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Summary

Offsetting the cost of diesdl fuel with renewable energy is now a matter of HOW
MUCH and not a matter of IF anymore. To make diesel-supplied remote communities
future-proof and protect against souring cost of diesel fuel, the installation of renewable
energy is currently the only sustainable solution.

This paper discusses the challenges faced when considering a high-penetration
renewable energy (RE) system and the approach Powercorp has taken to address these
chalenges,. The paper demonstrates that the technical complexities of remote high-
penetration RE systems have been solved, illustrated by means of two examples.

The remaining challenge for high penetration RE systems is establishing the business
case for each site to justify the investment. The tools and methods used by Powercorp
to determine the optimum power generation configuration, as well as energy storage
and demand management are introduced. Finally, a summary of world best-practice in
isolated high-penetration RE systemsis presented.

Introduction

Powercorp was formed in 1988 in Darwin, Australia, with the purpose of automating a
wide variety of remote diesel generator power stations. The company has automated
over 50 remote diesel systems in the Northern Territory, as well as additional systems
across Australia (Figure 1) and internationally.
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Figure 1. Remote power systems
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As with many locations within Australia and internationally, towns and communities in
the ‘Top End’ of Austraia are characterised by their remoteness and reliance upon
fossil fuel to generate power. To reduce the costs of operating these systems there are
two main avenues to consider. The first is to improve the operation of the existing
system through measures such as demand management (e.g. operate water pump during
low load periods), load reduction through consumer incentives, automation of power
station to match generation capacity to load and improved efficiencies through heat
recovery and modern fuel efficient engines. Secondly is the introduction of renewable
energy (RE) generation, usualy as a hybrid to the existing system. However,
connecting RE to an isolated system does introduce issues with the existing diesel
generation plant which need to be considered. The main constraint being the minimum
loading of diesel engines which must be overcome in order to achieve high penetration.

The penetration of RE into a system is typically referred on the basis of average annual
renewable energy contribution to load — that is, the proportion of RE to total annual
loadError! Bookmark not defined.. It isimportant to distinguish between this value
which is aratio of average energy value and instantaneous RE penetration which is a
ratio of instantaneous RE power to load (KW)Error! Bookmark not defined..

With an understanding of the importance of protecting remote systems from the future
rising costs of fuel, Powercorp has applied its experience to developing technology and
expertise in the integration of RE technologies. Following the successful
implementation of remote RE/diesel hybrid systems, such as Esperance in Western
Australia, Powercorp has developed a suite of technologies to remove existing barriers
to high-penetration RE systems.

The development of flywheel energy storage (PowerStore) as well as distributed
control technology has enabled Powercorp to achieve high penetration of RE in remote
systems since the late 1990's. The number, size and penetration performance of
RE/diesdl systems listed in Table 1, demonstrates Powercorp’s status as the most
advanced high penetration renewable energy company in the world.
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Station No. No. WTG wind Diesel PV Renewable
Generators Array Penetration
Denham 7 4 1,200kw 1,600 kW >50%
Mawson 4 2 600kW 550kw >80%
Esperance 14 15 5,600kW 14,500kW >22%
Hopetoun 8 2 1,200kW 2,560 kW >90%
Cocos Island 5 4 80kw 1280kwW ~15%
Bremer Bay 4 1 600kW 1,250kW >80%
Coral Bay 8 3 825kwW 2,560kW >80%
Graciosa 5 4 800kwW 3,200kW ~60%
Flores 8 2 600kW 4,000kW >50%
Rottnest 7 1 600kW 1,300kwW ~37%
Ross Island — 8 3 900kW 5,200kwW >25%
Stage 1
Marble Bar 4 1024kw 300kWp 65% of day time
Nullagine 3 768kW 200kWp energy
TOTA L : 85 41 13.023MW 39.79MW 0.5MWp

Table 1: Isolated renewable ener gy/diesel systemsinstalled by Power corp

High Penetration RE...... Overcoming Challenges

Traditionaly, the penetration of renewable energy has been restricted by two factors.
The first lies with the financial feasibility or life cycle cost of the proposed system.
These have traditionally been considered significantly more expensive than fossil-fuel
systems. In the last 10 years capital cost of RE plant such as wind turbines has
considerably reduced, coupled with the continued increase in fuel prices, the push to
capitalise upon cost savings through the integration of RE grows and with it the
impetus to implement high-penetration RE systems.

