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IRP-Recent Power Sector Practices

Abstract:

Integrated resource planning (IRP) is a planning method in which the
requirement of a resource is met through combinations of supply increases and
conservation of demand, while minimising the costs to the firm and to society. Countries
around the world have programmes devoted to promoting renewable sources of
electricity and/or improving the efficiency with which it is used. But, there are relatively
few cases where the comparison of both supply- and demand-side options, and their
externalities, is an integral part of the evaluation process.

This document briefly describes the concept of IRP and then focuses on how IRP
is being carried out for the power sector in various parts of the world. Cases included
are those where IRP has actually been carried out, or at least where the IRP-approach
can be discerned in some form — through portfolio optimisation or with an inclusion of
demand side measures for meeting requirements, or where IRP has recently been
recommended. Finally, pertinent questions on integrated planning for the power sector
are considered.
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1. What is Integrated Resource Planning?

Integrated resource planning (IRP) as applied to the power sector, can be described'
as an approach through which the estimated requirement” for electricity services during
the planning period is met with a least-cost combination of supply and end-use efficiency
measures, while incorporating concerns such as equity’, environmental protection,
reliability*, and other country-specific goals (D’Sa, 2005). The purpose of IRP is
therefore to minimise the present and future costs of meeting electricity requirement,
while considering not only the costs to the utility but to society’.

Traditionally, when planning for investments, utility planners projected future
demand and selected from the options of increasing supply to meet their projections.
With the applicable regulations, if any, they considered types of fuels, power plants, and
power purchases.

However the power sector has been beset with several problems. Investment in the
establishment and maintenance of generating, transmission, and distribution systems have
been inadequate; consequently, energy demand has not been met reliably, particularly
during peak load periods. In developing countries, the potential requirement is much
higher, with a large proportion of households (for example, 48% of rural Indian homes)
not yet electrified, even in grid-connected areas. Future shortages could be higher, with
increasing population and the corresponding consumptive and productive needs, unless
adequate system expansion and improvements are effected, but the projected costs appear
greater than that the utilities and/or governments can meet.

Meanwhile, expansion of generation capacity has had detrimental impacts on air and
water quality, so much so that an inclusion of such indirect costs in the reckoning is
becoming essential.

' The concept of IRP and its practice for the power sector till the early 2000s’ were discussed
earlier by the author [“Integrated Resource Planning and Power Sector Reform in Developing
Countries”, Energy Policy, 33(10), pp. 1271-1285]; this Section is based on that paper.

*The term “requirement” has been used rather than “demand” to distinguish it from the neo-
classical economic term denoting quantity varying with the price of the commodity. Such
demand would not represent the true requirement of energy services if poverty (lack of
purchasing power) prevents purchase; millions of people go without adequate water, food,
housing and other basic needs that must reasonably be considered “requirements”, but would not
constitute “demand” at the prevailing price.

3 This concern is particularly important in countries where some do not have access to electricity;
equity, in this context, refers to fair access to electricity for all.

* Reliability refers to the ability of the electric system to meet the demand for power and energy,
taking into account scheduled and reasonably expected unscheduled outages of system elements.
> For other definitions of IRP, refer to Munasinghe, 1990; Bauer and Eto, 1992; RAP, 1994;
Reddy and Sumithra, 1997.
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Further, problems even in market economies have suggested that both regulation and
a wider range of options are needed for the effective functioning of the electricity system.
All these necessitate the approach that integrated resource planning (IRP) provides.

First, through IRP, one can identify a series of the most cost-effective options, from
the array of available generation technologies and transmission upgrades, as well as end-
use efficiency improvements and other demand-side management (DSM)® measures.
This is because the costs of delivering and saving a kWh of electricity — from improved
lighting retrofits or centralised thermal generation plants or decentralised biomass
generation facilities — are compared on a “level playing field”. IRP is therefore
technologically-neutral, treating deferred or avoided end-use demand as equivalent to
“delivered supply”’ of electricity. By considering a range of options in increasing order
of unit-cost, IRP can enable lowering/avoidance of investment in new generation, and
“stranded” (or “strandable”™) costs. Further, where generators are dispatched in order of
increasing bids, the pool price paid to all the generators is set by the bid of the last most
expensive generator dispatched; hence, reducing the load to be served (through efficiency
measures) displaces the need for the next higher bidder(s), and thereby lowers the price
payable to all. Thus, the implementation of IRP optimises resource use and minimises
the costs of meeting demand.

Second, IRP includes costs to all stakeholders (rather than only the costs incurred by
the utility). Environmental/societal impacts can be included either as constraints in the
optimisation process, or as costs — such as the actual cost of pollution controls or proxy
values imputed for negative impacts, resulting in cleaner options appearing earlier in the
least-cost-supply schedule. IRP can thus ensure that environmental factors are
incorporated in the resource selection process, even where explicit structures to
internalize those costs (e.g., through taxes, fees, control requirements, or emissions cap
and trading systems) are not in place.

Third, by enabling the selection of a diverse set of options, IRP reduces
unreliability/risks of supply (such as plant breakdowns and maintenance margins,
irregular supply and volatile prices of fuels).

The availability of several alternatives necessitates choices; analytical tools are
therefore needed to evaluate the alternatives. IRP consists of such tools. Plans are drawn
up for period of 10-20 years, but intermediate monitoring and updating enable mid-

% DSM refers to all those activities - end-use efficiency, as well as fuel switching and load shifting
- that alter the consumers’ (demand) load profile. Hence, a differentiated time-of-the-day tarift-
structure that encourages consumers to shift their use outside periods of high demand would be a
DSM measure although there has been no improvement of end-use-efficiency.

7 Apart from the capital cost of the transmission and distribution (T&D) facilities, the costs of
“delivering” electricity to the consumer must account for T&D losses so that the total cost of
delivery = generation cost x [1 + (1-T&D losses incurred)].

¥ Stranded costs are higher-than-present capital costs that have been incurred already and are
difficult to recover; “strandable” costs are present costs that may be stranded if future costs fall.
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course correction. The IRP process is summarised in Annexe 1 with a schematic
description in Figure 1.

IRP is thus intended to make an integrated assessment of supply and demand-side
options of increasing energy services, attempting to minimise all costs, and creating a
flexible plan that allows for uncertainty and adjustment in response to changing
circumstances. While in industrialised regions, IRP has helped to improve overall system
reliability, moderate loads, and even reduce electricity use, in developing regions, IRP
also holds the promise of helping to spread energy services to under-served areas and
thereby achieve developmental goals.

