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Scope of this project i

GET.transform

Transforming Energy
Sectors Globally

Facilitating embedded generation (EG) in Kenya by providing clear, practical technical guidance for
successful grid integration.

Task 1 Task 2
Development of EG Devel?pm.er\t of
: EG Simplified
Interconnection :
Requirements Connection
Criteria
Final: Oct25 Final: Oct25

05/11/2025 2
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Task 3: Impacts of Embedded
Generation (EG) Penetration
Scenarios on the National
Generation System
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General EG System Impacts ",

GET.transform
Technical impacts on distribution feeders Technical impacts on system level
Thermal limits & voltage limits Demand-supply balance, affecting:
0  May be investigated through hosting e Technical operation of remaining electricity
capacity analyses (to be conducted in fleet (minimum load of synchronous
power system analysis software) generators, ramp rates, ...)

* Spinning reserves
0  However, such analyses are

time-consuming and require detailed
distribution grid models Transmission network operation

* Cross-border electricity exchange / trading

0  Outside of the scope of this study. No * Iransmission congestion

impacts expected at low penetration * Voltage control
levels (< 15% of peak demand) * Protection

05/11/2025 5




EG System Impact Modelling %

Suggested approaches to determine the impact GET.transform

Transforming Energy
Sectors Globally

To determine general, system-wide limits to EG

Demand-supply balance impacts:

» Simplified investigation through time-series evaluation (Excel/simple programming) for different
generation scenarios and EG penetration levels

Transmission and distribution system impacts:
* Requires extensive power system analysis. To be used as little as possible.

* Please also note that the interconnection requirements and simplified connection criteria are
designed in a way to have limited impact on distribution and transmission networks

05/11/2025 6



EG System Impact Modelling G

When to analyse? GET.transform

Sectors Globally

The impact of EG on the entire power system should be considered, once the EG penetration

reaches a significant level (~5-10% of peak demand)

Should be considered within:

* Generation Master Plan (or Integrated Resource Plan)
* Transmission Master Plan

* Long-term (Residual) Load Projections

* Short-term (Residual) Load Forecasting

e Trading / Export PPAs

05/11/2025 Footnote 7



Model Limitations

x
*
*

Key features captured by the model and important aspects that are outside its GET.transform

scope

Included in Model Scope Excluded from Model Scope

* Economic impacts (e.g., costs, revenues)

e Overall country-wide system behavior
* Hourly system energy balance

* VRE variability (e.g., solar, wind; 1 profile per
technology)

* Impact of Embedded Generation on system

* Dispatchable generation behavior

e Customizable Input Profiles
- Demand
- Non-dispatchable generation

Imports and exports

Transforming Energy
Sectors Globally

* Social impacts (e.g., employment effects)
* Environmental impacts (e.g., GHG emissions)

Technical aspects

Transmission grid constraints
Distribution grid constraints
Forecast uncertainty

Spinning reserves (except via SNSP)
Individual generator dispatch
Outages and maintenance

System stability constraints

Disclaimer: The model is currently mainly based on publicly available information with many assumptions.

Further customization will be necessary but the current results serve as a first conversation starter!
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876 MW
81 MW

210 MW
425 MW
728 MW
52 MW

514 MW

Generation type Capacity

Reservoir Hydro

Run-of-river
OCGT

Solar PV

Wind

Geothermal
Fuel Oil

2500
1500
500

1000

o
5

Dispatch with current electricity mix

(simulated display for 1 week)
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s \Wind Profile Kenya = Hydro Kenya

1 PV Profile Kenya

Imports
Note: The dispatch is based on many assumptions due to very limited data availability

I Run of River Profile &

B Geothermal
= Fuel Oil

. OCGT
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¢

Dispatch with additional EG (100 MW)

100 MW EG corresponding to the current limit set in the Net Metering Regulations

type Capacity

ion

Generat

2500
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Geothermal

Run-of-river
Solar PV

Wind
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728 MW
52 MW

Reservoir Hydro

OCGT
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Fuel Oil

EG (rooftop PV)

