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EXECUTIVE SUMMARY
BACKGROUND

Though advantages of usng renewable energy are acknowledged, its use in developing
economies has not progressed as repidly as expected. Renewable energy options are not
widdy adopted in the energy and economic planning of APEC member economies and therole
of renewable energy in the total economy energy supply is expected to declinein the future.

This project was funded by the APEC Energy Working Group under the recommendation of
the Expert Group on New and Renewable Energy Technologies. The objective of this project
is to identify, assess, and improve anaytic methodologies to incorporate renewable energy
options in an economy’ s energy and economic planning.

It was suspected that existing energy models were not adequate tools for evauating the
penetration of renewable energy technologies in an economy. Thus it was thought that the
models could not show the currently cost-€effective renewable energy technology options to
policy makers. This would make renewable energy technologies not receive afair evauation in
the economy’s fud mix when it came to energy planning. The Energy Working Group funded
this study with the hope that the development of improved models to assess the potentid of
renewable energy technology would contribute to the provision of distributed energy services a
both economy and regiond levds  The APEC member economies can use the
recommendations developed through this study to assst in objectively evauating the role of
renewable energy in domestic and regiona economic development plans.

This study expects to contribute to three main aress. Fird, this study examines three principd
economy-level energy modds with specid emphass on the characterization of renewable
energy options. This comparison should help senior policy officids and modders in selecting
economy-level energy modds for use in their own energy planning. Second, this study reveds
detailed information on assumptions and methodologies utilized by the sdected economies,
which could benefit other APEC member economies who are currently developing, or plan to
develop, their own economy-level energy models. Findly, this study discusses important factors
and attributes of renewable energy resources that modelers should take into consideration when
developing their economy-level energy models so as to have a far evauation of al energy
supply options including renewable energy options.

The overdl conclusion of this study was that the existing economy-levd modds like ENPEP and
MARKAL have high capabilities for capturing most of the important factors and attributes of
renewable energy and can present a reasonable picture of renewable energy potentia in an
economy, if the necessary information is made available and the modds are utilized to their full
potentid.
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The economy-level models such as ENPEP, MARKAL and, to some extent, LEAP can serve
the purposes for which models are normally used by energy policy andysts. Those are to show
impacts of various energy supply and demand scenarios on resource consumption, technology
choices, environmenta implications, and policy decisions.

It is dso important to recognize that the inadequacies of the exiting economy-level energy
models in characterizing renewable energy tchnologies were only a minor impediment to
showing the potentiad penetration of renewable energy resources into an economy’s resource
mix. The other factors responsible for low penetration of renewable energy in an economy are
lack of necessary information (both for resource characterization and technology definition) and
lack of policies which support the many aspects of renewable energy technology development
and implementation.

Wheresas past use of renewable energy was based on very smple technologes, the future use
of renewable energy will be based on sophigticated technologies which can require significant
expertise to design and implement. Therefore, in order to fully capture the benefits of the new
technologies, increased effort must be spent on al aspects of renewable energy development.

REVIEW OF THE ENERGY MODELS

Three energy models were reviewed in the project—the Energy and Power Evauation Program
(ENPEP), the Maket Allocation Program (MARKAL), and the Long-Range Energy
Alternatives Planning System (LEAP). These three models were sdected because they are
widdy used in many APEC member economies as well as non APEC member economies
worldwide, for their own domestic economic planning and & the internationd level of energy
andysis. In addition, they represent three different types of energy models. Each modd takes a
different overdl gpproach to the andyds of energy and environmenta systems, which will
provide a broad understanding of how various energy modes handle existing and potentidly
new renewable energy technologies in an economy. Some principa characterigtics of the three
models are summarized in Table E.1.
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Table E.1: Comparisons of the Principa Characterigtics of ENPEP, MARKAL, and LEAP

ENPEP

MARKAL

LEAP

Model Nature
BALANCE isasystem of
smultaneous non-linear
equations and inequalities,
based on an approach of
generdized equilibrium
modd.
The equilibrium modding
approach for BALANCE
is based on the concept
that the energy sector
conggts of autonomous
energy producers and
consumers that carry out
production and
consumption activities,
each optimizing individud
objectives.

A demand-driven modd

MARKAL isadynamic
linear programming modd.

MARKAL isan
optimization modd of the
entire energy sector. The
main function of the moddl
isto optimize alinear
objective function under a
<t of linear condraints.
The problemisto
determine the optimum
activity levels of processes
satisfying the condraints a
the minimum cogts.

A demand-driven model

LEAPisan accounting
modd framework.

LEAPisdructured asa
series of integrated
programs that can be used,
for example, to develop
current energy balances,
projections of supply and
demand trends, and

ca culate the consequent
environmentd emissons

A demand-driven modd

Model Operation

- The BALANCE module
works with an energy
sector network that
consists of nodes and
links. Each node type
corresponds to a different
submode in BALANCE
and is associated with
specific equations that
relate the prices and
energy flows on the input
and output links of the
node.

MARKAL operateson
data usng matrix forms, in
the forms of sets, scdlars,
parameters, and tables.
These components are
supplied by usersto
represent an energy
system that will show dl
possi ble routes from each
source of primary energy
through various
transformation stepsto
each end- use demand
sector.

LEAP forecasts energy
demand by multiplying the
activity levels by the energy
intengties. Based on the
energy demand forecadt,
energy supply and
conversion processes will be
smulated to assessthe
adequacy of primary
resources to meet the set of
energy demands and export
targets.
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Table E.1: (Continued)

ENPEP MARKAL LEAP

Renewable Energy

- Themodd treats The modd does not Both renewable and non
renewable energy handle the estimation of renewable energy are
differently from nor+ renewable energy entered into the modd in the
renewable energy. The differently from non sameway. Thedifferenceis
production cost of renewable energy. There that an estimation of
renewable energy are no specia functions renewable energy requires
resources is smulated designed to handle the data.on maximum annua
using astep function while renewable energy supply of the renewable
that of depletable edimaes. The plausble resource whereas an
resources is smulated solutions for renewable estimation of non-renewable
using a quadratic function. energy technologies energy requires the dataon
The step function dlows depend on the congtraints quantities of resource

any physicd limitson the
annud production of the
resource. It could also
represent a different
source of production for
the resource, and sources
are ordered in terms of
increasing cogs.

added in the modd to
control the availability and
the utilization of each
renewable energy
technology. The model
aso provides severa
parameters that could be
applied to specify the
existence of renewable
energy technologies.

addition and depletion. For
biomass resource, it is
optiond to usethe LEAP
Biomass program to assess
the current and future status
of biomass resources under
different scenarios.

To introduce renewable
energy in BALANCE,
firg, the renewable energy
node must be included in
the energy network. The
node will have an output
link into RET directly, or
into an dlocation node to
distribute resources into
various types of RETs.
The outputs from RETSs
are then dlocated into
end-use demand.

Any type of renewable
energy technology can be
included.

To introduce renewable
energy into MARKAL,
firg, the type of renewable
energy must be identified
in the Set of renewable
energy carier. RETsare
then specified in the Set of
technologies they belong
to, for example, demand
technologies, conversion
technologies, or process
technologies.

Any type of renewable
energy technology can be
included.

Renewable energy can be
entered into LEAPasa
direct fud in an end-use by
specifying its percentage
shares among other fudsin
the same end-use.
Renewable energy that is
required to be processed
must be entered in the
Trangformation program by
setting up amodule to
represent itsSRETS. The
information on the
renewable energy resources
consumed isrequiredin
both cases.

Any type of renewable
energy technology can be
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Table E.1: (Continued)

ENPEP MARKAL LEAP

Solutions

- A lutionfrom MARKAL crestesthe The solution from LEAPis
BALANCE isbased on solutions by minimizing the deterministicSnce LEAPis
amulating the behavior of present vaue of total an accounting mode!.
energy consumers and energy system costs
producers through a throughout the planning
market- sharing dgorithm. horizon subject to
An eguilibrium modd specified condraints such

represented by the
designed energy network
issolved by finding a set
of prices and quantities
that satisfy dl relevant
equations and inequdities.

as avalability of primary
energy resources,
availability of certain
technologies and upper
bounds on pollution
emissons.

or Advantages

Maj

Themodd alowsnot only
price but also non-price
factors to determine
resource consumption in
the economy.

Sincethe solution is based
on a market-sharing
agorithm, the modd
dlowsfor the smulation of
market operation with
multiple decison-makers
which has an advantage
over least cost
optimization approaches
that are suitable for
dmulaing asngle decison
maker.

BALANCE can be linked
with other sub-modules of
ENPEP or other ANL
models for detailed
andyss.

MARKAL performs
least-cost competition of
fuds whichisparticularly
worthwhilein dispetching
electric power plants
where one wants to see
the effects of fue
competition over the
planning periods.

A margind cost
cdculation isavailable,
which makesit easy to
compare each supply
option and technology
directly within the modd.
MARKAL can be used
with a macroeconomic
model to dlow interplay
between theenergy
system and the economy,
or with apartid
equilibrium mode where
demand levelsare
endogenoudy determined.

LEAPisasmple modd that
does not require along-
period traning. The
program is designed to be
user-friendly with adetailed
manua and on-line help.
LEAP has afunction to
display resultsin any desired
unit, and in various formats.
All reports can be
represented in absolute
vaues, growth rates, and
percent shares.
LEAPisusgful in cases
where the andysts wish to
determine an energy and
environment impacts of
proposed governmental
policieswheretheinitid
technology projection has
been predetermined.
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Table E.1: (Continued)

ENPEP

MARKAL

LEAP

Maor Limitations

- BALANCE isdata
intensve compared to the
other two models
reviewed, thus requiring a
sgnificant effort for data
collection.
Themodd is complicated
and not user friendly.
Extengvetraining and
experiencearerequiredin
order to work successfully
with the modd.
BALANCE doesits
caculaions on ayear-by-
year bass. Therefore, it
does not make current
energy use decisonsin
conjunction with a
projection of what will
happen in the future.

MARKAL picksthe
solution that providesthe
lowest costs. The lowest
cos fud will teke the
entire market and the
competitors with only
dightly greater cots will
be excluded. Non-price
factors can only be
addressed to alimited
degree.

MARKAL cdculatesan
energy baance on the
basis of multiple year
planning periods, which
poses problems for
renewable energy
modding in terms of
resource characterization
and technology
implementation since
renewable energy
technologies can have
very short construction
times.

The model does not take
account of economic factors
in determining energy supply
and fud choices. Shares
among fud usage and fue
subgtitution among end uses
must be determined
exogenoudy.

Due to the nature of the
mode, the model cannot
andyze fud compstitiveness
between renewable energy
and foss| fuels.

Future energy sysems are
synthesized largely
according to the judgement
of the modder of what
preferred future technologies
should be

ECONOMY MODEL ANALYSIS

Four APEC member economies—Thailand, Indonesa, the Philippines, and the People's
Republic of Chine—were selected as case sudies. They were sdlected based on the criteria
that they are APEC member economies, they have participated in economy-wide leve energy
systern modedling, they provide examples of different energy models, they provide examples of
various renewable energy resources to be included in the modds, and they make available
reports and data sets utilized in actud economy-level modding projects. Thailand was used as
a case sudy for ENPEP, Indonesia and the Philippines were used as case studies for
MARKAL, and the People' s Republic of China (PRC) was utilized as a case study for LEAP.

The uses of the economy-levd energy modds—ENPEP, MARKAL, and LEAP—in the four
economies— Thailand, Indonesig, the Philippines, and the PRC—are compared in Table E.2.
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Table E.2: Comparison of the Models Used in Thailand, Indonesia, the Philippines,

and the PRC
Thailand Indonesia Philippines PRC
Modd ENPEP MARKAL MARKAL LEAP
Study Periods 1994-2030 1991-2021 1990-2020 1990-2020
(annually) (5 year interval) (5 year interval) (10 year interval)
Technology Conversion - Process - Process Transforma-
Refinery Conversion Conversion tion Module
Multiple  Input Demand Demand
Process
End-Use Transport Transport Transport Transport
Sector Industrial Industrial Industrial Industrial
Commercid Household? Commercid Building
Residential Residential Services
Agriculture Agriculture Residential
Non-energy Agriculture
uses
Renewable Hydro Hydro Hydro Hydro
Energy Biomass Geothermal Geothermal Geothermal
Biomass Agriculturd wind
waste Solar
Fuel wood Biomass
Anima dung
Renewable Hydropower Hydropower Hydropower Hydropower
Energy Biomass stove Geotherma Hydro pumped Geothermal
Technology Biomass power storage power
cogeneration Biomass steam Geothermal Wind for power
Biomass  for electric electric Solar for power
steam demand Biomass Biomass Biomass steam
burners steam electric electric
Biomass boilers Charcoal Biogas digester
Biomass stove conversion Charcoa
Biogas conversion
digester
Biomass
burner
Fuel wood
cooking
Charcoal
cooking
Agricultura
wasgte cooking




Executive Summary  XViii

Charcoal
ironing
Biogas
cooking
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Table E.2: (Continued)

Thailand Indonesia Philippines PRC

Projection Econometrics Assumed Officid Usng LEAP
Methodology Forecast from growth rates forecasts projection

other sources MACRO Interpolation

Assumed program

growth rates
Determinants Availability of Availability of Availability of Predetermined
of Renewable supply supply supply outside the
Energy Costs of Cost of Costs of model
Penetration resources resources resources

Costs of Costs of Maximum

technologies technologies capacity of

Non-cost Maximum RETs

factors capacity of Minimum

(combined RETs capacity of

effects) Minimum RETs

Price sengitivity capacity of

Lag parameter RETs

Assumed Maximum

penetration annud growth

rates rate on demand

Based on for RETs

officid plans

Notes: ' Industrial sector indluded manufacturing, non-energy mining, and agriculture.
2 Household sector included commerce and services.

ASSESSMENT OF THE CAPABILITIESOF
ECONOMY-LEVEL ENERGY MODELS

It appears that energy modds have been developed in severd different levels of technology
complexity and modeding scope.  For comparison, this study divides the modeds in three
categories—technology-level, sector-level, and economy-level energy planning. These three
levels of modds have different objectives. The technology-level modd is used to sdect
individua components of a sngle sysem. The sector-levdl modd, such as an dectric utility
model, is adopted to define the least-cost fue mix for eectricity generation to meet an
economy’ s future dectricity demand. In comparison, the economy-level energy modd is utilized
to facilitate the decison to provide the economy energy supplies to satisfy the future energy
demand at the least cost by taking into consderation issues such as energy security, energy
diversfication, and environmental related problems.

Due to the difference in the model objectives, information required and factors influencing the
decisions in the planning process are different among these three level of models. There is a
lack of set rules on what factors or resource attributes are required in an economy-leve energy
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modd to make it an ided modd for an economy’'s energy planning. Therefore, this study
reviews technology-level and sector-level models (which are more detailed models) so as to
provide peformance benchmarks and an overdl framework for establishing redigtic
expectations for the performance of renewable energy technologes in economy-level models.

This sudy dso includes a discussion of the capabilities of the existing economy-level energy
models—ENPEP, MARKAL, and LEAP—in capturing the key renewable energy factors and
atributes. The comparison of the capabilities of the three models is summarized in Table E.3.

Table E.3: Comparison of the Capabilities of BALANCE, MARKAL, and LEAP

BALANCE | MARKAL LEAP
Sysem Design No No No
Capability and Availability
Peak capability Yes Yes No
Seasona and hourly profiles No Y es/Nd” No
Intermittence No No No
Forced outage Yes! Yes? Yes?
Maintenance requirement Yes Yes Yes
Multiplicity of units YesNo® | YesNd' | YesNo®
Location
Centrd dations No No No
Didtributed utility No No No
Modularity
Incrementd Sze No No No
Short-lead time No No No
Risk Diversity Yes/No* Yes Yes/No”
Cost Factors Yes Yes No
Non-Cost Factors YesNo” | Yes/No' No
Off-Grid v.s. Grid-Connected Power Generation Yes Yes No
Renewables Energy Technologies
Renewables for dectricity generation
Giid - connected—dispaichable Yes Yes Yes
Grid - connected—nondispatchable Yes Yes No
Off-grid connected Yes Yes Yes
Renewables for therma energy Yes Yes Yes
Renewabl e transport fuel Yes Yes Yes
End-use renewable Yes Yes Yes

Notes: ¥ MARKAL can capture seasond profile but not hourly profile.
2 Forced outage can only be trested deterministically.
¥ The models can handle multiplicity of units of renewable energy resources but
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cannot show the resultant impacts on system reliability.

#" Risk diversity and uncertainty factor can be captured in limited circumstance by
using scenario andysis

% Non-cogt factors can only be captured in limited circumstances.

CONCLUSIONSOF THE STUDY

The main conclusions of the sudy are summarized below.

Each energy mode reviewed in this study has advantages and disadvantages that users have
to trade off. The exigting energy models are designed to be used for long-term energy
planning. With the fact that these models were origindly designed and gpplied in developed
economies where renewable energy accounted for only asmal portion of the overdl energy
use, renewable energy systems are not the centrd focus of any of the three modds.
However, each modd provides specid features that facilitate the incluson of renewable
energy technologies.

Renewable energy was earlier recognized as an important resource in the energy sector of
the four economies being reviewed. In the past, the shares of renewable energy in the tota
primary energy of each economy varied between 25 percent to 42 percent. Based on their
own forecasts, renewable energy supplies were expected to increase in the future.
However, the share of renewable energy in terms of totad energy supply in each economy
was expected to decline over time—to be between 8 percent to 14 percent of total primary
energy. This decrease in market share for renewable energy occurred, in brge part,
because traditiona biomass fuds were replaced by high qudity commercid fuds. Thus, a
chdlenge for energy modds is to demonstrate how traditiond fuels, such as biomass, can
cod effectively be converted into high quaity fuels such as gas and dectricity.

The economies forecast that the future use of renewable energy in traditiona applications
such as biomass consumption in the resdentia sector (for example, cooking and heating)
would decrease.  The renewable energy technologies that had the highest potentid to
penetrate into the economies were those for power generation such as hydropower, wind,
and solar energy.

The principd renewable energy resources included in dl modds were biomass and
hydropower. Geothermal resources were included in the Philippines, Indonesia, and the
PRC. Wind and solar were included in the PRC in the base case scenario, and in the
Philippines in the mitigation scenarios. In both the PRC and the Philippines modes, wind
and solar were used for power generation only.

The renewable energy technologies included in al economies were smple technologies.

Their uses included power generation, cooking and ironing in the residential sector, and hest
and steam production in the industrid sector. Other renewable energy technologies such as
solar water heeting, solar thermal power generation, or renewable-based transport fuels
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were not considered in any modd reviewed. There was no use of renewable energy
technologiesin the commercid, services, transport, or agricultural sectors.

Each economy was faced with the same problems, though in varying degrees, when
modding renewable energy. First of dl, renewable energy was expected to have a
declining-trend contribution in the economy’s energy mix as indudtridization gave rise to the
demand for higher quality energy resources. Therefore, because of time and budget
condraints in doing research, the economies did not look in detail a renewable energy for
their economy energy models.

The limitation in modding renewable energy was aso influenced by the fact that necessary
information to modd renewable energy, such as resource data, technology characterization,
technology performance, and cogts, was not available to most economies. In al cases, the
business-as-usud scenario follows the government’'s energy plans.  If there are no
government plans to implement renewable energy projects, a modeer will not volunteer to
include them in hisher modd. In the mitigation scenario, dthough the modder is not
precluded from suggesting renewable energy technology options, if the economy has not
dready completed detailed resource assessments and economy specific renewable energy
technology cost estimates, the modeler as part of his’her work could not be expected to
develop the needed information.

Energy modds could be classfied into three categories—technology-leve (such as
HOMER, Hybrid 2, and ViPOR), sector-level (such as, MABS, MIDAS, and
PROVIEW), and economy-level energy modds (such as ENPEP, MARKAL, and LEAP).
These three levels of modes have different objectives. The technology-level modd is used
to sdect individua components of a single sysem. The sector-level modd, such as an
electric utility modd, is adopted to define the least-cost fuel mix for eectricity generation to
meet an economy’s future dectricity demand. In comparison, the economy-leve modd is
utilized to smulate the decisons needed to define the necessary energy supplies to satisfy
the future economy-wide energy demand at the least cost by taking into consideration other
issues such as energy security or environmenta related problems. Information required and
factors influencing the decisions in the planning process are thus different among these three
model levels.

The economy-level mode could not be utilized to conduct an energy system design like the
technology-levd modd. Neither could the economy-level modd capture al atributes of
renewable energy (such as capability, avalability, location, modularity, and risk diversity)
that were sgnificant in the comparison of renewable energy resources with conventiona
supply-sde and demand-sde options for utility’s integrated resource planning.  This is not
surprising.  Given the broad scope and objectives of economy-level energy models, it is not
redigdic to expect such modes to incorporate the technical detail of technology-level or
even sector-leve models. In addition, some of the renewable energy attributes are more
important for the sector-levd modds but less critical for the economy-level modds.
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Therefore, those attributes could be ignored for the economy-levedl modd without any
sgnificant impact on overdl modd results.

There are some limitations in modeling renewable energy in the exising energy models.
These limitations are due to specid characterigtics of renewable energy that are different
from fossl fueds. Since the focus of the existing energy modd s is on modding characterigtics
of fossl fuds in detall, they leave out the detalled festures of renewable energy. It isaso
due to the fact that factors involved with the use of renewable energy are more difficult to
assess and quantify which makes modeling renewable energy in the existing modd s difficult.

However, it is far to say that the exising economy-level modds likes ENPEP and
MARKAL have high capabilities for capturing most of the important factors and attributes
of renewable energy and could present a reasonable picture of renewable energy potentia
in an economy, if the necessary information is made avallable and the modes are utilized to
their full potentids.

RECOMMENDATIONS FROM THE STUDY

From the review of the economy-level modds, and the examination and running of the four
economies modds with origind data sets, it wes learned that modding-related factors are
responsible only partly for the low penetration of renewable energy technologiesin an economy.
The other factors contributing to the same problem are non-modding factors. These non-
modeling factors could be classfied into four groups—resource factors, technological factors,
economic factors, and inditutional factors. It is difficult to say which factor is the most
important. One factor could be relatively more important for a given economy than the other
factors. However, lack of any one of these factors would significantly obstruct the penetration
of renewable energy in the economy.

This study provides recommendations concerning options that could be taken to increase the
use and future penetration of renewable energy technologies. The recommendations are
separated into recommendations for future modeling and recommendations associated with the
non-modeling related factorsincluding resource factors, technologicd factors, economic factors,
and inditutiona factors.

Recommendations for Future Modeling

Recommendation (1): Because of the details required to estimate totd resource
availability (or capecity), specidized resource assessment models should be used in
conjunction with the economy-level energy modds. Specific resource assessment
models should be used to pre-estimate the total resource availability (or capacity) over
the study periods. This information will then be entered into the economy-level energy
modd for evauation of fue competition.
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Recommendation (2): The technology-leve renewable energy models that can design
the eectric system should be utilized. The results of the system design should then be
transferred to the economy-level energy modd for further andyds. The regiona models
should be used to evaluate resources to be utilized at each specific Ste. A good
example of this leve of modding is arecent APEC study, which examined the potentia
for renewable energy retrofit options to existing diesel mini-grids’.

Recommendation (3): When desgning the modding energy networks end-use
demand should be broken into detailed applications, instead of being estimated only in
an aggregated manner by demand sector. By having disaggregated end- use demand, it
will dlow for better definition of renewable energy technology options and better
capture of potentia renewable energy technology uses in the economy energy moddl.

Recommendations Associated with Resour ce Factors

Recommendation (4): None of the modding efforts reviewed cited comprehensive
renewable energy resource assessments.  Therefore, addressing the issues identified in
the APEC report cited above is a good firsd step in developing better modding
capabilities. In addition, the level or detall of resource assessment required needs to be
better matched to the level of modeling anticipated. It should not be expected that an
initid wind assessment a the economy level would require the same leve of detail asa

Ste spedific planning studly.
Recommendations Associated with Technological Factors

Recommendation (5): The lack of information has conggently been identified as a
priority congraint that dows the adoption of cod-effective renewable energy
technologies. APEC could promote information dissemination by hghlighting recent
technology advances, successful gpplications, and new information sources a its
biannua meetings. This would enable APEC representatives to question presenters on
gpplications to their economy and to provide feedback to developers on current
technology needs.  Although much information is available over the Internet, there is
often alack of matching the information to red problems.

Recommendation (6): Thereisared need to develop cost information on renewable
energy technologies which takes into consideration economy specific factors such as
local content and local labor rates. The US Department of Energy has made a good
dat by putting together a summary of costs for renewable energy technologies for
power generation.” However, the other types of renewable energy technologies need to

1 Office of Utility Technologies and Electric Power Research Ingtitute (EPRI). Renewable Energy
Technology Characterizations. Washington, D.C.: U.S. Department of Energy and EPRI, TR109496,
[Internet, WWW)], ADDRESS: http://www.eren.doe.gov/utilities/techchar.html, December 1997.
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be covered. If centraized databases are developed, they should include adjustments
for locd factors. Thiswould affect the evauation of technologies such as solar therma
(both for hot water heating and power generation), that have the potentid for high loca
content, much more than technologies such as photovoltaic eectricity generation
(dthough cost advantages could Hill be seen with this technology based on locd
production).

Recommendations Associated with Economic Factor s

Recommendation (7): Case studies need to be developed on an economy specific
bass for each of the basic sources of renewable energy, identifying which are the most
cos effective for a given economy. These case sudies could then be used by
economy-level modders in generdizing the potentia of renewable energy technologies
across their economies.

Recommendations Associated with Institutional Factors

Recommendation (8): To understand the impact of these factors an APEC member
economies, a survey of the status and needs associated with indtitutiona factors in
APEC member economies should be undertaken. This survey could dso identify
priority actions which should be undertaken to foster the development of cost effective
renewable energy technologies

5.3 CONCLUDING REMARKS

Recent mgor internationa studies indicate sgnificant growth-potentia for renewable energy,
particularly in scenarios where environmental condraints are imposed, for example on CO,
emissons. A sudy by the International Energy Agency? indicated 7.5 percent to 8.5 percent
annua growths in the commercid use of energy from “new” renewables to 2010. The World
Energy Coundil® forecast the growth of renewable energy to reach from 18 percent to 21
percent of world needs by 2020 in the Business-As-Usud scenario, and from 18 percent to 30
percent in the ecologicdly driven scenario. The United Nations Solar Energy Group on
Environment and Development”* forecast that 30 percent of world energy reeds would be met
by renewable energy by 2025, and 45 percent by 2050. In addition, the Group Chief

% International Energy Agency. World Energy Outlook. 1995 Edition.
® World Energy Council. Renewable Energy Resources: Opportunities and Constraints 1990-2020. 1993.

* Johansson et al. Renewable Energy: Sources for Fuels and Electricity. United Nations Solar Energy
Group on Environment and Development, |sland Press, 1993.
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Executive of BP° and a Managing Director of the Roya DutchvShell Group® commented that
renewable energy could be providing up to half of the world's tota energy needs within 50
yearstime.

In contrast to the aforementioned forecasts of high renewable energy utilization, al four
economies reviewed expected only a smdl increase in renewable energy consumption in their
economies. Thisled to adedining share of renewable energy in their totd energy supplies. This
has pointed to the fact that the economies may not fully redize the potentid use of renewable
energy in their economies, and thus there is a red need for the APEC member economies to
examine, in more detail, the future potentid for increesing the use of renewable energy
technologies.

Capitd codts of renewable energy technologies are high, and in many gpplications ill could not
be competitive with conventiond fuels. However, those costs have been reduced by half over
the last decade and are expected to be haved again over the next ten years’. Renewable
energy could likely become more competitive with conventiond fuels in the future and could
play an increasingly important role in an economy’s energy mix. Therefore, energy planners
should make a specid effort to understand and incorporate renewable energy technologies in
their long-term energy planning.

® Sir John Browne, Group Chief Executive of BP Amoco. “Energy and Environment: Making Rational
Choices’, Presentation to Natural Environment Research Council, UK, June 21, 1999, [Internet, WWW],
ADDRESS: http://www.bpamoco.com/_nav/pressoffice/indexs.htm

® Jeroen van der Veer, Managing Director of the Royal Dutch/Shell Group. “Sustainable Solutions Support
Sustainable Business’, Presentation at the World Sustainable Energy Fair (SUSTAIN 99), Amsterdam, The
Netherlands, May 26, 1999, [Internet, WWW], ADDRESS:
http://media.shell.com/library/speech/0,1525,3893,00.html

" International Energy Agency. Key Issuesin Developing Renewables, Paris, France, 1997.



CHAPTER 1

INTRODUCTION
1.1 BACKGROUND

Renewable energy can offer saverd benefits to an economy. It helps an economy increase the
diversity of energy supplies, and thus lowers the dependency on fossil fuels and improves the
security of energy supplies for the economy. It helps an economy make use of indigenous
resources to provide cost-€effective energy supplies for the economy and avoid the higher costs
of imported energy. It contributes to the reduction of globa and local atmospheric emissions.
Findly, it can increese domestic employment since the condruction of renewable energy
facilities are generdly of modest scales and modular in nature for which local labor can be used.

Though advantages of usng renewable energy are acknowledged, its use in deveoping
economies has not progressed as repidly as expected. Renewable energy options are not
widely adopted in APEC member economies energy and economic planning and the role of
renewable energy in the total economy energy supply is expected to be declined in the future,

This project was funded by the APEC Energy Working Group® under the recommendation of
the Expert Group on New and Renewable Energy Technologies. The APEC Expert Group on
New and Renewable Energy Technologies (formerly, the Expert Group on Technology
Cooperation) was established by the APEC Energy Working Group. The central god of the
Expert Group is to promote and facilitate the expanded use of cost effective new and renewable
energy technologies in the Asa Pacific region. Recently, the APEC Energy Working Group
funded three studies on renewable energy with the purpose of promoting a better understanding
of renewable energy opportunities and problems in APEC member economies. These studies
are Asia-Pacific Economic Cooperation High Value End-Use Applications Analysis,?
Overview of the Quality and Completeness of Resource Assessment Data for the APEC
Region,® and Analysis of Renewable Energy Retrofit Options to Existing Diesel Mini-
Grids*

A concern of the Expert Group hes been with the rdative role of renewable energy technologies
from the perspective of totd energy supplies in the APEC member economies at present and
their expected roles in the future. As seen in recent economy energy level andyses, such asthe
U.S. Country Study Program (USCSP) on Climate Change® and the Asan Least Cost

Greenhouse Gas Abatement Strategies’ (ALGAS) projects, renewable energy was expected to
provide a reduced share of the economies future energy supply. In addition, renewable energy
received only minor recognition as a potentidd GHG mitigation option.

The objective of this project is to identify, assess, and improve anaytic methodologies to
incorporate renewable energy options in the economy’s energy and economic planning. It was
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suspected that exigting energy models were not adequate tools for evaluating the penetration of
renewable energy technologies in an economy. Thus the modes could not show the currently
cogt-effective renewable energy technology options to policy makers. This would make
renewable energy technologies not receive a fair evauation in the economy’s fud mix when it
came to energy planning. The Energy Working Group funded this study with the hope that the
development of improved models to assess the potentid of renewable energy technology will
lead to the identification of cost effective renewable energy opportunities. The APEC member
economies can use the recommendations developed through this study to assst in objectively
evauating the role of renewable energy in domestic and regiona economic development plans.

In summary, this study expects to contribute to three main areas.  Fird, this study examines
three principal economy-level energy modes with specia emphads on the characterization of
renewable energy options. This comparison should help senior policy officids and moddersin
selecting economy-leve energy models for use in their own energy planning. Second, this study
reveds detalled information on assumptions and methodologies utilized by the sdlected
economies, which could benefit other APEC member economies who are currently developing,
or plan to develop, their own economy-level energy modes. Findly, this study discusses
important factors and attributes of renewable energy resources that modelers should take into
condderation when developing their economy-level energy models s0 as to have a far
evauation of al energy supply optionsincluding renewable energy options.

1.2 PROJECT APPROACH
The project is composed of three main tasks:

Task 1. Identify and assess exiding andyticd energy models regarding the incluson of
renewable energy technologies.

The models reviewed in this study are the Energy and Power Evauation Program (ENPEP), the
Market Allocation Program (MARKAL), and the Long-Range Energy Alternatives Planning
System (LEAP). These modes were sdected because each has been widely used in many
APEC member economies, as well as non- APEC member economies worldwide, for their own
domestic economic planning and at the internationd leve of energy andyss. In addition, they
represent three different types of energy models. Each model takes a different overal approach
to the andlysis of energy and environmental systems, which provides a broad understanding of
how \arious energy modds handle existing and potentidly new renewable energy technologies
in an economy.

Task 2. Identify and assess the uses of the exigting energy modds in the APEC member
€ConoMies.

The economies sdected as case sudies in the project are Thalland, Indonesia, the Philippines
and the People' s Republic of China. These four economies were salected based on the criteria
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that they are APEC member economies, they have participated in economy-level energy system
modeling, they provide examples of different energy models, they provide examples of various
renewable energy resources to be included in the models, and they make available reports and
data sets utilized in actua economy-level modding projects. Thailand is used as a case Sudy
for ENPEP, Indonesia and the Philippines are used as case studies for MARKAL, and the
Peopl€' s Republic of Chinais used as a case study for LEAP.

When this study began, the stated preference was to review the energy models tha were
constructed for work in the USCSP and/or ALGAS since these programs were directly related
to domestic energy planning which was concerned with the use of fossl fud and renewable
energy to reduce GHG emissions. The problem in following this preference was that the work
in both programs had been ddlayed, the economies reports were not available, and the data
sets used in the models could only be obtained from the economies themsdves. There was no
centra point of contact to obtain the work and the data sets from these two pograms.
Therefore, due to the unavailability of the reports and data sets within the time condraints of this
study, the energy models for Indonesia and the People' s Republic of China were not from the
USCSP or ALGAS projects, but the models were developed as part of the economies own
domestic energy planning projects.

Task 3 Identify and assess the feashility of augmenting the existing modds to improve the
representation of renewable energy technologies.

The sudy divides energy models in three categories—technology-level, sector-leve, and
economy-level energy modes—and examines the principd factors affecting the decison
proceses of these three levels of energy modds. The more detailed models like the
technology-level and sector-level modds are reviewed so as to provide performance
benchmarks and an overall framework for establishing redistic expectations for the performance
of renewable energy technologies in economy-levd models. The capabilities of the existing
economy-level models are accessed to see if they can capture those principa factors in
evauation the economy’s fud mix. The result from this task will help identify the feaghility of
augmenting exising economy-level modds to improve the representation of renewable energy
technologies.

1.3 OUTLINE OF THE REPORT

The report contains 5 chapters. Chapter 1 is an introduction which reviews the project
background and approach. Chapter 2 reviews the three energy models sdected for the
andyss—ENPEP, MARKAL, and LEAP. The reviewed information for each modd includes,
for example, the background of the model, model structures and operation, data requirements,
solutions provided from the modd, modd features for renewable energy, and advantages and
limitations of the modd. The three models are dso compared to illudtrate their smilarities and
differences among each other. Chapter 3 reviewsthe framework of the energy modelsused in
the sdected economies—Thailand, Indonesia, the Philippines, and the People’'s Republic of
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China—to examine the methodol ogies and assumptions that each economy used in their existing
anayses that project energy supply, demand and prices, and the penetration of renewable
energy technologies. An overview of the energy sector is aso covered in Chapter 3. All
information regarding the economies energy models was drawn from the economies reports
and/or data sets. This study has attempted to present the information in as a consistent manner
as posshle for dl four economies, based on the leve of detall of the reports. Chapter 4
concentrates on assessing the capabilities of exiding economy-level energy modds to
incorporate renewable energy technologies. In addition, this chapter briefly discusses the
principa factors and attributes of renewable energy technologies associated with the different
levels of energy modds. Conclusions that have been learned from the examination and running
of the four economies models are presented in Chapter 5 dong with recommendations
concerning options which could be taken to increase the use and future penetration of
renewable energy technologiesin APEC member economies.
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END NOTES

! For more detail on the APEC Energy Working Group, see
http://www.dpie.gov.au/resources/apec-ewg.

2 Sugtainable Energy Solutions, Preferred Energy Incorporated, Yayasan Bina Ussha
Lingkungan, and US Export Council for Renewable Energy. Ada-Pacific Economic
Cooperation High Value End-Use Applications Analysis. APEC Expert Group on New and
Renewable Energy Technologies, APEC #97-RE-01.7, December 1997.

® David S. Renne and Stephen Pilasky. Overview of the Quality and Completeness of
Resource Assessment Data for the APEC Region. APEC Expert Group on New and
Renewable Energy Technologies, APEC # 98- RE-01.1, February 1998.

* Sugtainable Energy Solutions, National Renewable Energy Laboratory, and Strategic Power
Utilities Group. Analysis of Renewable Energy Retrofit Options to Existing Diesel Mini-
Grids. APEC Expert Group on New and Renewable Energy Technologies, APEC #98-RE-
01.6, October 1998.

® For more detail on the U.S. Country Study Program, see
http://www.gcrio.org./CSP/webpage.html.

® For more detail on the ALGAS project, seehitp://store.adb.org.




CHAPTER 2

REVIEW OF THE ENERGY MODELS

This section reviews three energy models that the sdlected economies employed in domestic
enagy planning—the Energy and Power Evauation Program (ENPEP), the Market
Allocation Program (MARKAL), and the Long-Range Energy Alternatives Planning System
(LEAP).

2.1 ENERGY AND POWER EVALUATION PROGRAM (ENPEP)
Background

ENPEP" was developed by Argonne National Laboratory (ANL), with support from the
U.S. Department of Energy, Internationad Atomic Energy Agency, the World Bank, and the
Hungarian Electric Board. The ENPEP mode is composed of 9 sub-modules:

MACRO. The MACRO moduleis used to format macroeconomic growth projections
for use in developing energy demand projections.

DEMAND. The DEMAND module is used to project useful energy or fud demand
based upon the macroeconomic growth rates generated by the MACRO module, and
to generate a set of energy demand growth rates for use by the BALANCE module.
PLANTDATA. The PLANTDATA module serves as a library of basic information
about therma and hydrodectric generating facilities for both the ELECTRIC and
BALANCE modules. It was created to reduce redundancy and provide a convenient
way to enter the required large quantity of data.

BALANCE. The BALANCE moduleis used to project an energy supply and demand
balance for any study period up to 75 years.

LDC. The LDC module is used to transform data and perform caculations necessary
to prepare input data on eectricity generation requirements for the ELECTRIC module.
MAED (Model for the Analysis of Energy Demand). MAED isasmulaion modd
that can be used for long-term energy and dectricity demand forecast.

ELECTRIC. The ELECTRIC Module is a microcomputer verson of WASP-111 (the
Wien Automatic System Planning Package). It caculates an dectrica generating system
expangon plan that meets demand at the minimum cost, subject to system requirements
(for example, rdiability).

ICARUS (Investigation of Cost and Reliability in Utility Systems). The
ICARUS module is a detailed dispatch modd that can be used to assess the reliability
and economic performance of dternative expanson patterns of eectric utility generating
systems.

IMPACTS. The IMPACTS module is used to estimate environmental residuas and
resource requirements for the energy supply system (electric and nonelectric) that are
determined by the BALANCE and ELECTRIC modules.

Each sub-module has automated connections to other ENPEP modules, but it dso has
stand-aone capability.
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BALANCE and IMPACTS are the ENPEP sub-modules reviewed in this project since
they were employed by Thailand, one of the economies used as case studies in this project.
BALANCE is the sub-module used for estimating domestic energy supply and demand and
IMPACTS is used to estimate the consequentia pollution emissions for dl activities rdating
to fud combugtion in the fud supply system.

Modd Structures

BALANCE is based on the agpproach of generdized equilibrium modding, which is
goplicable to mode the energy systems of economies having different energy-sector
characteristics. The equilibrium modeling approach for BALANCE is based on the concept
that the energy sector consists of autonomous energy producers and consumers that carry
out production and consumption activities, each optimizing individuad objectives.
BALANCE is a sysem of amultaneous non-linear equations and inequdities. The modd
edimates energy consumption and its associated costs, based on the designed energy
network. Various nodes make up the energy network. Each node represents energy
activities or processes in an economy from energy production (and/or import, export),
conversion, trangportation, distribution, to energy consumption by end-use sectors. Nodes
of the network are linked. The links represent energy, fud flows, and associated costs
among the aforementioned activities. The relationship between the nodes and links specifies
the transformation of energy quantities and processes through the various stages of energy
production, processing, and use within the energy network.