2. IRP in practice

In this section, IRP’ used for power sector planning in various countries will be
described, distinguishing between (1) developing countries, and (2) industrialised
countries. The emphasis will be on the planning programmes of government departments
and utilities (state-sponsored and otherwise), rather than the efforts of individual
researchers'®, and the information included will be from published reports/papers.

We will also distinguish between an integrated assessment of both demand and
supply options and focused programmes -- devoted to DSM measures, and/or renewable
sources of electricity — that are being carried out in many countries or groups of
countries''. Similarly, planning packages have been used to estimate the environmental
impacts (in particular, CO, emissions) for generation-capacity additions during the
planning period'>. There were some elements of integrated planning, but IRP per se was
not carried out.

’ While IRP is the acronym for “integrated resource planning” (which is a planning approach that
involves a procedure), the same term IRP is also used to describe a plan so drawn up.

' For example, in Vietnam, individual researchers have used IRP for power sector projections,
but there is no evidence of power sector authorities considering it. This was for projections on
meeting the demand-supply gaps (IEL, 1994) and more recently, for the potential for renewable
sources, and for CO, mitigation (Nhan and Minh, 2009).

" For example, a project “Caribbean Renewable Energy Development Programme” for the
promotion of renewable energy sources was carried out in the Caribbean region (1999-2003),
funded by UNDP/GEF. The countries include Antigua and Barbuda, the Bahamas, Barbados,
Belize, British Virgin Islands, Cuba, Dominica, Grenada, Guyana, Jamaica, Montserrat, St Kitts
and Nevis, St Lucia, St Vincent and the Grenadines, Suriname, Trinidad and Tobago, and Turks
and Caicos. There were two major agencies involved on a full-time basis in the collection and
dissemination of information on renewable energy -- the Caribbean Energy Information System
and the Caribbean Electric Utility Services Corporation.

"2 The Long-range Energy Alternatives Planning (LEAP) program and other planning packages
have been used to assess resource requirements and emission. For example, LEAP was used for
short-term (1994-2005) and long-term (2005-40) planning for the state-monopoly electricity
sector of Lebanon. Electricite Du Liban (EDL) has been entrusted with electricity generation,
transmission and distribution; it is responsible to the Ministry of Hydraulic and Electric
Resources (GoL, 1999). Carbon emissions were estimated for alternative scenarios.
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2.1 Developing countries

African countries (as a group of 53 Member states of the E CcA")

As part of the United Nations Energy Africa (UNEA) programmes, the Economic
Commission for Africa (ECA) and UNEP jointly implemented a project on “Making
African Power Sector Sustainable”, which aimed to facilitate the integration of socio-
economic and environmental concerns into the power sector reforms in Sub-Saharan
Africa. UNEA is said to have scheduled training activities on Integrated Power Resource
Planning (IRP) to raise the awareness of African energy planners on the need to introduce
IRP as a means for the least-cost development of their power sector (ECA, 2005).

While there is no evidence that IRP has actually being carried out by the
concerned governments/utilities, there have been studies of African regions by
researchers'* that used an integrated approach.

Brazil

Brazil’s utilities are not obliged to conduct IRP. However, (as in other countries
described below), there is special emphasis on efficiency. The national regulatory agency
Agéncia Nacional de Energia Elétrica (ANEEL) has allocated 1% of the utilities’ net
annual operational revenue to energy efficiency and R&D'". As part of its concession
contract, the distribution company presents to ANEEL, a set of programs as an Annual
Program against Electrical Energy Waste'®.

It might be pertinent to note that a “Sustainable Power Sector Vision 2020” was
drawn up for Brazil by a research team (WWF-PowerSwitch, 2006)'”. A complete
assessment of costs was not carried out, but an IRP approach was used to draw up BAU
and improved (“powerswitch”) scenarios, and national programmes were suggested for
implementation.

Chile

" South Africa is the only one of these with legally mandated IRP for several years; it is therefore
being discussed separately.

' For example, an estimation of the magnitudes of the savings from a regional integration
approach for the South African Power Pool (SAPP) was conducted by Purdue University's State
Utility Forecasting Group (SUFG) (Sparrow et al., 2001).

" http://www.aneel.gov.br/area.cfm?idArea=262&idPerfil=11

' This plan includes both goals in terms of specific actions taken and financial commitments
toward energy efficiency programs. The broad guidelines for these filings are defined in

Law 9991, of July 24, 2000, and are contained in specific ANEEL resolutions on energy
efficiency (http://www.aneel.gov.br/cedoc/LEI20009991.pdf).

" WWF Brazil commissioned the University of Campinas and the International Energy Initiative
to investigate a scenario — called PowerSwitch — for meeting Brazil’s electric energy needs by
2020 in sustainable way.
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Strictly, IRP is not being carried out, but several energy efficiency programmes
are in progress. The Energy Efficiency Country Programme (Programa Pais de
Eficiencia Energética) was established in 2005, initially under the Ministry of Economy
but since 2008 incorporated within the National Energy Commission (Comision Nacional
de Energia) to implement a series of programmes. A detailed action plan for the years
2010 to 2020 has also been drawn up, with objectives, lines of action, programs,
financing options and evaluation tools (Karakosta and Askounis, 2010).

China (PRC)

IRP was introduced in China during the early 1990s’, with a pre-feasibility study
of Hainan province beginning in 1992 and symposia with international teams held in
1994'®. These were followed by strides in the use of renewable sources as well as
efficiency improvements, alongside the increase of conventional generation capacity, but
without an integrated assessment'® of all these.

Laws had been passed pertaining to efficiency (Energy Conservation Law,
1998)*°, cleaner processes (the Cleaner Production Promotion Law, 2003), and renewable
sources (-- the Renewable Energy Law in effect since January 2006, updated with effect
from April, 2010). The updated renewable energy law requires more detailed planning,
including co-ordination of renewables with overall electric power sector development and
transmission planning, and co-ordination of local/provincial development with national
development plans (Martinot and Li, 2010). In April 2005, China’s National
Development and Reform Commission (NDRC) and four ministries issued a joint
announcement—the China Water Conservation Technology Policy that embraces many
components constituting an integrated resource planning (IRP) process.

