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Agenda — Day 2 B
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Recap Day 1 and Overview Day 2

Assessment of EG Interconnection Applications:
Zimbabwe Net Metering Regulation and Codes

Assessment of EG Interconnection Applications:
Introduction and international good practices

Assessment of EG Interconnection Applications: Proposal
for Simplified Connection Criteria in Zimbabwe

Assessment of EG Interconnection Applications: Alignment
of Proposals with the Net Metering Regulation and Codes

System Limits to EG - Introduction and Assessment Methods
(separate presentation)

Timeline and Way Forward



Simplified Connection Criteria for EG ",

What’s the purpose? GETtranSform
Grid Impact Studies: Simplified Connection Criteria

— Assess whether a generator can be — Simpler assessment approach to allow
connected to the grid without violating smaller EG systems to connect while
technical constraints and grid code ensuring compliance with Grid Code
parameters. parameters and technical constraints.

— Carrying out these studies for many EGs — Significantly speed up the application
would require too much effort and time, process and reduce associated costs.

making it impractical.
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Simplified Connection Criteria for EG g

Where is it applicable? GET.transform

Transforming Energy
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Connection assessment method

Generator characteristics

= = — 7

|0-350 kW |
[ (small-scale) |

| 1

>350kW
(large-scale)

Self-consumption or ‘pure’ Simplified : :
Customer type Generator type . . Grid studies
generator/IPP Connection Criteria
Self-consumption v ]
LV or MV LV
Pure generator/IPP (D ) (V )
Self-consumption ] v
All customers MV
Pure generator/IPP ] v
Self-consumption or ‘pure’
LV or MV P P ] v

generator/IPP

The proper threshold should

be investigated
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Assessment of EG Interconnection
Applications: Proposal for
Simplified Connection Criteria
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ET.transform

Simplified Criteria

¢ Proven in the Region
Simplified connection criteria successfully developed for Uganda,
Namibia, Eswatini, Lesotho, Mozambique, and Madagascar.

Fast-Tracking EG Integration with Proven, (G

o Tailored to Grid Realities

Designed with the specific challenges of African distribution Simplied Connection Criterattan
networks in mind—ensuring practicality and relevance. Low-Voltage Connected Generators
/-’ Smart Screening Approach UEANDA

Enables quick, reliable assessment of EG applications based on

actual grid hosting capacity—without compromising network

reliability.

7 Faster Processing, Less Burden
Reduces workload for utility staff and supports compliance with
regulatory timelines.

IT1 Fair & Objective
Applies clear, transparent rules to ensure EG projects are treated
consistently and not unnecessarily restricted.
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Simplified Connection Criteria for EG :

To which cases does it apply? GET.transform

Sectors Globally

— Sets out the minimum technical requirements for EGs connected to the LV (< 1 kV) grid.

— Simplified Connection of generators is limited to a Nameplate Power Rating (NPR) of less than
350 kVA *,

— EGs that fall within these two criteria are proposed to follow a simplified connection process
that will not require detailed network studies.

Kenya SSEG Connection Guidelines:

Nominal Voltage Maximum Aggregate Generating Unit Capacity Exported at a

— *The final threshold should be discussed further, — Polnt of supply
taking into account: T1kv MW

33kV 10MW

— The characteristics of each country’s power system.

— The threshold specified in the draft provided by SEA for EG Regulatory Framework/EG Utility
Requirements

NPR: The aggregated maximum nameplate AC apparent power rating of the power conversion equipment, e.g., inverters,
synchronous machines, or asynchronous machines.

05/11/2025 8




Technical impacts of EG €T transform

Sectors Globally

Simplified Connection Criteria for EG (G

The Simplified Connection Criteria address two main negative impacts from EG:
1. Overloading of network equipment

2. Overvoltage from reverse power flow

Furthermore, they are addressing additional negative impacts with lower relevance:

3. Phase unbalances

4. Fault level contribution and protection coordination

Note: The impacts of local load and losses are ignored in the assessment of Simplified Connection
Criteria.

