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® Microgrids India (2012)

® System Study Seychelles (2014)

® Grid Code Barbados (2015)

® Island Studies Indonesia (2018)

® Technical Assistance Indonesia (2018-20)

* Island capacity expansions studies

*  Development of PPA and tender documents
*  Revision of distribution code
*  Capacity building and training
® Bahamas Capacity Expansion (2019-21)
® Bahamas Dynamic Stability (2019-21)
® Dominican Republic Grid Code (2020-21)
® Galapagos Capacity Expansion (2020-21)
® Trinidad and Tobago Capacity Expansion (2020-21)
® Guyana Capacity Expansion (2020-21)




\
. . . 7|
Energynautics Experience: Grid Codes energynautics
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® Technical Requirements Seychelles (2014)
® Grid Code Barbados (2015)

® |IRENA Role of Grid Codes (2015-16)

® Wind Grid Code Lebanon (2016)

® Distribution Code Armenia (2017-18)

® EU Network Codes Estonia (2017-18)

® ASEAN Grid Code Comparison (2018)

® Grid Code Mongolia (2018-19)

® Distribution Code Indonesia (2019-20)

® Grid Code Dominican Republic (2020)

Scaling up Variable Renewable Power: The Role of
Grid Codes

semena  Increasing the share of renewable power from variable sources, namely solar

nnnnnnnnnnnnnnnnnnnnnn gy, requires to be by
nnnnn o
vvvvv

http://energynautics.com/en/services/grid-code-development/

https://www.irena.org/publications/2016/May/Scaling-up-Variable-
Renewable-Power-The-Role-of-Grid-Codes
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Hot spots: Africa, Caribbean and South
East Asia

Several 100,000 inhabited islands world wide

® Most permanently inhabited islands are located
in the tropic seas

® Most are high sea islands that are too far out to
be connected to main grid

® Remote areas in developing countries are also
often supplied by similar small grid systems

® Almost all are powered with 100 % fossil fuel
(diesel)
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VRE Integration Challenge

6000

VRE integration is usually economically
feasible as renewables are cheaper than
diesel
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Operator’s Perspective

Renewables can save fuel and reduce generation cost

B

Great, let’s go!

.

Nice, but...

RS

We have heard 100 %
renewables is already
possible in island grids —
can we please build
something like that by
next year?

If 50 kW of PV will be
installed on my 10 MW
island — will we get
dynamic stability
problems? Do we need
batteries?

P

P

Take it easy — give it a chance — allow for some
development — and learn as you go along!
(Nobody starts at 100 % right away.)

-
-l

T
1
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No thanks...

¥

This may work
somewhere else, but
here it is obviously
infeasible. (Also, we
earn money with diesel
generation.)

P

\
7|

energynautics

sustainable development

Please find a technical
reason why we can‘t do
it.
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Key Challenge #1: Suitable technical requirements for small systems

VRE and batteries have to participate in system services, especially frequency control
Parameters have to be tuned to system characteristics
Requirements can be quite strict as high VRE shares will be reached quickly

“Slow start” is recommended, but requirements should be forward-looking

Key Challenge #2: Implementation and enforcement

Island nations: Single system controlled by single utility
Also common: One utility controls multiple (and potentially very different) systems
Single systems have low market power and cannot drive development

For multiple systems under the same governance, it is difficult to apply uniform requirements
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Deadband
Frequency and active power control are N _U_
crucial in isolated systems | T [EEp
% Pree m:' gy oD
§ Band of reguiation e =
®* VRE have to be controllable P
®* VRE have to participate in frequency control

§ £ £ fi fi fnos
System frequency in Hz

® Some curtailment is unavoidable
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Isolated systems typically operate at voltages between 0.4 and 20 kV.
In some countries, this makes them subject to the distribution code.
Detailed frequency control requirements are usually found in transmission codes.

We have a problem here: We basically need a transmission code for distribution
voltage levels, and transmission style requirements for small generators

> lIsolated systems can profit from smart grid codes in the future!
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VRE-ESS-diesel hybrid systems are already
being implemented successfully!