BALANCE uses this description of the energy sector and demand projection to “balance’
energy supply and demand based on an equilibrium gpproach. That is, it finds a set of
prices and quantities that satisfy dl equations and inequdlities.

Model Operation

The BALANCE module works with an energy sector network that conssts of nodes and
links. Each node type corresponds to a different sub-model in BALANCE and is
asociated with specific equations that relate the prices and energy flows on the input and
output links of the node. Therefore, the first step in usng BALANCE isto draw a picture of
the energy supply and demand sectors using node symbols. This picture is then encoded
using menus and formsin BALANCE.

There are many nodes in BALANCE. These nodes include two types of resource nodes,
three types of processing nodes, a decison dlocation node, a stockpile node, a pricing
node, and a demand node.

Resource Nodes indude Depletable Resource Nodes and Renewable Resource
Nodes. Depletable Resource Nodes smulate depletable resources (such as cod, ail,
and gas) that are either imported or domesticaly produced. Renewable Resource
Nodes smulate renewabl e resources (such as solar and biomass).
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Processing Nodes are separated into Conversion Nodes, Refining Nodes, and
Multiple-lnput-Link Conversion Nodes. The Converson Nodes simulate
technologies that convert one form of energy to another (such as resdentid water
heaters). The Refining Nodes, aso caled Mutiple-Output-Link Nodes, smulae
technologies that produce two or more outputs from one form of input (such as
refineries and cogeneration). The Multiple-Input-Link Converson Nodes smulate
technologies that require more than a single form of input fuel to produce one form of
output (such as solar water heater with eectric backup).

Decision Allocation Nodes smulate market decisons that choose among energy
dternatives.

Sockpile Nodes smulate the stockpiling of resources for usein the future.

Pricing Nodes smulate a government tax, subsdy, price celling, price floor, or other
government pricing policies.

Demand Nodes smulate the find demand for afud or aform of useful energy for either
domestic or export demand that must be met by the energy system.

Different symbols represent each of the node types in the energy network. Each link of the
network is assgned a unique number between 1 and 999, and the number of input and
output links for each node of the network is specified in the nput data for the node. An
equilibrium model represented by the network is solved by finding a set of prices and
quantities that satidfy dl rdevant equations and inequdities. To find the network equilibrium
solution, the model makes initid estimates of vaues of fuel importation and production

quantities at the bottom of the network. After the initid estimates are made, the fud prices
of each successve link going up the network are computed from the price equations defined
by the various nodes. Next, the solutions to dl the quantity equations associated with the
network nodes are computed for successive links going down the network. If the initid

estimated quantities satidfy dl equations in the network, a solution to the modd has been
found. Otherwise, the quantities at the bottom of the network are automatically adjusted,
and dl equations are solved again. This iteration process continues until the proper vaues
for the quantities at the bottom of the network have been found.

Digpatch Algorithm for Electricity Generation

There are two ways to work with the eectric sector in BALANCE. The firg way isto
include each type of power plant in the energy network as a converson process. The plants
are dispatched, based on the fraction of tota output as specified inthe model. For example,
the modd specifiesthat cod plants will be dispatched at the ratio of 0.48 of the tota output,
gas a 0.22 and oil a 0.30. The fractions used in the base year are the actud fractions to
total base-year output. These fractions can be changed over time, based on the utility

forecast. Thisisamore aggregate approach that can be used if only very little information is
avallable on the power sector.
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Using BALANCE's dectric sector sub-module is the second way to work with the eectric
sector in BALANCE. The dectric sector sub-module is sdf-contained, in that its
computational procedures and logic are digtinct from other parts of the module. However,
the eectric sector is embedded in the energy network and receives eectricity demand and
fue prices over the smulation periods. Based on this information, the dectric sector sub-
module makes the following calculations for each year of the smulation periods:

Develops a discrete approximation of the inverse load duration curve from afifth-order

polynomid gpproximation of the annua load duration curve,

Computes pesk |oad from the load duration curve and tota eectricity demand,

Computes the derated capacity of each of the available dectricity generating units,

Computes the totd variable cost (variable O&M plus fuel costs) for each available unit

and orders the units on the basis of variable cost,

Loads units in order of least variable cost onto the load duration curve (based on

derated capacity) to meet dectricity demand, pesk load, and reserve margin

requirements for the system, and

Computes average total cost of ectricity production and the amounts of fuel consumed

by each available generating unit.

Special Features

BALANCE has severd specid features which provide a wide range of capabilities in
amulaing the behavior of various energy markets. The most important feature that
digtinguishes the equilibrium approach from other energy modding techniquesiis the idea that
the solution from BALANCE is based on the use of a market-sharing agorithm, which
dlows for the amulation of market operation with multiple decison-makers. In smulating
the choice of consumers between two fuels, the market-sharing agorithm can smulate the
condition where some consumers will prefer one to the other. If cost is the only factor that
determines the choice between two fuels, the decision to use naturd gas or eectricity for
cooking, for example, will be split evenly if the costs of naturd gas and eectricity are equal.
Asthe price of one fud increases relative to the other, its market share will decrease.

BALANCE aso dlows fud alocation to be based on factors other than price. The
exisence of non-price factors can be taken into account by identifying a vaue cdled the
Premium Multiplier to multiply the price to weigh the importance of nonprice factorsin
themodd. For example, even though dectricity costs more than kerosene, people generdly
prefer to use dectricity for lighting because it is convenient and produces a higher qudity
light. Inthis example, the premium multiplier reduces the relative price of dectricity (making
it chegper than actud price) to reflect the preference for it over kerosene. If the premium
multiplier is equd to 1, price is the only factor determining fuel consumption (up to capacity
limits). However, the premium multiplier can only capture the combined effects of al non
price factors. Individua non-price factors can not be listed in the modd.

One can specify Price Sensitivity vaues to indicate the sengtivity of a price factor toward
an input sdection. The vaues of the price sengtivity function range from 0 to 15. A high
price sengtivity indicates an input seection toward the least-cost source. A vdue of 15
indicates that 100 percent of the quantity is alocated to the least-cost source. A lower price
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sengtivity vaue indicates a lesser importance of relaive prices. A vdue of O implies that
there is no price sengtivity guiding the input selection.

The sengtivity of the changes in market shares on price changes can be specified in the
mode usng Lag Parameter. A lower vauefor the lag parameter indicates ardatively dow
response of shares to prices. For example, if lag parameter isequd to 0.1, the solution will
be the dlocation of 10 percent from new market shares and 90 percent from old market
shares. Vduescloseto 1 indicate ardatively fast response of shares to prices. If the value
is set equd to 1, then the solution will be equa to new market shares. If the vaue is set
equal to zero, it implies constant market shares every year.

Specid situations that override alocation decisions based drictly on relative fuel prices (such
as government regulaions, requirements or redtrictions on fue choices) can be modeled
udng Priority Links In these Stuations, the decison node can dlocate a demand quantity
to sources (input links) in a specified order, without regard to the relative prices on the input
links. A quantity is alocated to an input link up to the capacity of the source, if a capacity
exigs.

Renewable Energy in ENPEP

Renewable energy is incorporated in BALANCE as a resource node. Other examples of

resource nodes are the production and importation of depletable resources. Thisrenewable
resource node is andogous to the depletable resource node, in that it conveys production
cost and quantity information. Due to the difference in their nature, however, BALANCE
samulates the production cost of renewable energy differently from depletable resources.

The production cost of renewable energy resources is smulated using a step function while
that of depletable resourcesis smulated using a quadratic function.

The production cost of a depletable resource is smulated based on the assumption that the
margind cost of producing the next unit of the resource will increase as the resource is used
up. Comparatively, the gpproach for a renewable resource is based on the premise that, if
production is at a rate within the bounds of the sustainable yield, the renewable resource
would have a congtant production cost. The step function represents an annud supply
curve. It relates the cost (or price, depending upon the use of the resource node) of
producing the resource to the annua production of that resource.

The gtep function dlows any physicd limitation on the annud production of the resource. It
could aso represent a different source of production for the resource, and sources are
ordered in terms of increasing costs. For example, in the case of producing firewood, each
sep of the step function could represent a different section of land used to produce
firewood. The sections vary by soil type, growing conditions, accessibility, and other factors
that cause the cost of producing wood to vary. The cost variance among sections can be
captured by the step function. The amount of the resource for each step would be the
annua production capacity of wood for the section to which the step corresponds.
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Some resources, such as solar energy, are more appropriately modeled as having only one
step because the cost of using more solar energy (on a barrd of oil equivaent output basis)
does not necessarily increase as more is used. In this case, the steps n production cost
curve specified in the fiedd will be 1.

The form of the step function for a renewable resource node is:
Pt = Ci if Q[ £ Li
where:
P. = cost (price) of the resourcein period t,
Ci = codt of producing each unit of the resource from sepi,
Q: = quantity of the resource produced in period t,
Li = amount of the resource for step i,
i =1,2345.

The modd allows up to 17 renewable resource records. The required data for a renewable
resource node includes:
production quantities of the resource in the base year (in thousand of BOE),
annua capacity (in thousand of BOE) to represent the maximum quantity of the resource
avalablein any year,
quantity (in thousand of BOE) and cost (in $US/BOE) of production for each stepin
production cost curve (up to 5 steps).

The user will design how far dong the production cost curve (of these 5 steps) that the
economy iswilling to pay to obtain renewable energy. The higher the price an economy will
pay, the more quantities of renewable energy will be available. The modd dso provides an
option for updating resource curves. The “Update Resource Curve’ field serves asaflag to
indicate whether the production in each year should be subtracted from the production cost
function. This option alows the modeler to specify that the cost of production tracks the
cumulative amount of the resource produced (as with depletable resource nodes) as the
mode progresses from year to year. In generd, this flag should be set a O for renewable
resources.

Environmental Calculation in ENPEP

The information from BALANCE can be transferred to the IMPACTS module of ENPEP
to cdculate environmentd impacts from the energy supply sysem. Environmentd effectsin
IMPACTS fdl into five different categories: ar, land, water, human hedth and safety, and
solid wastes. These environmenta burdens are caculated for dl activities in the fue supply
system, from the point of resource extraction or import through conversion or processing.

The environmentd impacts are cdculated by means of “impact factors’ which are specified
in the module as ether afunction of facility output (such as kwWh) or afunction of production
capacity (such as dectricd cgpacity in MW). The totd annua impacts associated with a
paticular fuel cycle activity are thus computed by multiplying the appropriate impact factors
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for aparticular year and a particular energy source times the use or production capacity of
that source.

IMPACTS has two databases containing environmental and resource data.  These
databases contain typica energy, facility, and control device characteristics. The mgority of
the data in the databases are based on US data. However, it is easy for users to change the
databases to reflect economy-specific conditions. In some cases, time-dependent changes
can be made to reflect such measures as phased occupationa safety standards or the
introduction of control technologies. IMPACTS provides a hierarchica menu, dong with
on-line abgtracts and help screens to guide the user through the branches of the module and
to modify the exiging environmentd and resource data to reflect economy-specific
conditions.

IMPACTS can be used by linking it with other ENPEP modules or as a stand-aone
module. It can aso cdculate resource requirements for energy facilities such as congtruction
labor and materid requirements by year of condruction and annua operaing labor
requirements over the life of the fadility.

Data Requirements

BALANCE reqguires an extensve set of data for the designed energy network. However,
the modd isflexible in the degree of detall that is built into the energy network. The energy
network can be designed to be a smple one to fit the data availability or to be a complex
one for more detailed analyssif datais available.

The data required to execute BALANCE is a completed set of quantities and prices of the
energy system in the base year and the projection data of al the forecast years, which can
be liged asfallowing:

Base-year supply/demand baances of the entire energy system, which include, for

example,
- Base-year quantities of al resources consumed (both domestic and imported

resources),

Base-year dlocation of each resource to each device,

Base-year quantities of fud demand or useful energy demand by sector, sub-

sector, end-use, and devices,

Base-year prices of dl resources,

Base-year cogts, such as, production, capital, O&M cogts,

Stockpile data, such as, quantity of a resource removed in the base year,

quantity of aresource at the end of the base year, fraction of stock to export,

Resource reserves, annua resource capacities, additiona resource throughout

the planning periods.

Energy processing efficiency, processing capecities, capacity factor, life expectancy of

plant in the base year and future,

Projection of find demand (which can optionadly be obtaned from ENPEPS

DEMAND module),
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Projection of dl fue prices (domestic and imported fuels),

Projection of dl costs,

Price regulation process, that is, price multiplier, price addition, maximum price,
minimum prices, and

Chemicd content of energy, emisson factors for estimating pollution emissons in
IMPACTS. (Thisdatais available in the database, but it can be modified by a user to
reflect economy-specific conditions.)

BALANCE has default unitswhich dl inputs in the modd must follow. For example:

Energy unit: thousand BOE

Annud cgpacity limit: thousand BOE per year

Capacity invesment: thousand US $

Cost: US $ per BOE

Emission factor: kg per GJfor air pollution emissons, gram per cubic meter

for water discharge
Solutionsfrom BALANCE

A solution from BALANCE is based on smulating the behavior of energy consumers and
producers through a market-sharing agorithm. An equilibrium mode represented by the
designed energy network is solved by finding a set of prices and quantities that satisfy al
relevant equations and inequalities. The mode will project the balance of energy supply and
demand for the entire energy system, up to a 75 year period. The resulting solution is a set
of prices and quantities on dl of the links in the network for every year of the andysis
periods. The data generated from BALANCE could be passed on to the LDC,
ELECTRIC, and IMPACTS sub-modules for subsequent calculations.

Advantages of BALANCE

The firg step of working with BALANCE is to design the energy network of the economy.
The datais then entered, based on this designed network. By having the network, it creates
a full understanding of the entire energy system which makes it easy to manipulate the
scenario anaydss, to add on more detals of the energy technologies, or to modify the
exiding case for the future study.

The market-sharing agorithm technique dlows for the smulation of market operation with
multiple decison-makers. It offers an advantage over least-cost optimization approaches
that are suitable for smulating a sngle decison maker.

BALANCE dlows not only price, but dso nonprice factors, such as convenience of use,
technology rdated factors and government policies, to determine resource consumption in
the economy. Therefore, energy requirements may be met by sdecting fuels from severd
supply sources smultaneoudy rather than from a single source, as would be the case if fuel
choice were based drictly on leest cost.  BALANCE thus has advantage over a linear
optimization gpproach by recognizing that the “least cos” source of energy does nat, in
genera, capture the entire market shares.
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BALANCE has a flexibility that dlows the user to make adjustments in the mode!, in order
to contral the results to some degree. This flexibility could be beneficid, in the case where
the user wants to include a forecast from other sources with the result from the modd. For
example, the wsar can manipulate the modd to control fud mix of power generation to be
conggtent with the forecast from the utility, and let the modd dlocate other fuel supplies to
meet the end- use demand.

BALANCE can be linked with other sub-modules of ENPEP. For example, a more
detailed digpatch andysis can be conducted usng ICRUS (Investigation of Cost and
Rdiability in Utility Systems) and a more detaled andyss of energy demand can be
performed usng MAED (Modd for the Analyss of Energy Demand).

ENPEP can dso be linked to other ANL modes such as GTMax (Generation and
Transmisson Maximixation Mode) to sudy complex eectric utility’s marketing and system
operationd issues, MCITOS (Multi Criteria Interval Trade-Offs System) to perform amutli-
criteria decison anaysis, or APEX (Argonne Production, Expansion, and Exchange Modd
for Electricd Systems) to address various policy options that affect eectric utilities.

BALANCE can project energy demand/supply for up to 75 time periods. Also, modd
caculation periods and mode reporting periods need not be the same. The user can define
any time interva to be the basis for model calculations (such as 1 year), but can report the
results a other time intervals (such as every five years, or every tenyears). This attribute
benefits renewable energy characterization since it enables one to capture time-dependent
resource and technology factors more accurately.

The direct advantage concerning renewable energy component is that the modd alows an
estimate of annud supply in the form of astep function. This step function alows the user to
modd any physicd limitation of the annua production of the resource, such as the upper
limits on the annua amount of solar energy that can be used due to the anount of solar
insulaion, an upper limit on annua wood production due to the amount of land available for
wood production, or the physical limitation of each source of resource supply.

Another advantage regarding the incluson of renewable energy in the modd is that specid
features in BALANCE that are used to control alocation of resources such as premium
multiplier, price sengtivity, and lag adjustment can be applied to the case of renewable
energy and make renewable energy have afarer share in the alocation process.

Limitations of BALANCE

BALANCE is data intensve compared to the other two models reviewed, thus requiring a
sgnificant effort for data collection before working with the modd.

The modd is complicated, and not user friendly. Extensive training and experience are
definitely required in order to work successfully with the modd.
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BALANCE does its cdculations on a year-by-year bass. Therefore, it does not make
current energy use decisons in conjunction with a projection of what will hgppen in the
future.

2.2. MARKET ALLOCATION PROGRAM (MARKAL)
Background

MARKAL is an acronym for Market Allocation. MARKAL? was developed in 1978 in a
joint effort by the Brookhaven Nationd Laboratory (BNL) in the United States and the
Kernforschungsanlage-Jdulich (KFA) in Germany for the Energy Technology Systems
Anayss Programme (ETSAP) of the Internationd Energy Agency (IEA). The primary
objective was to assess the long-term role of new technologies in the energy systems of the
17 IEA member countries. Since that time the model has evolved and has been applied to a
wide range of energy and environmenta issues in many countries other than IEA member
countries.

MARKAL was written in GAMS (Generd Algebraic Modeling System), a computer
language pecificdly desgned to facilitate the development of agebraic modds (for
modeling linear, nonlinear, and mixed integer optimization problems). Database
management and scenario comparisons have been traditiondly handled through an interface
known as MUSS (MARKAL Usars Support System) developed by BNL. Through
MUSS, the user can modify the individual MARKAL tables. The interface then trandates
these tables into a form that can be recognized by GAMS. A new Windows-based system,
ANSWER, hasjust been developed and has rapidly become the interface of choice for both
exiging and new users.

This report reviews the standard verson of MARKAL and its interface, MUSS, since it is
the version which has been most used to date for economy-level energy modding.

Mode Structures

MARKAL is adynamic linear-programming (LP) modd of a generdized energy sysem. It
is demand-driven for which feasble solutions are obtained only if dl specified end-use
demands for energy are satisfied for every time period. The end-use energy demand for
each demand sector and for each time period are exogeneoudy forecast.

MARKAL is an LP modd, therefore its main function is to optimize a linear objective
function under a set of linear congraints. The problem is to determine the optimum activity
levels of processes that satisfy the congraints a a minimum cost. Examples of condraintsin
the modd include avalability of primary energy resources, production/use baances,
eectricity/heat pesking, availability of certain technologies, and upper bounds on pollution
emissons

A typicd objective function in MARKAL can be shown as.
n
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MinimizeX, = acX;
=1
Subject to n
éanj 3 bi, i = 1,2,.., m
=1

O£ X;£u, j=1,2,...,n

where G, a; and uj are known parameters. The index ( i) represents a particular resource
(total of m resources) and index (] ) represents a particular process (tota of n processes).
The congraint requires that the total demand for a resource does not exceed its supply (b).
Each X variable represents the activity of process | converting some resources into some
othersat unit cost G. The congraints on X; indicate that X; is bounded between O to y.

Model Operation: MARKAL

The dements of MARKAL smulate the flow of energy in various forms (energy cariers)
from the sources of supply (import, export, mining, and stockpiling) through transformation
systems (resource, process, conversion, and demand technologies) to the demand devices
which satidy the end-use demands.

The elements of an energy system in MARKAL are grouped as.

- Energy Carriers. the component that encompasses dl the energy forms in the energy
system,
End-Use Demands: the component that comprises the demands for end-use energy
sarvices in the economy,
Demand Technologies. dl devices that consume energy cariers to meet energy
demands,
Conversion Technologies:. dl load-dependent plants that generate electricity or district
heet or both,
Process Technologies: dl load-independent processes that convert one energy carrier
to another,
Resource Technologies. the means by which energy enters or leaves the energy system,
other than end-use consumption,
Emissions: the component that encompasses the environmental impacts of the energy
sysem.

By convention, each group has a ‘Name Code' that users are encouraged to follow. For
example, components of the End-Use Demand group should have 2 dpha numeric
characters, in upper case. Thefirst character reflects the End-Use Demand sector. That is,
T = Trangport, R = Residentia, C = Commercid, | = Indudtrid, A = Agriculture, and N =
Non-energy. The second character reflects the End-use Demand sub-sector, such as
CO=Commercia/Office. Demand Technologies should have 3 dpha numeric characters, of
which the firgt two characters must match the demand they satisfy, and the third character
provides a unique identifier of the technology, for example, COl=
Commercid/Office/\Verticd Transport.
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MARKAL operates on data in matrix forms. The badc data organization form in
MARKAL isintheforms of sets, scaars, parameters, and tables.

Sets.  Sets (or classes) are ligts of like components (for example, al solid fuds, dl centrd
dation eectric plants) which characterize the nature of the energy system. Each Set hasa
specific meaning to MARKAL. For example, Set CEN refers to Centralized Electric Plants
and Set BAS refers to Base-load Electric Converson Plants. All fuds and technologies in
the modd will belong to one or more of the Sets. The individual eements of a Set are
defined by the user.

Scaars. Scdas are programming vaiables without any dimengondity (for example,
discount rate).

Parameters. Parameters are one dimensona arays. MARKAL has two types of
Parameters—Data Parameters and Results Parameters. Data Parameters specify the
economic and technica characterigtics of the user defined items of the energy system (for
example, resdual ingtalled capacity, fixed cost, O&M cogts, process efficiency, etc.). The
data for the Data Parameters is determined by the user. MARKAL provides some 80
different Data Parameters for describing the characterigtics of the energy system and the
items within it. The Results Parameters are determined by a MARKAL modd run.

MARKAL provides some 220 different Results Parameters in its reporting of a modd run
result.

Tables. Tables are two-dimensond structures with each row identifying the nature of the
information (for example, investment cogt, fud delivery cog, etc.) and the columnsindicating
the time period in which the data is to be gpplied.

These components are supplied by users to represent an energy systiem in MARKAL,
cdled Reference Energy System (RES). The energy system network will show dl possible
routes from each source of primary energy through various transformation steps, to each
end-use demand sector.  These steps include existing technologies in an economy and a
wide range of future dternatives.

Model Operation: MUSS

MARKAL and MUSS are independent systems communicating by means of sandard MS-
DOS exchange files. MUSS is a reationa database management sysem designed
specificaly to facilitate the MARKAL modd use. MUSS oversees dl aspects of working
with MARKAL. It manages dl the input data required by MARKAL, organizes data sets
into scenarios to foster sengtivity andyses, integrates seamlesdy with the modding system,
and manages the results from modd runs.

The cdculation process within MUSS can be explained asfollows:

1. The user requests that the mode be run using a particular set of scenarios/data
2. MUSS produces the data required by MARKAL in the appropriate format.

3. MUSS exits and starts up the modd run.
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4. The GAMS optimizer execution tral displays on the screen. When the run has
successfully completed, users are left in DOS.

5. The reports associated with each case are left in filesin the GMARKAL directory. To
access them, the users return to MUSS and import the result files.

Once brought on-line, MUSS supports a wide range of standard and user-defined graphing
fadlitiesto fadilitate the Sde-by-sde comparison of results between mode runs.

Digpatch Algorithm for Electricity Generation

In MARKAL, the power plants will be dispatched on the basis of least total codts (that is, a
combination of capita and operating costs). The lowest total cost plant will be dispatched
fird (up to the maximum capacity factor) before moving to the next least cost plant.
Consgtraints can be added to control the dispatch of a plant.

Special Features

MARKAL is an LP modd and thus provides dud solutions of its prima problems. This
solution gives shadow prices which could be interpreted as margina cost or reduced cost of
its prima problem. For example, the model calculates a margina cost of CO, reduction a
each period. The margind CO, cost a period t is smply the cost of not emitting the last
tonne of CO, at period t. It thus indicates the “vaue of carbon rights’ or “cost of avoided
emissons’ or “permit price” associated with reaching a particular emisson reduction target.

Another example is that the margina cost of investment and capacity can be obtained from
the modd. The investment variable shows the newly ingtaled capacity in each time period,
and the capacity \ariable shows the overdl existing cagpacity. Therefore, margind cost of
the investment variable could be interpreted as the unit cost reduction to be applied to the
investment cost which is sufficient to build that technology. Also, the reduced cost of the
capacity variable indicates the unit cost reduction to be gpplied to the overal unit cost which
is enough to use that technology.

Since marginal costs of each technology, fuel, and environmenta condraints are available, a
merit ranking or relativeness of each supply option and technology is determined directly by
the modd. When examining emisson mitigation dternatives, the incrementa cog, the cost
of reducing emissions, and the ranking of mitigation options are provided as a primary result
from the modd. In addition, the rankings obtained reflect the relative worth of an individud
option to the entire energy system, not just among its immediate competitors.  Thus,
technology characterigtics, fud cogts, up/down steam energy supply and conversion costs,
and compstition between sectors are al taken into consideration autometicaly.

Renewable Energy in MARKAL
Any type of renewable energy technology can be included in MARKAL. The modd itsdf

does not handle the estimation of renewable energy differently from non-renewable energy.
It does, however, make a digtinction between limited renewable resources (such as
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municipd solid waste) and unlimited renewable resources (such as solar energy). The same
st of datais required for both renewable and non-renewable energy. There is no specid
function desgned to handle renewable energy esimates. The plausble solutions for
renewable energy technologies thus depend on the congraints users add to control the
availability and utilization of each renewable energy technology included in the modd. The
moded aso provides severd parameters that could be applied to specify the existence of
renewable energy technologies, for example:

Table PEAK, designed to specify a fraction of the totd capacity of a technology
available to supply pesk demand for dectricity or heet, could be used to specify the
avallability of renewable energy technologies to supply totd demand. An exampleisto
gpecify that a wind generator has an availability of only 20 percent, or solar centra
thermd dectric has an avallability of only 30 percent, of the total cgpacity to supply
peek eectric demand for eectricity.

The parameter “Seasonal Capacity Utilization Factor”, which is the average use of
ingtaled capacity expressed as fraction of time in use, can be used to capture seasond
availability of renewable resources. For example, the solar energy technologies (such as
centrd thermd eectric and central photovoltaic) can be included in the mode by
separaing capacity utilization into utilization in winter day, summer day and intermediate
day, or in greater detail of day and night for each season.

The paameter “Annua Avallability Factor”, which is used to specify totd annud
availability of a process or conversion technologies, can be used to determine the annua
availability of biomasstechnologies.

The parameter “BOUND” can be used to put a congtraint (lower, fixed, or upper
bounds) on capacity, annua production of technology, or investment in new capacity.
These condraints can be used, for example, to pecify the maximum availability of wind,
hydro, or geotherma resources used in the centra eectric generation.

The cost parameters, including O&M costs (variable and fixed), investment cost, and
delivery cost can be used to compare competitiveness amnong technologies.

The parameter “LIFE’ can be used to show the number of periods of a technology’s
productive life.

User-defined condraints can be built to represent renewable energy policies. For
example, the case where thereis apolicy that 5 percent of dl dectricity generation must
come from “green” technologies.

Renewable energy technologies in MARKAL could be specified as demand technologies
(technologies that are used to satisfy a find demand), conversion technologies (technologies
that produce dectricity or district heat or both), or process technologies (technologies that
do not produce dectricity or heat or meet a finad demand). Renewable energy in the
category of “demand technologies’ are, for example, solar thermal electric, biomass burner,
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and wood gtoves. The data required for this set is the energy efficiency of the demand
device (end-use demand met per unit input energy carrier consumed) and input energy
carier fraction (market dlocation of energy carrier for a demand device as proportion of
total input). It isthe same for both renewable and non-renewable energy technologies. For
devices consuming renewable energy carriers, a dummy energy carrier may be used for
fossl equivaent energy accounting.

Renewable energy technologies in the category of “converson technologies’ are, for
example, solar centra thermd eectric, wind centrd eectric, geotherma central heeting
plant, hydroelectric, and biomass combined cycle. The daa required is converson
efficiency (units of energy carrier required as input to converson technology per unit output),
the same as non-renewable energy converson technologies. In the case of cogeneration
(such as the use of biomass in indudrid cogeneration processes), the amount of energy
carrier produced as a by-product of eectricity generation must be specified.

Renewable energy technologies in the categories of “process technologies’ are, for example,
biogas digester, municipa waste landfill gas, and the production of methanol from wood.
The data required is energy carrier per unit production (units of energy carrier required as
input to a process per unit output), and output energy carrier (amount of energy carrier
produced as an output from a process per unit activity). Severad inputs can be specified in
the process technology table. Therefore, the model can handle the case where severd types
of biomass are used as inputs in a production process, such as the use of severa types of
biomassin the production of synthetic gas and methanaol.

Environmental Calculationin MARKAL

Environmenta cdculation can be handled in MARKAL by sdting up Set “ENV”,
Environmenta Accounting Functions, for which any environmenta indicator of interest can
be listed as a member of the Set. One table is required for each environmenta indicator.
The rows in the table list components of the energy sysem. The columns contain a
numerica coefficent dimensoned to yied a quantity for the environmental emisson arising
from the system component.

MARKAL dlows some specific coefficients to be in the ENV table.

- Environmenta coefficients of resource activities, such as, extraction, import, or export.
Environmenta coefficients of technical activities, which are used for environmenta
indicators related to technology operations, such as pollution emissions.

Environmenta coefficients of technology capacities, which are used for environmenta
indicators related to the existence of facilities, such asland use. They are also used for
some technologies that do not have activities, such as dummy and externaly managed
technologies.

Environmenta coefficient of technology congtruction, which is used for environmenta
indicators related to congtruction activities and materias.

Emission per unit of blending activity.

Cumulative Emisson Bound which puts a congtraint (lower, fixed, or upper bound) on
cumulaive emissions over the entire time horizon.
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Maximum emissions, which put an upper bound congtraint on emissonsin a period.
Emission tax which associates a cost with each unit emissons.

Globd Warming Potentid, which is a user-defined combination of different emissons
that yield an index of potentia to produce changesin globd climate. This coefficient can
a0 be used to account and control Smilar impacts, such as, acidification equivaents,
ozone depletion potentid, or other weighed sums of emissions by sector.

Data Requirements

MARKAL requires a moderate set of data. The data used in MARKAL is defined as
dther required data or valid data. If required data is not filled in by users, there are
defaults (for example, technica efficiency of the demand technology is equd to 1, and
investment cost is equd to 0). Valid datais optiond. If vdid daa it is not filled in, the
model will ignore that parameter. The following list is some of the required data:
Technology Data
-+ Fud used and/or produced,

Investment codts,

Fixed and variable operating costs,

Fuel cogts,

Technical characteridtics, such as, converson efficiency, energy efficiency of

demand devices, and capacity and availability factors,

Capital stock,

Productive life of technology.

Sources of Primary Energy

Primary energy may include any type of energy supply, for example, ail, gas, cod, biomass,
efc. These sources are usudly characterized by supply curvesthat alow the annua potentia
supply and extraction costs. The information required includes:

Resource costs, such as, export, import, and extraction costs,
Annud or cumulative limits on avalability,
Period of resource availability.

Demand Data
Demand is specified dther in terms of energy requirement or of useful energy demand.
Demand levels are determined from information such as the square footage of housing

heated or vehicle miles travdled. End-use demands are specified exogenoudy for dl time
periods.

Environmenta Data

Environmenta emissions can be calculated based on the source of afud (for example, CO,
emissons from ail imports) or on the technology used (for example, NO, emissons from
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road trangport technologies). Environmenta congraints may be introduced as a physica
cgp on pollution emissons.

In MARKAL, users can choose different units for costs, energy flows, fina demands,
activity levels, and capacities. It is possible within the MARKAL description of the energy
system to use a variety of units provided the congstency requirements are met. However,
the sandard units normdly used are the following:

Energy cariers. petgjoules (except nuclear uses metric tons),
Find demand: petgoules,

Technology activity: petgoules,

Conversion technology capacity: gigawats,

Process technology capacity: petgoules per annum,

Demand technology capecity: petgoules per annum,

Weight unit: metric tons,

Passenger Transport: billion passenger- kilometers per annum,
Freight Transport: billion-tonne-kilometers per annum,
Emissons. million tonnes contained carbon,
Emission coefficient: metric tonnes per petgoule,

Cost: congtant units of million $ US.

The only exception is that capacities can be expressed in any units, with the “CAPUNIT”
entry providing the conversion factor to petgjoules per annum.

There is a data multiplier facility that can be used to change the user’s data format to that
used in MARKAL. However, the user must provide the converson factor needed by the
multiplier facility.

Solutionsfrom MARKAL

MARKAL crestes solutions by minimizing the present value of the totd energy system costs
throughout the planning horizon subject to specified condraints.  As such, it uses perfect
foresght whereby dl decisons are made with full knowledge of future events (such as,
emisson targets). Where uncertainty exists in key assumptions about the future (such as,
emisson levels), probabilities can be assigned and stochagtic programming techniques
(Where the weighted expect vadue is used) are employed. MARKAL solutionsinclude:

seasond activity and capacity level for each conversion technology in each time period,

annua activity and capacity level for each process and demand technology in each time

period,

the level of additiona capacity for each converson, process, and demand technology

developed in each time period,

activity leve for each resource technology in each time period,

afull range of energy prices, such as eectricity price by season and time of day, price of

energy provided by renewable technologies,

a complete breakdown of the costs associated with the building and operating of each of

the technologies,

emisson levels for each technology and the total energy system in each time period.
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There are 220 different Results Parameters for reporting results of a modd run. These
Results Parameters are aggregated into 19 standard MARKAL Results Tables, namely,

Table TO1 Scenario Indicators

Table TO2 Summary

Table TO3 Primary Energy Supply

Table TO4 Output of Energy by Technology

Table TO5 Fud Consumption by Demand Sector

Table TO6 Useful Energy by Demand Device

Table TO8 Use of Energy Carriers by Technology

Table TO9 Shadow Prices of Energy Carriers

Table REDC Marginds for Technology, Resource, Demand, and Ratio relation
among vectors,

TableT25 Annudized Costs of Technologies and Resources

Table T27 Annud Environmenta Indicators

Table ACT Activity of Each Technology

Table CAP Capacity of Each Technology

Table DEMAND Useful Energy (Service) Demand by Sector

Table INV Investment in Each Technology

Table SUPPLY Activity of Each Resource Supply Option

Table GDP M-M Macroeconomic Results

TableMC M-M Margind Cost of Demands

Table COSTBEN Bendfit-Cost Ratios

It is Table TO1 that contains the results of a total discounted system cost (the MARKAL
objective function), totd emissions, and security indicator level.

Advantages of MARKAL

MARKAL benefits from a large user community which congtantly makes additions to the
basic modding framework. Examplesinclude mgor mode changes such as the linkage with
a macroeconomic model, and the addition of new functions such as stochagtics and
endogenous technology learning. These changes are documented in “info” text files
digtributed with the mode program.

MARKAL can be used in conjunction with a macroeconomic mode, such as MACRO,
and thus dlows interplay between the energy system and the economy, or with a partid
equilibrium formulation, such as MICRO or MED, where demand levels are endogenoudy
determined based upon price eadticities.

An inherit advantage of optimization models is that they, by default, perform at least cost
competition of fud. This is particularly worthwhile in dispatching eectric power plants
where one wants to see the effects of fuel competition over the planning periods.
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A margind cogt caculation is available as a tandard output, making it easy to compare each
supply option and technology directly within the mode, as well as to observe the overdl
effects on the cost of emission reductions for various technology mixes and palicies.

MARKAL can track materids, financia flows, employment or any other commodities that
can be linearly tied to the activity (or capacity, investment, etc.) of the process.

MUSS provides extensve multi-case comparison graphic facilities to facilitate the task of
andyzing the results of runs. The most essentid cgpability is to be able to graph the results
of multiple cases (up to 10 cases) sde by side using various plot types (such as, line, bar,
and cumulative). MUSS can display both primd (such as capacity level) and dud (such as
effect on the objective function of one more/less unit of capacity) on asingle graph. MUSS
can dso plot those entries changing between runs, and the differences between runs and
periods to facilitate multi- case analyses.

There are two particular useful overview graphing capabilities available in MUSS. The firgt
is the CERI (Congant Emisson Reduction Indicator) graph, which shows how the cost of
the energy system changes as the emisson levels are reduced. The second is the
Contribution Reduction graph, which shows how a reduction target is reached, for example,
switch from foss| fuel to renewable energy or nudear, efficiency improvements, or lower
demand levels.

MUSS includes a “data multiplier facility” to facilitate changing from the source data units to
those used within MARKAL. However, the user mus provide the converson factor
needed by the multiplier facility.

MUSS has ontline documentation which can be used for comments associated with a table.
It can dso record the source of table data or method of calculation. In addition, the system
automaticaly tags modified rows with the date on which they were last changed.

MUSS has a function to print out input assumptions and dl the information relaing to a
technology, demand sector, supply option, or a group of technologies used for the study ina
ample documenting format for expert review.

MUSS draws network diagrams, called a Reference Energy System (RES), which provides
the user with smplified graphics of the mode’s sysem. RES indicates which fuels flow in
and out of the various technologies in the system. The RES diagram is drawn according to
the data found in the current scenario dong with the base-case scenario. The RES can be
viewed focusing either on ademand, atechnology, or an energy carrier.

MUSS has a function called the “bluebook option”, which reorganizes/regroups the input
tables s0 that input assumptions for various technologies or supply options can be examined
and compared Smultaneoudy.

MUSS provides an “Enduse Demand Cdculation” module to forecast useful energy
demand. It cdculates future demand by applying basis (for example, in the case of
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resdentid space heating, number of households) and saturation vaues (for example, the
percent of households needing heating) given for future periods to the historica technology
levesfor the firgt period.

Limitationsof MARKAL

Due to the nature of LP, MARKAL aways chooses the least cost solution. The energy
service with the lowest cost will take the entire market, and the competitors with only dightly
greater costs will be excluded. While in redity, factors other than price often affect
decisons for fud choices, these factors can only be addressed in MARKAL to a limited
degree by means of technology-based discount rate.

MARKAL will cdculate an energy baance based on the year specified, and interpolate
linearly between the vaues found in the period before and the next period following the
defined year. For example, if the datais listed for time period 1 (1990) and 3 (2010), the
data for period 2 (2000) is interpolated linearly by MARKAL between the vauesin period
1 and 3. The use of multiple-year planning periods poses problems for renewable energy
modeling in terms of resource characterization and technology implementation sSince
renewable energy technologies can have very short condruction times.  Such modularity
related advantages of renewable energy are difficult to show in the multiple year planning
context.

MARKAL does not contain a complete environmental database, as do the two other
models under review (LEAP and ENPEP).

2.3 LONG-RANGE ENERGY ALTERNATIVESPLANNING SYSTEM (LEAP)
Background

LEAP® was developed by the Stockholm Environment Institute-Boston Center at the Tellus
Indtitute, with support from the United Nations Environment Programme and various other
organizations.

Modd Structures

LEAP is an energy accounting framework. It contains a full energy system which enables
condderation of both demand-side and supply-sde technologies and accounts for total

system impacts.

LEAP is structured as a series of integrated programs. There are four main program groups
and five sub-programs.

Energy Scenarios
Demand
Transformation
Biomass
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Environment

Evduation
Aggregation
Environmentd Data Base
Fud Chans

The Energy Scenarios programs are the main tools used to perform an integrated energy-
environment planning exercise in an area. The programs asss in developing current energy
balances, projections of supply and demand trends, and scenarios representing the effects of
energy policies, plans, and actions. End-use consumption is caculated by the Demand
program. Based on this demand estimate, the Transformation program smulaes the
converson of primary energy resources to find fuel (for example, cod to eectricity in power
plants) to match supply to demand. Optiondly, the Biomass program can be used to
examine in more detail the adequacy of, and impacts on, biomass resources, based on the
need for biomass fuels and the land use changes taking place in an area. The Environment
program cdculates the consequent environmental emissons based on the information
contained in the Environmentd Daa Base. The Evaluation program compares the
economic (costs and benefits), physca (energy and resource usage), and environmental
(emissions) impeacts of dternative energy scenarios.