N

:

1500
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1000

500

Existing PV + 100 MW
additional PV (from EG)
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s \Wind Profile Kenya = Hydro Kenya

I Run of River Profile PV Profile Kenya

B Geothermal

Exports e Demand

Imports

m Fuel Oil

m OCGT
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Dispatch with additional EG (500 MW)

type Capacity

ion

Generat

2500

876 MW
81 MW

Geothermal

Run-of-river
Solar PV

Wind

210 MW
425 MW
728 MW
52 MW

Reservoir Hydro

OCGT

514 MW
500 MW

Fuel Oil

EG (rooftop PV)

N

:

1500

M

1000

500

Existing PV + 500 MW
additional PV (from EG)
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s \Wind Profile Kenya = Hydro Kenya

I Run of River Profile PV Profile Kenya

B Geothermal

Exports e Demand
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m Fuel Oil
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w, outflow
requirements, potential PPA

requirements, ...

e Demand

0 Depends on generator
flexibility, in particular
reservoir hydro and fuel oil

Exports

hydro inflo
s \Wind Profile Kenya = Hydro Kenya

[0 Depends on reservoir capacity,

PV Profile Kenya
Imports

other generation?
I Run of River Profile

m Fuel Oil

Could sudden PV output
changes be compensated by

Can reservoir hydro adjust its
power output flexibly?

B Geothermal
. OCGT
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Dispatch with additional EG (500 MW) "

GET.transform

Transforming Energy
Sectors Globally

2500

2000

Otherwise, could the surplus
be exported to neighbouring

1500
. countries given technical and
< contractual constraints?
1000 [0 Depends on energy needs
in other countries
. Could run-of-river and/or 0 Surplus must potentially be
geothermal ramp down during curtailed

times of surplus?
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Results (with no EG) i

GET.transform

Transforming Energy
Sectors Globally

Generation type Capacity

Geothermal 876 MW System Indicators
Run-of-river 81 MW Max load (MW) 2282
Solar PV 210 MW lite SRR 249
: Min Residual Load (dispatchable) (MW) 0
Wind 425 MW
Consumption (GWh) 14,061
Reservoir Hydro 728 MW Unserved Load (GWh) i
OCGT 52 MW Curtailment (GWh) -
Fuel Oil 514 MW hla ok e
Self-Consumption Rate ((demand-export)/demand) 100.0%
EG (rooftop PV 0 MW
( P PV) Self-Sufficiency Rate ((demand-import)/demand) 99.6%
Generation Mix
Import{ Exports —— -
0% 0% o Wind
E A 10/0Run.of.mver Technology Indicators Solar R Run_:rf_mv Biomass |~ dro I | Imports  Exports
Hydro 6% Max generation output (MW) 180 403 81 2 688 729 52 514 227 0
30% Min generation output (MW) 0 0 81 2 577 5 0 0 0 -58
Total Generation (GWh) 438 1,146 711 18| 5543] 3,633 451 2,071 50 0
Max hourly generation change (MW) 170 201 - - 71 251 51 207 150 48
Geothermal
46%
05/11/2025 15




Results (with 500 MW EG) "

