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Introduction to Micro-grids

US DoE [1]:

“a group of interconnected loads and distributed energy resources within clearly
defined electrical boundaries that acts as a single controllable entity with respect to the
grid and that connects and disconnects from such a grid to enable it to operate in both

grid-connected or 'island’ mode”

Commercial &
Industrial

GreenCape [2]: o (10kWp — 1IMWp)
Embedded
Generation (<5MWp)
Residential

SA RE Sect
ector (<10KW)

Utility Scale Systems
(>5MWp)




Autonomous

Interconnected

Lower Tier of Service

Autonomous Basic (AB mini-grids)
Generation Sources: PV hydro and biomass
Tier of service: Less than Z24-hour power

End-users: Remote community without major
commercial or industrial activity

Added value:
Enable enhanced energy access
Alternative to grid-extension
Improve quality of life
Cost savings

Interconnected Community (IC mini-grids)
Generation Sources: PV, wind and biomass/biogas
Tier of service: High critical/interruptible

End-users: Medium to large grid-connected
community, such as university campus

Added value:
Community control
Improved reliability
Response to catastrophic events
Cost savings

Higher Tier of Service

Autonomous Full (AF mini-grids)
Generation Sources: PV, hydro and wind
Tier of service: 24/7 power

End-users: Remote communities with major
commercial or industrial reguirements; industrial
sites disconnected from grid

Added value:
Alternative to expensive polluting imported fuels
Diversification and flexibility of supply
Cost savings

Interconnected Large Industrial (ILI mini-grids)
Generation Sources: P\, wind and biomass/biogas
Tier of service: Very high: Critical/uninterruptible

End-users: Data centres, industrial processing or
other critical uses

Added value:
High reliability for critical loads

Enhance environmental performance
Resiliency




Micro-grid Modelling Tools

H O M E R [ 4 @ HOMER Pro Microgrid Analysis Teol [0025ample-PhilippineVillageOfSicud homer] 3.5.4 D E R_C A M [5]

LoAD COMPOMNENTS RESOURCES PROJECT

ﬁ*@“‘??@ﬁﬁf

ﬂ-'ll'l:#?l Becric #2 Deferrable Thermal #1 Thenmal #2 Hydroge

The solar resource data wsed in the analysis
15 an actual imported file.

heating —|
coolmg [
L 1 |

e . Conventional £ New Emanging ) :
The wind file was generated using HOMER's Tachnologiea Tachnologias a7 Techndogles
wind data generator - 5. CHP, e.g. slorage, eg. PV,
The daily profile is based upon one day of |
measurements taken on site.  Other entered
parameters are typical for the region

reciprocating vehicie 10 grid solar thermal

Discount rate (%): 800

m T Sl e o e "
SCHEMATIC i .
AC DC ! . . :
os [Prarytona] G0 Neme: | Sample-PhlppineVilageOfSicud : Optimal Planning and |
[l - '

&) [ | e e : Operations |
5,00 s i |
454 W poa Description f !
Converter G3 i B F [
Sicud s a small village in Palawan, Philippines, * : 1 :

+ This analysis investigates the options for +——electricity 1 - -electricity !

providing electricity to the village using wind, |= i i " . e —— r-DR hﬁ&ﬁng - :

solar, or diesel power. The results show the M ] u L j

,_@ impact of different assumptions about the — ! ER-CAMD[CENTRN.IZEO ENERGY SYSTEMS |’ :

wind resource, fuel price, and required system e '

refiability, ALYTICS PLANNING | OPERATIONS |

6C525P !

RESOURCE DATA electrlcny ’

!

Solar Resource :

!

]

!

L]

!

!

!

]

L

!

!

!

L]

P

!

!

!

!

Inflation rate (3%} 2.00

PEE® -

H. n Annual capacity shortage (3:): 0.00
% Project lifetime (years): 25.00




Micro-grid Projects

Project Name

Project Start

~ [Date

Country

Project Location, _

Location Type, _

Spedifications

Grid

* |Connected? ™

Energy
Effidency |™

Installer

. Funder

Still in
operation ™

With
Stora

Lucingweni Hybrid
System

2004

South Africa

Eastem Cape

Rural

50 kW PV Array,
36 kW wind,
ready boards
and battery
bank

Mo

Shell Solar

Mational Energy

Regulator, Department
of Minerals and Energy

Mo

Yes

?T

Hluleka Mature

Reserve Hybrid Mini

grid

2002

South Africa

Eastem Cape

Rural

10.6 kW Solar
array, SkWwind
generators,
diesel
generator,
battery storage

Mo

Gas stoves,
SWH, Energy
saving light
bulbs

Shell Solar

Yes

Yes

Jabula Microgrid

2016

South Africa

Cape Town

Informal
Settlement

750Wp solar
serving 9
families
(includes basic
appliances)

Mo

Specialized
Solar
Systems
(S35}

Zonke Energy

Yes




Results (a)

COUNT OF PROJECT NAME BY COUNTRY
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Results (b)

COUNT OF PROJECT NAME BY PROJECT TYPE
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Case Studies

Tsumkwe Energy (Namibia) [6] and Lucingweni
Project(South Africa) [7]

Wind
turbines

Village
Power lines

Photovoltaic
solar panels



Case Studies

e Government support

e Regional council is responsible for diesel
feedstock

e Micro-grid was fitted into already existing
structures

e Adoption of a prepaid metering system

e Community already had a culture of paying for
electricity

e The adoption of energy efficient appliances

e |t also sourced revenue from local businesses

e Almost no incidents of vandalism or theft



Emerging Issues




Conclusion

= Micro-grids are vulnerable to the social conditions not apparent at utility scale

= Critical to draw from lessons learnt
= A database of micro-grid projects would be beneficial

= Growing need for engineers & energy planners to consider socio-economic context at
the design stage

= Opportunities for design improvements of micro-grids (esp. storage and control
systems)



THANK YOU....
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