Even so, China’s planning process for the power sector had been assessed to be
inconsistent with “Scientific Energy Planning” in many important respects (RAP, 2006) —
not treating efficiency options as alternatives to generation, not adequately considering
environmental and social costs (e.g. coal mine injuries and fatalities), and with its
planning disconnected from investment and regulatory decisions. China was assessed to
need more and better planning, better markets, where competition could achieve those
objectives most efficiently, and better integration of energy and environmental policies
and regulation. The State Electricity Regulatory Commission (SERC) was set up in

' In January, an international Integrated Resource Planning (IRP) symposium was held, with
experts from the UNESCO, Lawrence Berkeley National Laboratory, Oak Ridge National
Laboratory, and utilities from Europe and the USA; Chinese participants introduced the results of
China’s first IRP/DSM pilot project in the Shenzhen Power Network. In May, a training
workshop was conducted jointly by the China Council for International Co-operation on
Environment and Development, the International Energy Initiative (Bangalore, India) and the
Institute for Techno-Economic and Energy System Analysis (Tsinghua University).

" The recent (November 2010) DSM Implementation Measures have changed the approach to
IRP.

2 There were also the national Power Conservation Regulations, 2000, that were promulgated
jointly by the State Economic and Trade Commission and the State Development Planning
Commission in 2000.
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March 2003 with a range of responsibilities (He Gang, 2010), but it reportedly did not
enjoy the independence of other national regulators (Gee et al., 2007).

While the focus of this study is on state and utility plans, it may be relevant to
refer to some of the research where IRP-principles have been used. These include
drawing up demand and supply estimates®' for China’s power sector (Sparrow et al.,
2001), for evaluating alternative options to coal plants, such as coal gasification with
carbon capture and storage, electricity from combined CHP systems and renewable
sources, and DSM? options (Finamore et al., 2003), for sustainable development of the
electricity sector in order to meet its requirements (RAP, 2005), and for the transparent
implementation of policies and regulatory procedures for all grid and power company
investments (Zhi et al., 2006). Appreciable benefits for China were also estimated
through efficiency improvements brought about by “Integrated Resource Strategic
Planning” (IRSP), which is what IRP was termed (Hu ef al., 2010) when conducted at the
national level in a deregulated power sector.

However, on November 4, 2010, China’s central government enacted new
demand-side management regulations, called DSM Implementation Measures, coming
into effect on January 1, 2011. These regulations were jointly issued under the auspices
of the State Council by six commissions and ministries, led by China’s most powerful
government agency, the National Development and Reform Commission (NDRC). For
the first time, regulations call for integrated resource planning i.e. considering both
supply side and demand side options (China-NDRC, 2010). However, the regulations
specify that demand side measures should be considered and given priority in meeting
demand growth. Local authorities are required to incorporate these energy efficiency
savings into their power industry and local development plans. The power grid
companies are required to use a portion of their electricity revenues to develop large-
scale programs to help China’s factories, businesses and homes invest in energy
efficiency, thereby achieving specific savings targets (similar to the Energy Efficiency
Resource Standards passed in 19 states in the U.S). The regulations authorize three
sources of DSM funding: public utility surcharges beyond the electricity rate, revenue
from differentiated electricity prices, and/or other government budget allocations. In
addition, legitimate expenses on DSM implementation by power grid companies may be
incorporated into power supply cost. Finally, the regulations encourage — though do not
go so far as to require — verification of energy savings through independent third parties.

! Purdue University’s State Utility Forecasting Group (SUFG) created an integrated electricity
modelling system (used for each electric utility in the state of Indiana), that was supposed to be
used by a joint research team for China.

2 In 2005, utility experts from Jiangsu Province, Shanghai, Beijing, and elsewhere, began
creating an inventory of DSM opportunities - such as high-efficiency lighting, industrial motors,
and appliances - that could be brought “online” more rapidly and cheaply than coal plants. The
Natural Resources Defense Council (USA) and the China-U.S. Energy Efficiency Alliance helped
broker and implement an agreement on DSM cooperation between the California Public Utilities
Commission, the California Energy Commission, and the Jiangsu Economic and Trade
Commission; the study resulted in opportunities for what are technically referred to as
“Efficiency Power Plants” (EPPs).
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Egypt

The Egyptian electricity industry had been going through a gradual transitional
process from a strongly regulated (exclusively state owned) captive/subsidized electricity
market to a liberalized competitive electricity market where both state owned and private
sector service providers are supposed to compete under a developing/maturing regulatory
system23. But, thus far, there have been no Government and/or utility efforts®* at IRP.

India

Several years ago, training workshops on IRP/least-cost planning were conducted
for officials of state utilities and the energy departments by a non-governmental research
organisation (IEIL, 1994). “Least-cost” plans were drawn up for some of the states; of
these, the electricity utility of the state of West Bengal went ahead with finalising an
integrated electricity plan (WBSEB and IEI, 1998)* and also an efficiency-
implementation package (WBSEB and IEI, 1999) that led to implementation of lighting
efficiency improvements.

Thereafter, there have been legislative and policy achievements.

The Electricity Act, 2003, amended in 2007, requires the Central Electricity
Authority (CEA), Ministry of Power, Government of India, to “advise the Central
Government” on “matters relating to the national electricity policy, formulate short-term
and perspective plans for development of the electricity system and co-ordinate the
activities of the planning agencies for the optimal utilisation of resources - - - and to
provide reliable and affordable electricity for all consumers” (clause 73a, Gol, 2003).
Perhaps due to the advisory role specified in the Act, an IRP division with designated
staff was recently created within the CEA (MoP-Gol, 2009). This has been the first
attempt to establish IRP in the central Government’s planning process. Nevertheless,
thus far, the IRP division appears to be involved with the assessment of only supply
options to meet projected electricity demand, as evidenced by official estimates (IRP-
CEA-Gol, 2010) and presentations from this division™.

3 Information has not been obtained after the changes in February 2011.

* An individual researcher has worked on an IRP/DSM formulation (Elsobki, 2009) to be used by
electric distribution utilities to achieve their goals for meeting the customers needs while
competing within new gradually developing liberalized electricity markets.

* Detailed demand scenarios for the five main electricity distribution agencies (public and
private) in the state were drawn up to estimate the aggregate demand till 2006-07. These
estimates were compared with the Central Electricity Authority’s Annual Electricity Plans. The
costs of the available generation/conservation/increased capacity utilisation options to bridge the
state demand-supply gap were then estimated, to derive a least-cost-supply staircase. The
likelihood of surplus capacity in this state, if all the proposals were actually implemented, was
also considered.