The second factor is technical feasibility. Significant technical barriers to achieving a
high degree of RE penetration such as maintaining sufficient spinning reserve,
minimum generator load constraints, step-load capabilities, and particularly the effect
of introducing intermittent energy sources on power quality and system stability have
been overcome through better system integration technology.

Typically, low penetration RE systems can operate without adverse effects as a result of
the variability in wind/solar resources""" (see Figure 2). It should be noted that this
figure depends upon the RE resource, as even with low penetration (10 -20% average
penetration)" and medium penetration (20 -50% average penetration)" the instantaneous
RE contribution will be significantly higher. Some system operators have even
resorted to curbing or switching off the RE plant in order to protect the system and
maintain quality of supply when higher penetration levels of renewable energy occur.
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High Eesclution Monitoring—Ezample 1: Solar A
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Figure 2: High resolution monitoring - lllustrating the variability of the solar
resour ce

To overcome these technical barriers, Powercorp have developed and applied number
of solutions, particularly:

Distributed control: applied to load and generation components and
Flywhedl energy storage: grid stabilising technology

These ‘enabling’ technologies have alowed Powercorp to successfully implement
numerous high-penetration systems, see Table 1, regularly operating in excess of 80%
RE penetration.

Distributed Control

As an enabling technology, distributed control uses an industrial embedded controller
to link generators and loads into one control system. Communication between each
load/generator controller is via ethernet, alowing a generator/switchable load to
broadcast its status onto the network, and provide capabilities including:

power management

load sharing

plant dispatch control

engine/generator data communication
alarm management
data recording
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This alows a generator/load to intelligently control its operation. For example, a
desalination plant may operate with information available to the controller such as the
water levels required, availability of the wind/solar/diesel generation online at the time
as well as other the operation of other loads that may have a higher priority. . The
control structure of the system as a whole then evolves from the traditional centralised
structure to the decentralised structure shown in Figure 3.
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Figure 3: Network control structure

Decentralised structures are becoming more common as the benefits of distributed |oad
and generation become not only technically feasible but financially and operationally
advantageous”". Distributed intelligence processes significantly more information for
decision making, than the traditional master/slave control.

Decentralised structures are also not restricted to isolated systems but are becoming
increasingly relevant to large grids (‘smart grids') as generation diversifies and load

control becomes a priority"'.

Flywheel Energy Storage

The second form of enabling technology developed by Powercorp is the flywheel
energy storage system (PowerStore). No longer an ‘emerging’ technology, the
flywheel inverter system is an established commercial reality with the PowerStore
operating in remote high-penetration systems in Australia, Antarctica and Europe.
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Magnetic Support @- Performance Data:

Top Bearing &—— Net. energy content 18 MWs
Top Guard Bearing 7 Max Input/output power 1650 kw
Rotating Recﬁﬁer.(//,//’/’/ Speed range 1800 to 3600 rpm
I Total weight 6000 kg

Excitation :
Generator thor weight 2900 kg
Idling losses 10 kW
Main Machine @&—— Greasing frequency 5 years
Bearing service life 8 years

Flywhee| &——
Features:
Bottom Bearing &————" - Helium filled
././ - Magnetic support
Bottom Guard - Redundant bearings

Bearing

Figure 4: Power Store - Flywheel Performance Data

When connected to isolated grids, RE introduces instability into the system from power
surges/losses associated with wind gusts or lulls in the case of wind turbines or cloud
cover in the case of solar systems. Even during periods of low wind flow, fluctuations
in wind speed can cause an unacceptable generator response (hunting) which uses more
fuel and can cause engine damage. The problem of grid stability is seen in many small
grids and at the end of long distribution lines. In the mining sector, large electrical
equipment such as winders and crushers can cause power fluctuations much the same
as seen from renewabl e plant.

The PowerStore uses a high speed bi-directional inverter coupled to a 2.9 tonne rotating
flywheel to smooth these fluctuations by supplying or absorbing real or reactive power.
Through the power electronics grid interface the response time to fluctuations in the
power system is sub-cycle (see Figure 5). The PowerStore provides the following
assistance to isolated or weak grids:

Power quality - voltage flicker

Fault ride through — post fault response

Improving network stability

Active power control

V oltage and reactive power control,

Carrying ‘spinning reserve’ allowing increase of RE penetration

RE Smoothing

Peak load lopping

Flywhedl will provide ‘Firm capacity’ when combined with high-speed diesel
enabling a system to operate in ‘ Diesel off-mode’