05/11/2025 9



Definition of Maximum Export Capacity (G

ET.transform

Transforming Energy
Sectors Globally

The Maximum Export Capacity (MEC) is defined as follows:

The maximum aggregative active power the installation is capable to export towards the network at the
point of connection set by the generator rating.

Note: For inverter-based generation, the inverter rating shall be used.

05/11/2025 10



Simplified Connection Criteria for EG (G

Criteria for zero-export EGs GET transform

Sectors Globally

— If the EG is non-exporting, meaning no power is exported across the PCC and the MEC is zero,
then no assessment is necessary as the EG does not impact the network through power

injections.

— There is no need to assess any further connection criteria as long as:
— The EG meets the minimum technical requirements stipulated in the Embedded Generator
Interconnection Specification (=Task 1)
— The Nameplate Power Rating (NPR) does not exceed 350 kVA*
— The EG applicant shall provide proof that power export is either impossible or negligible under all
circumstances.

05/11/2025 11




General criteria ET.transform

ransforming Energy
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Simplified Connection Criteria (G

1. AllLV grid-connected EGs must be certified to meet the minimum technical requirements
stipulated in the Embedded Generator Interconnection Specification (= Task 1).

2. Simplified connection of EGs is limited to a Nameplate Power Rating (NPR) of less than 350
kVA.

3. Theindividual Maximum Export Capacity (MEC) is limited to 100% of the customer’s Utility
Installed Capacity (UIC).

UIC: The utility’s apparent power installed capacity, that is the minimum of the notified maximum demand
stated on the billing system, breaker size, or transformer size.

05/11/2025 12



Simplified Connection Criteria (G

Energy storage charging & phase-balancing criteria ET.transform

Transforming Energy
Sectors Globally

4. For systems equipped with energy storage systems, the Maximum Charging Current (MCC)
measured on the AC terminals of the power conversion equipment is limited to a value
equivalent to 25% of the customer’s UIC.

5. For an MEC exceeding 4.6 kVA, a three-phase supply is required.
— On athree-phase supply, the power imbalance across phases should not exceed 4.6 kVA.
— if the limit is exceeded, the customer can apply for an upgraded three-phase supply.
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Grid equipment loading criteria ET.transform

Transforming Energy
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Simplified Connection Criteria G

6. The total MEC of all EGs connected to an LV feeder should not exceed the rated capacity of
the LV feeder conductors.

7. The total MEC of all EGs connected to an LV network should not exceed the rated capacity of
the MV/LV transformer. An example:

]| >
MV 315 kVA i i i i

|_< D o= +-,, —
100 mm? bare, 3ph, 200 m i

Eecann Mo S =
K
50 mm? bare, 1ph, 400 m -ljﬁ
Lv To compare
|th
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Grid equipment loading criteria ET.transform

Transforming Energy
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Simplified Connection Criteria G

6. The total MEC of all EGs connected to an LV feeder should not exceed the rated capacity of
the LV feeder conductors.

7. The total MEC of all EGs connected to an LV network should not exceed the rated capacity of
the MV/LV transformer. An example:

mcan Bl >
MV 315 kVA i i i i

W“L. T ’

100 mm? bare, 3ph, 200 m

To compare
LV with /
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Simplified Connection Criteria G

Grid equipment loading criteria ET.transform

Transforming Energy
Sectors Globally

6. The total MEC of all EGs connected to an LV feeder should not exceed the rated capacity of
the LV feeder conductors.

7. The total MEC of all EGs connected to an LV network should not exceed the rated capacity of
the MV/LV transformer. An example:

il 7
MV 315 kva Y@ Y@

}

;

B By %
T—-’ T-{
To compare T > O
with ;
< ——
“ ra

! @ @)
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Grid equipment loading criteria ET.transform

Transforming Energy
Sectors Globally

Simplified Connection Criteria ( g
G
6. The total MEC of all EGs connected to an LV feeder should not exceed the rated capacity of
the LV feeder conductors.