%6 Presentation of the Chief Engineer, IRP Division, at the National Power Conference, 4™t
December ’09.
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Meanwhile, a national policy and plan for the electricity sector have also been
spelt out for the first time — the National Electricity Policy, 2005, and a National
Electricity Plan, 2007. These were formulated jointly by the power/energy ministries of
the central and state governments, and will be periodically updated. However, both
display a supply-side bias. The National Electricity Policy, 2005 specified “ - -
development of the power system based on optimal utilization of resources such as coal,
natural gas, nuclear substances or materials, hydro and renewable sources of energy”
(MoP-Gol, 2005, Section 1.7); further, the “aims and objectives” (Section 2) emphasize
the electricity use per person and per household, rather than the magnitude of energy-
services delivered. Likewise, the National Electricity Plan 2007 has estimates of capacity
additions during successive Five-Year Plans, broadly based on projected gross domestic
product (GDP) growth rates, but the emphasis is on the supply side — generation,
transmission, and distribution. Energy conservation and environmental issues have been
touched on, but there has been no mention of comparison between generation and
conservation options.

In contrast to all these policies/plans, the Integrated Energy Policy 2006 has
specifically recommended an IRP-approach. Among the medium/long-term initiatives is
included “Adoption of a least-cost planning and policy approach that ensures that energy
efficiency and DSM have a level playing field with supply options - -” (PC-Gol, 2006)*’.

Apart from this policy, an “Energy Coordination Committee”, has also been set
up under the Chairmanship of the Prime Minister, to review and approve policies for the
energy sector as a whole, and a National Clean Energy Fund®® is being set up for R&D
funding. These could be used to facilitate IRP in the future.

It may also be useful to note that, as in other countries, there have been

considerable efforts to promote energy efficiency® and renewable sources of electricity”,
but without integrating these in the plans to meet electricity service requirements.

Malaysia

*7¢“__ The regulatory commissions should invite bids for DSM while approving new capacity

additions. Thus, if a state requires an additional peak demand of 1,000 MW over the next five
years, the utility can ask for bids from Independent Power Producers (IPPs) as well as Energy
Service Companies (ESCOs)”, Chapter VI: Policy for Energy Efficiency and Demand Side
Management (point 11), Integrated Energy Policy, 2006.

*® This is being funded by a cess on coal use (Budget, Ministry of Finance, 2010).

* Efforts to foster efficiency improvements include the establishment of the Energy Management
Centre, 1989, the passing of the Energy Conservation Act, 2001, the establishment of the Bureau
of Energy Efficiency (BEE), 2002, and adoption of the National Mission for Energy Efficiency as
a part of the National Action Plan for Climate Change, 2008.

%% Promotion of investment in and generation from renewable sources of electricity -- particularly
wind power, mini/micro hydro-systems, solar photo-voltaics, and biomass gasification — have
been taking place through a dedicated Ministry, and the Indian Renewable Development Agency
(IREDA) at the centre and corresponding agencies in the states, with fiscal and financial
incentives.
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An IRP project’’ has been implemented in conjunction with the National Energy
Policy; it attempts to take a comprehensive approach towards energy planning. Three
modelling tools - Comparative Techno-Economic Assessment of Energy Supply, Energy
Demand and Demand Side Management Options (COMPEED), Long Range Energy
Alternatives Planning (LEAP), and Computable General Equilibrium (GCE) were
introduced. Energy planners and regulators were to evaluate the total costs and benefits
of both the supply-side and demand-side options in energy planning, to select an optimal
mix, which would provide energy at the least financial, social, and environmental cost.
However, it is not clear whether or not these assessments were actually carried out.

Earlier (in 2000), the Four Fuel (oil, gas, hydropower, and coal) Policy, that had
been drawn up to meet the supply objective was amended to become the Fifth Fuel Policy
(Eighth Malaysia Plan 2001-2005), where renewable energy was the “fifth fuel” in the
energy supply mix. Energy efficiency was also encouraged to prevent Malaysia from
becoming a net energy importer (Jalal and Bodger, 2009).

South Africa

South Africa appears to be the only country to legally require integrated resource
plans for the electricity sector at the national level, hence its IRP activities are being
described in some detail.

South Africa’s 1998 White Paper on Energy Policy first recommended IRP (SA-
DME, 1998). However, in the early years, least-cost supply schedules were constructed
(rather than integrated supply and efficiency plans) by and for the main utility (Eskom).
The National Electricity Regulator (NER) then introduced the development of a National
Integrated Resource Plan (NIRP) as an independent information source. The first
National IRP (NIRP1) was completed and published in March 2002, by Eskom’s
Strategic Planning Division, under the guidance of the NER (SA-NER, 2002b). The
Energy Bill 2002 drafted by the Department of Mines and Energy also included
integrated energy and resource planning. At the beginning of 2003, the NER established
the National IRP (NIRP) Advisory and Review Committee (ARC) with the function to
provide wide stakeholders' guidance and contribution to the NIRP development process.

The NIRP 2003-04 (NIRP2), an improvement on its predecessor, was generated
with the guidance of the NER’s NIRP Advisory and Review Committee by an NIRP team
comprising Eskom Resources and Strategy Group, the Energy Research Institute of UCT
and the NER (SA-NER, 2004).

The Electricity Regulatory Act, 2006 (SA-No.1243) was passed on the 31%
December 2006. It included IRP and has gives the responsibility for electricity planning
to the Energy Minister. She in turn has published regulations, devolving responsibility
for electricity planning to Eskom’s System Operations and Planning Division, but with

*! The project was conducted in 2005 with the co-funding from the Danish International
Development Agency (DANIDA).
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the supervision of the Department of Energy (DoE), which should also consult the
National Energy Regulator of South Africa (NERSA).

A 20-year IRP was drawn up by Eskom and the DoE, along with an interim 5-
year plan, in September 2009 (SA-DoE, 2009a). Civil society groups were critical that
this draft — although referenced elsewhere — was not discussed publicly within the
country and was only “leaked to the media” (Nakhooda, 2010, quoting Mail and
Guardian, 2010) and that industry voices were given more say in the drafting process.
The draft was said to have acknowledged the risks of reliance on renewables, but not the
problems®” associated with coal (SA-DoE, 2009a). In addition, the expected electricity
conservation (for example, through efficient motors) was greatly under-estimated
(Totten, 2010). According to the Free Market Foundation of Southern Africa, the
problem was not technical -- not the lack of planning processes -- but the lack of a
regulatory system (Free Market, 2010).

However, for development/revision of IRP-2010, several committees were
involved: the Inter-Ministerial Committee on energy (IMC) -- a sub-committee made up
of cabinet members to assess progress made on the IRP as well as other electricity—
related matters (GoSA, 2010), the Inter-Departmental Task Team, that reports to the IMC
on a regular basis, Work Group 2 (an IMC working group) on the IRP, and the IRP
Technical Task Team (IRP TTT), whose role is to advise the DoE on technical IRP
matters (Eskom, 2010). There were also stakeholder—consultations both on the input
parameters to the modelling and the scenarios (IDASA, 2010a; 2010b). Significant
changes were made between earlier and subsequent versions, with respect to some
parameters (IDASA, 2010c).