The Aggregation program is a tool used to display multi-area results from anayses carried
out in different geographica arees.

The Environmental Data Base can be used ether as a sand-aone reference tool, or linked
to the rest of LEAP to automatically caculate emissons and other environmentd impacts of
energy scenarios.

The Fuel Chains program is used to compare the tota energy and environmental impacts of
dternative fuds and technology choices per unit of energy or energy service delivered. For
each end-use fud and technology option, a “chain” is congtructed which traces the energy
inputs and environmentd impacts for each upstream energy converson stage.

Model Operation

LEAP is a demand-driven mode. It can handle energy demand forecasts. The energy
demand forecest is cdculated by multiplying the activity levels times the unit energy
requirements (or energy intendties). Activity levels can be disaggregated into sector, sub-
sector, end-use, and devices. Both the activity levels and unit energy requirements are
dlowed to vary over time. The default methods for modeling these time variations are
interpolation, growth reate, or by usng independent variables caled “drivers” The driver
method is based upon projecting an activity leve or energy intendty as a function of one or
more (up to three) driver variables with or without eagticities. Any varigble can be used as
driver, for example, GDP, rurd population, dectric prices, rurd or urban households. The
driver method assumes a standard log-log (constant eadticities) relationship between
activities and the driver (independent) variables.
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Basad on the energy demand forecadt, the Transformation program of LEAP will smulate
energy supply and conversion processes to assess the adequacy of primary resources to
meet the set of energy demands and export targets. The Trandformation system has two
levels of detail: the module level and the process level. The module level represents energy
indugtries or sectors, for example, dectricity generation, refining, digrict heating, and
charcod production. The process level describes individua technologies or groups of
technologies within a module, for example, cod-fired plants and gas-fired plants of the
electricity generation module. There are four different module types:

Smple Modules are used for smple conversion processes, or for processes that are of less
interest in the andyss ether because they account for a samdl fraction of overdl energy
flows, or because they are not the focus of the andyss.

Transmission & Distribution Modules are used to describe the losses occurring in the
trangportation, transmission, or distribution of fuels.

Detailed Modules are used for any process which produces multiple output fuds, which
requires multiple feedstock fuels, or when process capacity limits are consdered in the

sudy.

Electricity Modules are specid kind of detailed modules with extra features for dectricity
sector andys's (such as, load curve).

Detalled and Electricity modules can be configured to smulate dispatching, which affect how
much each process will be used in meeting the annua output requirements of amodule.

LEAPisaso capable of iterating trandformation calculationsin order to resolve sysemswith
looping flows of energy. That is, it caculates flows of energy from downstream processes
to upstream processes, in addition to its norma mode of smulating energy flows in the
reverse direction.

LEAP explicitly specifies auxiliary input fuds® and separates them from feedstock fuels.
Each auxiliary input fud is linked into the Environmenta Data Base. Therefore, it smulates
the environmenta loading of processes more accurady. Up to five auxiliary fuels canbe
defined for each process.

The modd can include up to 65 fuds. Each fud is classfied into one of the five types
Nontrenewable (fossil) primary resources
Renewable Resources
Biomass Resources
Secondary Fudl
Electricity
This classfication determines how each fuel should be handled in the system.

The emissions from the basdline scenario can be cdculated usng the Environment program.
The environmental andyss can be performed by linking demand devices in the Demand
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program, and transformation processes in the Transformation program, to appropriate
LEAP s Environmental Data Base demand source and transformation source categories.

Sengtivity andyss could be performed by varying vaues of the variables in the basdine
scenario to evauate various policy options.

Digpatch Algorithm for Electricity Generation

Two dispatch rules can be selected for power generation. First, power generation can be
selected to digpatch according to the merit orders to meet a default load curve. This method
does not require load curve data, and is used in the case where the optimum capacity factor
of aplant isknown. In this method, each dectricity plant is dispatched in turn by merit order
and run until it meets the total dectricity requirements. Peak load will be dispatched firg to
ensure that pesak load plantsrun. The data required is thus the optimum capacity factor, not
the maximum capacity factor, for pesk load plants, to prevent them from running to thelr
full technica capacity factor. The base-year peak system output and the base-year output
data must be entered. LEAP will then caculate the base-year load factor and reserve
margin. In future years, changes to the system load factor can be entered and that
information will be used to report future system peak outputs and reserve margins.

Second, power generation can be selected to dispatch according to the merit orders defined
for each plant to meet a user-defined system load curve. This method requires the system
load curve data, but does not require the optimum capacity factor. Each plant will be run, if
necessary, up to alimit of its maximum capacity factor to meet the system load curve aswell
as the overd| energy requirements on the module. The user-defined load curve method
divides eech year up into a series of grips representing the cumulative load curve. Each
grip is defined by the hours and load curve data entered. Plants are then dipatched in turn
in each gtrip until the peak load of that strip has been met. Each plant is only run up to its
maximum capecity factor and, once it has reached that point, will not be available for
dispatching in subsequent gtrips.  Thus different plants may be dispaiched to meet the
requirements of each gtrip.

Special Features
Fuel Chain Comparisons

The Fud Chan program of LEAP dlows a compaison of the totd energy and
environmenta impacts of specific fuel and technology choices per unit of energy or per unit
of energy sarvice delivered of totd fud cycle from resource extraction to end-uses. An
example would be to compare two passenger transport fuel chains, one using cod to
generate eectricity to run an eectric car, and the other one using gasoline to run a gasoline
car. The Fud Chain program can be used to create a branching fud chain with multiple
processss in a sngle stage, for example, to smulate an eectricity fud chan where the
electricity is generated from a mix of generating plants, or to Smulate a mix of resource
extraction facilities such as onshore and offshore oil production. A maximum of 8 stagesin
each fuel chain, and 8 stages per process, can be created.
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In addition to the environmenta loading created by the fud consumed in a device, the data
can be defined to estimate pre-operational phase impacts. These are impacts that occur
during the manufacture of materias and equipment used in the fud chain, for example, the
impacts from the production of materids in device, device manufacture, and device
assembly.

Scenario Comparisons

The benefits and costs of dternative scenarios can be compared using the Evauation
program. This cdculation is done using the physica results generated from LEAP and the
cost data entered into the various programs of LEAP, which includes:

Cogt of changing the numbers and intensities of demand devices,

Capitd cost, and O&M costs of Transformation devices,

Cost of resource supplies,

Cogt of environmenta externdities,

Cost of capitd, operating, and harvesting and distribution costs of specid biomass land-
types used for growing wood,

Cost of cutting wood stocks and the adjustment costs of unmet biomass requirements.

This andyss will show the cost-benefit results for each demand device, transformation
process, biomass resource, non-biomass resource, and environmenta costs—adl summed
over the study’s lifetime from the base year to the end year. Three Satigtics are shown for
each of these components. costs, benefits, and the net present value. Codts are incurred
when a cogt in the dternative scenario exceeds its equivaent cost in the reference case.
Benefits exis when a monetary cost in the dterndive case is less than its equivdent cost in
the reference scenario.  The net present vaue for each term is defined as the sum of al
discounted costs and benefits over the lifetime of the Study.

The emission reduction between two scenarios can dso be compared in both physical units
and monetary units. For example, it shows in absolute and percentage decrease, relative to
the base case over time. It dso shows the percentage decrease relative to base year values.
The report adso caculates the net costs of emission reductions and the levelized costs per
unit of emisson reduction. The Evauation program, however, does not provide an analyss
of financdid viability of the two scenarios.

Renewable Energy in LEAP

Renewable energy can be included in LEAP under the Demand program (if that renewable
energy is used as an end-use direct fud) and under the Transformation program (if thet
renewable energy is needed to be converted to find fud), the same as nonrenewable
energy.

The data requirement for renewable energy under the Demand program includes its share in
an end-use demand, end-use device, and its respective energy intendty. To edimate
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renewable energy under the Trandormation program, first, the modules representing
renewable energy processes (for example, biogas, solar PV, ethanol production or
eectricity generation) need to be set up with required information such as input into the
process, output from the process, process efficiency, and process shares among different
inputs.

The data for renewable energy needs to be entered in both the cases where renewable
energy is used as a direct fud and the case where renewable energy is used as an input in
the transformation process. This data is the annud resource limit and import avalahility.
Nontrenewable energy is entered in the mode in the sameway. The difference between the
two is tha the data required for renewable energy is the maximum annua supply of each
renewable resource, whereas the data required for non-renewable energy is the quantities of
resource addition and depletion. The annua resource limit of the renewable energy can be
used to represent ether the physicd limit of a resource or the sustainable annua yield of a
resource. The cost inputs required for renewable energy (if a cost/benefit andysis will be
performed) are identical to those of non-renewable energy, which are capital cod, fixed
O&M cogt, variable O&M cost, and recovery period.

For biomass resources, it is optiona to use the LEAP Biomass program to assess the
current and future status of biomass resources under different scenarios of land use changes,
and energy supply and consumption patterns. LEAP classfies biomass resources into four
groups. wood fuel, dung, crops and crop wastes, and non-energy wood products. Any
biomass resource can be included in the andysis under these four categories.

The Biomass program takes the data (base year and projection) of the tota area-wide
energy requirements of different biomass resources caculated in the LEAP Demand and
Transformation programs. Thistotd area-wide energy requirement is alocated to each sub-
area by a user-entered dlocation fraction. Non-energy wood requirements are projected
from data entered directly in the Biomass program. The Biomass program will assess the
supplies of each biomass resource in each sub-area.  This assessment is based on
information such as projected land-use changes in each sub-area, changes in wood stocks
and wood yields for each type of land use, annua dung production, and crop and crop
waste production. The balance between biomass supplies and biomass requirements in
each sub-areais then caculated. The scenarios to investigate aternative assumptions about
changing patterns of land use and biomass production can be created.

To fulfill the above anayss, the Biomass program requires three categories of data: Land,
Products, and Resources.

Land
Land areas are organized into three-tier structures. sub-areas, zones, and land-types.
Sub-areas identify the names of the geographic sub-areas being used.

Zones identify ecologicd zones within a sub-area. A convenient set of ecologica zones
might be high potential, medium potentid, and low potentia areas.
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Land-types dassfy land-type specifications, for example, grasdand, mountain forest,
commercid foredt, cattle pasture, rice paddy, whest field, woodlot, etc.

A maximum of thirty names can be specified for sub-areas, ten names for zones, and forty
names for land-types. Changesin the land areas of different land-types can be projected by
the program. The default method for specifying land area changes is to assume that there is
no converson to tha land-type from another land-type. However, the program aso
provides other options for specifying land area changes. These options include annua
conversons to the selected land-type from one or more of the other land-types, an annud
exponential growth in the land area of a particular land-type, or a specification that a land-
type areawill grow in proportion to the values of any specified LEAP driver varigbles.

Products

The Product menu provides three options to specify supply sources: requirement, transport,
and milling.

The requirement option is used to dlocate the calculated aggregate (area-wide)
biomass resource requirement to the disaggregated sub-areas as specified in the Land
data. The non-energy requirements for wood resources (for example, for timber and
pulp) entered into the model can dso be dlocated into each sub-area.

The transport option is used to enter any inter sub-area trangportation of biomass
resources. By default, LEAP assumes that each sub-area supplies al of its own needs.
A modification can be made by indicating that a specified fraction of the sub-area's
needs is supplied from another sub-area. LEAP assumes that dung is never transported.
The milling option is only available for non-energy wood products. This option is used
to smulate the recovery of wood milling wastes, which subgtitutes for woodfuels.

Resources
The Resources menu requires data for wood fudl, dung fuel, and crop and crop wastes fudl.

Wood Fuel. Wood fue supply-demand baance estimation requires three groups of
information: assign products to land-types, harvesting, and inventory.

Assign Products to Land-Types. Each land-type is assumed to produce wood to meet
the requirements of only one wood product group. Therefore, the types of land that will
be used to meet the requirements for each wood product must be indicated. For
example, large farm food is used for wood fud and poles, commercid forest is used for
commercia wood.

Harvesting. The required information is the harvest efficiency (defined as the ratio of
the wood product to the total wood felled), the fraction of harvest wastes recovered and
avallable for use as wood products, and the wood product group for which recovered
wastes can be used. By default, harvesting efficiencies are assumed to be 100 percent.
No waste is assumed to be recovered.
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Inventory. The required information is the base-year inventory (the amount of sanding
wood per unit of land area), the base-year yield (the amount of wood that can be
collected in any one year without reducing the ganding stock of wood in the following
year), the accessibility of wood resources in the base year (the maximum fraction of
the yields and stocks that can be collected to meet requirements), and the wood growth
pattern.

The wood growth pattern describes how trees grow and how people manage them through
different wood cutting practices. Three aternative wood growth patterns could be selected
in the model: unmanaged woodland, managed woodland, and new wood projects.
Unmanaged Woodland. Thiswood growth pattern assumes that both annua
yields and tree stocks may be cut to meet wood requirements.
Managed Woodland. This pattern assumes that trees are sustainably managed
S0 that net stocks never decrease. That is, only the annud yields from the land-
types are cut.
New Wood Project. This pattern explicitly specifies cycles of wood stocks and
harvest over time. It dlows tree stock vintages to be tracked, and thus tota
stocks can be modeled as a function of the age of trees over the life cycles of a
plantation. Thirty differently named wood projects can be defined, each of
which can have acycle length of up to 30 years.

By default, dl land-types use a default unmanaged woodland growth pattern, which is a
amplified mode of a mature forest defined by two assumptions: (1) If stock cutting occurs,
yields are assumed to decrease in direct proportion to stocks. Thus, a cleared forest is
assumed never to regrow. (2) Stocks are never dlowed to grow above ther base year
vaues.

For both managed and unmanaged woodlands, the Resources menu requires the data which
relates wood yields to wood stocks at dl levels of stocks between zero and the maximum
stock of the land-types. For new wood projects, the data on stocks and harvest of wood in
each planting year s required. This is different from the other two wood growth patterns
where the data required is wood yields, for which only some wood may be harvested
depending on requirements. Because wood projects are normaly commercial wood
plantations, their harvests are assumed to be used fird, before yields from any other land-
types are digpatched to meet wood requirements.

For wood cutting practices, the minimum leve of stocks, below which cutting of wood
cannot take place, needs to be defined.

Dung Fuels. The data requirement to estimate dung resources is the numbers of
different types of animadsin each sub-areaand annua dung production per head of animds.

Crop and Crop Waste Resources. Each crop and crop waste energy product
needs to be assigned to aland-type. The production of each crop and crop waste energy
product will then be driven by the land-type area.on which it is grown.
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Costs

Costs of biomass energy resource supplies include specia land-type and wood scarcity
response costs.
Soecial Land-type Costs are cogts of biomass resource supplies for a particular land
type. These specid costs include capitd costs, annual operating cogts, harvesting codts,
and digtribution cogts.
Wood Scarcity Response Costs are the additiona socia and environmental cogts (over
normal supply costs) of each type of response to wood scarcity. For example, user
may assign one cost to cutting wood stocks, and another to the costs of unmet wood
requirements.

Projection M ethodologies

LEAP provides three options for the projection of variables for biomass resource anayss,
for example, land areas, non-energy wood requirements, livestock numbers, and crop and
crop waste production. Those options are interpolation, growth rate, and driver.

Balance of Biomass Requirements and Supplies

The only supply source for dungs, and crop and crop waste is their annua production, and
that production will be balanced with its requirement. The requirement for wood can be met
through different sources of supplies. The Biomass program defines that, to meet wood
product requirements, the supplies of wood resourcesin each sub-area are dispatched in the
following orders.

Waste wood recovered from non-energy wood milling processes,

Wood harvested from new wood projects,

Any available wood from land clearances,

Accessbleyidds,

Any waste wood recovered from harvesting commercia wood resources,
Stock cutting.

oSO wWNE

For the purposes of caculating supply and requirement baances a each sub-area, the
requirements for these products are automatically dlocated to sub-areas usng the following
rules

Wood requirements are alocated in proportion to base-year wood yields.

Crop and crop waste requirements are alocated in proportion to base-year crop

production.

LEAP assumes that dl wood products have the same moisture contents, dendties, and
energy contents. The same is true for al dung, and crop and crop waste products.

However, the user can define, for example, each wood product as different fuel, each of
which having different moisture contents, densities, and energy contents.

Environmental Calculation in LEAP
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The environmental emissons and impacts associated with demand devices and
transformation processes that consume, transform, or produce energy @n be estimated
using the LEAP Environment program. These estimates are based on emissions coefficients
contained in the LEAP Environmental Data Base (EDB).> The fuel compositions required
for each fud are sulfur, nitrogen, carbon, ash, and moisture content on a percent weight
basis.

In addition to digolaying environmentd loadings usng phydcd units, the globd warming
potential (GWP) of GHG can aso be displayed. The default datain LEAP isthe GWPs for
carbon dioxide, methane, and nitrous oxide as recommended by the Intergovernmenta
Pandl on Climate Change, 1994,° for three time periods. 20 years, 100 years, and 500
years. GWPs are expressed as tonnes of CO, equivaent (that is, afactor of 44/12 greater
than tonnes of carbon equivaent).

Environmental Data Base

The LEAP s EDB has extensve data on the energy-related environmenta emissons (ar
emissons, water effluents, and solid wastes) and impacts (direct hedth and safety) that
dlows an edimation of the emissons and other environmenta impacts of energy consuming
and producing activities. The relationships between the quantities used and the consequent
pollution emissons are assumed to be linear. Only direct effects that are produced by the
sources are incorporated in the EDB. Indirect effects such as hedth impacts occurring
downwind or downstream from pollution emissions are not considered in the database.

The EDB is structured in atwo-dimensiona matrix: Source categories and Effect categories.

Source categories lig the names of technologies which produce environmenta
effects.  Sources are separated into demand categories and transformation
categories, each of them is defined by a multi-level hierarchy. Demand categories
include demand devices specified by four levels. sectors, sub-sectors, end uses, and
devices. Transformation categories are pecified into three levels: process type,
process, and technology.

Effect categories ligt the names of environmentd effects from the sources. They
are categorized by threelevels:
Type of effect, for example, ar, water and solid waste emissons, and direct
hedlth and safety impacts,
The effect itsdlf, for example, CO,, and injuries,
Different categories of the same effect, for example, biogenic and non-biogenic
CO..

Emissions coefficients are the unit effects produced by each source. Each cdl in the
Coefficient Database contains documentation and a reference. The documentation conssts
of text, equations, and page references, which explain how the coefficient in each cell was
derived from the corresponding reference. The document is reported aong with the numeric
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data, 0 the user will understand any important computations used in developing the data, or
caveats on the gpplicability of the data.  The references (up to three references can be
identified in each cell) contain summary information about the source of the data. There is
dso a detailed reference—the Bibliogrephic Reference Database—that can store
information on author, title, publisher, and date.

Emissons coefficients can be defined based on fue compostion, for example, carbon
content of the cod. It is defined so that the actua emisson of CO, from cod-fired
eectricity generating plants will not smply depend on the quantity of cod consumed by the
plant, but will also depend on the carbon content of the codl.

The default effect categories utilized in the EDB are shown in Table 2.1. They are broken
into the generd classes of ar emissons, water effluents, solid wastes, and hedth and sofety.
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Table 2.1: Default Effect Categoriesin the LEAP Environmental Data Base

Air Emissons
Carbon dioxide
Non biogenic / Biogenic
Carbon monoxide
Hydrocarbons
Tota
Aldehydes
Benzene
Tar
Volatile hydrocarbons
Formaldehyde
Organic acids
Methane
Hydrogen sulfide
Metal
Lead
Arsenic
Boron
Cadmium
Chromium
Mercury
Nickel
Zinc
Nitrogen oxides
Tota
Nitrous oxide
Sulfur oxides
Tota
Sulfur dioxide
Toxic hydrocarbons
Polycyclic organic molecules
Particulates
Tota
Size lessthan 10 microns
Fugitive cod dust
Radioactive
Carbon 14
lodine 131
Noble gases
Radon
Tritium
Ammonia
Thermd emissons

Water Effluents

Solids
Totd
Suspended
Dissolved
Oxygen demand
Biochemica
Chemicd
Sulfates
Metds
Totd
Cadmium
Chromium
Copper
Iron
Mercury
Zinc
SAts
Nitrates
Organic Carbon
Totd
Oil and gresse
Chlorides

Ammonia

Phosphates

Cyanide

Redioactive
Tritium
Activaion &
Fisson Products

Solid Wastes Health, Safety

Mining Wagte Desgths

Tota Injuries

Inert Work Days Lost
Ash

Total
Scrubber dudge
Radioactive

Low Leve (curies)
Low Levd (Volume)
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Data Requirements

LEAPisvery flexible in its data requirement. The modd can be run with a minimum of deta,
or the modd can be designed for a detailed energy system if the data is available. The
default energy unit is GJ, but data can be entered and results can be displayed in any energy
unit by using conversion factors provided in the modd. The main data used in the program
isliged asthe following:

Cost Data
Cog of changing activity levels and cost of changing energy intensties of
demand devices (Demand program),
Capita codt, annua fixed O&M cog, varidble O&M cost of energy converson
equipment (Transformation program),
Resources cost including cost of imported fuels, exported fuds, and indigenous
resources (Evauation program),
Environmentd externdities cost (Environment program).

Codts in the Transformation program are non-fuel costs only. Fuel supply costs are
congdered only a the point of primary resource supplies and entered into the “Resource
Cog” field in the Evauation program.

Quantities of resource additions and depletions (for non-renewable energy).
Export and import targets for each fud,

Transformation Data
- Feedstock fud,
Output fud,
Process shares (if there are many processesin amodule),
Process digtribution losses,
Efficdency of conversion process,
Process capacity,
Maximum capacity factor,
Lifetime of the process.

Electricity and Refinery Data
Plant capacity,
Base year output,
Plant efficiency,
Maximum capacity factor.

Energy demand data in a hierarchica format based on four levels—sector, sub-sector,
end-use, and device.

Biomass Resource Data
Wood cutting practices: minimum level of wood stock alowed,
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Haveding: harvest efficiency, fraction of harvest wastes recovered,

Specid Land-type Cost:’ capital costs, annua operating costs, harvesting and
digtribution costs,

Wood Scarcity Response Costs,?

Numbers of different types of animasin each sub-area,

Annua dung production per head of animal.

NontBiomass Renewable Energy Data
Availability of import,
Maximum annud supply,
Codgt: capitd cogt, fixed O&M cogt, and variable O& M cogt,
Recovery period (for cost-benefit andyss).

Financia data
Inflation rete,
Discount rate,
Foreign exchange rate (if usng any foreign money).

Driver variables, for example, GDP, dectricity prices, population, etc. (if used for the
projection).

Solutionsfrom LEAP

The solution from LEAP is deterministic Snce LEAP is an accounting modd. The solutions
from LEAP include energy demand and supply balance, the cdculation of the consequent
environmenta emissons, and biomass resources demand and supply baance. LEAP can
as0 compare the overdl costs and environmenta consequences of different scenarios.

Energy Demand and Supply Calculation

LEAP estimates energy demand and supply over the specified periods of time. The results
can be displayed as an aggregate energy bdance of primary resource requirements,
subdivided into its indigenous production, import, export, and stock changes. The results
can show transformation energy supplies by process, and total energy demand by sector, in
ether physca or monetary units, and in the format of ether absolute vaues, growth rates, or
cumulative values. The results can dso be displayed in detail. For example, it can show the
energy demand for a particular fud by sector/sub-sector/end-use, the demand in a particular
sector/sub-sector/end-use by fud, tota primary resource supplies by year, or resource
supplies from indigenous production, imports, or exports.

Biomass Demand and Supply Calculation

The overdl results from the Biomass program are reported in two forms: the supplies of
biomass in physica units, and the cods and foreign exchange components of biomass
supplies. The supplies report shows the tota wood supplies from various sources (for
example, from wood projects, from other land-type yidlds, and from stocks and other
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sources such as land-clearances) by sub-area. The report also shows total dung, and crop
and crop waste supplies from each sub-area. The costs report displays (1) the cost of
biomass supplies divided into wood, crop, and dung (using the default resource codts
entered on the Evauation program); (2) specid land-type costs which are capitd codts,
operating costs, and wood harvesting costs; and (3) the cost of responses to wood scarcity
(for example, the cost of cutting wood stocks and the adjusment cost of unmet
requirements). The Biomass program can aso provide a detailed report on demand and
supply balances of each biomass. For example, the detailed report on wood resources
displays the wood demand and wood supplies (divided into supplies from yidds, stock, and
land clearance) by land type or by sub-area, or the detailed report on dung balance shows
the dung requirement and dung supply by anima types.

Environmental Calculation

The result from the environmentad caculation is reported in totd quantities of each
environmental effect from al demand and transformation sources. It can be displayed in
ether the total cost of the effect loadings or the physicd quantities of each effect (which can
bein aphysica unit or to show the total GWP of ar emissonsin tonnes of CO, equivaent).

Scenario Comparisons

The overdl costs and emisson reductions, and costs between two scenarios, can be
reported from the moded!.

Advantages of LEAP

LEAP is a dmple mode that does not require a long training period. The program is
designed to be user-friendly with a detailed manuad and on-line help.

LEAP will be ussful in cases where the andys wishes to determine the energy and
environmentd impacts of proposed governmentd policies where the initid technology
projection has been predetermined.

LEAP has a feature dlowing coordinated planning a more than one spatia level.® For
example, energy scenarios can be developed at the gtate or provincid level and then
aggregated to the nationd leve, or from the nationd level to the multinationd or globd levd.

LEAP provides an option for examining the materia requirements of an energy scenario.™
The material andyss feature can dso potentidly be used to study non-materid inputs to
energy chains, such as the study of employment impacts of dternative fuel and technology
choices.

LEAP has a function to display results in any unit desired, rather than just have the default
unit. All reports can be represented in three standard formats. absolute vaues, annua
growth rates and percentage shares. In some reports, the results can adso be displayed as
cumulative vaues, for example, cumulative emissons loadings.
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LEAP has an extensve environmentd database available that covers air emissons, water
effluents, solid waste, and health and safety. The database may dso contain documentation
and references that can be used to document the database of coefficients, sources of data,
data compuitation, etc.

Limitations of LEAP

LEAP is jugt an accounting framework. Impacts of economic factors on energy supplies
and fuel mixes are ignored in the moddl. Shares among fud usage and subgtitutable devices
for an end-use must be determined exogenoudy and not by the moddl. Future energy
systems are systhesized largely according to the judgement of the modeler of what preferred
future technologies should be.  Although energy prices/costs can be one of up to three
driving varigbles in specifying activity levels (for example, transportation demand) or energy
intengties, prices/'costs can not be factors in making choices among dterndive energy
technologies or fuels.

Due to the nature of the modd, the model cannot analyze fue competitiveness between
renewable energy and fossil fuels.

The digpatch rule for the dectricity module has to be specified. The default method is to
dispatch in turn by merit order and run until the total dectricity requirements are met. Using
this method means that the optimum capacity factors of plants are known, which means an
electric utility dispatch mode has to be run firs. The results from the run can then be
entered in LEAP. Another option of dispatching is to enter data describing aload curve.
Plants will then be digpatched according to the merit orders defined for each plant. Each
plant will be run up to its maximum capecity factor to meet the system load curve as well as
the overdl energy requirements within the module. This method does not alow for random
outages during the year. All plants are assumed to be available a pesk load time. Sincein
redity, only a proportion of plants will be available a any given time due to planned or
forced plant maintenance, this method tends to overestimate the reserve margin in the pesk
load and underestimate it during the lowest load.

2.4 MODEL COMPARISONS
Mode Similarities

The three models have the same concept. Initidly, each creates a picture of the current
energy Stuation with an estimate of future changes based on the expected plans and growths
in the economy. This scenario is referred to as the Base Case or Business-as-Usud. The
dternative scenarios are thus created with dternative assumptions about  future
developments and plans. The aternative scenarios could then be compared with the Base
Case to see the impacts on energy systems and the impacts on pollution generation.
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All three modes are demand-driven models, in that feasible solutions are obtained only if al
the specified end-use demands for energy services are satisfied for every time period.

Demand is forecast exogeneoudy for each time period. LEAP and MARKAL have a
feature to make a demand forecast. ENPEP has a module caled DEMAND that can
handle demand projection and feed the input to BALANCE, or the forecast has to be made
exogenoudy and entered into BALANCE. Demand is classfied by end-use sector.

Any renewable energy can beincluded in any of the three models. Each model, though, has
different features to handle the renewable energy characterigtics.

All three modedls are designed to be used as a long-term forecasting tool. ENPEP can
project energy baances up to 75 time periods. MARKAL can handle any number of
periods while MUSS is limited to 9 periods, but any fixed period length can be used. LEAP
can handle up to 120 projection periods.

M odel Differences

The mgor difference is in the solution dructure of the modes. MARKAL is a linear
progranming modd, ENPEP is a sysem of dmultaneous non-linear equaions and
inequdities, while LEAP is an accounting modd framework.

MARKAL sdects the options that minimize total system cogt, subject to condraints. A
solution from BALANCE is based on smulating the behavior of energy consumers and
producers through a market-sharing dgorithm. The market share is split among dterndive
choices, and not only based on the least cost source of energy. The solution from LEAP is
determinidtic.

The use of a market share dgorithm such as BALANCE is one thing that digtinguishes the
equilibrium gpproach from the other energy modding techniques. This technique dlows for
the smulation of market operation with multiple decison-makers. By contrast, least-cost
optimization approaches, while suitable for smulating a single decisortmaker, cannot
address the more complex behavior of multiple decison-makers. For example, in smulating
the consumer choice for using natural gas or eectricity for cooking (assuming both are
readily avalable), the market-sharing adgorithm can smulae the condition where some
consumers will prefer oneto the other.

BALANCE edimates renewable and depletable resources based on different supply
functions. It requires a quadratic supply function for depletable resources and a step supply
function for renewable resources. In contrast, MARKAL does not treat renewable and
depletable resource supplies differently, and both supplies are based on linear relationships.
Congraints can be put in the MARKAL modd, however, to control renewable energy
supply to be a step function. Both renewable and depletable resources are dso treated in
the same manner in LEAP.
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The equilibrium modeling gpproach for the BALANCE module is based on the concept that
the energy sector conssts of autonomous energy producers and consumers that carry out
production and consumption activities, each optimizing individuad objectives. By contrad,
MARKAL (which is an optimization model of the entire energy sector) can take in the
interpretation of a centrd planning authority that has control over dl energy flows and prices
in the entire energy sector.

BALANCE projects the baance of energy supply and demand. The results can be fed into
IMPACTS, another module of ENPEP, to calculate the consequent environmental impacts
such as pollution emissons.  LEAP works in a smilar fashion, where the Demand and
Trandformation programs results could be linked to the Environment program for
environmental analyss. The environmental impact is not trested as a ondrant in the
projection of energy options in either BALANCE or LEAP. MARKAL works in an
opposite manner, where environmental factors can be put as a condraint on the energy
options selected by the modd. The environmenta impacts are thus reported s part of the
MARKAL standard mode run.

For MARKAL, emission redtrictions can be one of the condraints put into the model. The
modd will then modify the energy system to meet such aredtriction. ENPEP handles the
case in different manner. The energy balance has to be caculated first in BALANCE and
then the datais fed into IMPACTS for cdculaing the consequent pollution emissons. If the
pollution emissons are higher than the requirement, a new scenario has to be made in
BALANCE in order to cut down the pollution emissons. IMPACTS mugt then be re-run
for anew caculation of theemissons. The sameistrue with LEAP.

Demand projection in BALANCE is forecast exogenoudy and isimported into the modd in
the form of a growth rate. However, the demand projection can be obtained from
DEMAND, another ENPEP sub-module. MUSS provides an End Use Demand
Cdculation module to forecast find demand for use in MARKAL. Variants of MARKAL
aso permit demands to be determined endogenoudly in response to prices. LEAP includes
a feature to project demand. The demand projection then drives the caculations of the
other LEAP programs.

In BALANCE and MARKAL, cost variables are factors that determine the alocation of
fud. In LEAP, cogt vaiables are only required for cost-benefit andyss, and cannot be
factors in making choices among adternative energy technologies or fuels.

The MARKAL data handling system provides facilities for andyzing the results of multiple
mode runs (up to 10). ENPEP permits the results of asingle run to be examined a atime.
LEAP can handle the comparison of two runs.

LEAP is publicly available and free of charge. ENPEP is available free of charge for
government agencies but not avalable for commercid use. MARKAL is publicly avalable
at a cost varying between $3,300-$15,000 depending on such factors as number of users,
solver sdlected, and ingtitutional affiliation.™
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2.5 MODEL UPDATES

The three modds being reviewed in this sudy—ENPEP, MARKAL and LEAP—have
been, or are being, updated since the time they were used by the selected economies. This
section discusses new developments with the three models. Brief discussions of the ENPEP
and MARKAL related modds are aso included in this section.  Although a review o the
related models is outside the scope of this study, it was fdlt that a brief modd description
was useful for understanding the wide range of energy issue which could be addressed by
the two modding sysems.

ENPEP*

The new verson of ENPEP—ENPEP for Windows—is currently under development. The
ENPEP for Windows fully utilizes graphica capabilities of the MS Windows operating
system. It is more user-friendly and operates with a point-and-click graphical user interface.
With this versgon, the user can congtruct an energy network by drawing it directly on the
screen, ingead of having to use another graphica program (such as Power Point) to draw
the network. In addition, al input data for any component of the energy network can be
entered, viewed, or edited by smply double-clicking on that component in the network.

The same gpplies for viewing the output results of the modd runs. All output results (such as
energy flows and prices) can be graphicdly displayed on the links of the energy network or,
for viewing more detailed results for a sngle component of the network, by double-dicking
on that component and selecting the option to view the results.

ENPEP for Windows verson uses the PowerSoft PowerBuilder 7.0 programming
environment. PowerBuilder is designed excellent package for the congtruction of large-scale
applications. It has a proven track record and impressive market support. PowerBuilder
comes with its own internal database (SYBASE) and has good connectivity with other
(externd) databasess ENPEP for Windows fully utilizes this database-supported
environment so that al input data and output results are stored in the database which
provides a convenient interface between different ENPEP modules.

A betatest verson of the ENPEP for Windows will be first used a the International Atomic
Energy Agency (IAEA) and Argonne Nationd Laboratory (ANL) internationa training
course, which will take place a ANL during September 13 to November 5, 1999. The first
release of the software is expected after the training course.

In many applications, ENPEP can be used in combination with other models. For example,

Vaoragua can be used to determine the optima generating strategy of mixed hydro-thermd
electric power systems. WASP-111 Plus (Wien Automatic Systlem Planning Package) can
be used to andyze long-term dectric system expanson, and GTMax (Generation and
Transmisson Maximixation Model) can be used for the gpplications such as determining
seasonal power and energy offers to cusomers, and computing the costs associated with
environmenta legidation. GTMax can dso be employed to fine tune hourly resource
generation patterns, spot market transactions, energy interchanges, and power wheeling on
the transmisson system
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ENPEP can be linked to MCITOS (Multi CriteriaInterval Trade- Offs System) to perform a
mutli-criteria decison andyss. MCITOS is a generd-purpose decison support system

which can be used to determine the most desirable aternatives in various decision problems,
not only those related to eectric power systems.

ENPEP can dso be linked to APEX (Argonne Production, Expansion, and Exchange
Mode for Electricd Systems). APEX is a menu-driven programming package that can be
used to conduct smulations of production costs, system religbility, spot market network

flows, and optima system capacity expansion.
MARKAL®

MARKAL has a Windows 95 interface called ANSWER. ANSWER was developed by
the Audrdian Bureau for Agriculturd and Resource Economics (ABARE), and introduced
during 1998. With the Windows-based system of ANSWER, the MARKAL modd is
more readily accessble and usable to the energy policy and systems andyst. ANSWER
provides a number of enhancements over MUSS for the analysis and presentation of input
assumptions and results. These enhancements include:

data editing capahilities via ‘direct cdl editing’, dmilar to a spreadsheet, with data
gathering and organization possible usng Microsoft EXCEL,

utilities for scenario management of modd data, and for case management of model runs
and reaults,

screening/filtering options (for example, data for a given classfication of technologies,
such as central generation facilities, may be examined as a group),

inputs or results may be Imultaneoudy examined Sde-by-sde, with data while
cascading through the RES,

powerful graphics and report writing capabilities via a link to EXCEL and paste
capabilities into WORD for Windows,

full support for the latest production MARKAL-MACRO GAMS code.

Severd new versons of the MARKAL mode have been developed to include various
methodology advancements. With few exceptions, individua versons are additive, and they
can be used in combination with each other where appropriate. In some ingtances,
however, features are mutually exclusve as they represent different modeling techniques that
address the same needs.

MARKAL can be used in conjunction with other sub-modes that provide endogenous
determination of useful energy demands such as MICRO, MACRO, and MARKAL Elagtic
Demand (MED). The most popular of these is the MACRO modd, a long-term
neoclasscal economic growth modd. MARKAL-MACRO is a non-linear optimization
modd that alows the interplay between the energy system and the economy, permitting
demand levelsto respond to prices and reporting the first order affects on GDP.



45 Development of Analytic Methodologies to Incorporate Renewable Energy in Domestic Energy and Economic
Planning

One advanced verson of MARKAL has the ability to solve multiple models to facilitate
regiond assessments. An example is the combination of two (or more) MARKAL models
or the combinaion of multiple economy-specific MARKAL-MED and MARKAL-
MACRO modes for evauation of a specific project that requires bilaterd agreements
between two economies (or partners in each economy), such as Joint Implementation (JI)
project. As the second example, MARKAL-MACRO integrates with MERGE, a globa
trade modd. MERGE links a number of ETA-MACRO sub-models to produce a
complete globd system. The reaulting integrated framework retains the full technology
capability available in MARKAL while at the same time providing for globd trade in energy,
and CO, permits.

Another methodology advancement in MARKAL is the development of an endogenous
representation of technology learning within the model. Thet is, the modd dlows reductions
in technology costs and increases in penetration rates as experience is gained with the
technologies. This feature is explicitly added to better handle the expected gans in
competitive advantage for renewable energy as deployment increases and experience is
ganed.

Another verson of MARKAL is an expangon to include materid flows to examine the
relaionship between energy and materidls. MARKAL tracks materids from production
through disposa using the same flow Structure asis applied to energy, aong with provisons
for accounting for the value of recovered materids.

Uncertainty is addressed in MARKAL by usng stochagtic programming. In this verson of
MARKAL, an optimd solution is cdculated by minimizing the expected (probability
weighted average) discounted cost of the energy system.

TIMES (The Integrated MARKAL-EFOM Sysem) is the newest member of the
MARKAL family which was introduced in April 1999. TIMES is dso an optimization
framework, which produces the least-cost solution subject to emissons or other congraints.
The increased flexibility of TIMES dlows for the andys's of a number of problems, which
previoudy required undesrable compromises or were beyond the anaytica limits of
MARKAL.

Other enhancements are planned for MARKAL. Theseinclude

- linkage to the International Resources Group’'s Compact and Innoveative Enterprise
Performance Rating and Andysis Sysem (CIEPRAYS),
development of a technology database and the expansion of the coverage of the multi-
region verson of MACRO/MED,
inclusion of awatershed module developed at the World Bank, and
linkage to the Forestry and Agriculture Sector Optimization Modd (FASOM).

L EAP 2000

LEAP 2000 is a new verson of LEAP which is being developed as a collaborative work
between the Stockholm Environment Inditute (SEI) and inditutions in Southern Africa
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(EDRC), West Africa (ENDA-TM), Asa (FAO/RWED), South America (IDEE/FB), and
Europe (ETC Internationd). The initiative is being funded by the Netherlands Ministry of
Foreign Affars, Directorate General for Development Cooperation (DGIS), and is being
coordinated by SEI’'s Boston Center.

LEAP 2000 will operate under Windows 95/NT. Its new capabilities are expected to
indude:
- An intuitive grgphicd Windows interface with links to spreadsheets and other models
(such as ar digperdson moded—ISC2, impact and evaduaion moded—EXMOD,
goecidize renewables mode—Hybrid 2, and vehide externdities mode—
EXMOBILE),
Powerful modding capabilities, for example, user-editable modd equations, improved
smulation modeling, scenario management features,
Modeling templates to maich a wide range of analyses, for example, GHG mitigation
andyss, integrated (and sectora) energy and environment planning, fud cycle anayss,
transport planning, rurd energy and biomass andysis, and
A new project/option analysistool for screening and ranking measures.

