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1. Introduction
There are many different interpretations and classifications in use today to describe rural
and/or remote areas for the purposes of discussing methods of electrification. Some useful
examples are as follows [1]:
1.

2.

3.

By density and concentration or clustering – setting the context of the environment or
geography:

Small communities, villages or even towns that are remote from other habitation,

Dispersed households, farms and enterprises of low density over wide areas or
regions,

Community clusters or villages surrounded by lower density dispersed
households,

Geographically on the same land mass, but separated by physical obstacles such as
long distances, mountainous terrain, or possibly separated by water such as island
communities,
By energy use:

By power and energy (or load factor=f(energy/power)) and load profile,

By application: household, commercial enterprise, institution, agricultural
processing, etc.
By choice and method of energy provision:

Reticulated electricity, connected to some form of larger grid, or a local micro grid,

Reticulated/piped fuel such as natural gas, LPG, fuel oil, diesel,
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Transported fuel such as natural gas, LPG, fuel oil, diesel, by land or sea transport,
Reliance on renewable energy products such as hydro, solar photovoltaic (PV),
wind, waves, tides,

The most suitable method of electricity provision (technology, business model, etc.) will
usually depend on the combination of the geographic context, the consumer need, and the
possibilities that are available and affordable to provide the energy requirements. Therefore,
the most appropriate solutions in one place might be quite unsuitable in another [1].
Clusters and communities that are very remote from other habitation will generally be
supplied by some form of centralised local generation, or via a connection to a larger but
somewhat remote grid.

2. Challenges related to the electrification of remote areas
Today, diesel generators are mainly used, around the world, as emergency supply sets in
telecommunication, public buildings, hospitals, or other technical installations
(meteorological systems, tourist facilities, farms, etc.), and as standalone military and marine
power plants, as well as the reliable isolated power source for islands or remote villages
placed far from the power network [2]. In fact, there are two general methods of supplying
electricity to remote areas: grid extension and the use of diesel generators. Grid extension
can be very expensive in many locations. Diesel generators are therefore the only viable
option for remote area electrification [3].
Classic gensets based on internal combustion engines are equipped with synchronous
generators, therefore fixed speed operation is required. It gives low efficiency during low
load operation (figure 1). It is not critical in emergency case operated sets, but very
important in continuously operated systems, where fuel consumption is significant
economic and logistic aspect. In fact, remote areas with relatively small communities
generally show significant variation between the time of peak loads and the time of
minimum loads. A typical example of a load profile of a remote community in Western
Australia is shown below in figure 2. Diesel-powered electric generators are typically sized
to meet the peak demand during the evening but must run at very low loads during “offpeak” hours during the day and night. This low-load operation results in poor fuel
efficiency and increased operation and maintenance costs [3].
Moreover, low load operation of diesel genset at synchronous speed reduces the engine
lifetime, by incomplete combustion of the fuel, therefore an additional dump load is
required to improve the combustion process. The efficiency and fuel combustion at low load
conditions can be improved by use of load adaptive adjustable speed operation of the genset
[4]. In some remote locations, a dual diesel generator system is employed. When the load is
light, the smaller generator is used; as the load increased, the manual switch is transferred to
the larger generator. This approach results in some fuel savings, however managing this
dual system is time consuming and impractical [3].
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Figure 1. Example of a variation of diesel fuel consumption with loading

Figure 2. Typical load profile of a remote community [3]
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Figure 3. Canadian remote communities [5]