The most recent version of IRP 2010 — Revision 2, published in October *10, aims
to estimate the electricity demand until the year 2030, and how this demand should be
met in terms of generating capacity, type, timing, and cost. It also serves as an input to
other departments that focus on job creation, energy security, climate change, and
financing considerations. It is being regularly reviewed (with Version 8 currently
available) and is considered indicative rather than “cast in concrete”. While the Base
Case Scenario indicates the least-cost alternative, these costs do not include the inherent
externalities. Scenarios were developed around the targets for greenhouse gas (GHG)
emissions, as well as policy objectives relating to regional development and increasing
demand-side interventions. The scenarios were assessed in terms of cost, emissions,
water consumption, and regional development objectives, as well as additional risk to the
system (Eskom, 2010). However, comparison with demand-side options has not really
been integrated into the planning process; rather, some DSM/EE options have been
forced into the schedule (Eberhard, 2010).

While IRP has been instituted by legislation and regulation, it is also desperately
needed to inform new investments, as South Africa had experienced blackouts between

32 The problems with coal-based generation include rising prices (Eskom, 2009), water
requirement, unreliable supply due to weather, (Nakhooda, 2010, quoting Reuters, 2008) and
cleaning/restoring water systems (Liefferink, 2009).
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2005 and 2008 and is likely to experience shortages again®®. Further, the regulator can
only licence those plants that are included in the IRP, unless the Minster decides to
include other generators; hence, the plans that have been drawn up are likely to be
implemented (Eberhard, 2010). In addition, the process of drawing up an IRP for energy
(rather than only electricity) has begun, and the plan is due in 2011.

Thailand

The national utility, Electricity Generating Authority of Thailand (EGAT) had
drawn up a Power Development Plan (99-02) which stated that “an analytical framework
and a procedure for integration of DSM into the system planning process are expected to
be established in the near future” (EGAT, 2000, Section 6). Thereafter (since 1993),
DSM programmes were actively implemented by EGAT’s Demand-Side Management
Office. The Director of EGAT’s DSM and Planning division has justified DSM activities
by the generating utility because of deferred investment, peak reduction, and suitability
for a single country/utility (Napaporn, 2008), and estimates of conservation through
efficiency programmes continue to be made®*. Even so, integrated planning has not been

carried out by EGAT?.

The Thai government now considers “Strategic Environmental Assessments”
(SEA), taking a holistic approach to planning for sectors. For external input into policy-
making, there exists a National Economic and Social Advisory Council, and a Senate
Extraordinary Committee on State Enterprise Reform that conducts public hearings. In
addition, an Interim Regulator for the electricity sector was established, although a more
effective regulatory system>® could be needed (Chuenchom Greacen, quoted in WRI,
NIPFP & Prayas, 2006).

2.2 Industrialised countries

While IRP had been used for years in some regions of the world (for example, in
most states of the USA), its importance lessened with the restructuring and deregulation
of the power industry, when the introduction of customer choice and other features
fundamentally altered the shape of the industry.

However, the energy crisis of 2000-01 highlighted the dangers of assuming that
energy markets would provide adequate, low-cost resources. With the subsequent re-

3 The economic recession lowered demand during 2008-10.

** Lighting efficiency measures was estimated in terms of energy, power and CO, emissions
reduction; its costs were less than 50% of generation costs in 2008.

% Individual researchers have drawn up IRP estimates and planning structure for the country, for
example, Tanatvanit, et al., 2004; T. Foran, 2009.

%% The lack of an independent regulator in the Thai electricity sector remains a significant barrier
to balancing the interests of EGAT (which is run on a for-profit basis) against the needs of Thai
citizens and consumers.
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regulation, integrated planning37 came to be considered useful again. As an alternative, a
variant of IRP called “portfolio management”™* came to be adopted in some states.
Portfolio management puts emphasis on uncertainty and risk, and evaluates conventional
and renewable energy sources on the basis of their risk contribution to a portfolio of
generating assets. While conceptually similar to IRP, it differs from the latter in that it
assumes that the distribution function will be performed by an entity that could be buying
rather than building a large part of its power supply and is therefore managing a portfolio
of different supply and demand options.

Further, advances in automation and information technologies have made multi-
dimensional resource decisions and Demand Response programs (and consequently IRP
implementation) effective (Tram and Elliott, 2004; Black, 2005; NAPP-Utilities, 2010).

Australia

There is no IRP requirement for the power sector at the national level. However,
the National Water Commission, perhaps due to the severe water shortage, has
recommended IRP for sustainable urban water planning (NWC-GoA, 2009).

More pertinently, a Code of Practice Demand Management for Electricity
Distributors was recommended for the power sector of the state of New South Wales (in
SE Australia). This Codeis an example of a mandatory planning process (though treated
as voluntary by utilities). Its purpose was to prescribe a methodology for the market-
based development of options for electricity system support (including demand
management, embedded generation, and storage options) and their evaluation (through a
competitive process), at the same time and in the same manner as network investments
(EF-Australia, 2002). Mechanisms — control, funding, support, and markets — that affect
demand-side management measures were discussed. However, the extent to which the
Code has been followed has not been established.

IRP has also been used to justify hydrogen-energy futures, for example, for a case
study of Tasmania, where the major generator has proposed a wind-hydrogen pathway
(Pignieri, 2006).

Canada

The province of British Columbia (one of the ten provinces in the country) has
drafted its Clean Energy Act (Bill 17 — 2010) through the Ministry of Energy, Mines, and
Petroleum (GoBC-C, 2010). This Bill sets out British Columbia's energy objectives,
requires the British Columbia Hydro and Power Authority to submit an integrated
resource plan describing what it plans to do in response to those objectives, and requires
the authority to achieve electricity self-sufficiency by the year 2016. However, rather
than emerging through a comparative assessment process, achievements through DSM

*7 Versions of IRP are referred to as Least-Cost Planning, Long-Term (Resource) Procurement
Planning, Integrated Resource Strategic Planning, and Scientific Energy Planning.
3% For further information, see RAP, 2005, Awerbuch, 2006, Steinhurst, 2008.
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(@ 66% by the year 2020) and generation through clean or renewable sources (@ 93%)
have been specified in the Act.