7. The total MEC of all EGs connected to an LV network should not exceed the rated capacity of
the MV/LV transformer.

Note: Criteria 6) and 7) assess the risk of overloading distribution grid equipment. If the utility's
analysis determines that an upgrade to the transformer or conductor is needed, the utility will
provide the applicant with a detailed explanation of why the upgrade is required. The cost of the
upgrade, either fully or partially, will be borne by the applicant.

05/11/2025 17
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Reverse power flow criteria

Simplified Connection Criteria G

ET.transform

Transforming Energy
Sectors Globally

8. The total MEC of all EGs connected to an MV feeder, including the EGs connected to
downstream LV feeders, should be less than 15% of the MV feeder peak load.

If criterion 8) is violated, the total MEC should be compared to the MV feeder minimum load.

If the aggregate MEC is less than 100% of the MV feeder minimum load, this criterion is
passed.

To compare with 15% of
the MV feeder peak load
or 100% of minimum load

05/11/2025 @ @ @
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Simplified Connection Criteria G

*
Reverse power flow criteria ET.transform

ransforming Energy
Sectors Globally

8. The total MEC of all EGs connected to an MV feeder, including the EGs connected to
downstream LV feeders, should be less than 15% of the MV feeder peak load.

9. |If criterion 8) is violated, the total MEC should be compared to the MV feeder minimum load.

If the aggregate MEC is less than 100% of the MV feeder minimum load, this criterion is
passed.

Note: When EG installations increasingly exceed the specified limits, conducting hosting capacity
studies is recommended. The results of these studies should replace the limits above to more
accurately determine the technical capacity of MV feeders to accommodate EGs without the need
to conduct a detailed network study per application request when the limits are exceeded.

05/11/2025 19




Simplified Connection Criteria (G

Fault level contribution and protection coordination GET transform

Sectors Globally

10. Fault level related issues are not anticipated for inverter-based generators as the fault current
contribution is typically limited to the converter current rating. In the case of inverter-based
generators, this criterion is therefore automatically passed.

For non-inverter-based EGs, the fault level contribution should be assessed and compared

against the fault current ratings of the equipment. Additionally, the coordination of the
protection system should be verified.

05/11/2025 20



Voltage change criterion ET.transform

Transforming Energy
Sectors Globally

Simplified Connection Criteria ( i
G
11. The voltage change across the MV/LV transformer and its LV feeders, caused by the MEC of

all EGs connected to that LV network, should be limited to a utility-specified threshold, within
the range of 1% to 3%.

To assess this criterion, it is recommended to use a calculation formula, as outlined in
subsection 5.7.1. However, the utility may also consider alternative methods to ensure the

B o w mmm n e n mmm o mmm w mmm N Emm h mmm n e n m [

5.7.2. [ a) Look-up table, E)) Constraints on MEC

....................... J

Following the NRS097-2-3, based on typical
South African distribution networks.
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Voltage change calculation ",

Calculation formula GET.transform

Transforming Energy
Sectors Globally

Fhe voltage change at the Point of Common Coupling (PCC) while drawing inductive reactive
power can be calculated as follows:

Sk - [(Rpr + Rpy) - cos(@)ge — Xpr + Xpy) - sin(@) el
= Uz

Au

With:

S¢s: Apparent power of EG

Rom, Ry Xpp Xy : Resistance (R) and reactance (X) of the distribution transformer (DT) and LV lines leading to the EG
cos(d)eg, sin(d)es : Power factor of the EG

Uy: Nominal voltage

05/11/2025 22
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Voltage change calculation G ™

Calculation formula ET.transform

Transforming Energy
Sectors Globally

The voltage change at the Point of Common Coupling (PCC) while drawing inductive reactive
power can be calculated as follows :

...............................................................