Regarding renewable energy analyss, LEAP 2000 will enable better smulation of the
operation of intermittent renewable technologies (for example, wind and solar). LEAP 2000
will be able to link to specidized renewables modds such as Hybrid 2 and others. Thus it
would enable better smulation of off-grid eectrification options. Scenarios should aso be
capable of consdering the tradeoffs imposed by both traditiond and modern uses of
biomass resources, by tracking land requirements and comparing them to demands for other
land uses.

LEAP 2000 will link with the new Technology and Environmentd Database (TED). TED
will provide an extensve and accessible database describing the technical characterigtics,
and costs and environmenta impacts of awide range of energy technologies. It will provide
to users information on existing technologies, current best practices and next generaion
energy technologies. TED will dso include information pages that help users find and match
aopropriate technologies to the locad circumstances in their anayses. These pages will
highlights factors affecting the avalability, gppropriateness, and codt-effectiveness of
different technologies, and will link to additiond sources of information and expertise. TED
will be fredy accesshble to researchers whether or not they are carrying out scenario
andysesusng LEAP.

The first public beta versions of LEAP 2000 is expected to be available in early-to-mid year
2000. A prototype of the TED database will be available to selected testers during the year
1999.

2.6 CONCLUSION
Renewable energy is incorporated differently in each modd. BALANCE has a node for

renewable energy (caled a renewable energy node) that is separate from nonrenewable
energy. A renewable energy node isincluded in the energy network and has alink of output
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connected either into a processing node of renewable energy technology directly, or into an
alocation node to distribute the resource into various processing nodes of renewable energy
technologies. The outputs from the renewable energy technology processing node(s) are
then alocated into end-use demand. The limitations on the annua energy supply can be set
from the renewable energy node, and costs and renewable energy technology characteristics
can be specified in the processng node, which could be a conversion process node (for
example, solar heat dectric), a multiple-input-link converson node (for example, solar
heater with eectric back up), or arefining node (for example, biomass cogeneration).

To introduce renewable energy into MARKAL, first, the type of renewable energy must be
identified in the “ Set” of renewable energy carriers. Renewable energy technologies are then
specified in the “Set” of technologies in which they belong. Demand technologies are st if
these renewable energy technologies are used to saidfy a find demand; converson
technologies are used if these renewable energy technologies produce dectricity, digtrict
heat or both; or process technologies are set if these renewable energy technologies do not
produce dectricity, heat, or meet afina demand.

Renewable energy is treated the same as non-renewable energy in LEAP, and can be
entered into the model as an end-use direct fud in the Demand program or by specifying its
percentage share among other fuels in the same end-use. Renewable energy that is required
to be processed must be entered in the Transformation program by setting up a module to
represent its renewable energy technologies. The information on renewable energy
resources, that is, annua resource limit and import availability, is required in both cases. For
biomass resources, it is optiona to use the Biomass program to assess the current and future
datus of biomass resources under different land use changes, and energy supply and
consumption patterns.

Renewable energy technologies pose unique challenges to economy level energy modeing.
The characterization of renewable energy technologies understandably takes a minor rolein
traditiona energy/economic models. This stems from the smple fact that these models were
origindly desgned and applied in devel oped economies where renewable energy accounted
for only a smdl portion of the overal energy use. This being the case, renewable energy
sysems ae not the centrd focus of any of the three modes reviewed in this study.
However, each modd does exhibit its own advantages and disadvantages when faced with
incorporating renewable energy technologiesinto the overdl economy energy system.
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END NOTES
! Bruce P. Hamilton, et d. Energy and Power Evaluation Program Documentation
and User’'s Manual. Argonne Nationa Laboratory, (ANL/EES-TM-317), Argonne,
Illinoise, September 1994.
? Ledie Fishbone, et d. User’s Guide for MARKAL (BNL/KFA Version 2.0).
Department of Applied Science, Brookhaven Nationd Laboratory, USA, and Nuclear
Research Center, Germany, (BNL 51701), July 1983.

% Stockholm Environment Ingtitute-Boston (SEI-B). LEAP User Guide for Version 95.0.
Tdlus Indtitute, Boston, Massachusetts, July 1995.

* Auxiliary input fuels are additiond fuels used in the process as find fuels and not being
transformed into other fuels. For example, diesd used for diesd generatorsin cod mining is
conddered auxiliary input fud in the cod mining process.

> New source and effect categories, and emission coefficients can be added into the EDB.

® Intergovernmental Pand an Climate Change. Radiative Forcing of Climate Change:
The 1994 Report of the Scientific Assessment Working Group of IPCC. Summary for
Policymakers, 1994.

’ Refersto cost of biomass resource supplies for a particular land type.

8 Refersto socid and environmental costs of each type of response to wood scarcity

® Using the Aggregation program.

19" An option in the Transformation program.

1 Software requirements and pricing information for MARKAL can be found a
(http:/Amww.ecn.nl/unit_bsetsap/marka /fag.htmi#howl).

2 For more information on ENPEP and its other related ANL models, contact
Vladimir Koritarov
Argonne Nationa Laboratory
9700 South Cass Avenue, DIS/900
Argonne, IL 60439-4832
Td: (630) 252-6711
Fax: (630) 252-6073
Email: koritarv@anl.gov
Or vigt the web ste at (http://enpep.dis.anl.gov).

3 For more information on MARKAL and the MARKAL Family of Modes, contact:
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Gay A. Goldgtein

ETSAP Primary Systems Coordinator
Internationa Resources Group

1211 Connecticut Avenue, NW
Washington, D.C., 20036

Td: (202) 289-010

Fax: (202) 289-7601

Emall: ggoldsein@irgltd.com

1% For more information on LEAP and LEAP 2000, contact:
Charlie Hegps
Stockholm Environment Indtitute-Boston, Tdlus Indtitute
11 Arlington Street, Boston
MA 02116-3411
Tdl: (617) 266 8090
Fax: (617) 266 8303
Email: cheaps@tellus.org
Or vigt the web st at (http://www.leap2000.0rg).




CHAPTER 3

ECONOMY MODEL ANALYSIS

Four economies—Thailand, Indonesia, the Philippines, and the Peopleé's Republic of
China—were sdected as case studies. This section reviews their existing domestic energy
models and especialy seeks to understand how renewable energy isincluded in the models.
Thailand employed ENPEP, Indonesia and the Philippines employed MARKAL, and the
People's Republic of China utilized LEAP. An overview of the energy sector for each
economy will first be reviewed to provide background information of the economy.

Due to the wide range of issues and problems associated with characterizing renewable
energy potential a the economy leve, the modding of renewable energy should be
conducted on a continuing bass. This would enable information on new technologies and
resource characterization to be included and existing assumptions to be revised and
updated. Therefore, this report provides a high leve of detail on modeling components and
assumptions for each case study 0 it may serve as a basdline for additiond studies of the
incorporation of renewable energy into economy-level modds.

In addition, it is hoped that by providing a high level of detall on assumptions and
methodologies, this report can benefit other APEC member economies who ether are
currently developing or plan to develop their own economy-level energy modes.

3.1 THAILAND?

The case study for the ENPEP mode was taken from the study caled Greenhouse Gas
Mitigation Options in the Thai Energy Sector. The study was prepared for the Office of
Environmenta Policy and Planning, Minigtry of Science, Technology and Environment in
preparation for Thailand Nationd Strategies on Globd Climate Change. The project was
funded by the U.S. Country Study Program on Climate Change. All the informetion in this
section was derived from this report.

Energy Sector Overview

Thailand consumed a mix of energy resources. Totd primary energy supply in 1994 was
340,628 KBOE. The proportions of resource supplies in 1994 were the following: 435
percent of crude oil (148,257 KBOE), 24.7 percent of biomass (84,005 KBOE), 16.4
percent of natural gas (55,789 KBOE), 13.1 percent of coa (44,767 KBOE), 1.2 percent
of condensate (4,017 KBOE), 0.8 percent of hydro (2,812 KBOE), and 0.2 percent of
natura gasoline (981 KBOE). Mogt of the energy resources consumed in Thailand were
imported.

Crude oil was obtained from both domestic and imported sources and was fed into four
refineries in Thalland. Additiond inputs to refineries included natural gasoline from domestic
gas processing plants and condensate from gas reserves. Cod demand was aso met by
both domestic and imported resources. Coa was consumed mainly by the power sector,
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with the remainder consumed by the industrid sector. Natura gas and condensate were
extracted from domestic gas reserves. Some portion of naturd gas was imported from
neighboring economies. The principa use of naturd gas was for power generation, with
other users including the industrial sector and the transport sector (in the form of CNG for
buses). Condensate was mainly exported with some minimum amounts being fed to
domestic ail refineries

The renewable energy resources consumed in Thailand were hydro resources and biomass
(paddy husk, bagasse, fuel wood, and charcod). Hydro resources were used for power
generaion. Biomass was used in the residentia and industrid sectors.

Power sector consumed about 109,495 KBOE of energy in 1994. Natura gas was the
principd fuel used for power generation (at 51,605 KBOE), followed by fue ail (at 30,045
KBOE), cod (at 22,025 KBOE), diesdl (at 3,008 KBOE), and hydro resources (at 2,812
KBOE). Totd eectricity generation in 1994 was 71,212 GWh.

The transport sector is the largest find energy-consuming sector in Thaland. Of the tota
fina energy consumption in 1994 (327,192 KBOE), about 38.1 percent (or 124,708
KBOE) was consumed in the transport sector. The other energy consumers included the
industria sector (31.5 percent or 103,026 KBOE), the residential sector (22.8 percent or
74,670 KBOE), the commercia sector (4.0 percent or 13,199 KBOE), and the agricultura
sector (3.5 percent or 11,589 KBOE). Fina energy consumption in each end-use sector
by type of energy in 1994 isshown in Table 3.1.

Table 3.1: Find Energy Consumption in the Thalland End-Use Sectorsin 1994

Unit: KBOE

Transport Industria Resdentia Commercia | Agriculturd
Fud Qil 5,025 20,746 0 418 130
Died 64,130 5,521 0 0 10,933
Gasoline 34,115 504 0 0 412
Kerosene 0 397 273 0 6
LPG 1,817 2,563 10,951 0 31
Jet fue 19,566 0 0 0 0
Cod 0 22,742 0 0 0
Natura Gas 55 Y 4,128 0 0 0
Electricity 0 17,948 8,003 12,781 77
Biomass 0 28,477 55,443 0 0
Total 124,708 103,026 74,670 13,199 11,589
Note: Y Informof CNG

Source: Intargpravich, D., 1996

Modd Framework: BALANCE
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The objective of the study was to identify mitigation options to reduce GHG emissonsin the
energy sector of Thalland. The GHG of concern in this study was CO,, which was the
principad GHG produced in the energy sector. Scenario andlyss was utilized for the study.
The Base Case scenario was fird designed to examine future CO, emissons in the case
where the energy system continued in line with the current system and no specific policy was
adopted to encourage actions for reducing CO, emissions or enhancing carbon sinks.

Three levels of mitigation options were then condructed to examine the various technology
and palicy options that could help in the reduction of CO, emissons on both the demand
and supply sdes.  Fird, individua options in sdected energy end-use sectors were
developed to examine the potential CO, reductions of each option. The second leve
involved linking various mitigation options in each sector to invedtigate their combined
impacts on CO, reductions. Ladtly, the study performed another mitigation scenario cdled
the “Nationd” scenario where various mitigation options in al mgor CO, contributing
sectors were implemented concurrently.  The Nationd scenario showed the maximum
potential CO, reductions in the economy.

The study was based on the design of the energy network representing the current situation,
as well as projected changes of energy supply and demand in Thailand. The supply sde
included conventional energy resources (cod, ail, gas, and eectricity) and renewable energy
supplies (hydro and biomass). The demand side was classified into detailed end-usesin the
indugtrid, residential, commercia, agricultural, and trangport sectors.

The network wes composed of various nodes and links in the format designed to run the
BALANCE module of ENPEP. The network included 15 depletable and import resources,
2 renewable resources, 74 converson processes, 5 refinery processes, 5 multiple input
processes, 52 decison alocation nodes, 11 stockpiles, 17 pricing nodes, and 40 demand
processes. This network was designed specificdly to provide the level of detail needed to
support a comprehensve andys's of GHG reduction opportunitiesin the Thai energy sector.
The level of disaggregation, thus, was different among sectors.  Additiona details were
presented for the high potentid GHG reduction sectors and activitiess The mgor
components of the network are explained asfollows:.

Depletable Resour ce Sectors

Coal Sector. The cod resource nodes were separated into domestic coa and imported
cod. Tota cod supply was then alocated to coal power plants and the industrid sector.
Cod for the industrid sector was dlocated to the cogeneration process, which produced
seam as well as generated dectricity for industrid uses; to cod boilers, which produced
steam for industrid uses; to produce heet for industrid uses; and to the cement industry.

Gas Sector. The gas resource nodes were composed of one domestic gas resource node
and two imported gas nodes. The products from the domestic gas resource were natura
gas and condensate. Natura gas from gas reserves and associated gas from on-shore ail
fields were fed into a gas processing plant. Condensate was mainly exported, with some
smdl amount being fed into locd ail refineries. Three products were obtained from the gas
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processing plant: processed gas, LPG, and natura gasoline. The processed natura gas from
local gas processing plants and imported gas were alocated to gas-fired plants for power
generation, to the industrid sector, and to the transport sector. Industrial consumers of
processed gas were divided into three categories, including gas bailers for industrid steam
demand, produce heat for industria uses, and the cement industry. The network was
designed to have gas dlocations linked to the transport sector in the form of CNG for buses.
LPG from the gas processng plant was added to the LPG dlocation node for further
dlocation to usrs. The naurd gasoline was designated for inputs into the ail refinery
process.

The network was designed to have two imported gas nodes. One gas node was assigned
for gas imports dedicated to power plants. Another gas node was designed to alow
additional imported gas for use in the power sector and/or the industrial sector.

Oil Sector. Crude ail nodes included domestic and imported crude oil. The domestic
crude was processed and fed into four refineriesin Thailand. Additiona inputs to refineries
included natura gasoline from gas processing plants and condensate from gas reserves.
Refinery products included gasoline, jet fue, LPG, kerosene, fud ail, and diesd. For al
products, import, export, and stockpile nodes were included to engble potentid adjustment
during domestic supply shortages and surpluses.

Each ail product was dlocated to satisfy the fina demand. Gasoline was mainly consumed
in the trangport sector for automobiles (cars and taxies), motorcycles, buses, trucks, ad
passenger ships. The remainder was intended for use in agriculturd tractors for land

preparation in crops, livestock and forestry sub-sectors, and for mechanica uses in the
industria sector. Jet fuel was used by airplanes. Consumption of LPG was dlocated in the
trangport sector for automobiles, buses, trucks, and motortricycles, in the residentia sector
for cooking purposes, in the industrid sector for sseam and heat production, and in the
agriculturd sector for harvesting. Kerosene was utilized mainly in the resdentid sector for
lighting and cooking purposes. The remaining kerosene was utilized in the manufacturing
sector for steam and heat production. Fue oil was dlocated to the industria sector (for
steam and heat production), to the power sector, to the transport sector (for freight ships),
and to the agricultural sector (for harvesting). Diesdl was dlocated to the power sector, the
trangport sector (trains, buses, automobiles, trucks, and ships), the industrial sector (for
mechanica engine use and steam production), and the agricultural sector (diesd tractors for
land preparation, diese pumps for irrigation, diesd equipment for harvesting, and diesd

boats for fishing).

Electricity Sector

Electricity was disaggregated into base load and peak load, of which each category was
disaggregated into existing and new plants. The base load generation was composed of
gas-fired plants (thermd, combined cycle, and gas turbine), cod-fired plants (lignite for
exiging plants and pulverized cod for new plants), and oil-fired plants (thermal). The pesk
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load generation was from diesdl and hydropower plants. Grid dectricity was dso derived
from imports.

Electricity generation was tranamitted to find demand, which was classfied into resdentid,
trangport, industrid, commercia, and agriculturd sectors.  The dectricity demand in the
resdential sector was for cooking, lighting, cooling, and other demands (for example,
refrigeration, water heeting, televison, radio, ironing, €tc.). The éectricity demand in the
transport sector was for eectric trains.  Electricity demand in the industrial sector was
separated into demand for mechanica uses and heat production. An export node and an
import node were included in the network for eectricity export to, and import from,
nelghboring economies.

End-Use Sectors

The end-use sectors were composed of 5 sectors reddentid, transport, industrid,
agricultura, and commercia sectors.

Residential Sector. The resdential sector was dassfied into four end uses: cooking,
lighting, cooling, and other demands. The equipment for food preparation included
kerosene, LPG, biomass, and electric soves. Lighting demand was fulfilled by eectric and
kerosene lamps. Cooling demand was divided between fans and air conditioners. The
other resdential demands that only utilized dectricity included refrigeration, water hesting,
televison, radio, washing machines, and ironing.

Transport Sector. The demand for transportation was divided into passenger and freight
demand. Passenger demand was disaggregated into long-distance and short-distance
demand. Long-distance passenger demand was met by planes and trains.  Short-distance
passenger demand was composed of road and ship demands. Road demand included
automobiles (using gasoline, diesdl, and LPG), buses (usng gasoline, LPG, diesd, and
CNG), motorcycles (usng gasoline), motortricycles (usng LPG) and eectric trains.
Although there was no use for an eectric train a present, this trangport mode was included
in the network since future use was expected. Freight demand was separated into demand
for airplanes, trains, trucks, and ships.

Industrial Sector. The find demand in the industrid sector was separated into heeat
demand, steam demand, fuel demand for mechanica uses, dectricity demand for mechanica
uses and heat production, and fuel demand in the cement industry. The cement industry was
sngled out because energy consumption in this sector was high, and this sector had
ggnificant process-related CO, emissions. Fuds for heat production were kerosene, fud
oil, cod, naturd gas, LPG, and biomass. Fuels for mechanica uses were diesdl, kerosene,
fud ail, and gasoline. Fuds used in the cement industry were fud oil, naturd gas, and codl.
The indudtrid steam demand was fulfilled by both boilers (using cod, fud ail, naturd gas,
kerosene, LPG, diesd, and biomass), and cogeneration processes (using cod and biomass).

Agricultural Sector. The demand in the agriculturd sector was classfied as fud all,
diesd, LPG, gasoline, and dectricity demand.
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Commercial Sector. The energy demand in the commercid sector was mainly electricity.
Fud oil was consumed in small proportion for the use in hotels to produce hot water.

The agricultural and commercia sectors were not given a great ded of atention because
they contributed much fewer GHGs than other sectors.

Pricing Regulation

The network included 17 pricing nodes to capture the existence of pricing regulations in the
oil and dectricity sectors.  Pricing regulations in the oil sector included, for example, the
collection of petroleum taxes on every galon of petroleum products sold in the market and
the collection of import tax on al petroleum products imported. Pricing reguletion in the
electricity sector was pecified a different rates among different end- use sectors.

Conversion, Refinery, and Multiple Input Processes

The network included 54 operationa conversion processes (for example, different types of
boilers, power plants, trangport modes, etc.) to caculate the energy inflows and outflows,
and the resultant CO, emissions. In addition, 20 dummy conversion processes were added
into dl links of the fina energy demand to cdculate CO, emissons from energy consumption
that did not flow into rea converson processes. The dummy converson process was
assigned to biomass consumption to produce heat and steam in the industrid sector for
informationa purposes. The emissons from the biomass burning process were discounted
from GHG emissonsin the energy sector.

Refinery processes refer to the processes that produce more than one output. The network
was composed of five refinery processes. These included oil and biomass cogenerations
that produced both deam and dectricity; gas processng plants that produced processed
naturd gas, naturd gasoline, and LPG; crude oil production from reserves that produced
crude oil and associated naturd gas, and oil refineries that produced various petroleum
products (gasoline, jet fud, LPG, kerosene, fud oil, and diesd).

Multiple input processes refer to the processes that can take more than one input to produce
one output. There were five multiple input processes in the network. These were the input
process to refinery, eectricity generation from existing and new plants for base load, and
eectricity generation from existing and new plants for pesk load. The inputs to refinery to
produce petroleum products were crude oil and natural gasoline. The dectricity generation
from exiging and new plants for base load was from oil-fired, gas-fired, and cod-fired
plants. The eectricity generation from existing and new plants for peak load was from diesdl
and hydropower plants.

The network used 1994 as the base year. The BALANCE module projected energy flows
associaed with the links of the network until the year 2030. Input data in the form of fue
price projections, find demand projections, and costs and technical data concerning energy
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resources and conversion activities was required to be fed into the mode for use in the
modul e process representations to project future balances.

Projection Methodologies

The BALANCE modd requires data on fina energy demand (useful energy demand or fuel
demand) and energy prices throughout the study periods. The required forecast information
on the supply Sde is the information on energy resource availability in the future for both
domestic resources and importation.  This information needs to be forecast exogeneoudy
and fed into the model. Based on the resource availability, BALANCE will cdculate the
mix of energy supply, so asto meet the forecast energy demand. The fud mix of dectricity
supply in this study, however, followed the power generation plan of the Electriaty
Generating Authority of Thailand (EGAT).

Energy Demand

The energy demand entered in the modd could be in the form of useful energy demand (in
useful energy units) or in the form of fud demand (in physica units). This study transferred
the final energy demand in the residentid, transport, and industrid sectors (which were the
sectors with a high potentid for fud subgtitution) from physica units to useful energy unitsto
dlow for the posshility of energy subgtitution. The find energy demend in the agriculturd
and commercid sectorswasin physicd units.

Transport Sector. Useful energy demand in the transport sector was divided into
passenger and freight demand. Passenger demand was further disaggregated into short-
disance and long-distance passenger demand. Passenger demand was forecast in
passenger-kilometers (pkm), and freight demand was forecast in tonne-kilometers (tkm).
Basicdly, tota demand was forecast as the products of number of vehicles, load factor per
vehicle, and travel distances. However, where the data was not available, the demand
edimates for some transport modes varied dightly from this basic assumption.

Numbers of taxies, motortricycles, and buses were projected as a function of population.
Their travel distances were based on the actud data and were assumed to remain the same
throughout the study periods.

Numbers of cars and motorcycles for passenger road demand were forecast by assuming an
ownership ratio of vehicles per household. The ownership ratio d cars and their travel

distances were assumed to increase over time, whereas the ownership ratio of motorcycles
and their travel distances were assumed to decrease over time. This was judtified by the
reason that people who rode motorcycles were in a lower-income class, and they could not
afford to buy cars. As the economy grew and per capita income increased, cars would
become more affordable. More people would buy cars including the people who previoudy
rode motorcycles. The number of cars per household was thus expected to increase, while
that of motorcycles was expected to decline. In addition, in the future, when the road

system was improved, many people would drive further to work and would travel more for
pleasure. In contrast, people who used to ride their motorcycles routindy to work would
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only use the motorcycles for short distances, such as, on the weekend or for business
around their neighborhood.

Electric trains were assumed to begin operations in the year 2000 with dectricity supplied
from power plants. The study assumed that electric train passengers were previous car and
bus passengers. Total eectric train demand was composed of a 10 percent shift from car
passenger demand and a 5 percent shift from bus passenger demand.

Passenger rall and air demand was projected by assuming that their growth rates were a
function of population’s growth rates.

Passenger ship demand was estimated as a product of the number of ships, load factors,
and travel distances. The number of ships was estimated as a function of population. The
travel distances were estimated from distances traveled per trip, number of trips per day,

and traveling speeds.

Freight road (truck) demand and freight ship demand were forecast by first projecting the
numbers o trucks and ships, second, assuming the average maximum load for each type of
truck and ship; and, third, averaging their travel distances per year. By multiplying these
together, freight road and freight ship demands in units of tonne-kilometer were obtained.
The numbers of trucks and ships were estimated as a function of GDP per capita from the
indugtria and agricultura sectors.

Freight rail demand and freight air demand were estimated by assuming that their growths
were afunction of growth in GDP from the industriad and agricultural sectors.

Industrial Sector. Energy demand in the industrid sector was estimated usng an end-use
model that detailed energy end-uses in deven indudtrid sub-sectors: food and beverage,
textiles, wood and furniture, paper, chemicas, non-metd (excluding cement industry),
cement industry, basic metd, fabricated meta, mining, and others. Useful energy demand in
these indudtrid sub-sectors was disaggregated into fuel demand to produce hest, steam, and
energy for mechanica use; eectricity demand to produce heat, and for mechanical use; and
fud demand in the cement industry. Tota useful energy demand in each category was the
sum of the demand of each industrid sub-sector in that category. Energy demand in each
indudria sub-sector was, in turn, the product of the GDP from that sub-sector and the
specific energy intengties of each type of energy equipment or device used in each end-use
activity.

Commercial Sector. The dectricity demand in the commercia sector was forecast by
consdering the energy needed in different building types, with no distinction between new
and exigting commercid buildings. The building types were office, retal store, education,
hotel, hospitdl, and others. Energy consumption in different building types depended on
floor space and energy intensty. Exigting floor space was edimated from tota energy
consumption by building type and energy intengty of the whole building. Hoor space
growth was assumed to be a function of GDP growmth. The relationship was developed by
building type and the closest matching GDP sub-category in the service sector. Totd floor
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gpace was thus the summation of existing floor space plus floor space growth. Current
energy intendties for offices, hotels, and retal stores were derived through simulation
andysis. Theenergy intensties for hogpitas were assumed to closely match those for hotels.
The energy intengties for education and other buildings were based on audits and estimates
by other studies. The demand for fud il in the commercia sector was assumed to increase
over time, but a declining growth rates.

Residential Sector. The energy demand in the resdential sector was estimated in the form
of useful energy using a detalled end-use moddl, and based on household aress (that is, the
households residing in the Metropalitan Areas and those in the Provincia Areas), income
classes, dweling types, end-uses, and devices. Factors such as average number of
appliances per household in each income class and appliance saturation rates were taken
into account in the forecast.

Agricultural Sector. Energy demand in the agriculturd sector was not estimated in the
form of ussful energy demand, but by assuming growth rates in find demand for each fud
including fud oail, diesd, LPG, gasoline, kerosene, and dectricity. LPG and fud all
consumption was assumed to have zero growth rates in later years. Ther uses were
expected to be replaced by other fuels.

Resour ce Supply

Domestic energy reserves were assumed to remain a the levd currently estimated by the
government with no new energy discoveries expected in the foreseegble future. Energy
imports were assumed unlimited, except for the import of naturd gas and LNG that had
some limitation as projected by EGAT. Petroleum imports were assumed to be available in
unlimited amounts. However, imports were only utilized to make up for the supply shortage
from the domedtic refineries.

Prices

The study assumed stable energy prices during the study periods. The future energy prices
assumed in the model were basicaly adopted from the published forecasts from other
sources up to the years that the data was avalable, and assumed some certain annua
growth rate after that. For example, the forecast of gas, coal, and LNG prices up to 2011
followed the fud prices forecasts from EGAT, and the forecast of imported crude up to
2015 came from the U.S. Department of Energy. The average growth rates of these prices
beyond the year 2011 and 2015 were assumed to be in the range of 1 percent to 1.5
percent per annum for cod and crude ail, and 1 percent to 2 percent for gas and LNG.
Domestic crude was assumed to increase at the same growth rates as imported crude.

Renewable Energy in the Thailand ENPEP M odel

The renewable energy resources included in the network were hydro resources and
biomass.
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Biomass Resour ces

Biomass included fud wood, paddy husk, bagasse, and charcod. Biomass supply in the
economy included domestic biomass plus import and minus export. Biomass was used in
the resdentid sector for cooking, and in the industria sector in cogeneration processes (to
produce steam and electricity) and for steam and heat production (See Figure 3.1).

In 1994 Thailand consumed biomass at 83,920 KBOE for which 55,443 KBOE, or about
66 percent of the total biomass consumption, was consumed in the residentiad sector and the
rest, 28,477 KBOE was used in the indudtrid sector. Only a smadl amount of biomass
(mainly charcod) was exported and imported each year. The assumptions regarding
biomass resources in the Base Case scenario are listed below.

Future biomass production continued to increase at the same rate as the historical trend,
which was about 1.2 percent per year. Biomass import was assumed to continue a an
increasing rate of 0.1 percent per year. Tota biomass supply in the economy (domestic
production plus import) was thus estimated to be 86,171 KBOE in 1995, 87,116
KBOE in 2000, 95,440 KBOE in 2010, 105,776 KBOE in 2020, and 121,920
KBOE in 2030. Only a smal amount of total biomass supply was exported. The rest
of the biomass supply would be divided between the uses in the resdentia and industria
sectors.

Real price of biomass from domestic source was treated constant at $5.6/BOE.

In 1994 about 102.41 KBOE of biomass was imported at price $5.6/BOE. Biomass
could be imported to fill in the shortage of the domestic supply from demand. The
maximum import availability was 120 KBOE/year. The imported price was assumed to
increase a 0.1 percent per year.

The dlocation of tota biomass supply (domestic production plus import) in the base
year was. 66 percent for cooking demand in the residentia sector, 3.6 percent as input
into cogeneration process, 27.5 percent for steam demand, 2.8 percent for heat
demand, and 0.1 percent for export. Besides cogeneration process and steam demand,
the shares of biomass supply to other end-use demand were assumed to remain
congant through the study periods. It was assumed that biomass cogeneration
processes would be used more in the future, and thus more of the sseam demand would
be met by the stream supply from a biomass cogeneration process (that produced
electricity and stream) and less from a conversion process (that produced only stream).
Therefore, the dlocation of biomass supply in the future was assumed to increase for
cogeneration processes and decrease for the conversion processes that produced
Sream only.
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Figure 3.1: Biomass Resour

The conversion process

cesin the Thalland Energy Network

data for biomass stove was,

= Efficiency (output/input rtio) 0.2

= O&M cost 0 $/BOE

» Totd cgpitd investment 0.002 thousand $
= Cagpacity of asngle plant 1 KBOE/year
= Capacity factor 1

» Lifeexpectancy 1 year

* Interest rate fraction 0.1

= Cagpacity of dl plants unlimited

The multiple-output- link

process data for biomass cogeneration included:

=  QOutput links to two dlocation nodes. dectricity demand (mechanica power) and
steam demand at the ratio of 0.435 : 0.565

= O&M cost 248 $BOE input

» Totd capitd investment 2424 thousand $

=  Capacity of agngle plant 98 KBOE input /year
= Capacity factor 0.8

= Lifeexpectancy

30 year
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= |nterest rate fraction 0.1
= Capacity of dl plants 3047.9 KBOE

Capecity of dl plants was assumed to expand to 6200.1 KBOE by 2000

Price sengtivity for heat demand was assumed a 6.4, and that for seam demand
cogeneration and eectricity demand cogeneration was assumed a 7. The mid-range
price sengtivity means that market shares respond to price change to a medium degree
(not insenditive and not extremely sengitive).

Lag parameter for heat demand, cogeneration for steam demand, and cogeneration for
electricity demand was specified at 0.05. Lag parameter at 0.05 means the solution for
each year is composed of 5 percent of quantities based on new market shares and 95
percent based on old market shares.

Premium multiplier for cogeneration for eectricity demand was assgned to be one.
Premium multiplier for heat demand and cogeneration for seam demand was assigned at
high number. The premium multiplier equa to one means that the market share is based
on fud price only. If the premium multiplier is greeter than one, it means that there are
other factors determining market shares besides price factors.

Proportion of cooking demand satisfied by biomass was determined exogeneoudy. It
was assumed that the proportion of biomass in total cooking demand gradualy
decreased from about 68 percent in 1994 to the maximum of about 63 percent in 2000,
62 percent in 2010, 57 percent in 2020, and 51 percent in 2030. The quantities
consumed were caculated and entered into the mode using a feature caled capacitated
link to control the upper limits on the flow.

Hydro Resour ces

In 1994, hydropower in Thailand was 4,514 GWh, or 6.3 percent of total generation of
77,212 GWh. Hydro resources were used for power generation to serve peak load
demand. The other plants to serve peak load demand were diesdl plants. The study
separated existing dants with new plants, to dlow a retirement of old plants and a higher
efficiency of new plants (see Figure 3.2).
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Figure 3.2: Hydro Resourcesin the Thailand Energy Network

For the power sector, the study followed the EGAT plan on the fue mix. The additiona
data required to run the modd (for example, capitd, fud, O&M cost) was based on
EGAT sdaa Additiona assumptions required by the modd are listed below.

Assumptions regarding the conversion process for old hydro plants were:

= Effidency (output/input retio)

= O&M cost

= Totd capitd investment

= Capacity of agngle plant

= Capacity factor
= Lifeexpectancy

= |nterest rate fraction
= Capacity of dl plants

0.24

1

107.5 $/BOE
0 thousand $

262 KBOElyear

50 year
0.1
3418.6 KBOE/year

Assumptions regarding the converson process for new hydro plants, which were
pumped storage, were:

Efficiency (output/input retio)

= O&M cost

=  Totd capitd invesment

=  Capacity of asngle plant

= Capacity factor
= Lifeexpectancy

= |nterest rate fraction
= Capacity of dl plants

0.12

0.75
111.7 $/BOE
0 thousand $

150.6 KBOFE/year

25 year
0.1
unlimited
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Totd capital investment for both old hydro and new hydro plants was equd to zero,
because it was levelized over the life expectancy of the plants and added into O&M
cost, which was the format used by EGAT.

The retirement schedule for the exiging plants was based on the economic lifetime of
power plants, which were 50 years for hydropower and 25 years for pumped storage
hydro. The capacity factor of a hydropower plant was assumed to be 24 percent.

Key Determinants of Renewable Energy Penetration in Thailand
Biomass

The prime determinant of biomass penetration in the end-use sector in Thailand’s modd was
its cost (cost of obtaining biomass plus other costs to bring energy to meet find demand,
such as, cost of device, O&M cod, etc.) relative to the costs of its fud competitors. The
cost of energy from biomass was cheaper than other fuels. Therefore, if cost of energy was
the only factor determining energy consumption, biomass would be the sole option sdlected
to meet find demand in dl goplications where it competed with other fues. However, in
Thaland’'s model, the penetration of biomass in the end-use sectors was limited by the
annud avalability of supply. The study used an ad hoc assumption on future biomass
supply. It was assumed that future biomass supply would increase a the historica trend.
The growth rate of future biomass supply (domestic production plus import) was thus low
(varying between 1 percent to 1.5 percent per annum).

All biomass available in the market would be totaly consumed. The alocation of tota
biomass avalable each year among end-uses (cooking, industrid eectricity demand,
industrial steam demand, and industrid heat demand) depended on its competition with
other fues, which was determined in BALANCE by the vadues of price sengtivity, lag
parameter, and premium multiplier.

For indugtrid steam demand, indudtrid eectricity demand and industria heat demand, the
sudy assumed mid-range price sendtivity and low lag parameter. This means that price (or
cost) was an important factor in determining market shares of fudls in those end uses, but the
response of a fud consumption to its price change was medium (not insengtive and not
extremdy sengtive). In addition, a change in market shares of those end uses responded
very dowly to a change in relative prices of fuds. For example, if relative price of biomass
to fud ail was lower, the subgtitution of biomass for fue oil would not complete in one year
but would occur gradually each year.

The market shares among fuds for industrid eectricity demand (biomass for cogeneration,
cod for cogeneration, and dectricity from utility grid) depended on prices, wheress the
market shares among fuels for industrid heat demand (biomass, fud oail, kerosene, natura
gas, LPG, and cod), and the market shares among fuels for industrid steam demand
(biomass for cogeneration, biomass for a converson process, diesd, kerosene, fud ail,
LPG, cod, and naturd gas) were assumed to depend on other factors besides prices.
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Thaose factors were not identified individualy in the modd, but their combined effects were
captured by using a premium multiplier to weigh the effects of prices.

The proportion of biomass for cooking in total cooking demand was estimated
exogeneoudy and entered into the modd. The penetration rate was assumed to become
lower gradualy over the study periods.

The results from the study showed that biomass was consumed more in absolute terms, but
proportiondly less as compared to other competitive fuels, for cooking and heat demand.
However, the shares of biomass used in the cogeneration process for steam and eectricity
increased over time. Table 3.2 shows the quantities of biomass consumption in the industrid
and resdentid sectors in the Base Case scenario. Biomass was forecast to be used morein
the industria sector and lessin the resdentia sector.

Table 3.2 Biomass Consumptionin Thailand in the Base Case Scenario (1994-2030)

Unit: KBOE

Sector 1994 1995 2000 2010 2020 2030
Indugtrid 28,477 29,212 29,395 34,571 47,651 69,526
For Cogeneration 3,024 3,102 4,243 6,235 15,729 33,563
For Steam 23,101 23,697 22,591 25,451 28,672 32,301

For Hesat 2,352 2,413 2,561 2,885 3,250 3,662
Residentiad 55,443 56,874 57,636 60,785 58,040 52,310
Total 83,920 86,086 87,031 95,356 | 105,691 | 121,566

In the mitigation scenario, an increase in renewable energy consumption was one of the
options to reduce GHG emissonsin the industrid sector. It was assumed that an additiond
20 percent of future steam demand would be obtained from the cogeneration process which
used biomass as a fud, and that biomass input mainly came from the inefficient, traditiona
use in which the biomass was burned directly, such as in boiler for sleam production. The
results from the sengtivity andyss showed that this option could lower fuel consumption by
about 12,206 KBOE in 2000 and 51,705 KBOE in 2030 and could reduce CO, emissons
7.39 million tonnes in 2000 and 40.35 million tonnesin 2030.

Hydro Resour ces

Electricity generation was projected to increase from 71,212 GWh in 1994 to 257,436
GWh in 2010, and 620,843 GWh in 2030—or at an average of 8.4 percent per annum
during 1994-2010 and 4.5 percent during 2010-2030. In the Base Case scenario,
generation from hydro resources was projected to be 8,657 GWh in 2010 and 15,679
GWh in 2030 (see Table 3.3). This projection was based on the estimated fud mix of
EGAT.

Table 3.3. Electricity Generation in Thailand in the Base Case Scenario (1994-2030)
Unit: GWh
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1994 1995 2000 2010 2020 2030
Coa 14,106 15,766 17,714 102,276 161,653 246,628
Fud Qil 19,579 22,778 21,358 52,803 106,454 150,382
Naturd gas 31,536 33,881 79,839 93,045 136,822 206,729
Died 1477 2,111 319 655 791 1,425
Hydro 4,514 4,544 4,782 8,657 10,724 15,679
Total 71,212 79,080 124,012 257,436 416,444 620,843

Hydropower was not included as an option for GHG mitigation options, due to the limitation
of hydro resourcesin Thailand.

3.2 INDONESIA?

The case sudy for the MARKAL modd was taken from the Indonesan project cdled
Environmental Impacts of Energy Strategies for Indonesia.® The project was known as
the Indonesian-German MARKAL Project 1993.
environmentally compatible energy supply drategies for the next 30 years, based on air
quality forecasts and risk assessments for ecosystems and human hedlth.

Energy Sector Overview*

It amed to develop proposds for

Indonesia is well endowed with various energy sources including both foss and renewable

energy (see Table 3.4).

In 1990, estimates showed crude ail resarves a 10.7 billion

barrds, naturd gas reserves at 102 trillion cubic feet, and cod reserves a 34.3 hillion

tonnes.

Table 3.4: Energy Reserves and Utilization in Indonesiain 1990

ail Gas Cod Hydropower | Geothermal
(10° Barrels) | (10" <cf) (10°1) (GW) (GW)
Proven reserves 5.3 64 4.8 75 16
Potentia reserves 54 38 29.5 - -
Totd reserves 10.7 102 34.3 75 16
Production 0.47% 2.1 0.01 - -
Ingtalation - - - 2.2 0.17

Note

¥ exclude condensate

Source: Environmental Impacts of Energy Strategies for Indonesia, May 1993.
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Indonesia has a large hydropower potentia of 75 GW, of which only 3.2 GW wasusedin
1990. However, most of the reserves are located in thinly populated areas, where the
demand istoo low to judtify large-scale hydropower investment.

Totd geothermd potentid was estimated in 1990 a 16 GW, for which nearly hdf of the
reserves were located in Jawa and Bdi. 1n 1990, only 0.17 GW of geothermal energy was
used. Additiond geothermd plants of 0.22 GW are under devel opment.