European Union countries:

The European Commission’s Draft Directive, 1995, had required Member States
to undertake “Rational Planning Techniques” (RPT) — essentially IRP, or integrated
assessment of supply and demand options — for their internal electricity and natural gas
markets. The European Commission and the European Parliament saw the RPT
Directive as a necessary complement to the Internal Electricity Market (IEM) Directive
that required competition® in electricity supply.

However, while most European countries do not have an IRP obligation, they do
have obligations regarding renewable sources of energy and efficiency improvements.

Several countries have energy efficiency targets: the UK has had an “Energy
Efficiency Commitment” since 2001*, for efficiency in the residential sector, Italy has an
obligation for distribution companies to achieve specific energy saving targets*', being
implemented since January 2005, France has a new energy law since 2005, with 3-year
efficiency targets, and the Flemish region of Belgium has imposed energy saving
obligations on electricity distributors (Nadel, 2006). But none of these required IRP-like
comparisons between alternatives.

Recently, the European Renewable Energy Council (EREC), in its new report RE-
thinking 2050, outlined a pathway indicating how the European Union can switch to a
100% renewable energy supply for electricity, (as well as heating and cooling, and
transport), examining the effects on Europe’s energy supply system and on CO,
emissions (EREC, 2010). However, this was not derived from a comparison with
efficiency improvements or other generation options.

While utilities/state energy departments have not considered IRP, consultants
have used IRP, for example, to study the extent of demand response (DR) to curb peak
load requirements and overall load consumption in the European Union’s EU-15
(Capgemini, VaasaETT and Enerdata, 2008)*. Another study identifies externalities

%% The restructuring process in the EU was, in most countries, driven by the IEM Directive on
the Common Rules of the Internal Electricity Market. However, as the former electricity market
structures were very different, restructuring also took very different paths, within the rules
defined by the IEM Directive. For example, the UK started restructuring in the 1980°s (well
before the IEM Directive) while France started the process for introducing the minimum changes
only to comply with the directive.

* This was passed by parliament, and is administered by the Office of Gas and Electric Markets
(OFGEM), through decisions of the Department for Environment, Food, and Rural Affairs
(DEFRA).

*! Established by the Ministry of Industry in 2001, the implementation details were worked out by
the Regulatory Authority for Electricity and Gas (AEEG).

2 In their dynamic scenario, DR alone achieves 25-50% of the EU’s 2020 targets concerning
energy savings and CO, emission reductions, as well as pre-empting the need for the equivalent
of 150 medium size thermal plants in EU-15. However, they estimated that the results were
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associated with energy production and use, barriers to increased societal implementation
of demand management and an evaluation of options for encouraging increased demand
management in several European countries (EF-Australia, 2002).

The few European countries with reported IRP activities are listed below.

Denmark: In Denmark, IRP was carried out in 1995 and 1997 (for 1997-2030). The
traditional "macro-IRP" was replaced by a more limited "micro-IRP", or integrated
assessment of supply and demand options performed by the distribution companies.
Cost/benefit analyses were standardized, and utilities’ common organizations compiled
the energy companies’ contributions and reported these to the Ministry. After 2000,
implementation of the Internal Electricity Market (IEM) Directive resulted in the
obligation to perform IRP being replaced with an obligation to implement DSM (Lopes et
al., 2000).

Luxembourg: With the creation of the National Research Fund (1999), the
announcement of the National Plan for Innovation in 2005, and the provisional
Implementation Plan of 2006, there appears to be scope for IRP. Luxembourg’s policy
instruments to encourage R&D included (among others) environmental initiatives for
renewable resources and energy efficiency (Alexander, 2006), but again, there does not
appear to have been actual integrated planning.

Portugal: Long-term planning of the generation system, based on IRP, came to be
required in 1995; it was to be performed by the Ministry, when proposed by the
independent system operator and with advice from the regulatory entity. However,
implementation is not evident (Lopes et al., 2000).

Some attempts at IRP were made in the 1990s’ in Poland and other East European
countries, (Chandler et al., 1993), but reports of any recent efforts are not available.
Several researchers have used IRP for their studies, but as these have not been for a
country as a whole®’, they are not being discussed here.

The USA

In the USA, the Clean Air Act Amendments of 1990 had contained provisions
designed to motivate state commissions to adopt standards requiring utility participation
in IRP. This was followed by the US Energy Policy Act of 1992 with a mandatory
requirement that all electric utilities carry out IRP and submit plans before their state
Public Utility Commissions for approval. IRP showed that DSM could produce large
economic and environmental benefits and could avoid the need to build unpopular and

unlikely to be achieved with the current level of commitment by the member states and the
energy industry.

* IRP was used for a case study of Sardinia, Italy, where the production of hydrogen from wind
power and via gasification of domestic coals and refinery residuals was compared (Pignieri,
2006).
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polluting generating plants. The adoption of IRP was thus driven chiefly by the
increasing costs of electricity generation and the consequent need for greater efficiency in
the use of energy, as well as environmental concerns.

In contrast, restructuring of electricity markets and the transition to retail access
weakened the ability to carry out “integrated” planning (for the generation, transmission,
and distribution sectors)** and also the perceived need for IRP, because the latter was
traditionally thought of as a centralised planning approach.

However, the problems that occurred (in particular, the Californian energy crisis)
led to some states suspending power sector de-regulation®”. Pertinent to this study, a
renewed interest in IRP emerged, emphasized by the need for regulation at the point
when resource acquisition decisions are made*®. Some Western states (California,
Montana, and New Mexico) have re-introduced an IRP requirement, while other states
have developed new rules to strengthen their existing processes, for example,
Connecticut, Delaware, Illinois, and New Hampshire have each legislated some form of
IRP (Kaye Scholer et al., 2008). California and Delaware have mandated a return to
deliberate resource planning for procurement of standard service offer (SSO) supply
(RI&SEE, 2006). Connecticut’s Office of Consumer Council has suggested using IRP
methods to evaluate the utility’s alternatives -- either “repowering” (replacing old plants
with new ones) or new-fuelled plants such as natural gas CC (Rosenthal and Sobolewski,
2010). Maryland’s IRP process had largely lapsed since de-regulation, but the need for
IRP has been felt to harmonize the sometimes discordant State objectives (Kaye Scholer
et al., 2008). Missouri is returning to IRP after several years of allowing utilities to file a
waiver from existing IRP rules (RAP, 2010).

* By divesting their generation, utilities relinquished control over generation investment
decisions that were thereafter left entirely to merchant generators. By ceding transmission
planning authority to an independent system operator, utilities further diminished their IRP role —
and, by extension, the State’s role as well. Because states could no longer direct their utilities to
build system facilities, their planning capabilities and authority atrophied, although the statutory
requirements for IRPs often remained on the books. Consequently, planning for generation,
transmission, demand response, and environmental protection was fragmented among multiple
governmental, quasi-governmental, and private players, with little conscious integration.

