance build + 

integration.

Decision

Which creates the most 

usable energy?

Class challenge

With restricted cash, every additional unit spent on renewable capacity is a unit not spent on connection, storage or flexibility. Teams must decide where the next unit 

of investment creates the greatest system value.

Illustrative investment units for teaching trade-offs; this is not a Saudi budget or project-cost estimate.



7. What the simulator is teaching
Use the sliders to expose bottlenecks, trade-offs and sequencing decisions.

1. Start

Current renewable 

portfolio and system 

capability.

2. Build

Add solar and wind 

capacity.

3. Observe

Find where pressure, 

stress and wasted value 

appear.

4. Intervene

Strengthen grid, storage, 

operations and demand 

flexibility.

5. Optimise

Use limited capital where 

it creates the greatest 

system value.

The question for participants

Can we increase renewable capacity while keeping the electricity system reliable, economically sensible and capable of using the energy we produce?

CAPACITY  →  CONNECTION  →  FLEXIBILITY  →  ABSORPTION  →  SYSTEM 

VALUE

Training illustration based on the Saudi Renewable Energy Tracker v1.4.10 model; not an operational grid forecast.





Gross potential = 4.3 TWh/year
This represents electricity production based on the assumed 24% capacity factor:

Annual generation = Capacity (GW) × 8,760 hours × Capacity factor

The model then applies two reductions.
1. Curtailment = 10%
Curtailment means some electricity could be generated but cannot be accepted by the system at that time.
4.3 × (1 − 10%) = 3.87 TWh/year
2. Grid readiness = 60%
The current calculation then assumes only 60% of the remaining generation can effectively be integrated/delivered:
3.87 × 60% = 2.32 TWh/year
Rounded:
Indicative output = 2.3 TWh/year
So mathematically the calculation is:
4.3 TWh × 90% × 60% = 2.32 TWh/year

The mathematics works, but “grid readiness = 60%” should probably not be used as a direct 40% deduction from 
electricity output.  Grid readiness is a system capability/readiness indicator. A grid-readiness score of 60% does 
not necessarily mean that 40% of the electricity produced will be lost. Doing that risks double-counting the 
consequences of poor grid integration because curtailment already represents generation that cannot be 
absorbed.
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What strategies or 
tools can be used to  
optimize demand 
management
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Core 
components 

of a grid 
P169
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Innovation 
Adoption 
Lifecycle 

P174
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Examples – 
Adoption 
Lifecycle 

P175
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Aligning TLR’s 
with Adoption 
Lifecycle P177



Challenges 
P172 
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What is the economic impact flow?

What is the macro economic impact?
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Program Schedule Everyday Sunday June 14 through Thursday June 18 from 8:00 a.m. to 2:00 p.m.         Lunch from 2:00 p.m. to 3:30 p.m.

DAY 1 ( Sunday )
Global Energy Landscape and Saudi 

Vision 2030

DAY 2 (Monday)
Policy, Governance and 
Regulatory Frameworks

DAY 3 (Tuesday)
Energy Security and Sustainability 

DAY 4 (Wednesday)
The Impact of Alternative Energy 

Technologies

DAY 5 (Thursday)
Geopolitics and Market Dynamics

• Review global energy trends 
and Saudi Arabia’s strategic 
direction.

• Examine how the Kingdom’s 
Vision 2030 blueprint drives 
energy sector transformation.

• Link international 
developments and national 
ambitions.

• Review the policy and 
regulatory frameworks 
governing Saudi Arabia’s 
energy transition.

• Navigate policy and 
regulatory complexity. 

• Discuss solutions to drive 
national progress in the 
energy sector, from 
renewable energy targets and 
regulations to climate 
initiatives like the Saudi Green 
Initiative (SGI). 

• Investigate the key public 
sector stakeholders 
(regulators, government 
agencies, etc.) involved in 
driving the energy transition. 

• Examine tools used by 
government (laws, 
regulations, incentives, 
tariffs) to shape energy 
markets. 

• Understand how effective 
policy design can encourage 
renewable energy investment, 
ensure grid reliability, and 
protect consumers, thereby 
creating a sustainable market 
ecosystem. 

• Explore how to balance the 
Kingdom’s need for a 
reliable, affordable energy 
supply with sustainability 
and climate goals.

• Review applicable 
frameworks such as the 
Circular Carbon Economy 
and strategies for reducing 
carbon emissions while 
maintaining energy security.

• Undertake case studies (for 
example, integrating solar 
and wind projects into the 
national grid). 

• Assess how to manage the 
trade-offs and synergies 
between economic and 
environmental goals. 

• Investigate the policy 
implications of technologies 
shaping the future of energy. 

(This includes renewable energy 
technologies (solar, wind), energy 
storage solutions, green and blue 
hydrogen, carbon capture 
utilization and storage (CCUS), 
nuclear energy, electric vehicles 
(EVs), energy storage and other 
solutions as part of the energy 
mix.)
• Assess how emerging 

technologies can be 
integrated into Saudi Arabia’s 
energy portfolio and what 
challenges and opportunities 
they bring. 

• Cultivate an innovative 
mindset to understand the 
emerging energy solutions, 
and technological change in 
their organizations. 

(This segment includes global best 
practices in renewable energy, 
using a simulation for maximum 
learning impact. MIT En-Roads 
and others)

• Analyze external factors 
influencing the energy transition, 
including geopolitical 
developments, international 
agreements (e.g. the Paris 
Agreement), global oil and gas 
market dynamics, and regional 
cooperation. 

• Discuss scenarios such as 
fluctuations in oil demand, 
investments by other nations in 
renewable energy, international 
pressure for decarbonization, and 
how these affect Saudi energy 
policy and projects. 

• Understand big-picture forces 
supports participants to 
anticipate risks and leverage 
opportunities.

(This theme reinforces strategic 
thinking, enabling leaders to factor in 
global drivers when planning and 
executing domestic energy initiatives.)

K.A.CARE - Navigating the Energy Transition Program

55

https://www.sgi.gov.sa/
https://www.sgi.gov.sa/


56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



Are there any 
new ideas 
out there?

71



How should KSA 
respond if the Oil Price 
= $50pb?
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How does policy 
inconsistency 
affect oil prices?

What can KSA 
do?
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What is the risk of 
overdependency 
on fossil exports?
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• Review global energy trends 
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Vision 2030 blueprint drives 
energy sector transformation.

• Link international 
developments and national 
ambitions.

• Review the policy and 
regulatory frameworks 
governing Saudi Arabia’s 
energy transition.

• Navigate policy and 
regulatory complexity. 

• Discuss solutions to drive 
national progress in the 
energy sector, from 
renewable energy targets and 
regulations to climate 
initiatives like the Saudi Green 
Initiative (SGI). 

• Investigate the key public 
sector stakeholders 
(regulators, government 
agencies, etc.) involved in 
driving the energy transition. 

• Examine tools used by 
government (laws, 
regulations, incentives, 
tariffs) to shape energy 
markets. 
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renewable energy investment, 
ensure grid reliability, and 
protect consumers, thereby 
creating a sustainable market 
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• Explore how to balance the 
Kingdom’s need for a 
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frameworks such as the 
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• Undertake case studies (for 
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and wind projects into the 
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• Assess how to manage the 
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they bring. 
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mindset to understand the 
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influencing the energy transition, 
including geopolitical 
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Agreement), global oil and gas 
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fluctuations in oil demand, 
investments by other nations in 
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how these affect Saudi energy 
policy and projects. 
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supports participants to 
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opportunities.
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K.A.CARE - Navigating the Energy Transition Program
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