The consumption of primary energy in 1991° was composed of 41 percent oil, 31 percent
biomass, 18 percent natural gas, 6 percent cod, and 4 percent hydropower and geothermal.

In 1991, 1,348 PJ of oil was consumed. At present, Indonesia is a net oil exporter. In
1991, Indonesia produced 3,011 PJ of crude oil and condensate and exported about 1,994
PJ in the form of crude oil and refined products. However, domestic oil production has
been declining, and the importation of crude oil and refined products has been increasing. In
1991, about 331 PJ of oil was imported. It was expected that after the year 2005,
Indonesia would become a net importer of ail.

Production of natural gas in 1991 was about 1,696 PJ. Over 65 percent of the totd
production was exported in the form of LNG and LPG, and the rest was consumed
domestically for power generation, find wse for heat and feedstock, and NGL production.
Nonenergy uses of naturd gas included the fertilizer industry and, to a lesser extent, the
ded industry. Smal quantities of city gas were consumed by household, commercid, and
service sectors. A very smal amount was needed to fued CNG cars.

Coa was mainly produced to satisfy domestic demand. 1n 1991 Indonesia produced 288
PJ of cod, of which 198 PJ was consumed domesticaly and 90 PJ was exported. The
principa domestic use of cod was for power generation. Cod asfind energy was mainly
used in the cement industry.

Biomass, in the form of fud wood and bagasse, was the principa renewable energy
resources used in Indonesa.  In 1991, it accounted for 41 percent of the totd find
consumption. Households, mainly in rurd areas, were the mgor consumers of biomass.
Hydropower and geotherma were the second most important renewable energy sources
after biomass, and they are an indispensable source for eectricity generation in the future.

Total dectricity consumption in 1991 was 51.9 TWh. Of tota consumption, about 68.4
percent (or 35.5 TWh) was used in the industriad sector, 31.4 percent (or 16.3 TWh) was
used in the household sector, and the remaining 0.2 percent (or 0.1 TWh) was used in the
transport sector. The fud mix for power generation in 1991 was 32 percent from fud ail,
28 percent from cod, 18 percent from hydro and geothermd, 14 percent from automotive
and indudtrid diesd ail, and 7 percent from gas.

The household sector, which induded minor sub-sectors such as government and
commerce, was the largest find energy consumer. Of totd find consumption, the household
sector accounted for 46 percent, the trangport sector for 22 percent and the industrial sector
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for 32 percent.® The principa fud used in the household sector was biomass, which was to
satisfy cooking demand in the rural area. Gasoline and diesdl oil accounted for more than
85 percent of the energy consumption in the transport sector.

About 56 percent of totd find energy consumption was consumed in Jawain 1991 (1,375
PJ). Find energy consumption in Sumatra was 556 PJ, Kalimantan was 215 PJ, and Other
Idands consumed 277 PJ. The shares of each region were not expected to change
sgnificantly within the next three decades.

Modd Framework: MARKAL

The study developed two environmenta scenarios called the “Doing Nothing Casg” (DNC)
and the “Emisson Reduction Cas2’ (ERC). The DNC assumed that hardly any dgnificant
messures would be taken to reduce emissons in the future. The ERC assumed that
sgnificant steps were taken within the next 10 years to reduce air pollution. The DNC was
to demondrate that Jawa would run into severe environmenta problems if no sgnificant
efforts were made in the future to reduce air pollution. The ERC was to develop proposals
for environmentaly compatible energy supply srategies for Indonesia in order to support
decison-makers. However, the study only reported the results of the energy supply for the
ERC. The reason given was that the optimized energy supply only differed margindly
between the two cases, due to the resource congraints in Indonesa. Since Indonesia had
abundant coa resources, cod was the most important supply option for both the DNC and
the ERC.

MARKAL was used to optimize the future energy supply (minimize the cogts for the supply
of clean energy in Jawa and regular energy in outside Jawa) under the condition of reduced
gpecific emissons according to the improved standards chosen for the ERC. The
MARKAL modd supplied the future technology and energy mix with the related codts as
well as the development of the tota emissons for the trangition from the DNC to the ERC.
The modd aso accounted for the amount of CO, released.

The Indonesan MARKAL mode was developed in greet detail. The study separated the
economy into four geographicd areas—Jawa, Sumatra, Kaimantan, and Other Idands.
The main components of the modd are summarized as follows:

Fossl Energy Carriers

The foss| energy resources used in the modd were cod, ail, gas, and petroleum products.
These were separated into 143 different fossl energy carriers. For example, cod was
separated into the different types of cod (antracite, sub-bituminous, and lignite), differert
fidds (for example, Banko, Muaratiga, and Ombilin), and different areas (for example, cod
from Kdimantan to Jawa, and cod from Sumatra to Jawa). Naturd gas in Jawa was
separated into the production from exigting fields, medium cost fidds, and high cost fidlds.
Qil, gas, and petroleum products in each area were aso classfied as different energy
cariers.
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Technologies

The modd included 268 process technologies. Most of the technologies included in the
mode were being utilized while others had the potentia to be adopted in the future. The
sudy treated each refinery process separatdy (for example, amospheric didtillation,
visbreaker, vacuum didtillation unit, etc.). Process technologies aso included transportation
from one area to another, and pipdines (for example, crude tanker, cod vessd, petroleum
product tanker, crude pipdine, natural gas pipdine, and pipeline for petroleum products).
Each process technology for each of the four areas was entered in the moddl separately.
For example, the modd included four process technologies caled “city gas digtribution”, of
which there was one for Jawa, one for Kalimantan, one for Sumatra, and one for Other
Idands. Of tota process technologies, 16 were related to renewable energy technologies.

There were 38 converson technologies, for which 31 were categorized as centrdized
conversion technologies and 7 were decentrdized converson technologies. Of totd
converson technologies, 10 were renewable energy technologies.  All converson
technologies were for dectricity generation in Jawa. Due to its geographica condition as an
idand-based economy, the eectricity generation for each idand was defined in separate
grids. Since a the time of this sudy, MARKAL did not support multiple dectricity grids,
not al four areas could include eectricity generation under converson technologies.
Because most of the energy consumption in Indonesia was in Jawa, the sudy chose to
model eectricity for Jawa as converson technologies. Electricity generation outsde Java
(Kdimantan, Sumatra, and Other Idands) was treated as regular energy without grid
connection and included in the mode as process technologies.

A total of 173 demand technologies were included in the modd, classified as 88 indudtrid
technologies, 40 residential technologies, 41 transport technologies and 4 industrial/transport
feedstock and lube technologies. Of the total demand technologies, 14 were renewable
energy technologies.

End-Use Sectors
End- use sectors were separated into household, industrid, and transport sectors.

Household Sector. The household sector included commerce and services. Energy input
to the household sector came from biomass, kerosene, LPG, naturd gas, and eectricity to
saidy sx end-uses: cooking, lighting, commercia indirect heet, demand for commercid
electric drives, demand for eectric appliances, and demand for government and public uses.
Biomass, eectricity, naturd gas, LPG, and kerosene were used for cooking. Electricity ad
kerosene were used for lighting. Kerosene, LPG, naturd gas, and diesd were used for
commercid indirect heat production, while dectricity was utilized for eectrica gppliances,
commercid dectric drives, and government and public uses.

Industrial Sector. The indudtrid sector was composed of three sub-sectors—the
manufacturing industry, the nontenergy mining industry, and the agriculturd sub-sector.
Energy resources consumed in the industrial sector were biomass, eectricity, naturd geas,
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cod, coke, diesd, fue ail, LPG, and kerosene. The energy demand in the industrial sector
was disaggregated into seven end-uses—indirect heat production (including biomass
bailers), direct heat production (including biomass burners), dectric drives, fertilizer, basic
metal, cement, and non-ferrous meta industries.  Fuds for direct and indirect hest
production were cod, coke, biomass, diesd, fud oil, kerosene, LPG, dectricity, and natura
gas. Fudsusad in the fertilizer industry were dectricity, fuel oil, diesd, and gas. Fudsused
in the basic meta industry were cod, ectricity, fud oil, and gas. Fuels used in the cement
industry included cod, dectricity, fud oil, diesd, and gas. Fues used for non-ferrous
industry were cod, dectricity, fud oil, gasoline, and diesd.

Transport Sector. Energy consumed in the transport sector included diesdl, gasoline,
LPG, fud oail, CNG, eectricity, and kerosene. The end-use demand in the transport sector
was dassfied as the following: smdl transport and bus (using gasoline, diesdl, and LPG),
other road trangport mix (using gasoline and diesd), cars (using gasoline, LPG, diesd, and
CNG), and mixed trangport of ar, sea, and rail (using cod, eectricity, fud ail, gasoline,
kerosene, and diesd).

The study used 1991 (the average of the Fifth Five-Y ear Development Plan, 1989-1993) as
the base year, and the forecast was made until the year 2021 (the average of the Eleventh
Fve-Y ear Development Plan, 2019-2023).

Projection Methodologies

The projection of energy demand, resource supply, energy prices, and macroeconomic
variables was based on the assumed growth rates. There was no further explanation on
how those assumed growth rates were derived.

An additiond statement made concerning energy demand was that it was estimated using the
DEMI modd in the forms of ussful energy and find energy. The demand forecast in terms
of finad energy was made only if either the use of a certain energy resource was prescribed
(such as the use of cod by the cement industry) or if acertain energy resource was likdly to
be the only attractive option (such as the case of dectricity). The demand projection was
separated into four areas of Indonesa—Jawa, Sumatra, Kaimantan, and Other Idands, and
it covered dl energy-consuming sectors. There was no explanation on projection
methodology for energy demand.

The study mentioned that the macroeconomic parameters (for example, gross domestic
products, industria production, etc.) were projected using the computer program MACRO.
Two scenarios were developed—high scenario and low scenario. The high scenario (which
assumed 6 percent per annum growth rate of GDP) was utilized as the reference scenario in
the study.

Population was forecast by regions and urban/rurd aress, by assuming values at the end of
the year 2023. The linear interpolation of the population growth rate was then applied to
caculate the population number for the sudy periods—1991-2021.
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Renewable Energy in the Indonesa MARKAL Mode

The renewable energy resources included in the modd were biomass, hydropower, and
geothermd. The ligt of renewable energy technologies in the mode is shown in Table 3.5.
All tables describing model assumptions and attributes shown in this section were takenfrom
an examination of the model data set, since the information was not available in the written

report.
Biomass

Biomass was used to stisfy find demand in the household and industrid sectors. Biomass
consumption in the household sector was for cooking, and in the industrid sector was for
indirect heat production (using biomass boilers) and direct heat production (using biomass
burners). Biomass was also used as a fud for power generation. Figure 3.3 shows an
example of a biomass consumption diagram from the Indonesa MARKAL modd.” The
diagram shown was for Kdimantan. However, the pattern of use was the same for
Sumatra, and the Other Idands. A damilar diagram was made in the modd for Jawa, with
the exception that Jawas biomass boilers and burners, and power plants were
disaggregated into existing and new plants.
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Table 3.5: Renewable Energy Technologies Included in the Indonesa MARKAL Modd

Process T echnologies

Exiging Hydro Plants (Kadimantan) Minihydro, £1.5 MW (Kadimantan)
Exiging Hydro Plants (Sumeatra) Minihydro, £ 1.5 MW (Sumatra)

Existing Hydro Plants (Other Idands) Minihydro, £1.5 MW (Other Idands)
Option A Hydro Plants (Kaimantan)

Option A Hydro Plants (Sumatra) Biomass Steam Power Plants (Kaimantan)

Option A Hydro Plants (Other Idands) Biomass Steam Power Plants (Sumatra)

Option B Hydro Plants (Sumeatra) Biomass Steam Power Pants (Other
|dands)

Option B Hydro Plants (Other Idands)

Geothermal Power Plants (Sumatra)
Geotherma Power Plants (Other Idands)

Conversion Technologies

Centralized Conversion Decentralized Conversion
Technologies Technologies

Geotherma Power Plants (Jawa) Minihydro, £1.5 MW (Jawa)
Exigting Hydro Power Plants (West Jawa) Biomass Steam Power Pants
(Jawa)

Option A Hydro Power Plants (West Jawa) New Biomass Steam Power Plants
Option B Hydro Power Plants (West Jawa) (Jawa)!

Exigting Hydro Power Plants (Centra/East Jawa)
Option A Hydro Power Plants (Central/East Jawa)
Option B Hydro Power Plants (Central/East Jawa)

Demand T echnologies

Industrial Sector Residential Sector
Indirect Heat, Biomass (Jawa) Biomass Stove (Jawa)

Indirect Hest, Biomass (Kaimantan) Biomass Stove (Kaimantan)
Indirect Heat, Biomass (Sumatra) Biomass Stove (Sumetra)
Indirect Heet, Biomass (Other Idands) Biomass Stove (Other Idands)

New Indirect Heat, Biomass (Jawa) “

Direct Heat, Biomass (Jawa)

Direct Hest, Biomass (Kaimantan)
Direct Heat, Biomass (Sumatra)
Direct Heat, Biomass (Other 1dands)
New Direct Hest, Biomass (Jawa) ¥

Notes: Theinformation in this table was taken from an examination of the modd data set.
YNew technology adopted air pollution emission measures for dust, SOx and NOx.
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Figure 3.3: Biomass Consumption in the Indonesa MARKAL Modd (Kaimantan)

Biomass resources in Kaimantan, Sumatra, and Other |dands were assumed to cost the

same a $0.57 million per PJ.

In Jawa, biomass was separated into firewood and

agricultural waste, both of which cogt $0.85 million per PJ. Biomass cogtsin al areas were
assumed to remain congtant throughout the study periods. The availability of biomass in
Jawa and Sumatra was constrained to some upper limits, but there was no upper limit on the
availahility of biomassin Kaimantan and Other Idands (see Table 3.6).

Table 3.6: Assumptionsfor the Maximum Availahility of Biomassin Indonesia

Unit: PJ
1991 1996 2001 2006 2011 2016 2021
Jawa
-Firewood 600 630 660 700 730 770 810
-Agriculturd
wastes 100 110 122 135 150 165 180
Sumatra 230 266 309 358 415 482 558
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Biomass in the Household Sector. Biomass in the household sector was used for
cooking. In dl aress, the efficiency of biomass stoves was assumed to be 0.125. The tota
amount of biomass for cooking in Jawa was assumed not to increase from the base-year
quantities, but on most of the outer idands (where biomass was available), the use of wood
was assumed to grow further. The study aso assumed the quantities of pre-exising ingdled
cgpacity before the modeling time (see Table 3.7).

Table 3.7: Assumptions for Biomass Consumption in the Household Sector in Indonesia

Unit: PJ
1991 1996 2001 2006 2011 2016 | 2021
Resdud Ingdled
Capacity”
Jawa 48.5 134
Kdimantan 4.3 1.2
Sumatra 16.3 4.7
Other Idands 13.7 2.7
Maximum Capecity
Jawa 72.8 72.8 72.8 72.8 72.8 72.8 72.8
Kadimantan 8.1 9.4 10.9 12.6 14.7 16.9 194
Sumatra 32.1 37.8 44.4 50.5 55.8 62.5 70.0
Other Idands 21.9 24.4 27.2 30.3 33.8 37.9 42.4

Note: ¥ Refersto pre-existing installed capacity from before the modeling time horizon

Biomass in the Industrial Sector. Biomass consumption in the industrid sector was for
heat production by using biomass boilers and burners. For biomass boilers, it was assumed
for dl aress that the totd cost of one unit was $37.5 million per PJ, with an annud fixed
O&M cogt per unit a $3.9 million per PJ. All costs were assumed constant through 2021.
The study further assumed that the annud capecity utilization factor of boilers was 82
percent, and thet the lifetime was 25 years. An increase in the use of biomass boilers was
expected to be dower in Jawa than in Kadimantan, Sumatra, and the Other Idands (thet is, 3
percent maximum annual growth rate in Jawa and 7 percent maximum annua growth ratein
the others).

In addition to the above assumptions, which were the same for dl aress, the sudy included
different assumptions among different areas regarding the residud instaled capacity and the
available capacity (see Table 3.8).
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Table 3.8: Assumptions for Biomass Bailersin Indonesia

Unit: PJ

1991 1996 2001 2006 2011 2016 2021
Energy Efficiency" 0.66 0.69 0.71 0.74 0.77 0.80 0.80
Resdud Ingdled
Capacity”
-- Kdimantan 14.474 | 9.697 | 4.8487 0 0 0 0
-- Sumatra 17.299 | 1159 | 5.795 0 0 0 0
-- Other Idands 4554 | 3.051 | 1.526 0 0 0 0
Available Capacity”
-- Jawa 68.158 | 79.014 | 91.599 | 106.19 | 123.1 | 142.71 | 165.44
-- Kdimantan 14.474
-- Sumétra 19.0
-- Other Idands 4554

Notes: Y The samefor dl areas
? Refersto pre-exigting ingtaled capacity from before the modeling time horizon
¥ The available capacity in Jawa refers to maximum capacity, while that of the
other three areas refers to fixed capacity.

For biomass burners, the study assumed that the total cost of one unit was $6.18 million per
PJ, with an annud fixed O&M cost of $0.381 million per PJ. Both costs were assumed to
be congtant through 2021. The technology lifetime was assumed to be 25 years. The
maximum annua growth rate was assumed at different rates among different aress, thét is,
10 percent for Sumatra and Other Idands, 7 percent for Kaimantan, 10 percent for Jawa
for the periods 1991 and 1996, and 5 percent for Jawa in 2001 and onward. Additional
assumptions for biomass burners are as shown in Table 3.9.

For Jawa, the study further assumed that new biomass boilers and burners would be used,
beginning in the year 2001. The new boilers and burners were assumed to reach a thermal
efficiency of 0.8621, which was higher than the existing ones. Both boilers and burners
were assumed to use eectricity at arate of 0.04 percent of total input. The new boilers and
burners would pose higher costs than the existing ones. The annud fixed O&M cost was
$3.9112 million per PJ for a new boailer, and $3.922 million per PJ for a new burner. The
annua variable O&M cost was $0.0053 million per PJ for both new boilers and burners.
The capital cost was $38.059 million per PJ for a new boiler, and $6.7359 million per PJ
for anew burner. All costs were assumed to remain constant throughout the study periods.

Table 3.9: Assumptions for Biomass Burnersin Indonesia
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Unit: PJ

1991 1996 2001 2006 2011 2016 2021
Energy Efficiency" 0.66 0.69 0.71 0.74 0.77 0.80 0.80
Residud Ingaled
Capacity”
-- Jawa 2.0196 | 1.3531 | 0.6766 0 0 0 0
-- Kdimantan 0.4844 | 0.3272 | 0.1636 0 0 0 0
-- Sumeatra 0.4884 | 0.3272 | 0.1636 0 0 0 0
-- Other Idands 0.132 | 0.088 | 0.044 0 0 0 0
Available Capacity”
-- Jawa 5.015 | 8.077 | 10.308 | 13.156 | 16.791 | 21.430 | 27.351
-- Kdimantan 0.4844
-- Sumatra 0.6349
-- Other Idands 0.132

Notes; ¥ The samefor al aress

? Refersto pre-exigting installed capacity from before the modeling time horizon

¥ The available capacity in Jawa and Sumatra refers to maximum capacity, while
that of Kalimantan and Other Idands referred to fixed capacity.

Biomass for Power Generation.

Biomass was used for power generdtion in al four

aess. The assumptions were made differently between the three areas (Kdimantan,

Sumatra, and Other Idands), and Jawa. For Kdimantan, Sumatra, and Other Idands, the

following assumptions were made throughout the study periods:
Biomass used per unit of eectricity was equal to 4.1061,
Annud capacity utilization was 0.40,
Annud fixed O&M cost was $27.388 million per GW,
Annud variable O&M cost was $1.081 million per PJ,
Capital cost was $4135.50 miillion per GW, and
The technology lifetime was 25 years.

The assumptions regarding resdua capacity and capecity constraints were, however,

different among the three areas as shown in Table 3.10.

Table 3.10: Assumptions for Biomass for Power Generation in Kaimantan, Sumatra, and
Other Idands
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Unit: PJ

1991 1996 2001 2006 2011 2016 2021
Resdud  Inddled
Capacity”
-- Kdimantan 0.0371 | 0.0297 | 0.0173 | 0.0049 0 0 0
-- Sumatra 0.1779 | 0.1778 | 0.1423 | 0.083 | 0.0237 0 0
-- Other Idands 0.0036 | 0.0029 | 0.0017 | 0.0005 0 0 0
Minimum Capacity
-- Kdimantan 0.0369 | 0.0367 | 0.0365 | 0.0363 | 0.0361 | 0.0359
-- Sumatra 0.1778 | 0.1757 | 0.1749 | 0.1740 | 0.1731 | 0.1723
-- Other Idands 0.0036 | 0.0036 | 0.0036 | 0.0035 | 0.0035 | 0.0035
Maximum Capecity
-- Kdimantan 0.1684 | 0.3532 | 0.3409 | 0.3392 | 0.3376 | 0.3359
-- Sumatra 0.3122 | 0.4782 | 0.4189 | 0.3912 | 0.3636 | 0.3359
-- Other Idands 0.1377 | 0.3376 | 0.3364 | 0.3362 | 0.3361 | 03359

Note: ¥ Refers to pre-existing ingtaled capacity from before the moddling time horizon

For Jawa, the biomass steam process for power generation was separated into the existing
steamn process and the new process. The new biomass steam process was in operation in
1996, with higher efficiency. The biomass used per unit of eectricity produced for a new
biomass process was 3.2151 as compared to 4.1061 in an existing one. However, a new
process incurred higher costs than an existing process. The annud fixed O&M cogt of a
new process was $28.3642 million per GW, and the annua varidble O&M cost was
$0.7332 million per P12 In comparison, the annual fixed O&M cost of an existing process
was $27.388 million per GW, and the annud variable O&M cost was $0.7185 million per
PJ. The capita cost of a new process was $3,660.49 million per GW, as compared to
$3,611.9 million per GW of an existing process.  All costs remained congtant through the
year 2021.

The study also assumed that the existing biomass process in Jawa was bound with a fixed
capacity in 1991 at 0.0146 GW, and that the resduad installed capacity was 0.0131 PJin
1991, 0.0094 PJin 1996, 0.0047 PJin 2001, 0.0005 PJin 2006, and O snce 2011. In
both new and existing biomass processes in Jawa, the capacity utilization was assumed to be
different during daytime and nighttime. Average use of ingaled cgpacity during daytime was
0.5309 and nighttime was 0.4918.

There was no explanation on how to derive these numbers.
Hydro Resour ces

The study ditinquished hydropower plantsinto exigting plants, and new plants that would be
operationd in the year 2001. The new hydro plants were also separated into “option A”
plants and “option B” plants—for which the difference was based on the levd of investment
requirements for the specific Ste. That is, Option B required more investment than Option
A. Fgure 34 illudrates a diagram of hydropower process in the model. The diagram
shows the case of an existing hydro power plant in Sumatra. The hydropower processesin
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Kadimantan and Other Idands were included in the modd in a Smilar manner as thet in
Sumatra. The hydropower processes in Jawa were designed as a converson technology
and not as a process technology.

Technology
SUMMARY
INPUT FUEL(S) OUTPUT FUEL (S)

Process

555 ¢ 555 EXISTING HYDRO
PLANTS (SUM)

Figure 3.4: Hydropower in the Indonesa MARKAL Modd (Sumeatra)

Hydropower in Kalimantan, Sumatra, and Other Islands. Both existing plants and
new plants in the three areas were assumed to have the same annud variable O& M cost—
which was $0.5204 million per PJ, and same fraction of energy input (hydro) per unit of
production (dectricity)—which was 3.0238. The technology lifetime in dl cases was
assumed to be 50 years. Annual fixed O&M cost was, however, assumed differently, that
is, $20.734 million per GW for Kaimantan, $15.973 million per GW for Sumetra, and
$16.231 million per GW for Other Idands. The assumptions that were different among
areas and among existing and new plants are as shown in Table 3.11.

Table3.11: Assumptions for Hydropower in Kdimantan, Sumatra, and Other Idands

1991 1996 2001 2006 2011 2016 2021

Capacity  Utilization
Rate
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-Kdimantan
Exiging 0.5175| 0.5175 | 0.7059 | 0.7059 | 0.7059 | 0.7059 | 0.7059
New—Option AY 0.7059 | 0.7059 | 0.7059 | 0.7059 | 0.7059
-Sumatra
Exiging 0.7027 | 0.6449 | 05712 | 0.5712 | 0.5712 | 0.5712 | 0.5712
New—Option A 0.5712 | 0.5712 | 0.5712 | 0.5712 | 0.5712
New—Option B 0.5712 | 0.5712 | 0.5712 | 0.5712 | 0.5712
-Other Idands
Exiding 0.6796 | 0.6693 | 0.5727 | 0.5727 | 0.5727 | 0.5727 | 0.5727
New—Option A 0.5727 | 0.5727 | 0.5727 | 0.5727 | 0.5727
New—OQOption B 0.5727 | 0.5727 | 0.5727 | 0.5727 | 0.5727
Capitd Cost
($Million/PJ)
- Kdimantan
Exiding 4416 | 4,416 | 4,416 | 4,416 4416 | 4,416 4,416
New—Option AY 4,566 | 4,566 4566 | 4,566 4,566
-Sumatra
Exiging 2,881 | 3549 | 3,628 | 3,628 3,628 | 3,628 3,628
New—Option A 3,755 | 3,755 3,755 | 3,755 3,755
New—Option B 3,905 | 3,905 3,905 | 3,905 3,905
-Other Idands
Exiging 2961 | 3934 | 3,715 | 3,715 3,715 | 3,715 3,715
New—Option A 3,799 | 3,799 3,799 | 3,799 3,799
New—Option B 3,949 | 3,949 3,949 | 3,949 3,949
Resdud Ingtaled
Capacity (P) *"¥
-Kdimantan 0.0258
-Sumatra 0.5874
-Other Idands 0.1759
Fixed Capacity
Congtraint (PJ) ?
-Kdimantan -- --
-Sumatra 0.5984 | 0.9269
-Other Idands 0.2432 | 0.3645
Minimum  Capacity
Congtraint (PJ) ?
-Kdimantan -- -- -- -- --
-Sumeatra 14834 | 1.4834 | 1.4834 | 1.4834 | 1.4834
-Other Idands 0454 | 0454 0454 | 0454 0.454
Table 3.11 (Continued)

1991 1996 2001 2006 2011 2016 2021
Maximum  Capecity
Congraint (PJ)
-Kdimantan
Exiging 0.1098 | 0.1098 | 0.1098 | 0.1098 | 0.1098
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New—Option AY 0.6879 | 0.6879 | 0.6879 | 0.6879 | 0.6879
-Sumatra
Exiding 2.0156 | 2.0156 | 2.0156 | 2.0156 | 2.0156
New—Option A 0.6879 | 0.6879 | 0.6879 | 0.6879 | 0.6879
New—Option B 1.3758 | 1.3758 | 1.3758 | 1.3758 | 1.3758
-Other Idands
Exiding 0.7588 | 0.7588 | 0.7588 | 0.7588 | 0.7588
New—Option A 0.6879 | 0.6879 | 0.6879 | 0.6879 | 0.6879
New—Option B 1.3758 | 1.3758 | 1.3758 | 1.3758 | 1.3758

Notes: ¥ Therewas no Option B for Kaimantan.
Z" Only for exigting plants

¥ Refersto pre-exigting ingtalled capacity from before the moddling time horizon

Hydropower in Jawa. The hydro plants in Jawa were separated into the plants in West
Jawa, in Centrd & Eagt Jawa, and mini-hydro (less than 1.5 MW). The separation into
West Jawa, and Central & East Jawa was due to the load digtribution of the Jawa
transmission line. The West part of Jawa (including Jekarta and Bandung) had two-thirds of
the tota demand. Therefore, the generation in the West Jawa was set to two-thirds of the
Jawa sysem. The hydropower plants in West Jawa and Centra & East Jawa were
disaggregated into exigting plants and new plants (Option A and Ogption B), which would
begin operdion in the year 2001. The mini-hydro plants were not separated among
different areas of Jawa. Figure 3.5 shows a diagram of the mini-hydro process in Jawa.
Mini-hydro, as wel as large hydropower, in Jawva were both trested as converson

technologies.

Technol ogy
SUMMARY
INPUT FUEL(S) OUTPUT FUEL(S)

Conversion

RHJ .................................................................. EL[:
(// EHD:EHD HINIHYDRO., <=1.5— \\1
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Fgure 3.5: Mini-hydropower in the Indonesa MARKAL Modd (Jawa)

The study assumed that the use of hydro per unit of eectricity generation for al hydropower
plants in Jawa during 1991-2021 was 2.6131, and for mini-hydro the use was 2.8938. The
liftime of both hydro and mini-hydro plants was assumed a 50 years. Additiond
assumptions were made for different plants as shown in Table 3.12.
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Table 3.12: Assumptions for Hydropower in Jawa

1991 1996 2001 2006 2011 2016 2021
Capacity  Utilization
Rate
-Mini-Hydro 0.496 | 0.496 0.496 0.496 0.496 0.496 0.496
Annud Fixed O&M
Cogt ($Million/GW)
-West Jawa
Exiging 3.0693 | 3.0693 | 3.0693 | 3.0693 | 3.0693 | 3.0693 | 3.0693
New—Option A 49537 | 4.9537 | 4.9537 | 4.9537 | 4.9537
New—Option B 6.8382 | 6.8382 | 6.8382 | 6.8382 | 6.8382
-Centrd & East Jawa
Exiging 8.615 | 8.615 8.615 8.615 8.615 8.615 8.615
New—Option A 15.047 | 15.047 | 15.047 | 15.047 | 15.047
New—Option B 16.931 | 16.931 | 16.931 | 16.931 | 16.931
-Mini-Hydro 19.459 | 19.459 | 19.459 | 19.459 | 19.459 | 19.459 | 19.459
Annud Vaidble
O&M Cost
($Millior/PJ)
-Mini-Hydro 0.057 | 0.057 0.057 0.057 0.057 0.057 0.057
Capitd Cost
($Million/GW)
-West Jawa
Exiging 2,247 | 522.84 | 488.36 | 488.36 | 488.36 | 488.36 | 488.36
New—Option A 2,497 2,497 2,497 2,497 2,497
New—Option B 2,747 2,747 2,747 2,747 2,747
-Centrd & East Jawa
Exiging 987.76 | 1,497.6 | 2,466.9 | 2,466.9 | 2,466.9 | 2,466.9 | 2,466.9
New—Option A 2,716.9 | 2,716.9 | 2,716.9 | 2,716.9 | 2,716.9
New—Option B 2,966.9 | 2,966.9 | 2,966.9 | 2,966.9 | 2,966.9
Resdud Ingtaled
Capacity (GW)""?
-West Jawa 1.4385
-Centrd& East Jawva | 0.5152
-Mini-Hydro 0.0082
Fixed Capacity
Constraint (GW)"
-West Jawa 1.4405 | 1.9511 | 2.4693 | 2.4693 | 2.4693 | 2.4693 | 2.4693
-Centrd&East Jawa | 0.5337 | 0.6120 | 0.6185 | 0.6185 | 0.6185 | 0.6185 | 0.6185
-Mini-Hydro 0.5337 | 0.6120 | 0.6185 | 0.6185 | 0.6185 | 0.6185 | 0.6185
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Table 3.12 (Continued)

1991 1996 2001 2006 2011 2016 2021
Installed Capacity
Avalablein Summer
Days (hours) ¥
-West Jawa 1,684 | 1,497 1,420 1,420 1,420 | 1,420 | 1,420
-Centrd & East Jawa 1,482 | 1,430 | 1,430 1,430 1,430 | 1,430 | 1,430
Installed Capacity
Avaladlein Summer
Nights (hours) ¥
-West Jawa 2884 | 2262 | 2145 | 2,145 | 2,145 | 2,145 | 2,145
-Centrd & East Jawa 2,790 | 2,781 | 2,779 | 2,779 | 2,779 | 2,779 | 2,779
Average Use of
Ingtaled Capacity in
Summer Days
-West Jawa
New—Option A 0.7784 | 0.7784 | 0.7784 | 0.7784 | 0.7784
New—Option B 0.7784 | 0.7784 | 0.7784 | 0.7784 | 0.7784
-Central& East Jawa
New—Option A 0.7839 | 0.7839 | 0.7839 | 0.7839 | 0.7839
New—OQOption B 0.7839 | 0.7839 | 0.7839 | 0.7839 | 0.7839
Average Use of
Ingtaled Capacity in
Summer Nights
-West Jawa
New—Option A 0.1418 | 0.1418 | 0.1418 | 0.1418 | 0.1418
New—Option B 0.1418 | 0.1418 | 0.1418 | 0.1418 | 0.1418
-Centrd & East Jawa
New—Option A 0.2639 | 0.2639 | 0.2639 | 0.2639 | 0.2639
New—Option B 0.2639 | 0.2639 | 0.2639 | 0.2639 | 0.2639
Fraction of Capacity
to Peak
-West Jawa
Exiding 0.8474 | 0.8612 | 0.8642 | 0.8642 | 0.8642 | 0.8642 | 0.8642
New—Option A 0.8642 | 0.8642 | 0.8642 | 0.8642 | 0.8642
New—Option B 0.8642 | 0.8642 | 0.8642 | 0.8642 | 0.8642
-Centrd & East Jawa
Exiding 0.5424 | 0.5549 | 0.5564 | 0.5564 | 0.5564 | 0.5564 | 0.5564
New—Option A 0.5564 | 0.5564 | 0.5564 | 0.5564 | 0.5564
New—Option B 0.5564 | 0.5564 | 0.5564 | 0.5564 | 0.5564
-Mini-Hydro 0.3384 | 0.3384 | 0.3384 | 0.3384 | 0.3384 | 0.3384 | 0.3384

Notes: ¥ Only for exiging plants
? Refersto pre-exigting ingtalled capacity from before the moddling time horizon

Geothermal




85 Development of Analytic Methodologies to Incorporate Renewable Energy in Domestic Energy and Economic
Planning

Geothermal energy was used for power generation in Jawa, Sumatra, and Other 1dands.

Figure 3.6 shows an example of the geothermd process in the Indonesa MARKAL modd.
This diagram represents the geotherma process in Jawa, where it was treated as a
conversion technology. The geothermd process in Kdimantan, Sumatra, and Other I1dands
were treated as a process technology.

Technology
SUMMARY
INPUT FUEL(S) OUTPUT FUEL(S)

Conversion

EGA : EGA GEOTHERMAL
PLANT (JAH)

Figure 3.6: Geotherma Processin the Indonesa MARKAL Modd (Jawa)

In Sumatra and Other 1dands, it was assumed throughout the study periods that geothermal
per unit of dectricity was equd to 3.3095; capacity utilization was 0.50; annud fixed O&M
cost was $38.187 million per GW; annud variable O&M cost was 46.69 million per PJ;
capital cost was $2715.7 million per GW; and the technology lifetime was 25 years.

For Jawa, it was assumed that geotherma per unit of dectricity was equd to 2.86; capacity
utilization was 0.8346; fraction of geothermal energy to supply pesk demand was 0.8346;
annud fixed O&M cogt was $33 million per GW; annud variable O&M cost was 40.3
million per PJ; capitd cost was $1582.6 million per GW; and the technology lifetime was 25
years.

Additional assumptions are as shown in Table 3.13.

Table 3.13: Assumptions for Geotherma Power in Indonesia
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1991 1996 2001 2006 2011 2016 2021
Fixed Capacity
-- Jawa (GW) 0.1473
-- Other Idands (PJ) | 0.0039
Minimum Capacity
-- Jawa (GW) 0.3273
-- Sumatra (PJ) 0.0447 | 0.0883
-- Other Idands (PJ) 0.0196 | 0.020
Maximum Capecity
-- Jawa (GW) 1.7409 | 7.3955 | 7.3846 | 7.2791 | 7.1737 | 7.0682
-- Sumatra (PJ) 0.8123 | 3926 | 3.926 | 3.9111 | 3.8962 | 3.8813
-- Other Idands (PJ) 1.0801 | 2.6715 | 2.6715 | 2.6650 | 2.6584 | 2.6519

Key Deter minants of Renewable Energy Penetration in Indonesia

By its nature, MARKAL determines the least-cost solution of the specified objective
function. Therefore, cogt of the renewable energy technology was the principa determinant
of renewable energy penetration in the Indonesa MARKAL mode. The other determinants
included the availability of a renewable energy supply, the condraints on maximum and
minimum capacities of renewable energy technologies, and the condraints on maximum
annud growth rate on demand for renewable energy technologies.

The condraints on biomass penetration in the economy included the upper limit on the
avalability of biomass in Jawa and Sumatra. The total amount of biomass for cooking in
Jawa was also assumed not to ncrease from the base-year quantities. In addition, there
were upper limits on the capacity of biomass sovesin al aress.

Biomass used in the indugtrid sector was congtrained by maximum annua growth rate and,
for Jawa, aso maximum capacity. Similarly, Biomass consumed for power generation in
Kaimantan, Sumatra, and Other Idands was congtrained to some minimum capecity and
limited to some maximum capacity.

The use of hydro resource and geotherma in Indonesia was adso condrained to some
maximum and minimum capacities. Hydropower in Jawa had additional conditions on the
indalled capacity available and average use of ingtaled capacity for summer days and nights.

Table 3.14 shows the projected consumption of renewable energy resources—biomass,
hydro, and geotherma (High Scenario, Emission Reduction Case). The results showed that
biomass consumption grew a a rate of about 1.8 percent per annum, while cod
consumption grew at 12.3 percent, and oil and gas consumption both grew at 4.3 percent
per annum. Therefore, the shares of biomass in the future primary energy supply declined
ggnificantly, from 31 percent in 1991 to 11 percent in 2021. The hydropower and
geotherma energy consumption increased at an average rate of 4.5 percent per annum,
which lowered its share of total primary energy consumption from 4.3 percent in the base
year to 3.4 percent in the year 2021. The study dated that geothermal-based power
generation was not economicaly feasble due to the high steam prices.  Therefore, it was
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assumed that there was no ingdlation of geothermad plants gpart from those planned or
officidly scheduled, and the growth in absolute terms of this supply sector came from

hydropower.

Table 3.14: Share and Growth of Primary Energy in Indonesia’'s Domestic Market

1991 2021 Average Growth
10 PJ % 10° PJ % (% p.a)

oil? 1.35 41 4.80 31 4.3
Geas 0.59 18 2.14 13 4.3
Coal 0.20 6 6.52 42 12.3
Biomass 1.00 31 1.71 11 1.8
Hydro and

Geothermal 0.14 4.3 0.53 34 45
Total 3.28 100 15.65 100 5.3

Note: ¥ Indudeimport of il and oil products

Table 3.15 shows the projection of biomass consumption in Indonesia. The average growth
rate of biomass use in the household sector was projected a 1.17 percent per annum,
whereas the use of biomass in smal and medium industries was projected to grow at 4.3
percent per anum. The annuad average of biomass consumption in households was
projected to decline dightly from 362 kg per capitain 1991 to 343 kg per capitain 2021.

Table 3.15. Projection of Biomass Consumption in Indonesa (1991-2021)

Unit: 10° PJ
1991 2001 2011 2021
Household 0.86 1.05 1.14 1.22
Industry 0.14 0.19 0.30 0.49
Total 1.00 1.24 1.44 1.71

3.3 THE PHILIPPINES®

The other case study of the MARKAL mode was taken from the Philippines Nationa
Report for the Ada Least Cost Greenhouse Gas Abatement Strategy (ALGAS) project.
The project was funded by the Globa Environment Facility (GEF) and executed by the
Asian Development Bank (ADB) in collaboration with the United Nations Development
Program (UNDP).*° Work on the project included the development of the 1990 National
Inventory of GHG sources and sinks; projection of Nationd GHG Inventories to 2020
under the BusinesssAs-Usud scenario for the energy, forestry, and agricultura sectors,
identification of GHG mitigation options and opportunities for the energy, forestry, and
agriculturd sectors, formulation of Cost of Emisson Reduction Initigtives (CERI) curves,
and formulation of the nationd GHG abatement srategies. The results of the ALGAS study
would be used for the evaluation and review of policy options included in the Philippines
Nationd Action Plan for globd climate change.
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Energy Sector Overview

Primary energy consumption in 1990 was composed of liquid energy, renewable energy,
and cod. Table 3.16 was taken from the Philippines ALGAS report to compare the
consumption of each fuel. As seen from Table 3.16, the data used for MARKAL basdine
was a little bit different from the data reported in the 1996-2025 Philippine Energy Plan
(PEP). Qil was the principd fuel used in the Philippines, accounting for more than haf of
totd primary energy consumption.