* Currently (US-EIA, 2010, 1st November 2010), power sector de-regulation activities are not
active in 28 states, were suspended in 7, and continue to be active in 15.

# “Throughout the 1980s and 1990s, the California Energy Commission and the Public Utilities
Commission (PUC) conducted a joint integrated resource planning process. Future resource
needs were forecast and a mix of demand side management, generation, and spot purchases
identified to meet those needs”. However, after a particular auction process for additional
capacity was found to be flawed, “the PUC determined not to incorporate a state planning
component into the adopted deregulation experiment. This retreat from integrated resource
planning in California aggravated the problems that stemmed from market uncertainty. The state
ignored its energy efficiency building standards during the building boom of the mid-1990s and
discouraged the construction of cost-of-service power plants, all in the hope that unregulated
investors would build sufficient new generation capacity for predicted future needs. No warning
signals were built into the deregulation experiment which provided policy makers with adequate
warning that the market was not providing sufficient new capacity” (Wood, 2001).
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States can be classified on the basis of their power sector planning activities:- those with
IRP legally required, those where IRP is carried out by some utilities even without a
formal requirement, and those with partial IRP, portfolio management and DSM/EE
requirements.

IRP legally required — Currently (November 2010), 23 states*’ have laws requiring that
integrated resource plans or Long-Term (Resource) Procurement/Strategic Plans be
drawn up, although IRP is practised by some utilities in a total of 31 states™®.

Utilities have to periodically draw up estimates of demand and action-plans on how they
intend meeting the goals, in order to provide reliable reasonable-cost service, with
manageable risk, to their customers. The plans include short-term strategies for acquiring
resources and long-term (10 — 20 year) expectations for resource needs (with specified
reserve margins), and preferred portfolios of demand-side and supply-side options.

These are submitted to the relevant State Utilities Commissions®’ and, after assessment
and approval, determine each utility’s activities. The plans are presented regularly, and
are re-visited (even annually)’’. Groups of states (for example, the Pacific Northwest’"),
and utilities that serve several states (for example, PacifiCorp>?), have also been
preparing IRPs in the 20-year range.

Many states require that utilities include various types of risk analyses (e.g. fuel price
risk) within their IRP. Consideration of GHG emissions in IRPs is also required by
several states; most of the major Western utilities that prepare IRPs incorporated future
CO; regulations in their analyses of alternative resource strategies in their most recent
resource plans. State public utility commissions can set quantifiable annual minimum
efficiency and renewable energy goals for utilities; California developed its own “Energy
Action Plan” incorporating a priority for energy efficiency followed by renewable energy
in meeting the state’s future needs. Some states (e.g., in California, New Mexico, and
Oregon) have even specified CO, emission allowance prices and other requirements
related to how utilities undertake their analysis of carbon regulation risk. The impact of
IRP on renewable energy development is most apparent in states without a Renewable

*" These are California, Connecticut, Delaware, Georgia, Hawaii, Idaho, Indiana, Kentucky,
Michigan, Missouri, Montana, Nebraska, Nevada, New Hampshire, New Mexico, North Carolina,
North Dakota, Oklahoma, Oregon, Utah, Vermont, Virginia, and Washington.

* This is from another assessment (RAP, 2010).

* Programs of PG&E, SCE, SDG&E, PacifiCorp, and Sierra Pacific Power Co. are submitted to
the PUC of the state of California (CA-PUC, 2009). (PacifiCorp is a multi-jurisdictional utility
and serves customers in other states too.

%0 Consider, for example, the IRPs of Portland General Electric (for regions in Oregon) (PGE,
2010), Nebraska Public Power District’s least cost plan for the period 2008 — 2027 (NPPD, 2008),
and Avista Utilities’ IRP for 2009-29 (Avista, 2009).

> This region consists of the states of Idaho, Montana, Oregon and Washington who have
together formed the Northwest Power and Conservation Council (NPCC).

32 It serves areas in California, Oregon, Utah, Idaho, Wyoming, and Washington, (PacifiCorp,
2009) and submits IRPs for the regions it serves to the Public Utilities Commissions of those
states.
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Portfolio Standard, for example, Idaho. State policies requiring Utility-IRP in several
states (particularly in the west) are credited with increasing the investment on and
generation from renewables (Barbose et al., 2008).

IRP even without requirement: In some other states — for example, Ohio’ 3 and Wyoming
-- IRP is carried out by some utilities, although there is no formal requirement. In
Montana, one vertically integrated utility practises traditional integrated resource
planning under the state’s IRP guidelines, while the other, a restructured utility, practises
portfolio planning, management, and resource procurement for electricity supply for
default customers under the guidelines for restructured entities.

Partial IRP, portfolio management and DSM/EE requirement: Other states have portfolio
planning procedures, for example, Arkansas, Colorado, Illinois, lowa, Maine, Maryland,
Massachusetts, Minnesota, New Jersey, Rhode Island, Wisconsin, and the District of
Columbia (RI&SEE, 2006; RAP, 2010).

Apart from the IRP/portfolio planning requirements, several states have
Renewable Portfolio Standards (RPS) and/or Energy Efficiency Resource Standards
(EERS) that encourage renewables or efficiency improvement, respectively, through the
imposition of targets to be achieved by the utilities and/or guidelines requiring
procurement/ conservation plans, but these are not being dealt with in this study.

3. Summary of reported power sector planning activities

The country-wise activities with regard to integrated resource planning for the power
sector, reported above, can be summarised with the series of questions:

e  What is the planning approach? Is it really an integration of demand and supply
options being evaluated to minimise economic costs (including externalities), or else,
which aspects of IRP are practised?

o Integrated evaluation of the real costs (including externalities) of supply-
and demand-side options within the process — This is the ideal; it may have
been reached at some/all utilities of those states the USA (e.g. Oregon,
Montana), where IRP is mandated. (British Columbia in Canada, and
Malaysia have such requirements drawn up, but the planning process may not
as yet be taking place).

o Integrated evaluation of the utility-costs (with some externalities) of supply-
and demand-side options within the process — This is taking place at some/all
utilities of other states in the USA where IRP is mandated.

>3 Electric utilities are required to file Long-Term Forecast reports which must specifically
address EE and its impact on resources and may include an IRP. Utilities must also file Electric
Security Plans and if those include provisions for CWIP or a Non-Bypassable Surcharge, an
included IRP must discuss and analyze EE.
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“Integrated” evaluation of utility-costs (without externalities) of mainly
supply- and a few demand-side options, with some provisions for or
portfolios of EE/DSM forced into the plans — This is taking place in South
Africa, and in some states of the USA.