Note: It is recommended to use complex load flow calculations in power system software rather
than manual calculation in the case of meshed LV networks or high EG numbers.

Note: Since distribution grids are typically resistive with a high R (resistance) to X (inductance)

ratio, the formula may be simplified and the voltage change at each PCC can be calculated, using
the formula below:

Sec - [(Rpr + Ryy) - cos(@)g¢] If a voltage violation occurs, the more precise
Uz formula should be used.

05/11/2025 23




Alternative approach: look-up table ET.transform

Transforming Energy
Sectors Globally

Voltage change calculation G

— A look-up table provides the maximum allowable EG capacity as a function of conductor type
and length between the PCC and the LV busbar of the MV/LV transformer.

— This table gives the highest EG capacity that can be connected at each distance without
causing the voltage change to exceed the specified threshold.

— The utility should develop this table based on typical conductor types in their LV distribution
networks.

05/11/2025 24




Voltage change calculation B

Alternative approach: look-up table — example GET.transform

Transforming Energy
Sectors Globally

TABLE 1. The MEC (in kVA) of an EG that can be connected to a dedicated LV feeder as a
function of Aluminum PVC cable size and distance from the LV busbar of the MV/LV

transformer +

CROSS-SECTION (MM?), CONDUCTOR AND ISULATION MATERIAL

Distance 300 Al 240Al 185A1 150Al 120Al 95Al 70 Al 50 Al 25 Al

(m) PVC PVC PVC PVC PVC PVC PVC PVC PVC
0 307 271 234 208 186 164 139 113 59
50 307 271 221 179 143 112 81 58 29
100 184 145 110 89 69 55 41 29 15
150 122 97 74 58 46 37 27 19 10
P 200 92 73 53 35 28 20 15 7
250 73 58 42 35 28 22 16 12 6
300 61 48 35 29 23 18 14 10 5
350 52 39 30 25 20 16 12 8 4
400 46 34 26 22 17 14 10 7 3,5
450 41 30 24 19 15 12 9 6 3
500 34 27 21 17 14 11 8 5,5 3
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Voltage change calculation i

Alternative approach: constraints on MEC GET.transform

Transforming Energy
Sectors Globally

As an alternative to the recommended approach or the look-up table, the utility may choose to
apply the additional criteria outlined below for evaluating the EG system. These criteria should be
evaluated taking into account whether the EG is connected to a shared or dedicated feeder.

12.  For customers connected to a shared LV feeder, the following should apply:
a. The individual MEC is limited to 25% of the customer’s UIC

b. The total MEC of all EGs connected to a shared LV feeder should be limited to 25% of the MV/LV
transformer rating.

13.  For customers connected to a dedicated LV feeder, the following should apply:
a. The individual MEC is limited to 75% of the customer’s UIC.

14.  The total MEC (i.e. shared LV generation and dedicated LV generation) supplied by a MV/LV
transformer should be limited to 75% of the MV/LV transformer rating.

— Note: The thresholds specified in criteria 12) to 14) are taken from NRS 097-2-3:2023 which are based on
the typical distribution networks in South Africa. To establish more accurate thresholds for these criteria,
specific to Zimbabwe, a dedicated hosting capacity study should be conducted to determine more
accurate and country-specific MEC limits, considering local network characteristics and expected EG
growth.
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The individual MEC is limited to 100% of the customer’s UIC

Simplified Connection Criteria: Summary (G
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Simplified Connection Criteria: Summary (
Grid equipment loading (1) G
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Simplified Connection Criteria: Summary (
Grid equipment loading (2) G
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Simplified Connection Criteria: Summary (
Grid equipment loading (3) G
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Reverse power flow criterion ET.transform

Transforming Energy
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Simplified Connection Criteria: Summary (G
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Simplified Connection Criteria: Summary (G

Voltage change criterion ET.transform

Transforming Energy
Sectors Globally
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The voltage change must not
0, o)
The voltage change must not exceed a range of 1% to 3%

exceed a range of 1% to 3%
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Flow chart of simplified connection criteria B

Initialze smpified connection technical
evaksation process for LV-connected EGs

No
No
NPR' 5 350 KVA?
No
MEC? < uic®?
No

MCC* 51 @ 25% of UIC?