In Canada, approximately 200,000 people live in more than 300 remote communities (Yukon,
TNO, Nunavut, islands) (figure 3) and are using diesel-generated electricity, responsible for
the emission of 1.2 million tons of greenhouse gases (GHG) annually [6]. In Quebec province,
there are over 14,000 subscribers distributed in about forty communities not connected to the
main grid. Each community constitutes an autonomous network that uses diesel generators.
In Quebec, the total production of diesel power generating units is approximately 300 GWh
per year. In the meantime, the exploitation of the diesel generators is extremely expensive
due to the oil price increase and transportation costs. Indeed, the communities are
dependent on imported fossil fuels for most of their energy requirements. Also, there are
exposed to diesel fuel price volatility, frequent fuel spills and high operation and
maintenance costs including fuel transportation and bulk storage. Having said this however,
in the past decade, diesel prices have more than doubled. High fuel costs have translated
into tremendous increases in the cost of energy generation [3]. In Quebec for example, as the
fuel should be delivered to remote locations, some of them reachable only during summer
periods by barge, the cost of electricity produced by diesel generators reached in 2007 more
than 50 cent/kWh in some communities, while the price for selling the electricity is
established, as in the rest of Quebec, at approximately 6 cent/kWh [7]. The deficit is spread
among all Quebec population as the total consumption of the autonomous grids is far from
being negligible. In 2004, the autonomous networks represented 144MW of installed power,
and the consumption was established at 300 GWh. Hydro-Quebec, the provincial utility,
estimated at approximately 133 million CAD$ the annual loss, resulting from the difference
between the diesel electricity production cost and the uniform selling price of electricity [7].

362 Air Pollution – A Comprehensive Perspective

[2] Ken Ash, Trevor Gaunt, Sissy-qianqian Zhang, Erkki Lakervi, Innovative solutions and
best practices for electrification of remote areas, CIGRE SC-C6 (COLL 2007), Working
Group C6-13 “Rural Electrification”, Topic B.
[3] Chemmangot Nayar, High Renewable Energy Penetration – Diesel Generator Systems, Electrical India Vol. 50, N6, June 2010.
[4] L. Grzesiak, W. Koczara, M. da Ponte, "Power Quality of the Hygen Autonomous Load
– Adaptive Adjustable Speed Generating System", Proc. of Applied Power Electronics
Conf. APEC’99. Dallas, USA, March 1999, pp. 398 – 400.
[5] Kim Ah-You, Greg Leng, Énergies renouvelables dans les communautés éloignées du
Canada, Programme des énergies renouvelables pour les communautés éloignées,
Ressources Naturelles Canada.
[6] Weis TM, Ilinca A. The utility of energy storage to improve the economics of winddiesel power plants in Canada. Renewable Energy 2008;33(7):1544e57.
[7] La stratégie énergétique du Québec 2006e2015. L’énergie pour construire le Québec de
demain. http://www.mrnf.gouv.qc.ca/energie/eolien.
[8] I. Baring-Gould, M. Dabo, "Technology, Performance, and Market Report of WindDiesel Applications for Remote and Island Communities", Proc. of WINDPOWER 2009,
Chicago, Illinois May 4–7, 2009.
[9] Chedid, R. B., S. H. Karaki et C. EI-Chamali. ,"Adaptive fuzzy control for wind-diesel
weak power systems", Energy Conversion, IEEE Trans on, vol. 15, nO I, p. 71-78.
[10] Saha, T. K., et D. Kastha. ,"Design Optimization and Dynamic Performance Analysis of
a Stand-Alone Hybrid Wind-Diesel Electrical Power Generation System ", Energy
Conversion, IEEE Trans on, vol. 25, no 4, p. 1209-1217.
[11] Abbey, C.," A Stochastic Optimization Approach to Rating of Energy Storage Systems
in Wind-Diesel Isolated Grids ", Power Systems, IEEE Trans. on, vol. 24, no I, p. 418426.
[12] Wind/Diesel Systems Architecture Guidebook, AWEA, 1991.
[13] http://en.wikipedia.org/wiki/Wind-Diesel_Hybrid_Power_Systems
[14] W. Koczara, Z. Chlodnicki, E. Ernest, N. Brown, "Hybrid Adjustable Speed Generation
System", proceedings on 3rd International Conference on Ecological Vehicles &
Renewable Energies, Monaco 2008, March 27-30.
[15] J.G. McGowan, J.F. Manwella and S.R. Connors, "Wind/diesel energy systems: Review
of design options and recent developments", Solar Energy, Volume 41, Issue 6, Pages
561-575, 1988.
[16] Timothy M. Weis, Adrian Ilinca, The utility of energy storage to improve the economics
of wind–diesel power plants in Canada, Renewable Energy, Volume 33, Issue 7, July
2008, Pages 1544–1557.
[17] J. Kaldellis et al, “Autonomous energy systems for remote islands based on renewable
energy sources”, in Proceedings of EWEC 99, Nice 1999.