Strategic evaluation of utility-costs (without externalities) of supply-options,
and specified provision (outside the main planning exercise) for renewable
sources, and/or DSM/efficiency — This is done in Brazil, China, India, and
Thailand.

e Why is this (IRP or partial IRP) planning approach being undertaken, i.e. what are the
drivers for undertaking such planning?

O

O

O

O

Mandatory requirement:

o Existing laws/regulations of the (central/state)
Government/Regulatory authority (indicating that the need was
perceived much earlier) — These exist in several states of the USA and
South Africa (since 1998); other countries earlier with the requirement
no longer have it, e.g. Denmark.

o New (or re-imposed) regulations, indicating that the need was
recently perceived by authorities — Some states of the USA have re-
introduced IRP requirements (e.g. California, with “Long Term
Procurement Plans”, Montana, New Mexico), while others have
enacted legislation recently (e.g. Connecticut, Delaware, Illinois, New
Hampshire). British Columbia (Canada) has recently imposed a
requirement.

Policy directive:
e Existing/recent policies (favourable approach, but not mandated)

India has an Integrated Energy Policy since 2006.

Perceived need of the utility — EGAT of Thailand perceives the need for DSM
(but not IRP per se)

Also pertinent here:

Likelihood of plan implementation — This would be dependent on whether or not
the utility (or energy department) is answerable (to the government or regulator or
even to the public) for implementation of the options selected from the IRP
exercise.

e By whom are the plans constructed?

@)
(@)

Government ministries/departments - China, India,

Government-owned utilities, supervised by Government-appointed regulator
— South Africa, (likewise Brazil for EE/DSM)

Investor-owned utilities submitting plans to the Govt.-appointed
regulators/commissions — states of the USA

Utility, even without a strong regulator — Thailand
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Also relevant here:
o Public participation (feedback) allowed — only where civil society is active,
(e.g. states of the USA, India)

Where is such planning (IRP/partial) IRP taking place?
o Central (federal) level — South Africa, Thailand (where the utilities Eskom
and EGAT serve their respective countries);
o State/regional levels - US utilities (that serve a state or parts of one/more
state)
o Both central and state involvement — India (where electricity is a concurrent
subject in the Constitution)

When (and how often) are plans drawn up? Integrated resource plans, as well as
strategic, scientific, and long-range plans, are usually for 15-20 years; however there
are also milestones indicated within these, with the accompanying short-term (< 5
year) plans and periodic updating every few years (or even annually).

How much do the imputed costs include? What does the costing procedure consist
of?

o “Economic” costs imputed through rigorous analysis, with “monetising” of
environmental/societal impacts — This is the ideal: it would reflect an equity-
and environment-conscious society. (It’s not evident that all externalities are
counted anywhere).

o Current/expected prices plus charges/taxes and costs for compensatory
measures (for environmental/societal impacts) — This depends on the extent
of prevailing regulations, in turn depending on society’s perceptions; it
happens at some utilities of the USA.

o Current/expected prices (only direct payments that are/have to be incurred) —
This happens in India (where charges for water use, polluting effluents, etc.
are inadequate).

For whom is the planning? Who are the beneficiaries? (This is pertinent in regions
of low electrification, because those without electricity are not beneficiaries unless
plans include electrification of the currently un-served).
o The energy sector as a whole (all energy carriers/users) — Thus far, IRP has
not been carried out for the energy sector as a whole (although it is mentioned
in India’s Integrated Energy Policy 2006).
o The power sector as a whole — This has been done in South Africa (where
Eskom serves the country), but not elsewhere.
o The utility territory - Each utility has carried out IRP for its own service areas
in the USA and in Denmark.
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Annexe 1: Summary of the IRP process for the power sector (adapted from D’Sa, 2005)

o Definition of the objectives and scope of the plans — The goals (for example,
electrifying all homes), optimisation-objectives (such as minimising economic costs or risks,
and their trade-offs), planning period, and regional extent, have to be specified (as these
affect the constraints within which the plans must be formulated).

e Data collection on base-year (baseline) requirement — For a bottom-up (end-use)
approach, data on current requirements (based on population and production-levels), and the
specific energy-use per energy service (or user category), must be collected.

o Estimation of future requirement — Forecasting of electricity requirement and time-of-
the-day load should be carried out, using acceptable methods. Alternative scenarios
(reflecting changes in growth rates, prices, etc.) may be considered.

o Identification of options of servicing these requirements — The generation- and
efficiency-improvement technologies for meeting the estimated requirements have to be
identified, so that they can compete for inclusion in the least-cost mix.

o Estimation of costs of delivering/saving electricity through these options — The costs
per unit (usually the annualised life cycle cost)® of electricity either delivered or saved,
through each technologically-feasible option must be calculated, considering
social/environmental costs”, if any, of delivering electricity, and potential risks (such as price-
rises, and variability of fuel supply and hydro conditions), transmission and distribution costs
(of supply options) and implementation costs (of DSM measures).

e Drawing up plans that optimise resources — The available options can then be ranked in
order of costs, so that alternative plans can be drawn up with a “mix” of options, subject to
(e.g. fuel availability) risks and constraints.

o Publication of plans for stakeholder feedback — Indicative plans should be publicized,
inviting the views of those concerned.

e Appropriate strategies — Incorporating feedback, decision-makers can formulate
appropriate implementation strategies.

e  Monitoring and periodic repetition — Implementation of the plans must be monitored; as
importantly, the process must be repeated periodically, incorporating new information (e.g.
regulatory changes, technological developments, changes in costs and availability of inputs),
so that mid-course alteration can be effected.

Please note:

* Annualised life-cycle cost = the annual equivalent value of the total costs incurred (initially and
during the working life of the plant or equipment) divided by the electricity generated per year,
i.e. ($/kWh) = [{ZCy(1+))*"}x(CRF) + A]+[kWh/year],

where XCy are the capital costs, incurred during the k years of construction, A is the average
annual recurring cost = the sum of fuel and operation & maintenance costs, and CRF = capital
recovery factor = i+[1-(1+i)™], with i = interest rate/year and n = operating life of the plant or
equipment (in years).

® Social/environmental costs are difficult to quantify; comprehensive assessments would include

the costs of mitigating the negative impacts of the production and delivery of electricity from a
particular source on the air, water, land and wildlife habitat.
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Figure 1: Schematic depiction of the IRP procedure (adapted from D’Sa, 2005)
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