440Vac FGI 700Vdc FWD

: : :50/60HZ 2y
Fixed U

440Vac
60-120Hz

Variable

Frequency Frequency
' Real ' ' Real '
Power Power 2.9T
. Reactive > 1,800 -
Power 3,600 RPM

Figure5: Power Store - Flywheel ener gy storage system
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Technical Feasibility Example 1 — Flores Island
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Figure 6 : Example 1 - Flores Azores Portugal

An example of the successful operation of an isolated high-penetration RE system was
installed on Flores Island in the Azores in 2005 (see Figure 1). The 4.26MW system
comprises hydro/diesel/wind generation and flywheel energy storage and was the first
of its kind in the world. Average RE penetration levels are in excess of 50% and the
system has been in operation for more than two years. Installing the PowerStore into
the system at Flores increased the level of RE penetration, reduced fuel consumption
and dramatically improved system stability'.
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Figure 7: System Stability - Frequency response with and without flywheel energy
storage

Figure 7, illustrates the improvement to system stability with the addition of flywheel
energy storage to the Flores system. The fault ride through support provided by the
PowerStore is shown through a comparison of Figure 8 and Figure 9.
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Figure 8: Power system fault - Real power response without flywheel energy
storage

Figure 9: Power system fault - Real power, voltage and frequency response with
flywheel energy storage

Technical Feasibility - Example 2

Another example of a high-penetration RE system is the installation in Cora Bay,
Western Australia.  This wind/diesel/PowerStore system was instaled in 2007 and
achieves an average RE penetration of approximately 80%. Figure 10 provides a
snapshot of wind penetration during an 8 hour period demonstrating that the system
achieved an average of 90% penetration, with instantaneous levels higher even higher.
The system operates successfully at these levels, maintaining stability and power
quality.
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—90% —

Figure 10: Coral Bay - Wind Penetration for an 8hr period.

Financial Feasibility — Approach to Design

With the technical limitations to RE penetration removed the only restriction to RE
penetration lies with the financial feasibility of the system. Powercorp undertakes
modelling to determine the financial and technical feasibility of a project. Software
such as MATLAB/Simulink" and DIgSILENT' are used to asses the technical
feasibility of a system and in the case of the financial assessment Powercorp have
applied the program HOMER to size and optimise the configuration of a system based
on afinancial analysis.

The Hybrid Optimisation Model for Electric Renewables (HOMER)"' is a free software
program developed by HOMER Energy. It is an optimisation tool based upon the
economic performance of the system over its proposed lifetime. The simulations may
use atime base from 1 minute to 1 hour.

When executed, HOMER optimises the configuration of the system (number of wind
turbines/diesel generators etc) over the life of the project and lists the options in order
of Net Present Cost (Figure 11). The program is able to incorporate data including the
wind/solar resource available and load profile, details of the system components such
as the size and number of diesel/gas engines and proposed number of wind turbines,
characteristics such as fuel consumption curves, capital and operation and maintenance
costs and financial details such as project life, discount rate and fuel costs. There is
some flexibility in selecting the operation of the system such as nominating the amount
of ‘spinning reserve’ . The outputs from HOMER can be exported and used to further
analyse the potential system, as shown in Figure 12.
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Figure 11: HOMER - example of outputsfrom the simulation

Powercorp uses HOMER to investigate the feasibility of an installation; typically this
would involve looking at the following scenarios:

Base Case — Diesdl-only

Case 1 — Low/Med penetration RE system

Case 2 — High penetration RE system

Case 3 — Sengitivity analysis
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Figure 12: Example using HOMER output — Comparison of cumulative cash flow

When looking at a high-penetration system it is useful to understand conditions
determining the optimal RE capacity. An example is presented in Figure 13, which
shows the diminishing offset of fuel as the number of wind turbines increases from 14
to 16. A system of 16 turbines may still be the most financially attractive but alows
the margina diminishing returns of the additional two turbines to be demonstrating that
the ‘effective’ offset of the additiona two turbines is less substantial. From these
results it may be prudent to go back and look at the load growth predictions for the site.
This may form part of the sensitivity analysis along with predictions of fuel costs,

Regional Forum: Electrical Engineering in the Top End 2009 — IDC Technologies 10



Session Three: Renewable Energies in the Remote Areas and the Top End

accuracy of wind data etc. Understanding where the sensitivities of a project are likely
to be is useful during the feasibility stages of a project assessment, highlighting where
future attentions should be focused.