Contribution of the Compressed Air Energy Storage in
the Reduction of GHG – Case Study: Application on the Remote Area Power Supply System 363

[18] J.F. Maisson « Wind Power Development in Sub-Arctic Conditions with Severe Rime
Icing », Presented at the Circumpolar Climate Change Summit and Exposition,
Whitehorse, Yukon, 2001
[19] www.nunavutpower.com
[20] B. Reeves « Kotzebue Electric Association Wind Projects », Proceedings of
NREL/AWEA 2002 Wind-Diesel Workshop, Anchorage, Alaska, USA, 2002
[21] P. Ebert P and J. Zimmermann, “Successful high wind penetration into a medium sized
diesel grid without energy storage using variable speed wind turbine technology”, in
Proceedings of EWEC 99, Nice 1999.
[22] Singh V. Blending Wind and Solar into the Diesel Generator Market. Renewable Energy
Policy Projet (REPP) Research Report, Winter 2001, No. 12, Washington, DC.
[23] Y. Jean, P. Viarouge, D. Champagne, R. Reid, B. Saulnier, «Perfectionnement des
outils pour l’implantation des éoliennes à Hydro-Québec», rapport IREQ-92-065,
1992
[24] R. Gagnon, A. Nouaili, Y. Jean, P. Viarouge; «Mise à jour des outils de modélisation et
de simulation du Jumelage Éolien-Diesel à Haute Pénétration Sans Stockage et
rédaction du devis de fabrication de la charge de lissage», Rapport IREQ-97-124-C,
1997.
[25] Ilinca A, Chaumel JL. Implantation d’une centrale éolienne comme source d’énergie
d’appoint pour des stations de télécommunications. Colloque international sur l’énergie
éolienne et les sites isolés, Îles de la Madeleine, 2005.
[26] H. Ibrahim, R. Younès, A. Ilinca, J. Perron, Investigation des générateurs hybrides
d’électricité de type éolien-air comprimé. Numéro spécial CER’2007 de la Revue des
énergies renouvelables, Parrainée par l’UNESCO, Éditée par le CDER, Algérie, Août
2008.
[27] H. Ibrahim, A. Ilinca, J. Perron, Investigations des différentes alternatives
renouvelables et hybrides pour l’électrification des sites isolés, rapport interne, UQAR,
LREE–03, 2008.
[28] T.M. Weis, A. Ilinca, J.Paul. Pinard, Stakeholders’ perspectives on barriers to remote
wind–diesel power plants in Canada Energy Policy, Volume 36, Issue 5, May 2008,
Pages 1611-1621
[29] Hunter R, Elliot G. Windediesel systems e a guide to the technology and its
implementation. Cambridge (UK): Cambridge University Press; 1994.
[30] HOMER v2.0 e the optimisation model for distributed power. NREL. www.nrel.org.
[31] Robb D. Making a CAES for wind energy storage. North American Wind Power, June
2005.
[32] Ibrahim H, Younès R, Ilinca A. Optimal conception of a hybrid generator of electricity.
CANCAM02007 ETS-39, Toronto, Canada. p. 358 - 359.
[33] Ibrahim H, Ilinca A, Perron J. Moteur diesel suralimenté, bases et calculs, cycles réel,
théorique et thermodynamique. Rapport interne, UQAR-UQAC, LREE-02; Novembre
2006.

364 Air Pollution – A Comprehensive Perspective

[34] Ibrahim H, Ilinca A, Younès R, Perron J, Basbous T. Study of a hybrid wind-diesel
system with compressed air energy storage. IEEE Canada, electrical power conference
2007, “Renewable and alternative energy resources”, EPC2007, Montreal, Canada,
October 25e26, 2007.
[35] http://www.bergey.com/
[36] http://www.endurancewindpower.com/
[37] Bell-Canada, www.bell.ca