Table 3.16: Primary Energy Consumption in the Philippinesin 1990

Unit: PJ
Type of Primary Energy MARKAL Basdine PEP
Renewables 385.0 222.0
Liquid 489.0 480.0
Coal 52.9 42.5
Gas 0 0
Total 927.4 744.5

Source: Philippines AsaLeast-Cost Greenhouse Gas Abatement Strategy (1998)

In 1990, the dectricity generating capacity in the Philippines conssted of power plants that
were 43.3 percent ail, 35.5 percent hydroelectric, 14.8 percent geothermal, and 6.7 percent
cod. Natura gas-fired plants were projected to be ingaled in the future. Solar and wind
power were used on asmall scae for resdentid and commercia purposes.

Resource supplies in 1990 included 1,689.4 PJ of crude oil, 109,767.7 PJ of natural gas,
43,449 PJ of geotherma steam, and 200 PJ of biomass.

Modd Framework: MARKAL

The MARKAL moded was used in the ALGAS project for the development of an energy
system-wide basdine, GHG Abatement scenarios, the derivation of cost emission reduction
(CERI) curves, and technology assessment. The Base Case and Abatement scenarios were
gengrated in five-year intervas from 1990 to 2020. The Base Case scenario was
congtructed based on the actud energy data from 1990 to 1995, and it used the projected
energy data during 2000 to 2020 from the 1996-2025 Philippine Energy Plan. In the
Base Case scenario, there was no action taken to limit GHG emissons from the energy
sector.  In addition, it was assumed that there would be no condraints or barriers in
adopting the least-cost way of providing energy. This case reflected only the economic and
technicd factors, not the political consderations or comrsumer tastes. The Base Case
scenario, therefore, oversated the performance of any of the new technologies or
understated the barriers to their implementation.

There were 12 GHG Abatement scenarios developed using the MARKAL modd. The
scenarios could be categorized under fud switching, supply efficiency, use of new and
renewable energy supply, and demand-sde management. The uses of wind (50 MW
ingtalled by 2010), solar (total capacity addition of 20 MW from year 2000 to 2020), and
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bioenergy (1000 MW ingaled by year 2020) were included as options in the Abatement
scenarios.

This study reviews only the Base Case scenario since the data set for the Abatement
scenarios was unobtainable. The mgor components of the modd in the Base Case scenario
are discussed below:

Codl
Coa was used in the power plants, coa burners, and industrial cogeneration.
il

Crude ail included indigenous and imported oil. Crude oil was fed into three refineries—
Shell, Cdtex, and Petron. Outputs from the refineries were heavy didtillate, diesd, gasoline,
jet fud, kerosene, LPG, and feedstocks. In addition to being domestically produced,
petroleum products were aso imported.

Heavy didtillate was used in the power sector, commercid sector (for fishing boats and
engines), indudtrial sector (for oil burners), and transport sector (for public and freight
ship/boats). Diesdl was used in the agricultural sector (for tillerstractors, diesd-dectric
pumps, diesd engine pumps, municipd fishing boats, and threshers/shellers/dryers), and
power sector (for gas turbines and combined cycles power plants). Gasoline was mainly
used in the agricultural sector (for tillers, irrigation pumps, crop sprayers, fishing boats, and
threshergshdllerg/dryers for post harvesting operations), but it was aso used in the transport
sector (for passenger cars). Aviation turbo and aviation gas were used for three categories
of ar transport—public, military, and internationa flights. Kerosene was used in the
commercia sector as well as the urban and rura resdentiad sector for cooking and lighting.
LPG was usad in the commercia sector and in the urban and rural resdentia sector for
cooking. Gasoline, diesdl, heavy didtillate, jet fuel, and kerosene were aso exported.

Gas

There was no use of gas in 1990—the base year of the study. After 1990, indigenous and
imported gas were used in the combined cycles power plants.

Electricity

The technologies used for power generation included cod steam eectric, fud oil seam
electric, gas turbine eectric, combined cycle, diesd dectric, biomass steam €ectric,
hydropower, and geothermal. There was no distinction between base load and peak load
or existing plants and new plants.

Electricity was used in the commercia sector (for fluorescent lighting, incandescent lighting,
ar conditioning, refrigeration, and dectric gopliances), in the industrid sector (for fluorescent
lighting and incandescent lighting), and for hydrod ectric pumped storage.
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End-Use Sectors

The energy consuming sectors were separated into agriculturd, commercid, indudtrid,
resdentia, trangport, and non-energy use.

Agricultural Sector. The end-use demands in the agriculturd sector included soil
preparation, irrigation, crop maintenance, post harvest operation, and fishing. These
demands were satisfied by diesd, gasoline, fue oil, and kerosene. The end-use devices
included: diesd and gasoline tillers/tractors for soil preparation; diesa-dectric pumps, diesd
engine pumps, and gasoline pumps for irrigation; gasoline sorayers for crop maintenance;
gasoline and diesdl threshers, shellers and dryers for post harvest operations, and gasoline
boats, diesdl boats, fud ail boats, and kerosene lighting for fishing.

Commercial Sector. The commercid sector end-use demands included cooking, lighting,
ar conditioning, refrigeration, miscellaneous dectric gppliances, and power and heat. The
main energy used in the commercia sector was dectricity. Other fuds used were LPG and
kerosene for cooking, and diesd and fuel ail for power and heat production.

Industrial Sector. The indudtrid sector end-use demands were lighting, air conditioning,
refrigeration, power and heat, and miscdlaneous eectric equipment.  Fuds used in the
industrial sector were dectricity, fue ail, cod, and biomass. Fud ail, cod, and biomass
were used to fuel burners to produce power and hest.

Residential Sector. Energy demand in the residentia sector was separated into rural and
urban demands. Both rura and urban end-use demands included cooking, lighting, ironing,
refrigeration, ar conditioning, and miscellaneous eectric appliances. Fuels used for cooking
demand in the urban areas were eectricity, LPG, kerosene, fud wood, charcod, and
agriculturad wastes. In addition to the same cooking fuels used in the urban aress, the rurd
aress adso used biogas for cooking. Fueds used for lighting demand were eectricity and
kerosene. Fuds used for ironing demand were dectricity and charcod. Fud used for
refrigeration, air conditioning and miscellaneous e ectric gppliances was eectricity.

Transport Sector. Energy demand in the transport sector was separated into road demand
(cars, trucks, jeepneys, taxies, utility vehicles, motorcyclesitricycles, and buses), rall
demand, ar demand (public, military, and internationa flights), and water/sea demand
(passenger, freight, and internationd ships). Fues used for road demands were diesdl and
gaoline. Rall fuels were diesdl and eectricity. Air demand fuds were aviation turbo and
avidion gas. Ship fudswere diesdl and fud oail.

Non-Energy Use. The non-energy use referred to the use of energy as feedstocks.
Technologies

The modd included 5 process technologies, 11 conversion technologies, and 88 demand
technologies. The technologies included in the modd arelisted in Table 3.17.
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Table 3.17: Technologies Included in the Philippines MARKAL Modd

Process T echnologies

Fuel Wood to Charcoal Conversion

Biogas digesters
Refinery, Shdll
Refinery, Cdtex (Batangas)

Refinery, Petron (Bataan-BRC)

Conversion Technologies
Centralized Conversion
Conversion
Technologies

Cod Steam Electric
Pumped

Decentralized Conversion

Technologies
Biomass Seam Electric

Storage

Technologies
Hydroelectric

Fuel Oil Steam Electric Industrial Cogeneretion (Cod) Sorage

Gas Turbine Electric (Diesd)
Combined Cycle Electric
Diesd Electric
Hydroelectric

Geothermal Electric

Natura Gas Combined Cycle GT

Demand Technologies
Agricultural Sector
Diesd TillersTractors
Gaoline Tillers
Diesd-Electric Pumps
Diesdl Engine Pumps
Gasoline Pumps
Gasoline Sprayers

Gasoline Threshers/
Shdllers/Dryers

Diesd Thresherd
Shdllers/Dryers

Gasoline Boats (Municipd)

Diesdl Boats (Municipd)

Gasoline Boats (Commercid)
Diesdl Boats (Commercid)
Fud Oil Boats (Commercid)
Kerosene Lighting

LPG Cooking (Urban)

Residential Sector
Electric Cooking (Urban)

Kerosene Cooking (Urban)

Transport Sector
Gasoline Cars (Private)

Diesd Cars (Private)

Gasoline Trucks (Private)

Fuel Wood Cooking (Urban) Diesd Trucks (Privete)
Charcoal Cooking (Urban) Gasoline Jegpneys (Public)

Agricultural Waste
Cooking (Urban)

Fuorescent Lighting
(Urban)

Incandescent Lighting
(Urban)

Kerosene Lighting (Urban)

Electric Ironing (Urban)

Charcoal Ironing (Urban)
Refrigeration (Urban)

Air Conditioning (Urban)
Misc. Electric Appliances

Diesd Jeepneys (Public)

Gasoline Motorcycles
(Private)

Diesd Motorcycles
(Private)

Gasoline Utility Vehides
(Private)

Diesd Utility Vehides
(Private)

Gaoline Taxies

Died Taxies

Gasoline Buses (Public)

Diesdl Buses (Public)
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(Commercid)
Table 3.17 (Continued)

(Military)

(Public)

Commercial Sector
LPG Cooking
Kerosene Cooking
Fluorescent Lighting
Incandescent Lighting
Air Conditioning
Refrigeration

Electric Appliances
Died Engines

Fud Oil Engines

(Urban)

Residential Sector
(Continued)

Electric Cooking (Rurd)
LPG Cooking (Rurd)
Kerosene Cooking (Rural)
Fuel Wood Cooking (Rural)
Charcoal Cooking (Rural)

Agricultural Waste
Cooking (Rural)
Biogas Cooking (Rural)

Fluorescent Lighting (Rurd)
Incandescent Lighting (Rurd)

Kerosene Lighting (Rurd)

Transport Sector
(Continued)

Diesd Rails (Passenger)
Electric Rails (Passenger)
Aviaion Turbo Air (Public)
Avidion Gas Air (Public)
Aviation Turbo Air

Avidion Gas Air (Military)

Aviation Turbo Air
(Internationdl)

Diesd Shipg/Boats (Public)

Fud Oil Ships/Boats

Dieed Ships/Boats (Freight)

Electric Ironing (Rurd) Fud Oil Ships/Boats (Freight)

Charcoal Ironing (Rural)
Refrigeration (Rurd)

Air Conditioning (Rurd)
Misc. Electric Appliances
(Rurd)

I ndustrial Sector
Fud Qil Burners
Cod Burners
Biomass Burners
Fluorescent Lighting
Incandescent Lighting
Air Conditioning
Refrigeration

Electric Motors

Diesd Ships/Boats
(Internetiond)

Fuel Qil Ships/Boats
(Internetiond)

Non-Energy Use
Feedstocks

Note: Theinformation in this table was taken from an examination of the modd data set.

Projection M ethodologies

There was no explanation on the projection methodologies for exogenous variables used in
the sudy. The study only mentioned that the projections of exogenous variables were
derived from the 1996-2025 Philippines Energy Plan.
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Renewable Energy in the PhilippinesMARKAL Model

Renewable energy resources included in the Base Case scenario were agricultura waste,
fud wood, anima dung/manure, hydro, and geotherma. The modd contained 4 renewable
conversion technologies (hydroelectric, hydrodectric pumped storage, geothermal dectric,
and biomass steam electric), 2 process technologies (fuel wood to charcoa conversion and
biogas digesters), and 10 demand technologies (biomass burners, urban fuel wood cooking,
urban charcoa cooking, urban agriculture waste cooking, urban charcod ironing, rura fue
wood cooking, rurad charcod cooking, rurd agriculture waste cooking, rurd biogas
cooking, and rura charcod ironing).

The assumptions regarding renewable energy in the model are described below. Al tables
describing modd assumptions were taken from an examination of the modd data s&t, since
the information is not available in the written report.

Agricultural Waste

Agricultural wastes included crop residues and bagasse. Both crop residues and bagasse
had the same energy costs. However, their annual availabilities were different. Agricultura
waste was used in biomass steam electric conversion processes to produce dectricity, and it
was aso used for cooking in rurd and urban aress. The diagram of agriculturd waste
consumption in the modd is shown in Figure 3.7.*

Energy Carrier
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Fgure 3.7: Agriculturd Waste Consumption in the Philippines MARKAL Mode

The assumptions regarding agriculturd waste are listed in Table 3.18.

Table 3.18: Assumptionsfor Agricultura Waste in the Philippines

1990

1995

2000

2005

2010

2015

2020

Cost

(Million ¥PJ)
-- Crop residue
-- Bagasse

1.50
1.50

1.52
1.52

1.54
1.54

1.56
1.56

1.58
1.58

1.60
1.60

1.62
1.62

Fixed Avalable
Supply (P))
-- Crop resdue
-- Bagasse

55.64
26.44

Maximum  Supply
(PJ)

-- Crop resdue

-- Bagasse

155.74
66.49

172.5
77.81

196.21
94.69

223.68
115.20

255.51
140.13

292.53
170.50

Fud Wood

The mode contained two categories of fuel wood. The first category was fuel wood from
the basdline supply and fuel wood collected from the resdentia sector and reforestation.
The second category was fued wood from industria waste. The first category was used for
five purposes: (1) to make charcod for cooking and ironing in urban and rurd aress, (2) as
input in biomass steam dectric conversons to produce dectricity, (3) as input in biomass
burners, (4) for cooking in urban areas, and (5) for cooking in rural areas (see Figure 3.8).
The fud wood supply from industrid waste was entirely fed into biomass steam electric
conversion processes to produce electricity (see Figure 3.9).
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Figure 3.8: Consumption of Fuel Wood in the Philippines MARKAL Modd (Fue Wood
from Basdline Supply, the Residentid Sector, and Forestation)
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Figure 3.9: Consumption of Fue Wood in the Philippines MARKAL Mode (Fuel Wood
from Industrid Waste)
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Costs of fuel wood from al sources were assumed to be the same. The basdline supply was
assumed to be fixed in 1990 and to have maximum availability during 1995 to 2020. The
assumptions on cogts and availability of fue wood supply are shown in Table 3.19.

Table 3.19: Assumptions for Fue Wood Supply in the Philippines

1990

1995

2000

2005

2010

2015

2020

Cost
(Million $/PJ)
-- All sources

2.67

2.703

2.736

2.769

2.802

2.835

2.868

Fixed Available

Supply (PJ)
-- Badine

445

Maximum  Supply

(PJ)
-- Badine

485.78

533.34

603.58

687.99

789.57

911.73

Animal Dung

Anima dung was fed into biogas digester process to produce biogas for cooking in rura
areas (see Figure 3.10).

SUPPLY

Energy Carrier
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Figure 3.10: Anima Dung Consumption in the Philippines MARKAL Modd
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Cog of anima dung was assumed to be the same as agricultura wastes. The availability of
supply each year was congtrained to some specified maximum amounts (see Table 3.20).

Table 3.20: Assumptionsfor Anima Dung in the Philippines

1990 1995 2000 2005 2010 2015 2020
Cost
(Million $/PJ) 1.50 1.52 1.54 1.56 1.58 1.60 1.62
Maximum  Supply
(PJ) 65 7176 | 7472 | 7847 | 8253 | 86.70 | 91.12

Hydro Resour ces

A hydro resource diagram for the Philippines MARKAL mode is shown in Figure 3.11.
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Figure 3.11: Hydro Resource Consumption in the Philippines MARKAL Modd

Hydropower plants included regular hydro plants and pumped Storage.
hydropower was assumed to have an availability of 3,767 hourslyear with a scheduled
outage of 1,648 hourslyear. The pumped storage hydropower was assumed to have the
availability at 6,001 hours'year and scheduled outage at 911 hours per year. The use of
hydro per unit of dectricity produced in both regular hydro and pumped storage was

Regular
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assumed a 3. Lifetime of the regular hydropower plants was assumed at 50 years as
compared to 30 years for pumped storage hydro plants. The study assumed that the annud
variable O&M cost for pumped storage hydro was fixed at $0.35 million/PJ. There was no
assumed annud varigble O&M cogt for regular hydro. The additiona assumptions
regarding hydropower are as shown in Table 3.21.

Table 3.21: Assumptions for Hydropower in the Philippines

1990 1995 2000 2005 2010 2015 2020

Capitd Cost
($million/GW)
--Regular Hydro 3,170 | 3,274 3,378 3,482 3,586 3,690 | 3,794
--Pumped Storage | 1,056 1,174 1,292 1,410 1,528 1,646 1,764

Annud Fixed
O&M Cost
(Smillion/GW)
--Regular Hydro 17 17 17 17 17 17 17
--Pumped Storage 6.12 6.23 6.34 6.45 6.56 6.67 6.78

Resdud Ingdled
Capacity (GW)Y
--Regular Hydro 2153 | 2134 | 2115 | 2.09 | 2.077 2.058 | 2.039
--Pumped Storage 0.3

Fixed Capacity
Bound (GW)
--Regular Hydro 2.33 2.57 4.07

Lower Capacity
Bound (GW)
--Regular Hydro 2.153
--Pumped Storage 0.3

Upper Annud
Production Bound
(P
--Regular Hydro 21.82 | 20.52 2319 | 4269 | 4957 | 59.85 | 73.99
--Pumped Storage 0.3 0.45 0.60 0.75 0.90 1.05 1.20

Note: ¥ Refers to pre-existing installed capacity from before the modeling time horizon
Geothermal Resour ces

Geothermal  resources were used for base load power generation. The diagram of
geothermad resources in the Philippines MARKAL modd is shown in Figure 3.12. The
availability of geotherma was assumed at 7,008 hourslyear, and the scheduled outage was
at 578 hourslyear. The use of geotherma per unit of eectricity produced was assumed &
3.012. Capitd cost was assumed a $2,103 million/GW, and the annua fixed O&M cost
was $7 millio/GW. Both costs were assumed to remain congtant over time. The
geothermd technology was assumed to have the lifetime of 30 years. The additiond
assumptions are listed in Table 3.22.
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Figure 3.12: Geotherma Resource Consumption in the Philippines MARKAL Modd

Table 3.22: Assumptions for Geotherma Resources in the Philippines

1990 1995 2000 | 2005 | 2010 | 2015 | 2020
Resdud Instaled
Capacity (GW)Y 0.888 | 074 | 0592 | 0.444 | 0.296 | 0.148
Minimum Capecity
(GW) 0.888
Maximum Capacity
(GW) 0888 | 1451 | 2014 | 2134 | 2.859 | 3.489 | 4.549
Fixed Capacity (GW) 1.194
Maximum Annua
Production (PJ) 30.32 | 50.81 | 53.84 | 72.13 | 88.02 | 113.57

Note: YRefersto pre-existing installed capacity from before the moddling time horizon

In addition to the assumptions for renewable energy resources shown above, assumptions
were dso made for the renewable energy end-use tchnologies. These technologies
included biomass steam dlectric, charcod conversion, biogas digesters, biomass burners,
biomass for cooking, biogas for cooking, and charcod ironing.

Biomass Steam Electric
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Biomass steam dectric was classified in the study as conversion technology process. The
biomass used in the process was agriculturd waste and fuel wood. The proportion of
energy input per unit production was assumed a 3.3. The availability was 2,628 hours per
year, with the scheduled outage assumed at 2,024 hours per year. The annud fixed O& M
cost was $131 million/GW. The technology lifetime was 30 years. Table 3.23 ligts
additiond assumptions on biomass steam electric.

Table 3.23: Assumptions for Biomass Steam Electric in the Philippines

1990 | 1995 | 2000 2005 2010 2015 2020

Capitd Cost
($millio/GW) 17435 | 1750.6 | 1757.6 |1764.7 |1771.8 | 1778.8 | 1785.9

Resdud  Ingdled
Capacity (GW) Y | 0.167 | 0139 |0.111 |0083 |0055 |0027 |0

Minimum  Capecity
(GW) 0.167

Maximum  Annual
Production (PJ) 0.158 0.76 0.99

Note: ¥ Refers to pre-existing installed capacity from before the modeling time horizon
Charcoal Conversion

Some fuel wood from the basdline supply was used in the charcod making process. Capitdl

cost was assumed to be congtant at $3.21 million/PJ. The technology lifetime was 10 years.

Assumptions on the capacities of charcod conversion are listed in Table 3.24.

Table 3.24: Assumptions for Charcoa Conversion Processin the Philippines
Unit: PJ

1990 | 1995 | 2000 2005 2010 2015 2020

Resdud  Instdled
Capacity ¥ 45,037 | 22519 | 0

Minimum Capacity | 45.037 | 39.407 | 33.777 | 28.147 | 22.517 | 16.887 | 11.257

Maximum Capecity 60.38

Note: ¥ Refers to pre-existing installed capacity from before the modding time horizon
Biogas Digesters
The study assumed that capital cost of a biogas digester was $19.053 millior/PJ, and annud

varidble O&M cost was $0.397 million/PJ.  The technology lifetime was 10 years. The
capacity was congrained at the lower bound, as shown in Table 3.25.

Table 3.25: Assumptions on Biogas Digester in the Philippines
Unit: PJ
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1990 | 1995 | 2000 2005 2010 2015 2020

Resdud  Inddled
Capacity ¥ 0.057 | 0029 |0

Minimum Capacity | 0.057 | 0.057 | 0.049 0.041 0.033 0.025 0.017

Note: ¥ Refers to pre-existing ingtalled capacity from before the modeling time horizon
Biomass Burners

Biomass burners were fuded by fud wood. It was assumed that the average efficiency of
burners was 0.65. Capitad cost was $11.25 million /PJ with an annud fixed O & M cogt of
$1.125 million/PJ* The technology lifetime was 20 years. The study put a minimum
capacity congraint on the use of biomass burners from 1990 to 2020 and a maximum
congdraint in 1995, as shown in Table 3.26.

Table 3.26: Assumptions on Biomass Burners in the Philippines
Unit: PJ

1990 | 1995 | 2000 2005 2010 2015 2020

Resdud  Ingaled
Capacity ¥ 53.36 | 40.02 | 2668 |1334 |0

Minimum Capacity | 53.36 | 46.69 |40.02 |33.35 |26.68 |20.01 13.34

Maximum Cgpecity 60.38

Note: ¥ Refers to pre-existing ingtalled capacity from before the modeling time horizon
Biomass for Cooking

Biomass used for cooking included fuel wood, charcoa, and agriculturd waste. The study
separated between cooking in urban and rurd areas. There was no difference in technica
efficiency of the devices or costs of using biomassin rurd and urban areas. In addition, both
efficiency and costs were assumed to remain constant over the study periods. The
difference between biomass cooking in urban and rura areas was based on the assumptions
regarding capacity. Biomass for cooking was used more in rurd areas than in urban aress.
The trend of using biomass for cooking was declining in both areas. The assumptions on
biomass for cooking are listed in Table 3.27.

Biogas for Cooking

Biogas was used for cooking only in rura areas. The assumptions on biogas, as compared
to biomass, for cooking are shown in Table 3.27.

Table 3.27: Assumptions on Biomass Cooking in Urban and Rurd Philippines

1990 | 1995 | 2000 | 2005 | 2010 2015 2020

Average Efficiency
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-- Fuel Wood 015 |[015 |015 |0.45 0.15 0.15 0.15
-- Charcod 020 [020 |0.20 |0.20 0.20 0.20 0.20
-- Agricultura Wasgte 015 |015 |015 |0.15 0.15 0.15 0.15
-- Biogas 055 [055 |055 |0.55 0.55 0.55 0.55
Capital Codst ($million/PJ)
-- Fud Wood
-- Charcoa 0.265 | 0.265 | 0.265 | 0.265 | 0.265 |0.265 | 0.265
-- Agriculturd Waste 0.662 | 0.662 | 0.662 | 0.662 |0.662 |0.662 | 0.662
-- Biogas 0.265 | 0.265 | 0.265 | 0.265 | 0.265 |0.265 | 0.265
9.397 | 9.397 | 9.397 | 9.397 | 9.397 | 9.397 9.397
Annuad Fixed O&M Cogt
($million/PJ)
-- Fuel Wood 0.005 | 0.005 | 0.005 | 0.005 | 0.005 |0.005 |0.005
-- Charcod 0.013 | 0.013 | 0.013 | 0.013 | 0.013 |0.013 |0.013
-- Agriculturd Waste 0.005 | 0.005 | 0.005 | 0.005 |0.005 |0.005 |0.005
-- Biogas 0.188 | 0.188 | 0.188 | 0.188 | 0.188 |0.188 | 0.188
Resdud Ingdled
Capacity (PJ) Y
-- Fud Wood
-- Urban 319 |0
-- Rurd 1476 | O
-- Charcoa
-- Urban 079 |0
-- Rurd 080 |0
-- Agriculturd Wadte
-- Urban 063 |0
-- Rurd 08 |0
-- Biogas
-- Rurd 003 |0
Minimum Capecity (PJ)
-- Fud Wood
-- Urban 319 | 279 |239 |199 1.59 1.19 0.79
-- Rurd 14.76 | 12.92 | 11.08 | 9.23 7.39 5.55 371
-- Charcod
-- Urban 079 |0.69 |059 |0.49 0.39 0.29 0.19
-- Rurd 080 |[0.70 |0.60 |0.50 0.40 0.30 0.20
-- Agriculturd Wadte
-- Urban 063 | 055 |047 |0.39 0.31 0.23 0.15
-- Rurd 085 |0.74 |0.63 |0.52 0.41 0.30 0.19
Table 3.27 (Continued)
1990 | 1995 | 2000 | 2005 | 2010 2015 2020
Minimum Capeacity (PJ)
(Continued)

-- Biogas
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-- Rurd 0.03 | 0.057 | 0.049 | 0.041 |0.033 |0.025 |0.017
Maximum Capecity (PJ)
-- Biogas

-- Rurd 0.057 | 0.192 | 0.327 | 0462 |0597 |0.732

Note: ¥ Refers to pre-existing instaled capacity from before the modeling time horizon
Charcoal Ironing

Charcod ironing was used in both urban and rurd areas. Efficiency was assumed to be
0.20. Capitd cost was assumed at $0.5 million/PJ. Annua fixed O&M was assumed at
$0.01 million/PJ. The technology lifetime was 5 years. There was no congtraint on capacity
for urban charcod ironing. For rurd aress, the condraint was set for minimum capacity (see
Table 3.28).

Table 3.28: Assumptionsfor Charcod Ironing in Rura Philippines

Unit: PJ
1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020
Resdud  Ingdled
Capacity ¥ 0.15
Minimum Capacity | 0.15 | 013 | 0.11 0.09 0.07 005 | 0.03

Note: ¥ Refers to pre-existing installed capacity from before the modeling time horizon
Key Determinants of Renewable Energy Penetration in the Philippines

Besides cogts, the other factors that control penetration rates of renewable energy in the
model included congtraints on supply. The uses of agriculture waste, fuel wood, and animal
dung were congtrained by annud maximum supply. This congraint, therefore, set alimit on
the uses of their rdevant technologies (such as, biomass steam eectric, charcod making
process, and biogas digester). All renewable energy technologies were constrained with
the annua maximum and/or minimum capacities avalable. The use of geotherma resources
was a0 assumed to be bound by maximum annua production.

The results from the study showed that in the Base Case scenario, primary energy supply
was forecast to increase from 927 PJin 1990 to 3,817 PJin the year 2020. Renewable
energy supply, on the other hand, was estimated to increase from 386 PJto 721 PJ. The
shares of renewable energy in the total primary energy supply therefore declined from 41.5
percent in 1990 to 18.9 percent in 2020. The consumption of geothermd, fuel wood, and
anima dung declined over time after 1995. The consumption of hydro resources and
agricultural waste dropped in 1995, but then it increased afterward. There was no
explandion given for variaion. The projection of renewable energy supply as compared to
total primary energy supply isshownin Table 3.29.

Table 3.29: Projection of Renewable Energy Supply in the Philippines (1990-2020)

Unit: PJ
1990 1995 | 2000 2005 2010 2015 2020
Agricultural Waste 82.08 8.63 | 183.44 | 290.90 | 338.88 | 395.82 | 463.03
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-- Crop residue 55.64 8.63 | 17250 | 196.21 | 223.68 | 255.51 | 292.53
-- Bagasse 26.44 0 1094 | 9469 | 11520 | 140.13 | 170.50
Animd Dung 0.14 0.26 0.22 0.19 0.15 0.11 0.08
Fuel Wood 170.33 | 201.91 | 173.07 | 144.22 | 11538 | 86.53 | 57.69
Geothermdl 6749 | 90.74 | 79.49 | 68.25 57.0 4575 | 34.50
Hydro power 65.46 | 61.56 | 69.57 | 128.07 | 148.71 | 166.42 | 166.11
Total Renewable
Energy Supply 3855 | 363.1 | 505.8 | 631.6 | 660.1 6945 | 721.4
Total Primary
Energy Supply 927.4 | 1081.7 | 1323.3 | 1752.6 | 2264.2 | 2980.2 | 3817.3

3.4 PEOPLE'SREPUBLIC OF CHINA®

The case study for the LEAP modd was taken from the project Incorporation of
Environmental Considerations in Energy Planning in the Peopl€e’s Republic of China.
It was a joint study of representatives from the Modern Policy Research Center for
Environment and Economy under the National Environmental Protection Agency, the Energy
Research Indtitute under the State Planning Commision of China, the Tsnghua University of
China, the United Nations Environment Programme (UNEP) Collaborating Centre on
Energy and Environment, and other domestic ingtitutes with support from the UNEP.

Energy Sector Overview

PRC accounts for about 10 percent of totd globa energy use. The production of primary
energy in 1990 was about 1,256 MTCE. Cod isthe principa energy used in China. The
production of cod in 1990 was 1.09 billion tons. Total cod reserve was estimated in 1990
at 966.7 billion tons.

Tota crude oil reserves in China were estimated a 78.75 billion tons in 1987 and the total
natura gas resources were set a 1,380 hillion cubic meters. The exploitation of oil and gas
in Chinaremains a a preliminary stage. In 1990, crude ail production in Chinawas 138.31
million tons, and natura gas production was 15.8 billion cubic meters.

China has high potentia hydropower resources, estimated at 676 GW. However, the
hydropower resources are concentrated in the regions of south-west, north-west and centra
China. Only 36.05 GW, or about 9.1 percent of total hydropower, was exploited by 1990.

The study divided biomass resources in China into three parts: (1) crop resdues used as
fud, (2) various kinds of trees used as firewood, and (3) human wastes, animal wagtes, and
organic weste used to produce biogas. Production of crop residues in 1990 was estimated
at 544 million tons, of which 295 million tons (or about 54 percent of total production) were
used asfud. Variouskinds of trees provide 90 million tons of firewood each year.
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Besdes hydro and biomass, other renewable energy resources included wind, solar, and
geotherma. The reserves of wind, solar, and geotherma were estimated in 1990 a 3.8
billion GJ, 21.6 billion GJ, and 10 hillion GJ, repectively.

Totd energy consumption in China in 1990 was 29.53 hillion GJ. Of this totd, about 46
percent was cod and 26 percent was biomass. The industrid sector is the largest energy
consumer, and the resdential sector is the second largest. In 1990, the industrid sector
consumed about 47 percent, and the residential sector consumed about 40 percent of total
energy consumption. The other sectors accounted for smdl shares in totd energy
consumption (that is, in 1990, 3.2 percent for agriculture, 3.0 percent for services, 6.0
percent for trangport, and 0.8 percent for building). All biomass was consumed in the rurd
resdentiad sector, for which it fulfilled about 80 percent of the tota energy demand in the
rurd resdentid sector in 1990. The composition of energy consumption in Chinais shown
in Table 3.30.

Table 3.30: Composition of Energy Consumption in the PRC in 1990

Unit: Billion GJ
Sector Coa | Gasl/ | Crude Qil Heat | Biomass | Electric | Briquette
& ol Products 2/
Coke

Resdentid 273 | 011 0 0.12 0.1 1.77 0.17 0.8
Agriculturd | 0.44 0 0 0.35 0 0 0.15 0
Industrid 938 | 0.73 | 0.14 1.75 0.51 0 1.40 0
Transport 0.29 0 0 1.45 0 0 0.03 0
Building 0.10 | 0.04 | 0.02 0.06 0 0 0.02 0
Services 061 | 0.01 0 0.14 0.01 0 0.10 0
Totd 1355| 0.89 | 0.16 3.87 0.62 7.77 1.87 0.8

Notes. 1/ Includes natural gas, coking gas, and producer gas
2/ Includes biogas, firewood, crop residue, and anima waste

Modd Framework: LEAP

The study aimed to explore the economic and environmental impacts of arange of integrated
energy policy measures over the 30 year period from 1990 to 2020. It also aimed to
examine arange of different environmenta indicators, such as emissons of SOx, NOx, CO,
CO,, and particulates.

The modd andydss consged of fird developing the BusnessAs-Usud (BAU) scenaio,
where the model was designed to represent the energy system of the economy from 1990 to
2020, based on the current officid policies of the Chinese government.  The Enhanced
Environmental scenarios were then developed, incorporaing various mitigation options
(focusing on mitigation of SO, emissons), and developing a package of palicies to ensure
the implementation of the mitigation options. The Enhanced Environmental scenarios
described wha could happen in the energy system if mitigation options and the
corresponding recommended energy policies were undertaken.
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Two dternative Enhanced Environmenta scenarios were constructed. Scenario | assumed
that the implementation barriers of the recommended energy policies dill existed to acertain
extent, and thus the behavior of consumers and producers were affected by market
imperfections.  Scenario 1l assumed that suggested policies were pursued under a well-
established market mechanism.  Correspondingly, consumers and producers chose the
recommended mitigation options with a full knowledge of the future profile of costs and
benefits, and implemented them ingtantaneocudy. The find task of the study was to suggest

policy options.

LEAP dassfies fuels entered into the mode into 5 groups. Fudsincluded in the sudy are:

- Nonrenewable (fossl) Primary Resources: cod, crude oil, naturd gas/methane, and
nuclesr,
Renewable Resources.  hydro, wind, solar, and geothermd,
Biomass Resources. firewood, crop resdud, and animal wastes,
Secondary Fuels fine-washed cod, other-washed cod, low-sulfur cod, hed,
honeycomb briquette, industrial briquette, coke, coking gas, gasoline, diesd/gas ail,
resdud /fud oil, LPG/bottled gas, oil gas, biogas, and producer gas, and
Electricity: dectricity

The main components of the model were the sets of data entered in the Transformation and
Demand modules. These components are explained below.

Transformation Module

The trandformation module included 13 sub-modules digtribution, eectricity generation,
biogas digester, therma heat production, gesification, coke making, ail refining, briquette
production, cod mining, cod washing, cod-bed methane recovery, natura gas production,
and crude ail production.

Distribution. The digtribution module contained the data on process losses, for example,
loss of eectricity, heat, ail, etc. The primary supplies deducted with process losses gave the
quantities available for fina consumption.

Electricity Generation. In 1990, the base year of the study, fuels used for power
generation included cod, resdud/fud oil, diesd/gas ail, mixed gas (naurd gas’methane,
coking gas, and oil gas), hydro power, geothermd, and, a a very smdl amount, wind and
solar. Electricity generation from nuclear power was expected to begin in the year 2000.
The study assumed that plants ran to full capacity. Electricity was dso derived from the
cogeneration process, with heat being a co-product. There was no exportation or
importation for heet. For dectricity, the surplus would be exported and the shortfall of
electricity demand in the economy would be imported. Electricity was used for lighting and
in eectric gppliances in the resdentia sector, in dectric motors and dectric equipment in the
agriculturd sector, in dl indudriad sub-sectors, in both passenger and freight rail transports,
in the building sector, and in the service sector.

Biogas Digesters. The feedstock fud for biogas digesters was anima waste. The output
fud was biogasfor usein the rurd resdential aress.
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Thermal Heat Production. The principa input used in therma heet plantswas cod. The
other inputs included ail (resdua /fuel oil) and gas (natural gas and coking gas). The output
from the plants was heat, to be used for space heating in the urban resdentia sector, in the
ferrous metd industry, chemicd indudry, light industry, other indudtries, for its own usein the
power sector, and for commercia usesin the service sector.

Gasification. The gadfication module was separated nto two types. Type 1 began
operation in 1990 and stopped in the year 2000, when type 2 began. The difference
between type 1 and type 2 was due to the feedstock used in the process. Type 1
gadfication used raw cod as the principd feedstock (23.8 percent) with the other fues
being resdud/fue oil (19.7 percent) and coke (13.5 percent), whereas type 2 used fine-
washed cod as the main feedstock (60 percent) with other fuels being resdua/fud oil (30
percent) and coal (10 percent). In addition, type 2 gadfication had higher efficiency—60
percent efficiency as compared to 53 percent efficiency of type 1. The output from
gasification was producer gas, to be used in the industria sector.

Coke Making. The coke making module was separated into existing ovens and new
ovens. New ovens would replace the existing ovens in the year 2000. Feedstock fuels for
exiging ovens were cod and fine-washed cod. For the new ovens, only fine-washed coa
would be used. Coke was used as afue in the industrid sector, that is, ferrous metal, non-
ferrous metd, chemicd, light, machinery, and other industries.

Oil Refining. Qil refining took crude oil as feedstock to produce oil products.

Briquette Production. The feedstock for briquette production was coa. The output from
the process included indudtrid briquettes and honeycomb briquettes.  Honeycomb
briquettes were used in briquette stoves for cooking and space hesting in the residentia
sector. Indugtrid briquettes were used in the industrial sector, such asin boilers.

Coal Mining, Coal-Bed Methane, and Coal Washing. Cod mining was separated into
three types—rurd collective mines, loca state-owned mines, and ministry-owned mines.
Coal was used for cooking and space heeting in the resdentid sector, in theindustrid sector
such as in boilers, in buildings, and in the service sector. Cod was dso used in coke
making. Some portion of cod, in addition to coke, was washed in the cod washing process
to make fine-washed cod (which had high energy content, that is, 26.4 GJton) and other
washed cod (which had low energy content, thet is, 8.37 GJton). Fine-washed coa was
used as feedstock in the gasification process. Other washed coa was used in the other
industry sub-sector of theindustrid sector, and in the service sector.

Natural Gas Production.  The output was naturd gas'methane to be used in the
resdentia, industrid, building, and service sectors.

Crude Production. The output was crude oil to be fed into oil refineries to produce
petroleum products.
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End-Use Sector

The modd comprised of 9x end-use sectors. resdentid, agriculturd, indudtrid, transport,
buildings and services. Each end-use sector was divided into sub-sectors, end-uses, and
devices.

Residential Sector. The residentia sector was divided into two sub-sectors—urban and
rurd households. The urban energy demand was comprised of 5 end-uses—cooking (using
coal, honeycomb briquettes, natural gas, coking gas, and LPG), hot water (using netura ges,
LPG, and coking gas), space heating (using coa, honeycomb briquettes, cod boailer, and
heet), lighting (using eectric bulbs), and dectric gppliances (using dectricity). The rurd
energy demand was disaggregated into 6 end-uses—al biomass uses (including firewood,
crop resdue, biogas, and anima waste), cooking (using cod, honeycomb briquettes, and
LPG cookers), hot water (using LPG), space heating (using cod, briquette stoves, and codl
bailers), lighting (usng eectric bulbs and kerosene lamps), and eectric gppliances (usng
eectricity).

Agricultural Sector. The demand in the agriculturd sector was divided into landing,
fishing, and sddine production. The demand for landing included cultivation (using
diesdl/gas ail tractors), and irrigation and drainage (using diesdl motors and eectric motors).
The demand for fishing had a sngle end-use category with one device—diesdl ships. The
demand for Sdeline production adso had a sngle end-use category with fuels including cod
(for bailers), diesdl/gas ail (for tractors), eectricity (for eectric equipment), and resdud/fud
oil (for bailers).