Hydro
Tasmania

®* Mostly with no grid code in place

Hybrid Energy System - NL Antilles, 2017
ces ries L]

Large-Scale Island Electrification, St. Eustafius

®* Custom designs work very well

®* Fine for pilot projects

®* May become problematic for large-scale

rollout (cost!) [t et s oA S
® Especially system operators in developing — ' :
H H Spain's El Hierro island
countries struggle with the development of g
custom requirements for each of their systems o)

®* Private sector development is often desired,
especially if the utility has no previous
experience

10
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Utilities operating one (or a low number) of
isolated power systems are common | S Coda

* Island nations like Barbados or the Seychelles

s 2

At Voltages 24.9 kV and below

Prepared by The Barbados Light & Power Company Limited with the assistance of
Energynaunics Gmbly

®* Quite a few of them do have grid codes in place @CTCN PUR @

v

Developed by consultants based
on international good practice

uuuuuuuuu

® Systems usually from a few to a few hundred MW

®* Problem: Grid codes should not contain any
requirements that go beyond the requirements of
larger systems

®* Result: Limitations to VRE integration 1
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In some countries, high numbers of isolated systems
are either operated by the same utility or governed by T ——
the same regulator ,:‘(%E DMC
* |Indonesia, Philippines, multiple countries in South America SSamT T EE
and Africa
* |solated systems either not subject to any grid codes, or SMALL GRID
subject to (insufficient) distribution code GUIDELINES
®* Good example: Small Grid Guidelines in the Philippines,
technical framework for small systems (somewhat
outdated, but it’'s something)
®* Potential problem: Uniformity of requirements
12
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Everyone is facing the same problems, and VRE make sense economically in most
cases. Can we bring everyone together?

® Utilities or regulators controlling a high number of small systems can develop quite significant
market power if they follow a clear strategy

> Internal harmonization and clear rules recommended

® Utilities or regulators controlling a single system need to find common ground to increase
their market power

» International knowledge sharing and harmonization recommended

» Can benefit from clear frameworks of larger utilities (Indonesia, Philippines, etc.)

13



Unified vs. Custom Requirements
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Some degree of customization is always - B o
req u i red ° Nordic 1,5 MW 10 MW 30 MW
®* Similar case: EU Network Codes sy A T
®* Framework for grid code requirements in o o
Europe —
® Details are left to the individual TSOs Cmogory | ervemall  BlEmab | G ledimy ) Beree)
Fr’:-)akh " load | - 25 MW 220 MW =100 MW
. . . threshol
¢ Slmllar approaCh COUId be a gOOd Idea for Highest voltage | <20 kV <20 kV <20 kV 220 kV
. level
isolated systems umerorponer | " - ”
® Either as national or international framework R R o o mesnea
* Benefit: Clear rules for everyone, investment Pre—— - -
security, less paperwork, lower cost Comeclonolege | <2000 S 20KV 2o
Threshold Category B 150 kW 500 kW
Threshold Category C 500 kW 1MW
Threshold Category D 1MW 5 MW

Distribution code + additional

requirements of different levels
14

Compliance with distribution
code is sufficient
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Allowed to trip

Vavo | Votage  ul|votege 3| pesrton

Vo 0.20 0.30 LVRT 1

Vi 0.20 0.70 LVRT 2

V2 0.85 0.85 Undervoltage protection
Vs 1.10 1.10 Overvoltage protection
Va 1.20 1.20 HVRT 2

Vs 1.35 1.35 HVRT 1

Deadband
R |
250 ISR S USSR N I e T S S—
of Py Y sOHz | |
Pden‘ra -5y (gzo—Hf )

. z

3

O Pt o X i

o ap (-0

g ‘ ‘ oy 2 T50Hz

E L Band of regulation !

Pmin
fmi’n fl f? f3 fd fmax
System frequency in Hz
Value Time [ms], | Time [ms], Description
inverter synchronous

to 0 0 Beginning of fault
t 180 180 System protection time Pa ra m Ete r ra nge S to be
; recommended based on
t 1000 1000 Overvoltage step 2 H
: system size
ta 2000 2000 Voltage return step 2
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Thank you for your attention!
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Grid Code Development

Grid Codes are crucial to a safe integration of
renewable energies into the grid. We design and
revise them for you! With international experience

and expert knowledge.

http://energynautics.com/en/services/grid-code-development/

Nis Martensen, Ph.D.
Senior Electrical Engineer

n.martensen@energynautics.com
+49 6151 785 81 074

Peter-Philipp Schierhorn, M.Sc.
Senior Electrical Engineer

p.schierhorn@energynautics.com
+49 6151 785 81 07
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