MEC 5 4.6 kvA?

Yes Yes o

Yes No

Unbalance < 4.6 kvA?

05/11/2025

Terminale Smplified connection lechnical

evalsabon process for LV-connecled EGs

\ J

GET.transform
Transforming Energy
Sectors Globally
Yes
No No
IMEC on LV feeder < rated
ol LV a2 Geid upgrade by EG apphcant?
Yes
No No
IMEC on LV network < rated
capacity of MV/LV transformer? Grid upgrade by EG applicant?
No
Yes
bage change at each P No No
< utikty-specifed threshold Gnd vpgrade by EG applicant?
(1%-3%)0
Simpified connection arfteria are NOT met|
Simpified connaction critena are met and Detasied Study needs to be P —
pesformed
- . .
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1.

Open discussion ",

Simplified Connection Criteria — Voltage change GET.transform

Transforming Energy
Sectors Globally

The voltage change at each PCC can be calculated using the formula below:

_ DG [(Rpr + Riy) - cos(¢)pe — Xpr + Xpy) - sin(@)pe]

Au
Ug

Look-up table

A look-up table provides the maximum allowable EG capacity as a function of conductor type and length between the PCC and the LV
busbar of the MV/LV transformer

Constraints on MEC

For customers connected to a shared LV feeder, the following should apply:
a. The individual MEC is limited to 25% of the customer’s UIC

b. The total MEC of all EGs connected to a shared LV feeder should be limited to 25% of the MV/LV transformer rating.

Propose all voltage calculation methods, or limit them in certain countries?
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Simplified connection criteria exercise ",

Exercise 1: Commercial PV system GET.transform

Transforming Energy
Sectors Globally

Commercial PV system application with a 30 kW PV panel and 25 kVA 3-phase inverter
The customer has a notified maximum demand of 40 kW

Customer is connected on a 100mm? Dog conductor with
— Resistance: 0.273 Ohm/km

— Reactance: 0.194 Ohm/km

— Rated current: 278A

The customer’s distance from the MV/LV transformer is about 50 meters

The LV network has a 315 kVA transformer with
— Resistance: 0.0061 Ohm
— Reactance: 0.0220 Ohm

The LV network is supplied by a MV feeder with a peak load of 800 kVA and a minimum load of 200 kVA
There are no other EGs on the LV network

On the MV network, there are already other EGs with a maximum export capacity of 100 kVA
Maximum allowed voltage rise: 3%

Task: Evaluate the customer application using the assessment spreadsheet using the detailed voltage calculation.
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v 50 mm? bare, 1ph, 400m

w
100 mm? bare, 3ph, 200m | 50 mm? bare, 3ph, 200 I+.
E t 100A t 100A |/ [i: = 2 =
. 631A 83A BIA

w

100 mm? bare, 3ph, 200m 22 50 mmz bare, 3ph, 200m

100A 100A
63A 83A E3A

A"
100 mm? bare, 3ph, 200m ’é 50 mm? bare, 3ph, 200m

; 100A 100A
B3A 63A 63A

50 mm? bare, 1ph, 400m

50 mm? bare, 1ph, 400m

My

BT

JISKVA

50 mm? bare, 1ph, 400m

B

100A 100A

w
E 100 mm? bare, 3ph, 200m |« 50 mm? bare. 3ph, 200m }‘7“.