GET.transform

Transforming Energy
Sectors Globally

Generation type Capacity

Geothermal 876 MW System Indicators
Run-of-river 81 MW Max load (MW) 2282
Solar PV 210 MW lite SRR 249
: Min Residual Load (dispatchable) (MW) 0
Wind 425 MW
Consumption (GWh) 14,061
Reservoir Hydro 728 MW Unserved Load (GWh) ]
OCGT 52 MW Curtailment (GWh) -
Fuel Oil 514 MW hla ok S04
Self-Consumption Rate ((demand-export)/demand) 99.9%
EG (rooftop PV 500 MW
( P PV) Self-Sufficiency Rate ((demand-import)/demand) 99.7%
Generation Mix
Imports Exports Solar
0% 0% 11% .
Os,cof Wind Technology Indicators Solar Wind Run:rf_mv Biomass |5 aro - - Imports  Exports
oy 9% Max generation output (MW) 607 403 81 2 688 729 52 514 227 0
- Min generation output (MW) 0 0 81 2 577 4 0 0 0 -192
A R”“‘Z;R'Ver Total Generation (GWh) 1,480 1,146 711 18| 5,543 3,633 374 1,135 39 -18
Max hourly generation change (MW) 576 201 - - 71 466 52 378 179 175

Geothermal
43%

05/11/2025 16




How are EGs (and solar PV in general) i

GET.transform

impacting power system operation? T

System Operation Impacts Minimum load of synchronous generators Reservoir hydro and fuel oil flexible, run-of-river and

(Dispatch, Reserves) geothermal inflexible?
Ramping of synchronous generators Run-of-river hydro, reservoir hydro very flexible? Geothermal
inflexible?
Imbalances (Forecasting errors, etc.) Must be compensated by flexible generation (reservoir hydro,
fuel oil)
Impact on trading/cross-border flows Depends on PPA / trading agreements
Inertia / System Non-Synchronous Probably only relevant at high PV/wind penetration levels
Penetration (SNSP)
Spinning reserves To be provided by flexible, synchronous generation (reservoir
hydro, fuel oil, possibly geothermal?)
Transmission Grid Transmission line congestion To be assessed by power system analysis. Local consumption
Operation of EG however leads to usually less Tx strain.
Voltage regulation To be assessed by power system analysis. Reduction of

voltage control from synchronous generation.
Protection To be assessed by power system analysis.

05/11/2025 Footnote 17




Summary of Results

Challenge

Implications

x
x
*

GET.transform

Transforming Energy
Sectors Globally

Results 500 MW EG

Can reservoir hydro adjust its power output [0  Depends on reservoir capacity, hydro inflow, outflow . .
. Y J P P P . capacty, iy ’ Reservoir hydro reducing to almost 0 MW

flexibly? requirements, potential PPA requirements, ...
Reservoir hydro: Reduction to almost 0 MW and

Could sudden PV output changes be [0 Depends on generator flexibility, in particular reservoir maximum ramp of 466 MW

compensated by other generation? hydro and fuel oil Fuel oil: Reduction to 0 MW and hourly ramp of
378 MW

Could run-of-river and/or geothermalramp [0  Depends on run-of-river hydro resources and geothermal  Run-of-river and geothermal flexibility would

down during times of surplus? flexibility greatly improve dispatch

Otherwise, could the surplus be exported to . . . .

. . i p p [0 Depends on energy needs in other countries All surplus curtailed would result in 1.2% of solar
neighbouring countries given technical and . i .
. 00  Surplus must potentially be curtailed curtailment

contractual constraints?

Are spinning reserves sufficient during high 0  Depends on spinning reserve provision by remaining To be assessed. Parallel assignment of

inverter-based penetration? power fleet GET.transform on Ancillary Services.

Can Tx line congestion occur? Is voltage

control sufficient? Are protection systems 0 To be evaluated by transmission system studies -

adequate?

05/11/2025
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ET.transform

Transforming Energy
Sectors Globally

Conclusion (G

EG technical impact in Kenya depending on:

* Generation fleet flexibility (reservoir hydro, run-of-river hydro,
geothermal, OCGT, fuel oil)

* Trading agreements to sell surplus electricity

* Transmission grid operation aspects

* 100 MW EG likely having limited impact. 500 MW EG (representing up to 22% of peak

demand) potentially possible depending on generator flexibility

05/11/2025 Footnote 19



Outlook — Future Generation Scenarios (G

ET.transform

Transforming Energy
Sectors Globally

— Itis possible to easily calculate future generation scenarios with:
— Increased demand
— New generation (including utility-scale solar, wind power, biomass, new hydro, geothermal, etc.)