Industrial Sector. The indudtrial sector was disaggregated into 9 sub-sectors—ferrous
metd, cement, building materids, chemica, nonferrous metd, light industry, machinery,
supply own use, and other indudtries.  The ferrous metd industry had a single end-use
category for which fuels/devices used were cod boailers, cod kilns, coke, resdud/fue ail,
electricity, heat, coking gas, and naturd gas. The cement industry was divided into dry and
haf dry, machinery, old dry, horizonta, and other processes, for which each end-use
consumed cod and dectricity. The building materid industry included brick and tiles (usng
cod and eectricity), glass (usng cod, resdud/fue oil, and dectricity), and others (usng
cod, resdud/fud ail, naturd gas, and dectricity). The chemica indudtry included fertilizer
(consuming cod, coke, naturd gas, resdud/fud oil, eectricity, and heat), and chemica
(consuming cod, coke, naturd gas, residua/fue oil, oil products, eectricity, and hegt).

The sub-sector cdled “supply own usg’ induded four activities: cod mining (usng cod
boilers, oil products, and eectricity), power generation (using heet, eectricity, and ail
products), oil and gas exploration (using cod boailers, crude ail, resdua/fud oil, natura gas,
eectricity, and ail products), and oil refinery (usng resdud/fud oil, eectricity, and ail
products). The non-ferrous metd industry had a sngle end- use category, which consumed
cod, coke, ail, dectricity, and naturd gas. The light industry had a Sngle end- use category,
which consumed cod (for boilers), heat, coke, resdud/fud oil (for boilers), natura gas,
electricity, coking gas, and oil products. Both the machinery industry and the other
indudtries aso had a sngle end-use category. Fuels used in the machinery industry were
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cod, coke, resdua/fud oil, diesdl/gas ail, oil products, natura gas, and dectricity, whereas
fuels uilized in the other industries were crude oil, naturd gas, other-washed cod, hest,
coke, coking gas, electricity, oil, LPG, producer gas, and il products.

Transport Sector. The transport sector was separated into passenger transport, freight
trangport, motorcycle transport, and private car transport. There were four modes of
passenger trangport: rail (using cod, diesd/gas ail, and eectricity), road (using diesdl/gas all,
and gasoline), water (using resdud/fud ail), and ar (using diesd/gas ail). Freight transport
included rail (using cod, diesd/gas oil, and dectricity), road (diesdl/gas oil and gasoline),
water (usng diesd/gas ail), ar (usng diesd/gas ail), and pipeine (usng dectricity).
Motorcycle and private car transport were not disaggregated by end use. The fud used for
motorcycles and private cars was gasoline,

Building Sector. Fuels used in the building sector were cod, crude ail, resdud/fud ail,
naturd gas, and dectricity. There was no disaggregation into sub-sector or end uses.

Service Sector. The service sector was divided into commercia and other services. The
commerciad sub-sector consumed cod, heat, resdud/fud ail, dectricity, and LPG. The
other services consumed coa, other-washed cod, naturd ggs, resdud/fud ail, dectricity,
coking gas, heat, and oil products.

Projection Methodologies
Energy Demand

Energy demand estimation and projection were carried out using the LEAP model, based on
the following factors: driving activities, shares of each end-use in totd demand, shares of
each device in an end-use, and energy intengties of the device. For example, the demand
for firewood in the rurd resdentid sector was estimated by multiplying total resdentid
households times percentage of rura households in tota residentia households, percentage
of rurd households that consumed biomass, shares of firewood in totd biomass
consumption, and energy intendgty of a firewood sove. The activity levels and energy
intengties for future years can be projected by the model usng one of the three different
methods—interpolation, growth rate, and driver and eadticity. The study used the
interpolation method to forecast most of the activities and energy intendties. The driving
activitiesused in the modd are listed in Table 3.31.

Table 3.31: Lig of Driving Activities for Energy Demand in the PRC End-Use Sector

Sector Driving Activities
Residential Sector Numbers of households
Agriculturd Sector
Landing Totd landing area
Hshing Electricity consumption
Siddine production Graoss output
Industrial Sector




Economy Model Analysis 110

Ferrous metal Sted production
Cement Cement production
Building maerids Totd brick and tile production, total glass
boxes, and gross output of other building
materias
Chemica Totd demand for fertilizer and totd demand
for other chemicals
Non-ferrous Metd production
Light industry Gross output
Machinery Graoss output
Supply own use Coal production, tota power generation and
tota oil production
- Other indudtries Graoss output
Transport Sector
Passenger Passenger- kilometer
Freight Torkilometer
Motorcycles Number of motorcycles
Private cars Number of cars
Building Sector Graoss output
Service Sector
Commercid Graoss output
Other services Gross output

The study mentioned that the forecasting methods used included expert judgement, content
andyds (entalling areview and analyss of information content carried through various media
with respect to emerging socid trends), trend analysis (linear or logarithmic projections of
higtorica trends), end-use forecasting (the product of the number of energy-using devices
and the efficiency of those devices, taking into account growth in device stocks over time,
the changes in device efficiency and the emergence of new technologies), ad the multi-
approach combination (two or more methods combined).

Resour ce Supply

The availability of dl energy resources was determined for 1990—with or without additions
in the later years. Crude oil reserves were determined in 1990 with no reserve additions,
but imports were available. Natural gas and cod reserves were determined, and reserve
additions were specified for the years 2000, 2010, and 2020. The importation of natura

gas and cod were, however, not alowed. All renewable energy supplies were determined
for 1990 with an assumption that imports were not available.

Costs

The information on costs (for example, resources costs, production costs, capital codts, etc.)
is optiona in LEAP. LEAP dlocates energy resources in the end-use sectors and energy
inputs into transformation processes based on the pre-determined variables (such as shares
of each end-use in totd demand, shares of each device in an end-use, energy intengties of
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the device, plant efficiency, and capacity factor), and it is not based on costs. The
information on costs will be required if the comparative costs and benefits among different
scenarios are desired.

Renewable Energy in the PRC LEAP Model

The renewable energy resources included in the study were hydro, wind, solar, geothermal,
and biomass. Hydro resources, wind, solar, and geotherma were used for power
generation. Biomass included anima waste, firewood, and crop residue. Biomass was used
as adirect fud in the rurd residential sector, such as for cooking and heating. Animd waste
was a0 used as a feedstock fuel in biogas digester, to produce biogas for cooking in the
rural households.

Hydro, Wind, Solar, and Geothermal

The dectricity module of LEAP's Transformation program required only basic echnica
data, for example, plant efficiency, base-year output, total cgpacity, maximum capacity
factor, and plant lifetime. The assumptions regarding the use of hydro, wind, solar,** and
geothermd for power generation are shown in Table 3.32.  The efficiencies of hydro, wind,
solar, and geotherma power plants were assumed to be the same. The efficiency was
assumed to increase from 31.3 percent in 1990 to 384 percent in 2020. Maximum
capacity factor of each plant remained congtant over time. The power generation from wind
and solar in 1990 was relatively smdl; the data was thus entered in the modd as zero.

Table 3.32: Assumptions for Hydro, Wind, Solar, and Geotherma for Power Generation

1990 2000 2010 2020

Hydro

Effidency (%) 31.3 34.1 37.2 384

Base-year output (10° MWh) 126.4

Total capacity (MW) 36,040 66,500 100,000 138,000

Maximum capacity factor (%) 45.7 45.7 45.7 45.7

Pant lifetime (years) 40 40 40 40
Wwind

Effidency (%) 31.3 34.1 37.2 384

Base-year output (10° MWHh) 0

Total capacity (MW) 10 1,000 4,000 10,000

Maximum capacity factor (%) 22.8 22.8 22.8 22.8

Plant lifetime (years) 50 50 50 50
Solar

Efficency (%) 31.3 34.1 37.2 384

Base-year output (10° MWh) 0

Total capacity (MW) 0.30 80 1,000 5,000

Maximum capecity factor (%) 28.5 285 28.5 28.5
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Pant lifetime (years) 50 50 50 50
Geothermdl

Effidency (%) 31.3 34.1 37.2 384

Base-year output (10° MWh) 0.10

Tota capacity (MW) 21.0 60 1,000 150

Maximum capacity factor (%) 429 42.9 42.9 429

Plant lifetime (years) 50 50 50 50
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Biomass

The use of biomassin the resdentia sector is shown in Figure 3.13
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Figure 3.13: Demand Tree for the PRC Energy Consumptionin the Residentid Sector
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Biomass included firewood, crop residues, and anima waste. The availability of each type
of biomass was assumed & 1 trillion tons. Biomass was used in the rurd residential sector.
Anima wadste was dso used as a feedstock fud into biogas digester to make biogas
available for use in the rurd residentid. Only domestic biomass supplies were available for
consumption. There was no importation of biomass.

In 1990, 80 percent of rural households consumed biomass. The study assumed that the
percentage of households consuming biomass would lower to 73 percent in 2000, 70
percent in 2010, and 68 percent in 2020. Of the tota biomass consumption in 1990, 48
percent was firewood, 47 percent was crop residues, 3 percent was biogas, and 2 percent
was anima waste. These shares were changed during the period 2000 to 2020, in which
the share of crop residues decreased from 47 percent during 1990-2010 to 44 percent in
2020, the share of anima waste increased from 2 percent in 1990 to 8 percent in 2020, and
the share of biogas was zero since 2010 (see Table 3.33).

Table 3.33: Shares of Biomassin the PRC

Unit: (%0)
1990 2000 2010 2020
Firewood 48 48 48 48
Crop residues 47 47 47 44
Anima Weade 2 3.5 5 8
Biogas 3 1.5 0 0

The assumptions for energy intendty of biomass stoves are listed in Table 3.34.

Table 3.34: Energy Intensty of Biomass Stoves in the PRC LEAP Modd (Business-As-
Usud Scenario)
Unit: TCE per household

1990 2000 2010 2020
Firewood 1.75 1.66 1.57 1.48
Crop resdues 1.75 1.66 1.57 1.48
Anima Weade 1 1 1 1
Biogas 1 1 1 1

The efficiency of biogas digester was assumed at 50 percent. There was no breakdown into
different types of digesters.

Although LEAP contains a detailed Biomass program that can be used for inter-regiond

alocation of wood and other biomass requirements (as described in Chapter 2), it was not
used in this study.

Key Deter minants of Renewable Ener gy Penetration in the PRC
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Due to the nature of LEAP, the penetration rate of fud must be pre-specified outside the
modd. Variables such as cogts and availability among fuds were not used to determine fud
choices. The PRC study determined the penetration rates of fuels exogenoudy and they
were entered in the mode for the BAU scenario and the Enhanced Environmenta scenario
as described below.

Hydro Resour ces

In the BAU scenario, the penetration of hydro resources in the economy was based on the
assumption that 35 percent of hydropower resources would be developed by 2020. Based
on this assumption, hydropower capacity would expand from 36 GW in 1990 to 66.5 GW
in 2000, 100 GW in 2010, and 138 GW in 2020. The study estimated power generation
from hydro in the BAU to be 404,050 GWh in 1990, 781,120 GWh in 2000, 1,076,730
GWh in 2010, and 1,439,450 GWh in 2020. This result reveded the highest penetration
rate for hydropower to occur during 1990 to 2000, at an average of 9.3 percent per annum.
The penetration rates lowered during 2000 to 2010 and 2010 to 2020, to an average of 3.8
percent per annum, and 3.4 percent per annum, respectively.

In the Enhanced Environmenta scenario, one of the mitigation options was to subgtitute
hydropower for traditional coal-fired power. The study defined two scenarios regarding
hydropower capacity expanson. Scenario | represented suitable devel opment prospects
and assumed that the hydropower installed capacity would increase to 80 GW in 2000, 120
GW in 2010, and 160 GW in 2020. Scenario Il represented maximum devel opment
prospects and assumed that hydropower ingalled capacity would increase to 80 GW in
2000, 130 GW in 2010, and 184 GW in 2020. The power generation from hydropower in
Scenario | was estimated to increase at an average of 13.3 percent during 1990 to 2000,
3.8 percent during 2000 to 2010, and 2.9 percent during 2010 to 2020. The power
generation from hydropower in Scenario |l was estimated to increase at 13.3 percent during
1990 to 2000, 4.9 percent during 2000 to 2010, and 3.7 percent during 2010 to 2020.

The estimated power generation from hydropower in dl three casesis shown in Table 3.35.

Table 3.35: Power Generation from Hydro Resources in the PRC (Business-As-Usud and
Enhanced Environmenta Scenarios)

Unit: (000) GWh
1990 2000 2010 2020
BAU Scenario 404.05 781.12 1,076.73 1,439.45
Environmenta
Scenarios
Scenario | 404.05 939.69 1,292.08 1,668.93
Scenario ll 404.05 939.69 1,399.75 1,919.27

Wind, Solar, and Geothermal




Economy Model Analysis 116

The energy input for dectricity generation is shown in Table 3.36. Wind, solar, and
geotherma resources were predicted to remain a smal portion of total power generation.
The use of wind was expected to increase over 20 percent per annum during the years 2000
to 2010 and over 10 percent per annum during the years 2010 and 2020. The use of solar
energy was expected to double each year during 2000 to 2010, and to increase over 30
percent per annum after the year 2010. However, their shares combined would il be less
than one percent of totd eectricity generation in the PRC. Geothermd was an inggnificant
source of power, and it did not have high potentia for future power generation.

Table 3.36: Energy Input for Electricity Generation in the PRC (1990-2020)

Unit: (000) GWh
1990 2000 2010 2020
Naturd gas’methane 7.67 24.67 42.41 171.18
Died/Gas all 7.14 83.28 127.23 184.88
Resdud/Fud ail 70.90 85.47 131.89 185.04
Crude Oil 7.01 0 0 0
Cod 1,528.89 2,918.63 4,587.79 6,019.59
Other-Washed Coa 24.37 46.42 72.62 97.36
Coking Gas 2.88 9.25 15.90 0
Oil Gas 8.63 27.76 47.71 0
Nuclear 0 51.49 187.06 541.95
Hydro 404.05 781.12 1,076.73 1,439.45
wWind 0 5.86 21.49 52.04
Solar 0 0.59 6.71 32.53
Geothermal 0.32 0.66 1.01 1.47
Total Generation from
Renewable Ener gy 404.37 788.23 1,105.94 1,525.49
Total Electricity 2,061.86 4,035.20 6,318.57 8,725.49
Generation
Biomass

The study assumed a lower penetration of biomass in the economy over time. In the BAU
scenario, the growth rate of biomass consumption was assumed to gradudly diminish as
end-use efficiency improved and cod became more accessble. The shares of biomass in
total economy’s energy demand were expected to decline from 26.3 percent in 1990 to
19.5 percent in 2000, to 14.9 percent in 2010, and 11.2 percent in 2020. Regarding the
rura energy demand, biomass was expected to contribute less over time, from about 82.2
percent in 1990 to 79.3 percent in 2000, 75.6 percent in 2010, and 69.4 percent in 2020.
The consumption of firewood, anima waste, and crop residue was expected to decline over
time. Only biogas consumption would increase. After the year 2000, anima waste would
not be used directly for cooking, but it would only be used as a feedstock to produce
biogas. The projection of biomass consumption in the PRC is shown in Table 3.37.



117 Development of Analytic Methodologies to Incorporate Renewable Energy in Domestic Energy and
Economic Planning

Table 3.37: Projected Biomass Consumption in the PRC in the BusnessAs-Usud
Scenario (1990-2020)

Unit: Billion GJ
1990 2000 2010 2020
Biogas 0.09 0.17 0.24 0.36
Firewood 3.81 3.79 3.64 3.24
Animd wage 0.14 0.07 0 0
Crop residue 3.73 3.72 3.57 2.97
Total Biomass 7.77 7.75 7.45 6.57
Total Energy Demand 29.53 39.75 50.08 58.63

In the Enhanced Environmenta scenario, two mitigation options relating to biomass were
included. One option was to assume, in both scenarios | and 11, that by 2010 commercid
biomass-saving soves with 35 percent heating efficiency would replace dl past manuad
biomass-saving stoves with 25 percent heating efficiency. The other mitigation option was
to assume that surplus biomass, which was accessible in the future subtracted from biomass
consumption in BAU, would replace raw cod. The crop resdues available for rurd
household consumption was estimated to be about 122.5 MTCE. In addition, about 276
MTCE of firewood could be provided by 2020, by implementing a tree-planing program on
a lage scde. The Enhanced Environmentad scenario thus assumed higher shares of
households consuming biomass than in the BAU scenario, that is, 80 percent in 2000, 85
percent in 2010, and 90 percent in 2020. Of tota biomass consumption, firewood was
assumed to account for 50 percent in 2000, 55 percent in 2010, and 60 percent in 2020;
and crop residue was expected to take a share of 45 percent in 2000, 40 percent in 2010,
and 32 percent in 2020. Due to the higher efficiency of biomass stoves in the Enhanced
Environmenta scenarios, the energy intensity of firewood and crop resdue per household
was assumed to be lower than the BAU: 1.577 TCE in 2000, 1.403 TCE in 2010, and
1.23 TCE in 2020.

Table 3.38 shows the projection of biomass consumption in the PRC. The results showed
an increese in totd biomass consumption in the Enhanced Environmenta scenario as
compared to BAU scenario. The share of biomass in tota energy demand in the Enhanced
Environmental scenario was expected to be 20.9 percent in 2000, 17.0 percent in 2010,
and 13.1 percent in 2020.

Table 3.38: Projected Biomass Consumption in the PRC in the Enhanced Environmenta
Scenario (1990-2020)
Unit: Billion GJ

| 1990 | 2000 | 2010 | 2020
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Biogas 0.09 0.18 0.29 0.48
Firewood 3.81 411 4.53 4.45
Anima waste 0.14 0.08 0 0

Crop resdue 3.73 3.70 3.30 2.37
Total Biomass 7.77 8.07 8.12 7.30
Total Energy Demand 29.53 38.62 47.78 55.68

3.5 CONCLUSION

Each economy was faced with the same problems, though in varying degrees, when
modding renewable energy. Firgt of dl, renewable energy was expected to have a declining
contribution in the economy’s energy mix as indudtridization gave rise to the demand for
higher qudity energy resources. Therefore, because of time and budget condraints in doing
research, the economies did not look in detail at renewable energy for their economy energy
models.

The limitation in modding renewable energy was aso influenced by the fact that necessary
information to model renewable energy, such as resource data, technology characterization,
technology performance, and costs, was not available to most economies. In dl cases, the
base case or business-as-usud scenario follows the government’ s energy plans. If there are
no government plans to implement renewable energy projects, a modder will not volunteer
to include them in hisher modd. In the mitigation scenario, dthough the modders are not
precluded from suggesting renewable energy technology options, if the economy has not
aready completed detailed resource assessments and economy specific renewable energy
technology cost estimates, the modder as part of hisher work could not be expected to
devel op the needed information.

The review of the four case studies—Thailand, Indonesia, the Philippines, and the PRC—
led to the same conclusion that, dthough renewable energy supplies were expected to
increase in the future, the share of renewable energy in terms of totd energy supply was
expected to decline over time—from between 25 percent to 42 percent in the past to be
between 8 percent to 14 percent of tota primary energy (see Table 3.39). This decreasein
market shares for renewable energy occurred, in large part, because traditiona biomass
fuels were replaced by high quality commercid fuels. Thus a chalenge for energy moddsis
to demongtrate how traditiond fuels such as biomass can be cost effectively converted into
high qudity fuels such as gas or dectricity.

Table 3.39: Projection of Renewable Energy Suppliesin the Reviewed Economies

Totad Renewable Energy | Renewable  Energy

Energy

Supply (PJ) Percentage of Total Primary
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Thaland 503.5 in1994 255 in 1994
779.2 in 2030 84 in 2030
Indonesia 1,140 in 1991 353 in 1991
2,240 in 2021 144 in 2021
The Philippines 385.5 in 1990 415 in 1990
721.4 in 2020 189 in 2020
China 9,310 in 1990 25.3 in 1990
12,440 in 2020 15.1 in 2020

In addition, based on the economies forecast, it appeared that the future use of renewable
energy in traditiona gpplications such as biomass consumption in the residentia sector (for
example, for cooking and hesting) would decrease. The renewable energy technologies that
had the highest potentid to penetrate into the economies were those for power generation,
such as hydropower, wind, and solar energy.

Renewable energy was not the centrad focus of any of the four energy modes reviewed in
this sudy. The principa renewable energy resources included in dl models were biomass
and hydro. Geothermd resources were included in the Philippines, Indonesia, and the PRC.
Wind and solar were included in the PRC in the base case scenario and in the Philippinesin
the mitigation scenarios. In both the PRC and the Philippines models, wind and solar were
used for power generation only. The renewable energy technologies included in al
economies were smple technologies. Their uses included power generation, cooking and
ironing in the residential sector, and heet and steam production in the indugtria sector. The
renewable energy technologies included in the four models are summarized below:

Power Sector: Hydro power, geotherma power, biomass steam electric, wind power,
and solar power (photovoltaic),

Resdential Sector: Biomass stoves, biogas digesters, and charcod ironing,

Industriad Sector: Biomass cogeneration, biomass boilers, and biomass burners.

Other renewable energy technologies such as solar water heating, solar thermal power
generation, or renewable-based trangportation fuels were not consdered in any model
reviewed. There was no use of renewable energy technologies in the commercid, services,
transport, or agricultura sectors.

The principa determinants of renewable energy penetration into the economiesincluded cost
of renewable energy relative to cost of its fue competitor, the avallabilities of resource
supplies, the avalabilities of renewable energy technologies (that is, the congraints on
maximum and minimum capacities of renewable energy technologies), and the condraints on
maximum annua demand growth rates for renewable energy technologies. The penetration
rate of renewable energy in the PRC (using LEAP) was pre-specified outside the model.
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END NOTES

! Duangja Intarapravich. Greenhouse Gas Mitigation Options in the Thai Energy
Sector. Office of Environmentd Policy and Planning, Ministry of Science, Technology and
Environment, Bangkok, Thailand, November 1996.

2 Indonesian Agency for the Assessment and Application of Technology (BPPT), and
Research Centre Juelich, Germany (KFA). Environmental | mpacts of Energy Strategies
for Indonesia. IndonesianGerman Research Project, May 1993.

% Neither the case study from the US. Country Study Program on Climate Change nor from
the Asia Least Cost Greenhouse Gas Abatement Strategy (ALGAYS) project was available
for review.

* The information was derived from Environmental Impacts of Energy Strategies for
Indonesia (Ibid 2), and Agus Cahyono Adi, et.d. “Mitigation of Carbon Dioxide From the
Indonesia Energy System”, Applied Energy, Vol. 56, No.3/4, March/April, 1997.

® The year 1991 actualy represents an average amount (such as, average production,
average consumption) per annum during Repelita (Nationa Development Plan) V' which
covers the period 1989-1993, and 1991 was the center year.

® The find consumption for the industrial sector included feedstocks and non-energy uses
(gas, coke, and lubricants).

" All diagrams for Indonesia were taken drectly from the MARKAL modd. The diagrams
are not clear when printed in black and white, because they are designed to be viewed only
in color.

& The unit convention used in this report follows those used in the modd. For example, the
unit for annud fixed O&M cost for biomass boilers and burners for heat production was
million $ per PJ, and the unit for annud fixed O&M cogt for biomass steam process for
power generation was million $ per GW.

® Asan Development Bank, Globa Environment Fecility and United Nations Development
Programme. Philippines. Asia Least-Cost Greenhouse Gas Abatement Strategy. Adan
Development Bank Publication Stock No. 070698, Manila, Philippines, October 1998.

% The international technicd expert (ITE) for the project was Alternative Energy
Devedopment Inc. (USA) in association with ITEs from the Austrdian Bureau of Agricultura
and Resource Economics (Audrdia), Asan Inditute of Technology (Thailand), ICF, Inc.
(USA), Hagler Ballly, Inc. (USA), and Lawrence Berkeley National Laboratory (USA). In
the Philippines, the Environmenta Management Bureau (EMB) of the Depatment of
Environment and Naturd Resources (DENR) was the Nationd Counterpart Agency.
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GEOSPHERE Technologies, Inc. of the Philippines was the consulting firm that implements
the Philippine ALGAS Project.

1 All diagrams for the Philippines were taken directly from the MARKAL modd. The
diagrams are not clear when printed in black and white, because they are designed to be
viewed only in color.

12 The unit convention used in this report follows those used in the mode, for example,
million $ per GW for annud fix O&M cost for biomass steam dectric and million $ per PJ
for annua fixed O&M cost for biomass burners.

3 Modern Policy Research Center for Environment and Economy of NEPA, Energy
Research Inditute, Tsnghua University and UNEP Collaboration Center on Energy &
Environment. Incorporation of Environmental Considerations in Energy Planning in
the People’ s Republic of China, (Volume I). Bdjing: China Environmenta Science Press,
November, 1996.

4 The PRC report used the dassification of solar dectric without making a distinction
between solar thermad dectric and solar photovoltaic electric. However, this study assumes
that it was solar photovaltaic eectric because of the relatively smdl unit Sizes.



CHAPTER 4

ASSESSMENT OF THE CAPABILITIES OF
ECONOMY-LEVEL ENERGY MODELS

In reviewing past sudies and research on modeling and implementing renewable energy
technologies, it appears that energy models have been developed in severd different levels
of technology complexity and modeling scope.  For comparison, this study divides the
models in three categories—technology-level, sector-level, and economy-levd energy
modds. These threelevels of models have different objectives. The technology-level modd
is used to select individua components of a single system. For example, selecting the most
cost-effective system of wind turbines, PV panels, and battery back up, to make up a hybrid
electric system that can generate eectricity to saisfy the demand & a specific Ste, or for a
specific gpplication. The sector-level modd, such as an eectric utility modd, is adopted to
define the least-cost fud mix for eectricity generation to meet an economy’ s future electricity
demand.

In comparison, the economy-level energy modd is utilized to faclitate the decison to
provide the economy energy suppliesto satisfy the future energy demand at the least cost by
taking into condderdion issues such as energy security, energy diversfication, and
environmental related problems. Energy demand in the economy-level mode covers
demand for dl fuelsin dl economic sectors. In addition, while in the dectric utility modd,
the competition of renewable energy is with conventiond fuds and demand-side
management options, the use of renewable energy a the economy-leve involves the
competition of renewable energy among various goplicationsin al end-use sectors.

Due to the difference in the mode objectives, information required and factors influencing
the decisons in the planning process are different among these models.  This chapter
discusses the principd factors affecting the three levels of energy planning—technology levd,
sector level, and economy level. Thereis alack of set rules on what factors or resource
attributes are required in an economy-level energy modd to make it an idedl modd for an
economy’ s energy planning. Therefore, this study reviews technology-level and sector-leve
models (which are more detailed models) so as to provide performance benchmarks and an
overd| framework for establishing redistic expectations for the performance of renewable
energy technologies in economy-level modds.

This chepter aso includes a discussion of the cgpabilities of the existing economy-leved
energy modds—ENPEP, MARKAL, and LEAP—in capturing the key renewable energy
factors and atributes. Although it was not expected that the economy-level modds would
contain the same levd of detal as the technology-level and sector-level modds, knowing
how they address the basic issues on which the detailed models are constructed establishes
a congstent framework for review and comparison.

124
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4.1 TECHNOLOGY-LEVEL ENERGY MODELS

The technology-level moded is less complex in terms of the number of issues involved than
sector-level and economy-level energy modeds since the mode is used to satisfy one sngle
objective—an energy system design a a specific Ste and for a specific goplication. Unlike
the other two models, a compromise does not need to be made among conflicting
objectives. The data required to run the modd is Smply the data at the specific dte (for
example, resources supply and energy demand at the site where the system will be located)
and the specific technology to be used (for example, hybrid system of wind and diesd).

The data required can be very detailed and difficult to obtain, for example, hourly wind data
for multiple heights and multiple years for a gpecific Ste.

Examples of technology level renewable energy modes are found in the work being
conducted by the National Renewable Energy Laboratory (NREL) with the computer
programs called HOMER, Hybrid2, and ViPOR.

HOMER, the Hybrid Optimization Modd for Electric Renewables' is a design
optimization modd that determines the configuration, digpatch, and load management
drategy that minimizes life-cycle cogts for a particular site and application.

Hybrid 2, the Hybrid Power System Simulation Mode,? was developed by NREL and
the University of Massachusetts. Hybrid2 is a detailed smulation mode designed to
study a wide variety of hybrid power systems. It alows users to conduct parametric
analyses on certain cost parameters, such as fud cogt, discount rate, and inflation rate,
to help determine how the vaue of certain parameters can affect the viability of the
project. The users may conduct comparisons between differing hybrid possibilities and
power solutions, and determine approximate costs.  The hybrid systems may include
three types of dectricd loads, multiple wind turbines of different types, photovoltaics,
multiple diesdl generators, battery storage, and four types of power converson devices.

ViPOR, the Village Power Optimization Model for Renewables?® is used to design the
least-cogt village dectrification sysem. The modd assgts rurd dectrification plannersin
determining which of the two dternatives—isolated systems or centraized syssems—or
acombination of the two isthe least-cost option to dectrify an undectrified village.

The data required for the technology-level modd is Ste specific resource information and
energy demand. For example, the information used for avillage power hybrid system design
in HOMER includes:

Hourly profiles of the available renewable resour ces and loads. That could be actud
hourly data or hourly profilesfor typical days for each season. A season can be any number
of consecutive weeks. The stochastic nature of both renewable resources and loads can be
captured in the modd by adding an hourly noise parameter and a daily noise parameter to
the profiles.
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Component characterization. Five types of components must be described: wind
turbines, photovoltaic arrays, batteries, inverters, and diesel generators. Capita costs and
equipment lifetime must be specified for each component. Two different types of wind
turbines can be specified with different power curves and derating factors. PV has a fixed
cost and a cost per KW. Efficiencies are specified for the inverter and diesdl generators.
The diesd parameters can be specified separately for smal and large diesdls to capture the
economies of scae in that technology.

Other inputs. Other inputs required are such items as fud prices and interest rates.

Given the required datay, HOMER will produce results that provide the optimd szes of
different components. The PV system, diesd, and the inverter are specified in terms of
rated kW. Batteries are specified in terms of kWh. The optima number of each sze of
wind turbine is reported. HOMER will dso generate dl the energy flows for each hour of
operation that is modeled, including the output of each of the energy sources, and the rate of
(dis)charge and state of charge for the battery.

4.2 SECTOR-LEVEL ENERGY MODELS

A sector modd generdly examines a sngle energy sector in detail. For energy, the most
widely used sector modd is an eectric utility model. The purpose of using a sector model
like an dectric utility modd is to define the least-cost generation mix or the least cost next
unit to an exising generation system. To meet this purpose, the information on various
electric generating technologies, fud options, and demand-side options are needed.
Renewable energy resources provide options for eectricity generation in addition to
conventional supply-side and demand-side options. Therefore, the developers of eectric
utility modeds have atempted to design specid modd functions to capture the relevant
attributes of renewable energy resources for afar evauation in sdecting renewable resource
and other resource options. It is, however, clamed that the cgpabilities of current utility
planning models are inadequate with regard to renewable resources and there is no dectric
utility model thet can capture al relevant renewable energy atributes.”

The recent sudy by NREL on Modeling Renewable Energy Resources in Integrated
Resource Planning® addressed the attributes of renewable energy that were significant in
the comparison of renewable energy resources with conventiona supply-side and demand-
sde options for utility’ s integrated resource planning. This section is drawn from this NREL
sudy in discussing those key ttributes.

Capability and Availability

Capability refers to limits on the ability of a renewable energy resource to supply power ina
given period under norma conditions. The capability of the resource may vary between
time periods because of parameters such as seasond variaions in ambient temperatures that

affect the capacity of athermd unit. Capability includes peak capability, energy capability,
seasond profile, and hourly profile. Renewable energy resources such as hydro, solar and
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wind options typicaly have pronounced seasond profiles. Solar and wind options dso have
pronounced hourly profiles.

Avallability is defined as any reduction in the capability of a resource to generate eectric
power from what it is under normd conditions. Availability includes intermittence, forced
outages, and maintenance requirements. The report referred to “intermittence” as random
fluctuations in the energy source, which is diginct from whatever predictable patterns
characterize the energy source® For example, wind and solar are intermittent.  Hydro
cgpability depends on hydrological conditions.  Sometimes it is difficult to differentiate
between the resource's capability and the resource' s availability. For example, wind and
solar have seasond and hourly profiles, and dso have random fluctuations.

Wind and solar resources without storage or backup generation are very different from
conventiona utility generating resources in severd respects, particularly in regard to ther
time dependence, short-term fluctuation of generation, and multiplicity of generaing units.

Time Dependency

Wind and solar are time dependent.  Electricity can be generated from them only if the wind
blows and the sun shines. The hour-to-hour ddivery of power from wind and solar
resources is thus difficult to forecadt, particularly on the long-term bass. Although timing of
power delivery from solar and wind resources is difficult to predict, it needs to be taken into
congderation when modeing renewable energy. Since pesk |oad generation costs are much
higher than base load generation, the case when maximum output from wind or solar
coincides with the hours of pesk demand, wind and solar resources could be much more
cog effective than conventiond fuels. Therefore, the time-dependent nature of these
resources must be properly accounted for in the dectric utility modd to capture their effect
on the digpaich of other system generation and on overal production costs. These costs
determine the direct vaue of renewable resource options and other options on the system.

Short-Term Fluctuation

Renewable resources may exhibit consderable short-term fluctuations in power ddivery.
The short-term fluctuations may have different impacts on the generation system than on the
T&D sysem. The impact of an intermittent resource on the generation system will depend
on two issues: (1) the size of fluctuations in resource output relative to the customer load
fluctuations that are dready accommodated, and (2) the degree of correation between the
resource fluctuations and the load fluctuations. Regarding the first issue, the tota amount of
renewable resources subject to short-term fluctuation islikdly to be smdl within the planning
horizon of a utility. The renewable resource with the largest capacity and energy share is
generdly hydro, which is not subject to short-term fluctuations. On the second issue, it is
likely that these minute-to- minute fluctuations will be largely uncorrelated.  Therefore, when
aggregated, the impact of short-term fluctuation on the generaion system is negligible if the
range of fluctuations is smdl enough relaive to the rest of the system so that the rest of the
system can absorb the fluctuations.
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Short-term fluctuation may have a much greater impact on the T&D systems because the
range of fluctuations is not so smdl relative to the loads on the T&D circuit. Storage
capacity to accommodate short-term fluctuation or time-dependent generation that does not
meatch load may be more beneficid on the scale of the T&D systems.

Multiplicity of Generating Units

Wind and solar resources tend to be built as aggregated projects of many smal,
independent generating sources. In the sense that one large unit has a higher variance of
available capacity than severd smdler units of the same aggregated capacity, one might
conclude that renewable units inherently provide rdiability benefits because of thair multiple-
unit nature. This is given the same forced outage rate, and assumed that outages of
individud units are independent of others. However, the practicd vaue of this benefit
depends on the aggregate size of the renewable resources relative to the rest of the system.
If the aggregate Sze of the renewable resources is much smaller than the rest of the system,
the difference in rdiability impact between asngle unit and severad smdl unitsis negligible.

Although it is likdly that the routine equipment falure of individud units has little or no
dependence on that of the other units, the energy avallability of a collection of renewable
units at the same gte is likely to be dependent. The wesather conditions at that Site will be
the driving factor in determining whether or not any units that are physicaly available will
actudly produce any power. Given the interdependence of the energy availability, it is
difficult to say whether the multiple-unit nature of a renewable project provides any
additiond reicbility benefits.

L ocation

Location is an extremely important parameter in energy planning because it determines the
effect of usang renewable energy on the total cost of future T&D reinforcements, on costs
associated with losses, and on the overdl rdiability of serviceto aloca area. If renewable
energy is remote from loads, additiond costs must be incurred to integrate thet energy into
the system and deliver the output of the resource to the load center. If renewable energy is
on the cusomers premises, digribution as well as transmisson reinforcements could be
deferred. In addition, if renewable energy is close to customer loads, a smaller portion of
the output will be consumed by losses. Renewable energy indtdled at a substation or on
cusomers premises can improve locd rdiability even if they do not defer reinforcements.

Some renewable energy resources (such as wind and solar) can be distributed or dispersed
for deployment a numerous locations close to customers and they thus help reduce T&D
cogts from the centrd station by reducing line losses, and/or averting transmisson network
upgrades that would otherwise be required. This concept is known as distributed utility,
distributed resources, digpersed system planning, or distributed resource planning.

Although the didtributed utility concept is expected to hold great promise for the use of
renewable energy technologies, in actudity, dl of the important cost eements involved are
very complicated and not well understood. In fact, The Energy Journal recently dedicated
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a specid issue to address various aspects and issues of distributed utility.” After reviewing
dl the papers, the journd’s editors concluded that adthough distributed utility creates
sggnificant opportunities, they may be difficult to evaduate and develop. The competition
between T&D expenses and didtributed utility development involves difficult problems of
lumpiness and flexibility of invesments. Overdl cogt minimization is thus not easy to
achieve. Also, condderable detals need to be evauaed in paticular case studies if
distributed utility isto be redistically appraised®

Modularity

Modularity is an advantage that some renewable resources have over many conventiond
resources. Modularity is defined by the incrementa sizes of resources and the lead times
required for adding them. This provides advantages to utilities by avoiding the temporary
overcgpacity that results from adding alarge, new conventiona resource. Utilities can add
only enough modular renewable resources each year to exactly maich load growth
requirements, which should help reduce the utility’s costs, and make the costs of renewable
resources more competitive with conventiona resources. Short lead times for congtructing
renewable facilities provide severd advantages to utilities because of the uncertainty in future
demand levels and fuel prices. Ultilities can delay making decisions on adding resources until
additiona information about uncertain factors is known.

Risk Diversity

Adding renewable energy into a portfolio of conventiona fudls provides diversty benefits to
utilities. The key concept underlying diversfication in dectric resource planning includes two
dimensions of independence—cost and availability. A resource contributes to cost diversity
if the cost of power from that resource is independent of the cost of other resources that
represent a large portion of the utility’s costs. A resource contributes to availability diversty
if its availability is independent of conditions that could limit the output of large blocks of
other resources. The codts of renewable energy are independent of conventiond fuel costs.
Usng renewable energy can result in a sysem that is less sengtive to the uncertainty
associated with specific fuel costs. The renewable energy supply is not subject to the supply
of conventiona fuds, so the renewable project provides avallahility diversity to the system.

The benefits of diversty depend an the magnitude of the risks. If future prices are stable,
diverdity provides little additiond benefits to utilities. If fuel price or availability becomes
more of a concern, the potentid diversity benefits from renewable technologies will become
more vauable and more important for incluson in the andysis.

Although the focus of diversty typicdly is on fud risk, a portfolio may dso be
technologicdly diverse if it contans a mix of technologies  Technology diversty
encompasses any non-fud risk that could be correlated between generating units.
Environmentad benefits could dso be cited as an advantage of diversfying the resource
portfolio. Environmental benefits could be considered through the incluson of monetized
environmenta externdities as a complement to the financia risk issues captured by portfolio
diverdty andyss.
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The report dso mentioned other attributes which, athough important, do not pose significant
modding problems in evauating renewable energy. These atributes include dispatchability
and costs. Thereason is that dispatchability of renewable resources can be evaluated within
the degrees of digpatchability afforded by conventiond generation options. Regarding costs
of renewable energy, they are covered by the same cost components as conventiona
resources. The key issue in modeling renewable energy is to ensure that dl rdevant cost
components for renewable energy are taken into account and estimated on a consistent
basis as costs of conventional energy that will be compared with.

The same sudy by NREL reviewed deven utility planning modds to examine ther
capabilities in addressing the above attributes. Those modds were Delta, DY NAMICS,
Electric Generation Expanson Andyss System (EGEAS) and IRP Workgation, Elfin, IRP-
Manager, Integrated System for Analysis of Acquisition (ISAAC), Multi-Attribute Bidding
Sysgem (MABS), Multi-objective Integrated Decison Andyss Modd (MIDAS),
PROMOD 1V, PROSCREEN Il / PROVIEW, and UPLAN Ill. The study found that
none of these modds was capable in addressing dl relevant renewable energy attributes.
Every mode reviewed can address the “capability” attribute. MABS was the modd that
could cgpture mogt of the aforementioned datributes including capability, location,
modularity, and risk diversty. ISSAC and MIDAS can address capability, modularity, and
risk diversty. PROSCREEN Il / PROVIEW can address capability, avallability, and
modularity. EGEASIRP Workdation and Elfin can capture capability and modularity.
Ddta can capture capability and location. UPLAN I1ll can capture capability and
availability, and DYNAMICS and IRP-Manager can address capability.