63A 63A 6IA

l 40 =ingle-phase residential customers in total on the kst 400m of all 4 feaders
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Simplified connection criteria exercise :

Exercise 2: Residential PV system — MEC method GET.transform

Sectors Globally

Residential PV system application with a 10 kW PV panel and 8 kVA 1-phase inverter
- The customer’s circuit breaker rating is 60 A.
- Customer is connected after 200m of 100mm? Dog conductor, 200m of 50mm? Dog conductor, and 50m of single-phase 50mm? Dog conductor

- 100mm? Dog conductor specs
- Resistance: 0.273 Ohm/km
- Reactance: 0.194 Ohm/km
- Rated current: 278A

- 50mm? Dog conductor specs
- Resistance: 0.553 Ohm/km
- Reactance: 0.392 Ohm/km

- The LV network has a 315 kVA transformer with
- Resistance: 0.0061 Ohm
- Reactance: 0.0220 Ohm

- The LV network is supplied by a MV feeder with a peak load of 800 kVA and a minimum load of 200 kVA
- There are 15 kVA of other EGs on the LV network

- On the MV network, there are already other EGs with a maximum export capacity of 100 kVA

- Maximum allowed voltage rise: 3%

Task: Evaluate the customer application using the assessment spreadsheet using the simplified NRS approach/MEC constraints approach.
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Simplified connection criteria exercise :

Exercise 3: Residential PV system — Voltage calculation method GET.transform

Sectors Globally

Residential PV system application with a 10 kW PV panel and 8 kVA 1-phase inverter
- The customer’s circuit breaker rating is 60 A.
- Customer is connected after 200m of 100mm? Dog conductor, 200m of 50mm? Dog conductor, and 50m of single-phase 50mm? Dog conductor

- 100mm? Dog conductor specs
- Resistance: 0.273 Ohm/km
- Reactance: 0.194 Ohm/km
- Rated current: 278A

- 50mm? Dog conductor specs
- Resistance: 0.553 Ohm/km
- Reactance: 0.392 Ohm/km

- The LV network has a 315 kVA transformer with
- Resistance: 0.0061 Ohm
- Reactance: 0.0220 Ohm

- The LV network is supplied by a MV feeder with a peak load of 800 kVA and a minimum load of 200 kVA
- There are 15 kVA of other EGs on the LV network

- On the MV network, there are already other EGs with a maximum export capacity of 100 kVA

- Maximum allowed voltage rise: 3%

Task: Evaluate the customer application using the assessment spreadsheet using the detailed voltage calculation.
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Simplified connection criteria exercise ",

Exercise 4: Residential PV system GET.transform

Transforming Energy
Sectors Globally

—  Residential PV system application with a 6 kW PV panel and 5 kVA single-phase inverter (customer #3)
—  The customer’s circuit breaker rating is 60A.

— 3 Customer are connected with each 5 kVA:
- #1: after 200m of 100mm? Dog conductor, 200m of 50mm? Dog conductor, and 30m of single-phase 50mm? Dog conductor
- #2: after 200m of 100mm? Dog conductor, 200m of 50mm? Dog conductor, and 60m of single-phase 50mm? Dog conductor
- #3: after 200m of 100mm? Dog conductor, 200m of 50mm? Dog conductor, and 400m of single-phase 50mm? Dog conductor

- 100mm? Dog conductor specs
- Resistance: 0.273 Ohm/km
- Reactance: 0.194 Ohm/km

—  50mm? Dog conductor specs
- Resistance: 0.553 Ohm/km
- Reactance: 0.392 Ohm/km

- The LV network has a 315 kVA transformer with
- Resistance: 0.0061 Ohm
- Reactance: 0.0220 Ohm

—  The LV network is supplied by a MV feeder with a peak load of 800 kVA and a minimum load of 200 kVA
—  Onthe MV network, there are already other EGs with a maximum export capacity of 100 kVA

Task: Evaluate the customer application using the assessment spreadsheet using the detailed voltage calculation.
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CHAPTER 5

Timeline and Way Forward
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Scope of this project (G ™

ET.transform

Transforming Energy
Sectors Globally

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

Task 1 Task 2 Task 3 Task 4

Development of EG
Interconnection
Requirements

Final: Oct25 Final: Oct25
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