05/11/2025 20
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Outlook — Future Generation Impacts :

GET.transform

Transforming Energy
Sectors Globally

Future
Generatio
n

Utility
Scale PV

Increased
Generation
Flexibility

Increased
VRE

Increased generation
flexibility allows the
system to cope with
higher EG integration

Increasing utility-scale
PV will constrain the
amount of EG that
can be integrated into
the grid

Rooftop
PV (EG)

Battery
Storage

Flexibility

EG leads to customers Battery storage can Increased demand
adjusting their consumption increase the amount and demand

to better align with PV of EG / utility-scale flexibility will
production, but offer limited PV that can be increase EG limits
controllability compared to integrated but

utility scale PV depends on use case

05/11/2025 21




Planning Implications
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Planning Implications B

GET.transform

Transforming Energy
Sectors Globally

Check Model Results Conduct Analysis

Example: Output shows

technical issues for certain EG amount of EG supported by
penetration level - net metering regulations

Example: Constrain the

Modelling
Process

Run Future Scenario Implement Planning

Example: Apply necessary Example: Introduce early
regulations for potential EG solutions for EG, so that
curtailment percentage and relevant portions of EGs can be
duration actively controlled/curtailed

05/11/2025 Footnote 23
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ET.transform

Transforming Energy
Sectors Globally

Minimum data requirements (G

— Hourly demand and generation dispatch profiles (incl. imports/exports) for last available year

— Installed and available capacity per power plant (incl. energy storage)
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ET.transform

Transforming Energy
Sectors Globally

Assumptions on merit order (G

Merit order in current generation mix (i.e., in which priority order are power plants dispatched?):

— Typically, we will assume: Solar & wind [ run-of-river hydro [ geothermal LI biomass [
reservoir hydro [J coal [l imports [ gas CCGT [J gas OCGT L] diesel/HFO

— Please confirm or adjust. For example, there may be must-run constraints due to PPA contracts
or electricity network stability reasons. If that’s the case, please let us know the respective
restrictions
— Example 1: Power plant X must always be switched on to provide voltage support

— Example 2: Power plant Y must have at minimum 6000 full-load hours
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Assumptions on hydro power plant G

ET.transform

operational constraints i
Please describe technical and contractual limitations in hydro power plant operation, in particular
regarding:

— How large is the upstream reservoir in comparison to turbine throughput or, in other words,
how long can the hydro power plant be stopped until the reservoir is filled up?

— Are there any downstream water requirements, e.g., a minimum throughput or certain water
levels required (e.g. for water supply to agriculture)
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Assumptions on imports and exports G

Please let us know what limitations and considerations need to be considered regarding imports
and exports. For example:

— Maximum import and/or export limit (due to limited interconnector capacities, transfer limits,
or PPA restrictions)

— Import/export limits only applicable to certain times of the day or specific seasons/months

— Maximum energy imports for a given time period
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C o n St ra i n t S Settors ol

Are there other operational constraints on certain power plants? For example:

Assumptions on other operational (G

— Coal power plant cannot go below certain output (e.g., 50%)
— Certain power plants need to keep headroom for spinning reserves

— Diesel/HFO operation cannot be more than X% capacity factor due to limited fuel supply
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Optional: Data requirements for future (G

ET.transform

Transforming Energy

generation mix

If you want us to determine DG limits also in the future generation mix, we will further need the
following information:

Timeline to be considered (e.g., until 2035)

Demand projections for the time horizon

Expected installed generation capacity for the time horizon (based on the least-cost generation
expansion plan, integrated resource plan, or similar guidance)

Information on the new generation plants:
— For solar and wind: Location and expected capacity factor
— For hydro generation: Location and expected capacity factor, expected hydro inflow (e.g. monthly)

— For conventional generation: Expected operational flexibility, minimum capacity factors
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