Annual Fuel Cost Savings - Indicative
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Figure 13: Indicative offset of diesel fuel consumption -

Powercorp has found HOMER to be the most useful tool available for financial
modelling. The ability to export data from the program contributes to the overall
flexibility and usability of the HOMER program. HOMER Energy and Powercorp are
currently in the process of developing a flywheel add-on to the program, which will
simplify the task of modelling a system including a PowerStore.

Best Practice

The push to adopt high-penetration RE systems is set to increase with the future rising
cost of fuel, reductions in technology cost and the focus upon environmental impacts
such as carbon emissions and the creation of a carbon market.

The technical considerations of these systems are no longer limited to isolated grids but
are becoming more relevant to main grids as the installed capacity of RE increases'"".
The success of commercially operating remote high-penetration RE systems
demonstrate the success of ‘enabling’ technologies such as distributed control,
PowerStore as well as other grid stabilising technologies such as Statcom, frequency
converter, and dynamic grid interfaces. With the emergence of smart grids, distributed
control, in particular, is becoming a higher priority"" as generation sources and
locations diversify.

Technology is not the only determinant with respect to the types of RE generation that
is adopted, as the market plays a significant role. For example, while availability is a
key factor in the selection of wind turbines and uptake of wind in general, cost remains
the primary consideration with photovoltaic generation, as there is currently sufficient
supply to meet demand. There is an increasing trend towards solar tracking systems
particularly in areas with high direct solar irradiation™. The availability and cost of
established types of RE promotes interest in other technologies such as tidal and wave
generation which are becoming more of areality on a‘utility’ scale™"
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Conclusion

High-penetration RE systems are a technical reality. ‘Enabling’ technologies such as
distributed control and flywheel energy storage play essential roles in such systems.
Two remote systems were discussed in this report, both highlighting systems which
operate successfully with more than 50% penetration of renewable energy. As the take
up of RE increasesin main grids, technologies such as these will be imperative.

Building a business case is one of the main challenges for RE systems. Tools such as
the economic optimisation tool — HOMER have become an industry standard.
Powercorp uses HOMER to assess the feasibility of a system, optimise the system
design and explore the strengths of the economic results.

Powercorp is a Darwin-based company which, given the number and scale of
successfully operating systems, is one of the leading companies in remote high-
penetration RE systems in the world.

' N. Hamsic, A. Schmelther, A. Mohd, E. Ortjohann,, E. Schultze, A. Tuckey, J. Zimmermann, 2007,
"Increasing Renewable Energy Penetration in Isolated Grids Using a Flywheel Storage System,
International Conference on Power Engineering, Energy and Electrical Drives (POWR ENG),
Portugal, http://www.pcorp.com.au/i mages/pcorp-pdfs/powerstore-technical -paper-powereng. pdf

" Sustainable Automation, (accessed Feb 2009), ‘A Primer on Hybrid Power Systems Technology,
http://www.vrbpower.com/docs/energynews/A%20Pri mer%200n%20Hybri d%20Power%20Sy stems%

20-%20Col or.pdf

" Litos Strategic Communication prepared for the U.S. Department of Energy, 2008, ‘ The Smart Grid:
~ And Introduction’ by under contract No. DE-AC26-04NT41817, Subtask 560.01.04,

" The MathWorks (2009) http://www.mathworks.com/

Y DIgSILENT PACIFIC (2009) http://digsilent/

" HOMER, (accessed 2009), https://analysis.nrel.gov/homer/

Vil T, Basso, 2008, ‘High-Penetration, Grid-connected Photovoltaic Technology Codes and Standards',
National Renewable Energy L aboratory, Colorado,

Vil C. Materazzi-Wagner, R. Belhomme, E. Navarro, D. Lefebvre, A. Badelin, 2006, ‘Long-Term
Perspectives for the Integration of DER and RES', in Degner, T., Schmid J., Strauss, DisPower —
Distributed Generation with High Penetration of Renewable Energy Sources; Final Public Report,
Kassdl,

™ |EA-PVPS, Report |IEA-PVPS T1-17:2008, ‘Trends in Photovoltaic Applications. Survey report of
selected |EA countries between 1992 and 2007’

* Modern Power Systems, (accessed 2009), ‘E.On orders next-generation wave maching
http://www.modernpowersystems.com/story.asp?storycode=2052150

X' Modern Power Systems, (accessed 2009), ‘Ocean Power Technologies plans new US project’
http://www.modernpowersystems.com/story.asp?storycode=2052064

X Oceanlinx, (accessed 2009) http://www.oceanlinx.conyCurrentprojects.asp

Regional Forum: Electrical Engineering in the Top End 2009 — IDC Technologies 12