4.3 ECONOMY-LEVEL ENERGY MODELS

Economy energy planning focuses on broader issues than dte specific energy supply or the
least-cost eectricity generation. The objective is to provide energy supply to meet the
economy’s energy demand while often taking into consderation such issues as energy
security and environmenta related problems. Energy supply and demand refer to al sources
of energy and not only dectricity. The concerned renewable energy technologies are for al
end-use sectors where they are cost-effective as compared to options utilizing conventiond
fuds. In addition to the detailled technology information required for technology-leve
models, and resource atributes required for dectric utility models, there are other factors
that need to be considered in the economy-level models. These additiond factors are the
topic of discusson in this section.

Cost Factors

Cogt is an important factor to determine the penetration rate of renewable energy
technologies in an economy. Cost factors include both costs of conventiond fuels and costs
of renewable energy. Cogt effectiveness of using renewable energy varies with changesin
cods of conventional fuds. As codts of conventional fuels increase, so does the economic
viability of renewable energy based systems. The cods of renewable energy must include
cods incurred in dl aspects of applying renewable energy, for example, equipment costs,
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ingtdlation costs, operating costs, and environmenta costs (which are normaly a benefit of
using renewable energy). Because costs of both conventiona fuels and renewable energy
have changed over time, the moddl must dso dlow for adjusment of such changes.

Non-Cost Factors

There are other factors besdes codts that affect the use of renewable energy and should be
included in the ided economy-leve energy modd. Failure to include these factors will
overestimate or underestimate renewable energy penetration. At the governmenta level, for
example, a renewable energy technology might be promoted, though it is not the least cost
option, because of a government policy to diversfy the use of energy for security reasons.
For consumers, a renewable energy technology might be chosen because of service qudity.
On the other hand, non-cost factors such as ingppropriate energy regulations, inefficient
permitting process to implement renewable energy systems, lack of resource assessment,
and imperfect flow of information could post mgor barriers in renewable energy penetration
in an economy.

Off-Grid or Grid-Connected Power Generation Options

The options facing economies when they want to eectrify an undectrified area are to use
off-grid power generation or to use grid-connected power generation. The options for off-
grid power generation could be stand-aone diesel generation, wind power generation, solar
power generation, or a hybrid system of diesd, wind and/or solar. The grid-connected
power generation option provides the choices of connecting a conventional fueled or
renewable energy plant to a grid and tranamitting the power through centrd T&D lines. By
having renewable energy connected to the grid, the grid will supply power to the Site loads
when needed, or absorb the excess power from the renewable energy system when
avaladle.

The grid-connected power generation facility involves capita and generation costs from the
new power plant plus transmission line costs, which could be very expensive. In remote or
inaccessible areas, off-grid generation from renewable energy can be more codst-effective
than ingdling T&D linesto carry dectricity from conventiond sources.

Rurd dectrification is in the development agenda of most economies. The choice between
off-grid and grid-connected power generation needs to be made and the ideal economy-
level energy mode should facilitate this need.

Renewable Energy Technologies

While the centra focus of dectric utility planning has been with renewable energy
technologies for power generation, economy-level energy planning should consder dl
potentid renewable energy technology gpplications in al energy producing and consuming
sectors. The economy-level energy mode should have functions that can handle the specific
characterization of high potentid renewable energy technologies in order to have an
appropriate balance of the various resource options.



Assessment of the Capabilities of Economy-Level Energy Models 132

For the purpose of examining the cagpakiilities of the existing economy-leve energy moddsin
incorporating potentia renewable energy technologies, this study classfies the principa
renewable energy technologies into four groups—renewables for eectricity generation,
renewables for thermd energy, renewable transport fuels, and renewables for direct use.

Renewablesfor Electricity Generation

Renewable energy based dectricity generation could be used for grid connected or off-grid
electricity generation. The renewable energy technologies for grid connected dectricity
generation can be further separated into dispatchable and nondispatchable technologies.
Dispatchability refers to the degree of control the utility has over hour-by-hour and minute-
by-minute output of a resource. A nondigpatchable resource is a resource which the utility
has no control over dectricity production. The output from a nondispatchable resource can
be taken out whenever it is generated. A full dispatchable resource is one over which the
utility has complete control over the output of a resource from no production to production
a full cgpacity. In this study, biomass, municipd solid waste, landfill gas, hydropower, and
geotherma are treated as being dispatichable. However, it should be recognized that the
digpatchability is a function of the resource base, and Stuations could occur where these
technologies are nondigpatchable. Wind and Solar with storage or back-up generation are
also classfied as dispatchable resources. Nondispatchable resources are wind, and solar
PV without Storage.

The renewable energy technologies for off-grid dectricity generation include applications
such as hybrid village power or stand-aone PV and/or wind. Most hybrid systems combine
diesd generators with PV or wind. In some hybrid designs, batteries are used in addition to
the diesdl generator. The batteries meet the dally load fluctuation, and the diesdl generator
takes care of the long-term fluctuation. Stand-alone PV power systems are used to provide
eectricity to reddentid aress, for water pumping in the irrigation area, and for
telecommunication.

Renewablesfor Thermal Energy

A number of renewable energy technologies provide thermd energy for uses such as hot
water heating or industria process hest. Examples include solar flat plate collectors, solar
focusing collectors, biogas digesters, and biogasification.

Solar collectors are used to collect thermd energy in the form of solar radiation for use at
high or low temperatures. Low temperature applications include water and space hesting
for commercid and resdentid buildings. An example of a high temperature gpplication is
the production of dectricity using a seam-turbine-driven electrica generator.

The use of dung or sewage as feedstock into a digester to produce biogas provides benefits
of obtaining additiona energy and cleaner fue, and a the same time digposing of unpleasant
wades. For biogasfication, its benefit is that the obtained gaseous fuel is much cleaner than
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biomass since undesirable chemicd pollutants can be removed during the processing. In
addition, a gaseous fuel is more versatile than solid fuel. Biogas obtained from a digester or
gasification process is then combusted to obtain the desired thermd energy.

Renewable Transport Fuels

Renewable based fuds can be a source of energy for trangport. Biofud is any solid, liquid
or gaseous fuds produced from organic materias, either directly from plants or indirectly
from indugtrid, commercid, domestic, or organic wastes. Liquid or gaseous biofuel can be
used as trangport fuels. An dternative to biofuel is the use of batteries and PV for battery
charging. At present, the use of PV/batteries is still an expensive option and can store only
enough energy for a limited range of travel between recharges. However, developmentsin
PV and battery technology may improve the performance and economics of PV/battery
vehiclesin the future.

Solar energy based hydrogen is another option for trangport fuels. Hydrogen has the
advantage that when burned in air, it does not produce CO,, CO, SO,, or voldtile organic
compounds, unlike the combustion of fossl fuels. At present, most hydrogen is produced
by converson from natura gas usng steam. In this process, methane is re-formed into
hydrogen and has CO, as a by-product. However, solar energy based hydrogen can be
produced without any CO, as a by-product. Currently, the price of hydrogen from
renewable energy cannot compete with other fuels. However, it is expected that its price
will decrease in the future.

Renewablesfor Direct Use
Renewables for direct use include, for example, the use of biomass for resdentid cooking
and heating, and biomass for industrid process heeting. Here, important advances have
been made with increasing the efficiency of biomass soves.
Examples of the renewable energy technologies based on the classfication explained above
areshownin Table4.1.

Table4.1: Classfication of Renewable Energy Technologies

1. Renewablesfor Electricity Generation
a) Grid-Connected Electricity Generation

i) Digpatchable
- Hydropower, geothermal
. Biomass”, municipal solid waste, landfill gas
- Solar thermd with therma storage
- Wind and solar PV with storage

il Nondigpatchable
- Wind
- Solar PV
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Centrd
Roof-top
b) Off-Grid Electricity Generation
i) Hybrid village power with diesdl
i) PV housng
iii) PV pumping

2. Renewablesfor Therma Energy
a) Solar thermal collector
b) Biogasdigester
C) Biogadfication

3. Renewable Trangport Fuels
a Biofuds
b) PV/battery
c) Solar hydrogen

4. Renewablesfor Direct Use
a) Biomeass for cooking and heating
b) Biomassfor indudtria process hegting

Note: ¥ Including cogeneration and co-firing

4.4 MODELING RENEWABLE ENERGY ATTRIBUTESAND FACTORS
IN THE EXISTING ECONOMY-LEVEL ENERGY MODELS

This section discusses the capatiilities of the economy-level energy models in capturing the
detailed technology information, renewable energy attributes, and the key concerned factors
for economy energy planning. The discussons focus more on ENPEP and MARKAL.
Since LEAP is an accounting model and does not make decisions among technologies, most
of these attributes and factors do not apply to LEAP.

System Design

None of the three models—BALANCE, MARKAL, and LEAP—can be used to design a
renewable energy based system. This is because they are not capable of deding with key
characterigtics of renewable energy (such as resource intermittency), and of sdecting a
combination of system components for an energy system at a specific Ste. However, if the
renewable energy sysems were selected outsde of the modds, annud summaries of
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resource potentia that are matched with various classes of renewable energy technologies
could beincluded in the modd smulation.

Capability and Availability

BALANCE and MARKAL can modd renewable energy resources as ether dispatchable
or nondispatchable, whereas LEAP modes al renewable energy resources as dispatchable
generating units.

MARKAL identifies nondigpatchable resources (such as wind and solar) as nontload
following technologies (NLM). This dass of technologies is used to define converson
systems that can meet base-1oad dectric demands but are not forced to have equa day and
night production rates, and can operate independently of the load.

Unlike MARKAL, BALANCE does not have a specid function to separate dispatchable
and nondispatchable resources. To mode renewable resource as a nondispatchable unit in
BALANCE, it is recommended that the user puts a decison node above the eectric sector
and then connects the output of the nondispatchable resource to that decision node rather
than into the eectric sector. In this case, the modd uses the dectricity from that unit (up to
its maximum annual output) and then digpatches the remaining dectric sector units to meet
the balance of the load. Unless the dectricity from the renewable energy processis smdl, to
be accurate the user should adjust the shape of the load duration curve to account for the
electricity that is met by the renewable process.

Nondispatchable resources are treated in LEAP as dispatchable generating units. The
maximum capacity a which the resource can be operated in each period (for example, each
year) must be entered in the modd. The maximum capecity will be the totd capacity
expected to be available after taking into consderation the seasona and hourly profiles and
dl interruptions from power generation such as short-term fluctuations. The capacity
utilization will be an average usage of capacity in each period.

All three modds basicdly run on a yearly basis and thus cannot modify the resource
capability on an hourly basis (for short-term fluctuations) and cannot capture hour-by-hour
power delivery. However, MARKAL can capture seasond effects with the use of seasona
capacity-use factors (for the cases of demand devices or externaly-managed technologies)
or seasond availability factors (for the case of converson or process technologes). The
seasond factor represents the availability of installed capacity expressed as a function of
time in use. Therefore, it can be utilized to separate the use of technologies during, for
example, winter and summer times, and day and night times.

Factors such as peak supplying capability of the technology can be captured on a yearly
bass in BALANCE and MARKAL. BALANCE could capture pesk supplying capability
by exogeneoudy estimating totd dectricity obtained from the system during the pegk time
for awhole year and linking this output to pesk load generation. MARKAL could handle
this problem by using “PEAK” tables. The data entered in PEAK tablesisafraction of tota
capacity of a technology available to supply pesk demands for eectricity a heat. For
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example, one might specify that awind generator is avallable at 20 percent of peak demand
for dectricity.

Maintenance requirements can be captured in al three models by estimating the percentage
of time that a unit is expected to be unavailable and subtracting this from the total generation
time to estimate the maximum generation.

All three models can treet forced outage deterministically whereas more sophisticated utility
expanson modds treet it probabilisticaly.®

Although the common practice in modeling a renewable resource is to combine dl units and
al stes and treat them as one single source of renewable energy, dl three models can handle
a renewable energy project as an aggregate unit by dte, or a a specific dte as a small,
discrete unit. None of the three model's, however, can show the resultant impacts on system
reliability.

Location

Though not being convenient to do, BALANCE and MARKAL can be used to make a
broad location determination such as the trade-off between condructing a mine-mouth
power plant or shipping the resource to the demand center. However, they cannot serve the
objective of specific location selection for a new power unit. BALANCE and MARKAL
will sdlect the mix of resources for power generation for an economy based on costs, other
determinants, and specified congraints. The decison to build a renewable based power
plant a any specific location has to be made outsde the models. The capacity of that
renewable plant then can be entered into the models.

BALANCE, MARKAL, and LEAP cannot make least cost decisions for the development
of digtributed utility sysems. The decisons related to the development of digtributed utility
systems involve tradeoffs not only among many smal generation sources, but also between
individud system dispatching codts and the cost of power trangmission. In addition,
digributed utility systems further involve difficult problems of lumpiness and flexibility of
investments, which, dong with the above problems, make it extremdy difficult to andyze by
asingle mode gpproach.

Modularity

BALANCE, MARKAL, and LEAP cdculate a mix of future resources for a given load
condition. The load is normdly forecast with an assumption of perfect knowledge of future
loads. The modes will then estimate the mix of resource supply to be used to produce
electricity to meet demand over the planning periods. Since the modds assume perfect
information on load, they reflect none of the benefits inherent in incrementa sze and short
lead-time of renewable energy technologies.

Risk Diversity
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The andysis of risk divergty involves the recognition that renewable energy systems are
often not subject to fud cost variaion and fud availability disruptions. Thisis especidly true
for resources such as wind and solar but less true for resources such as biomass, which
require multiple steps for resource utilization. A typicad way of dedling with uncertainty isto
conduct scenario andyds, for which ENPEP, MARKAL, and LEAP can be used.
However, MARKAL can capture risk and uncertainty in a more advanced way.
MARKAL supports stochastics for resource prices/quantities, investment costs, demand
levels, seasond hydro, and emission limits. Probabilities can be assgned to any (or al) of
these parameters to capture uncertainty. The result of this is that uncertainty is taken into
consderation during a single model run and the appropriate “hedging” strategy identified.

Cost Factors

Cog factors can be included in BALANCE and MARKAL in determining fud and
technology choices. In addition, MARKAL includes the concept of Endogenous
Technology Learning within the moddl. That is, the modd alows reduction in technology
costs and increases in penetration rates as experience is gained with the technologies. Asa
result, if atechnology is going to be important in the future, the mode can encourage early
investment in the technology to gain the needed experience to force the price down so that
when redly needed, that technology is proven and codt-effective.  For cutting-edge
renewable energy technologies, this is an important consderation that can greetly help their
competitiveness againg conventiond large-scale dternatives.

LEAP, however, does not take into account cost factors in determining fud mix.
Non-Cost Factors

Specific non-cost factors cannot be included in BALANCE, MARKAL, and LEAP for fuel
dlocation. However, BALANCE dlows the existence of the combined effects of al non-
cod factors in determining an dlocation of fueds. For MARKAL, the objective function can
be designed to include a non-cost factor like security of energy supply or externality costs
with the typica objective function of totd sysem cost. With the objective function that
accounts for supply security, for example, MARKAL provides a solution which is the
balanced optimization of both total system cost and supply security indicators.

The other way to handle non-cost factors in MARKAL is through the use of hurdle rates.
Hurdle rates represent the difference between what the modd suggests is the economic way
to do and what it is observed that people actualy do. A government program to try to
reduce barriers to implementation of renewable energy technologies, for example, could be
expressed in the modd by areduced hurdle rate.

Off-Grid or Grid-Connected Power Generation Options

The choice of building off-grid or grid-connected power generation can be investigated in
BALANCE by usng scenario andyss. The scenarios, one with grid-connected, and one
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with off-grid renewable power generation, can be run to estimate the dectricity costs of
newly eectrified areas. The two scenarios can then be compared.

One way to handle thisissue in BALANCE isto first add a new dectricity demand node in
the energy network to represent tota new eectricity demand. For the scenario with grid-
connected power generation, this new demand node is then linked to the alocation node
from power plants. The high cost of new T&D lines that need to be built to connect from
the power plants to the new demand can be captured by adding a processng node to
represent new T&D.

For the off-grid power generation scenario, there will be no additiond T&D cogt, and thus
there is no new T&D processing node. The new demand node will not be linked to the
exiging plants. Instead, it will be linked to the new power generating units. In this case,
however, the off-grid system has to be fueled partly by the resources that are dso used in
other gpplications in the energy network so as to keep the off-grid generation connected
with the entire energy network. An example of such a link would be when off-grid
generation is a sand-alone diesd plant, or a hybrid system of wind, PV, and diesd, where
diesdl isdso used by another gpplication in the energy network which could be diesd power
generation or diesd for trangport. Since al possible off-grid opportunities in an economy
are being modeled together as one demand unit, this does not preclude the possibility of off-
grid comected renewable energy resources being part of the overdl renewable energy
portfalio.

In the case where the off-grid system is run by wind or PV for which the resources are
totally separated from the energy network, the modeler could build a separate off-grid
energy network to smulate the renewable energy system and compare this scenario with the
economy energy network.

MARKAL has the cgpability to include multiple dectric grids which ether can or cannot be
interconnected. The off-grid generation technologies are classfied under decentraized
generation system (DCN) where there are no transmission costs but digtribution costs. The
ogrid-connected generation technologies are classified under centralized system (CEN) where
there are both transmission and distribution costs. In MARKAL, thereis no need to add all
the off-grid opportunities into a sngle demand unit. Ingtead, many independent
opportunities can be set up as exig within the area of study. In addition, both the off-grid
and grid-connected options can be linked to the same demand centers and the mode
decides which oneis the least-cost option.

Renewable Energy Technologies

Renewablesfor Electricity Generation

Grid-Connected Electricity Generation

BALANCE and MARKAL can modd renewable energy resources for grid-connected
electricity generation as digpatchable or nondispatchable units. Hydropower, geothermd,
biomass, municipa solid waste, and landfill gas, which are consdered as dispatchable units,
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can be included in the energy network of BALANCE; each is entered as a separated
renewable resource node. When coupled with storage, solar thermd, solar PV, or wind are
a0 consdered as dispatchable units and can be included in the energy network of
BALANCE with pre-estimated total expected eectricity output from the sysem. The
added vaue that can occur by matching the maximum or peak renewable energy generation
with peak load can be captured by establishing a resource node that estimates the electricity
generation during the peak time of a year and connecting this resource node to peak load
generation.

BALANCE can modd nondispatchable renewable based grid-connected dectricity
generation by connecting the output of the nondispatchable renewable energy process
directly to the decison dlocation node, instead of to the dectricity sector. The modd does
not differentiate between time-dependent resources with storage and without storage by
default. Thus it is up to the modeler to ensure that the additional costs as well as the
additiona benefits of energy storage coupled to renewable energy technology are accounted

for properly.

All renewable energy technologies for grid-connected dectricity generation can be included
in MARKAL in the class of centrdized dectricity generation (CEN) where transmission
cogts and digtribution costs are included in the cost function. The case where maximum or
peak renewable energy generation matches with peak load of demand can be handled in
MARKAL by usng “PEAK” tables and other refinement parameter (for example,
PD(2)(Y)) to shape the season/day and night contribution to the pesk for externd load
managed technologies.

MARKAL digtinguishes nondispatchable from dispaichable grid-connected dectricity
generation by tregting nondispatchable renewable energy resources as non-load following
generators (NLM). Technologies with and without storage can be differentiated in severd
ways. Frd, a sysem with storage would have a higher probability of contributing to the
peak. Second, a system with Storage increases the capita and operating costs. Ladtly, in
some cases, a system with storage might be consdered a load-following technology.

Renewable energy technologies for grid-connected eectricity generation can be included in
LEAP s Transformation program. LEARP treats digpatchable and nondispatchable resources
indifferently.

Off-Grid Electricity Generation

BALANCE can handle off-grid eectricity generation by establishing a demand node to
represent the expected off-grid demand. The off-grid energy supply is then obtained by
setting a resource node to link to a conversion process and to be alocated to the off-grid
demand node. As mentioned earlier, the off-grid supply system hasto share at least one fue
with the economy energy network. Otherwise, an off-grid energy network has to be built
separately from the economy-leve energy network.
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Off-grid dectricity generation can be incdluded in MARKAL by specifying the technology
under the class of decentralized power generation (DCN) where distribution costs but not
transmission codts are included in the cost function.

LEAP can modd off-grid dectricity generation by tregting it as one of the detailed modules
in the Transformation program.

Renewablesfor Thermal Energy

Examples of renewable energy technologies to produce therma energy are solar thermal
collectors, biogas digesters, and biogasfication. In BALANCE, these technologies can be
represented in its energy network by using conversion process nodes. Renewable energy
resource nodes for solar energy, and biomass first need to be added to the network. The
solar energy node will then be linked (as an input) into solar thermd collector conversion
proceses. The thermd energy output from the solar thermd collectors will be dlocated to
various demand nodes (for example, hot water, space hesting, industrial process hesting,
etc.) as secified by the modder. Similarly, biomass from the biomass resource node will
be dlocated to biogas digester and biogasfication converson processes, for which the
thermd energy output will be dlocated to relevant consumers. For example, therma energy
from biogas digesters is alocated to cooking demand and that from biogasification process
is dlocated to a gas turbine for power generation.

Renewables for thermd energy can be easlly included in MARKAL by entering them under
the “process technologies’ set. The task of actudly linking these technologies into the
Reference Energy System is handled automaticdly by the naming of the individud energy
carrier produced/consumed by the various processes. Therefore, no exchange nodes need
to be introduced.

Smilarly, renewables for therma energy are included in LEAP by setting up a module in the
Trandformation program to represent the renewable thermd energy technology. Solar
resource information, such as annud resource limits, needs to be pre-estimated and entered
inthe modd.

Both MARKAL and BALANCE can accommodate the case where dectricity backup is
required for such applications as solar therma hot water heating. In BALANCE, the ratio
of solar to eectricity usage on a yearly basis could be specified for the dlocation node
connecting to the hot water heating demand node. In MARKAL, the fractions of solar and
electricity used as a proportion of tota input are determined by using the “Input Energy
Carrier Fraction” parameter.

Renewable Transport Fud

Renewable energy used as transport fudls can be handled in BALANCE by establishing a
renewable energy node to represent that trangport fud and linking the node to the
conversion process to convert fued to energy. The energy output from the converson
process is then alocated to relevant transport demand or devices.
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Renewable trangport fuel can be incorporated in MARKAL by adding the technology in the
“process or demand technologies’ sets. For LEAP, renewable transport fuel technology
must be set up in the Transformation program, and data for the renewable transport fuel
such asthe annud resource limit and import availability is then required.

Renewablesfor Direct Use

The direct use of renewable energy such as burning biomass for resdentid cooking and
hesting can be easily incorporated in the energy network of BALANCE and the MARKAL
Reference Energy System. In BALANCE, this could be done by using alink to connect the
biomass resource node to biomass conversion processes (for example, biomass stove) and
to the dlocation nodes of cooking and heeting demands. In MARKAL, al technologies that
are used to stisfy a find demand are classified as “demand technologies’ where the data
required is the energy efficiency of the demand device and the market dlocation of the
energy carrier for the demand device as proportion of total outpuit.

Renewable energy for direct use can be entered in LEAP in an end-use in the Demand
program and by specifying its percentage shares among other fuelsin the same end-use.
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4.5 CONCLUSIONS

Table 4.2 compares the capabilities of BALANCE, MARKAL, and LEAP in addressng

relevant factors and attributes of renewable energy.

Table 4.2: Comparison of the Capabilities of BALANCE, MARKAL, and LEAP

BALANCE | MARKAL LEAP
Sysem Desgn No No No
Capability and Availahility
Peak capability Yes Yes No
Seasond and hourly profiles No Yes/NoV No
Intermittence No No No
Forced outage Yes? Yes? Yes?
Maintenance requirement Yes Yes Yes
Multiplicity of units YesNo¥ | YesNo¥ | YesdNo
Location
Centrd dations No No No
Didributed utility No No No
M odularity
Incrementd Sze No No No
Short-lead time No No No
Risk Diversity Y es/No” Yes Y es/No”
Cost Factors Yes Yes No
Non-Cost Factors YesNo” | Yes/No” No
Off-Grid v.s. Grid-Connected Power Generation Yes Yes No
Renewable Energy Technologies
Renewable for eectricity generation
Grid- connected—dispatchable Yes Yes Yes
Grid- connected—nondispatchable Yes Yes No
Off-grid connected Yes Yes Yes
Renewable for thermal energy Yes Yes Yes
Renewable transport fuel Yes Yes Yes
End- use renewable Yes Yes Yes

Notes: ¥ MARKAL can capture seasond profile but not hourly profile.
2" Forced outage can only be treated deterministically.
¥ The modds can handle multiplicity of units of renewable energy resources, but

cannot show the resultant impacts on system rdiability.
¥ Risk diversity and uncertainty factors can be captured in limited circumstances

by usng scenario andysis.

¥ Non-cost factors can only be captured in limited circumstances,
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In the review of the three moddls, it was found that no model addresses dl relevant factors
and attributes of renewable energy. However, given the broad scope and objectives of
economy-level energy models, it is not redidtic to expect such models to incorporate the
technica detail of technology-level or even sector-level modes.

In addition, some of the renewable energy dtributes are more important for sector-leve
modds but less criticd for the economy-level models. Therefore, those attributes could be
ignored with the economy-levd models without any sgnificant impact on overal mode
results. For example, fluctuations on subhourly or hourly time scae of wind and solar
resources may not be very disruptive and can be ignored in the economy-level modds snce
the objective of usng the economy-levd modds is for long-term planning. In addition,
electricity generation from wind and solar resources normaly accounts for only a small
portion of totd eectricity generation in an economy. The magnitude of the supply
fluctuations is, therefore, likdy to be smal reative to the short-term load fluctuations and
should not cause problems for the system dispatcher.

As a second example, modding the multiplicity of units of renewable energy is not as critica
in the economy-levd models since it is not clear anyway that having many smdl unitsin a
renewable project provides any rdiability benefits. Modeling a cluster of renewable units at
one sSite as one resource greetly smplifiesthe task of modding a complete renewable facility
and probably does not introduce any significant modding distortions™

The time-dependent nature of the resource should, however, be fully accounted for in an
energy moddl. This is because it affects the dispatch of other system generation and overdl
production costs which determine the penetration of renewable energy in an economy.
Treating nondispatchable renewable resources as digpatchable ones could underdate any
minimum load problems that may exits.

There are some limitations in modding renewable energy in the exising energy models.
These limitations are due to the specia characteristics of renewable energy that are different
from fossl fuds. Since the focus of the existing energy modelsis on modding characteritics
of fossl fuels in detail, they leave out the detailed features of renewable energy. It isdso
due to the fact that factors involved with the use of renewable energy are more difficult to
assess and quantify which makes modding renewable energy in the existing mode s difficullt.

However, it is far to say that the exiging economy-leve modds like ENPEP and
MARKAL have high capabilities for capturing most of the important factors and attributes
of renewable energy. They could present a reasonable picture of the renewable energy
potentid in an economy, if the necessary information is made available and the models are
utilized to ther full potentias. Thisis especidly true for MARKAL which has a number of
gpecid functions that can be used to capture some of the unique attributes of renewable
energy technologies. Examples of the specid functions in MARKAL are stochadtics for
characterizing uncertainty, and Endogenous Technology Learning that dlows cost of a
technology to betied to the level of capacity build-up.
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A recent study by NREL on Integrating Renewables into National Energy Planning
Models in APEC Economies™ proposed a practical way to mode renewable energy at the
economy level. This gpproach relies on a strategy of linked models where the datais shared
among the modes, and the modes are not run as a sngle software system. Based on this
approach, the economy-levd energy planning model does not have any added detall on
renewable energy technologies. The results of the economy energy model are combined
with a number of other consderations in developing the economy energy plan. The
economy energy model provides projections of energy prices, which are key to the
coordination of the separate models.

Technology assessment and a comprehensve renewable resource assessment are then
conducted in pardle with the economy energy modd. The resource and technology
information will help in identifying renewable energy technologies that have potentid to
contribute to the economy’s energy and economic objectives. The costs of energy supply
from renewable energy technologies can dso be estimated. The utility planning modds are
an option to be utilized to refine the estimates of these supply codts.

The supply cogts from renewable energy and energy costs projected by the economy energy
modds provide information to edtimate market shares of various renewable energy
technologies. The egtimate of renewable energy quantities depends on environmenta and
socid gods, which are not necessarily quantifiable. Price information and these other factors
are thus taken into account in developing estimates (or gods) for renewable energy
penetration. These estimates then become part of the economy energy plan.

While a rough estimate of renewable energy penetration can be accomplished from the
modeling eements explained above, it should be emphasized that much greeter detalls are
required to develop plans for specific renewable energy projects. In addition, more detailed
and locdized utility planning models are needed to consder specific locad renewable
resource availability and the characterigtics of the loca energy supply syslem in developing a
cost-effective resource plan. The results of these locdity-specific studies can be used to
update and refine the aggregate renewable energy projections used by economy-leve
models.

The modeling e ements described above are shown in Figure 4.1.
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Figure 4.1: Renewable Energy in Economy Energy Planning

Source: Klein, D. Integrating Renewables into National Energy Planning Modelsin

APEC Economies.

In generd, economy-level models are not utilized to conduct detailed technology-level or
sector-level system dedigns, but rather to show senior policy makers how various
combinations of technologies, resources, and governmentd policies interact at the economy

level on codts, resource consumption, and environmenta emissions.

The characterization of renewable energy in planning modds should be evaduated in the
context of how those models are generdly used by energy policy andyds. To serve this
purpose, the modds are normdly utilized for showing impacts of various energy supply and
demand scenarios on resource consumption, technology choices, environmenta implications,

and policy decisions.

The study of resource consumption is to understand the impacts of various energy
development policies on tota resource consumption or to estimate future resource
consumption based on various scenarios of economic activities. An example is the
examindion of the effect of pricing policy of conventiona fuels on the markets for
renewable energy technologies.
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The use of the models to facilitate technology choices is to understand how the
availability or cost of specific technologies could impact total resource use or
environmentd emissons. An example would be to estimate the reduction in fossl fud
consumption in an economy as a result of new renewable energy technologies.

The sudy of environmental implications is to examine how the combination of
technologies and resource choices affects emissons to the environment, or to
understand how environmental condraints can influence technology and resource
choices. An example would be to examine GHG emisson reduction potentia from
various renewable energy technologies.

The use of the models for policy decisions is to understand the impacts of economy-
wide policies on resource consumption, technology choices, and environmenta
implications. Examples of such palicies could include promoting life extenson of existing
coal-fired utility plants, dlowing nuclear facilities to be built, or looking at the impact on
renewable energy production of CO, taxes.

Though being different in their design and using different methodologies and model
frameworks, the economy-level nodels such as ENPEP, MARKAL and, to some extent,
LEAP can serve the above purposes for aggregate renewable energy anayss through the
addition of renewable energy technology options and expanson of scenarios andysis.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The objective of this study was to identify, assess, and improve analytic methodologies to
incorporate renewable energy options in an economy’s energy and economic planning.
To serves this purpose, the study first reviewed three economy-level energy models—
ENPEP, MARKAL, and LEAP—to examine their methodologies and assumptions
regarding the inclusion of renewable energy technologies. These three models were
selected because they are widely used in many APEC member economies as well as nor-
APEC member economies worldwide. Four APEC member economies— Thailand,
Indonesia, the Philippines, and the People's Republic of China—were then selected as
case studies. The energy models of these four economies were re-run with the original
data sets, and the data and assumptions used in the models were reviewed in detail to
investigate how an economy utilizes the modeling techniques to incorporate renewable
energy in their energy planning. Finally, the study examined renewable energy factors
and attributes that influence the decisions to adopt renewable energy in an economy and
assessed the capabilities of the existing energy models to account for those factors and
attributes. The results of the study are expected to improve the understanding of issues
and problems involved with modeling renewable energy technologies, and allow APEC
member economies to take advantage of the existing modeling techniques in modeling
renewable energy technologies at the economy level.

5.1 CONCLUSIONSOF THE STUDY
The main conclusions of the study are summarized below.

Each energy model reviewed in this study has advantages and disadvantages that
users have to trade off. The existing energy models are designed to be used for long-
term energy planning. With the fact that these models were originally designed and
applied in developed economies where renewable energy accounted for only a small
portion of the overall energy use, renewable energy systems are not the central focus
of any of the three models. However, each model provides special features that
facilitate the inclusion of renewable energy technologies.

Renewable energy was earlier recognized as an important resource in the energy
sector of the four economies being reviewed. In the past, the shares of renewable
energy in the total primary energy of each economy varied between 25 percent to 42
percent. Based on their own forecasts, renewable energy supplies were expected to
increase in the future. However, the share of renewable energy in terms of total
energy supply in each economy was expected to decline over time—to be between 8
percent to 14 percent of total primary energy. This decrease in market shares for
renewable energy occurred, in large part, because traditional biomass fuels were
replaced by high quality commercial fuels. Thus a chalenge for energy models is to
demonstrate how traditional fuels such as biomass can be cost effectively converted
into high quality fuels such as gas or electricity.

148
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The economies forecast that the future use of renewable energy in traditiona
applications such as biomass consumption in the residentia sector (for example,
cooking and heating) would decrease. The renewable energy technologies that had
the highest potential to penetrate into the economies were those for power generation
such as hydropower, wind, and solar energy.

The principal renewable energy resources included in all models were biomass and
hydropower. Geothermal resources were included in the Philippines, Indonesia, and
the FRC. Wind and solar were included in the PRC in the base case scenario, and in
the Philippines in the mitigation scenarios. In both the PRC and the Philippines
models, wind and solar were used for power generation only.

The renewable energy technologies included in all economies were simple
technologies. Their uses included power generation, cooking and ironing in the
residential sector, and heat and steam production in the industrial sector. Other
renewable energy technologies such as solar water heaing, solar thermal power
generation, or renewable-based transport fuels were not considered in any model
reviewed. There was no use of renewable energy technologies in the commercial,
services, transport, or agricultural sectors.

Each economy was faced with the same problems, though in varying degrees, when
modeling renewable energy. First of al, renewable energy was expected to have a
declining trend contribution in the economy’s energy mix as industrialization gave
rise to the demand for higher quality energy resources. Therefore, because of time
and budget constraints in doing research, the economies did not look in detail at
renewable energy for their economy energy models.

The limitation in modeling renewable energy was aso influenced by the fact that
necessary information to model renewable energy, such as resource data, technology
characterization, technology performance, and costs, was not available to most
economies. In all cases, the business-as-usual scenario follows the government’s
energy plans. If there are no government plans to implement renewable energy
projects, a modeler will not volunteer to include them in hisher model. In the
mitigation scenario, although the modeler is not precluded from suggesting renewable
energy technology options, if the economy has not already completed detailed
resource assessments and economy specific renewable energy technology cost
estimates, the modeler as part of his’lher work could not be expected to develop the
needed information.

Energy models could be classified into three categories—technology-level (such as
HOMER, Hybrid 2, and ViPOR), sector-level (such as, MABS, MIDAS, and
PROVIEW), and economy-level energy models (such as ENPEP, MARKAL, and
LEAP). These three levels of models have different objectives. The technology-level
model is used to select individual components of a single system. The sector-level
model, such as an eectric utility model, is adopted to define the least-cost fuel mix
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for electricity generation to meet an economy’s future electricity demand. In
comparison, the economy-level model is utilized to simulate the decisions needed to
define the necessary energy supplies to satisfy the future economy-wide energy
demand at the least cost by taking into consideration other issues such as energy
security or environmental related problems. Information required and factors
influencing the decisions in the planning process are thus different among these three
model levels.

The economy-level model could not be utilized to conduct an energy system design
like the technology-level model. Neither could the economy-level model capture all
attributes of renewable energy (such as capability, availability, location, modularity,
and risk diversity) that were significant in the comparison of renewable energy
resources with conventional supply-side and demand-side options for utility’s
integrated resource planning. This is not surprising. Given the broad scope and
objectives of economy-level energy models, it is not realistic to expect such models to
incorporate the technical detail of technology-level or even sector-level models. In
addition, some of the renewable energy attributes are more important for the sector-
level models but less critical for the economy-level models. Therefore, those
attributes could be ignored for the economy-level model without any significant
impact on overall model results.

There are some limitations in modeling renewable energy in the existing energy
models. These limitations are due to special characteristics of renewable energy that
are different from fossil fuels. Since the focus of the existing energy models is on
modeling characteristics of fossil fuelsin detail, they leave out the detailed features of
renewable energy. It is aso due to the fact that factors involved with the use of
renewable energy are more difficult to assess and quantify which makes modeling
renewable energy in the existing models difficult.

However, it is fair to say that the existing economy-level models like ENPEP and
MARKAL have high capabilities for capturing most of the important factors and
attributes of renewable energy and could present a reasonable picture of renewable
energy potential in an economy, if the necessary information is made available and
the models are utilized to their full potential.

The economy-level models such as ENPEP, MARKAL and, to some extent, LEAP
can serve the purposes for which models are normally used by energy policy analysts.
Those are to show impacts of various energy supply and demand scenarios on
resource consumption, technology choices, environmental implications, and policy
decisions.

The final conclusion of the study is that the inadequacies of the existing economy-
level energy models in characterizing renewable energy technologies were only a
minor impediment to showing the potential penetration of renewable resources into
an economy’s resource mix. The other factors responsible for low penetration of
renewable energy in an economy are lack of necessary information (both for resource
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characterization and technology definition and performance) and lack of policies
which support the many aspects of renewable energy technology development and
implementation.

5.2 RECOMMENDATIONSFROM THE STUDY

From the review of the economy-level nodels, and the examination and running of the
four economies’ models with original data sets, it was learned that modeling-related
factors are responsible only partly for the low penetration of renewable energy
technologies in an economy. The other factors contributing to the same problem are non-
modeling factors. These non-modeing factors could be classified into four groups—
resource factors, technological factors, economic factors, and ingtitutiona factors. It is
difficult to say which factor is the most important. One factor could be relatively more
important for a given economy than the other factors. However, lack of any one of these
factors would significantly obstruct the penetration of renewable energy in the economy.

This section provides recommendations concerning options which could be taken to
increase the use and future penetration of renewable energy technologies. The
recommendations are separated into recommendations for future modeling and
recommendations associated with the non modeling related factors including resource
factors, technological factors, economic factors, and institutional factors.

Recommendationsfor Future Modeling

As aso discussed in the recent NREL study on Integrating Renewables into National
Energy Planning Models in APEC Economies,* adding the same level of detailed
resource information and energy demand as the technology-level model, or attempting to
capture al the attributes of renewable energy as the utility models, into the economy-
level energy model would not be practical, nor is it required to accomplish the objectives
of the economy-level model.

For the economy’ s energy planning purposes, the economy-level energy model requires a
reasonable projection of the total availability of renewable energy resources along with
the total availability of conventional fuels and other data to assess the overal
implications on the economy’ s resource consumption, technology choices, environmental
impacts, and policy decisions. However, to develop a reasonable projection of the total
availability or energy output of renewable energy in the economy involves detailed
information.

The energy output obtained from a renewable resource depends on various factors. For
example, energy output from wind resources depends on wind speed and the wind
technology used,® the electricadl power output from solar photovoltaic depends on
photoconversion efficiency of the PV cell and solar power impinging the cell, and energy
from biomass depends on the conversion technology and biomass characteristics (each
type of plant has a different energy and moisture content).
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To forecast the total availability (or capacities) of these resources over the study periods
even poses challenging tasks since the future values of other related factors need to be
firstly known. The future use of wind resources for power generation in an economy
depends on, for example, future capital costs of wind technology, and future cost of
conventional fuels such as ail, gas, and coal. As another example, future use of biomass
in cogeneration depends on costs of obtaining biomass for use as an input in the process,
value of biomass for uses in other applications, and prices of conventional fuels that can
be used for cogeneration.

Recommendation (1): Because of the details required to estimate total resource
availability (or capacity), specialized resource assessment models should be used
in conjunction with the economy-level energy models.  Specific resource
assessment models should be used to pre-estimate the total resource availability
(or capacity) over the study periods. This information will then be entered into
the economy- level energy model for evaluation of fuel competition.

Designing an energy system requires very detailed resource information and energy
demand at specific sites. It would not be practical to include these features into the
economy- level model.

Recommendation (2): The technology-level renewable energy models that can
design the electric system should be utilized. The results of the system design
should then be transferred to the economy- level energy model for further analysis.
The regional models should be used to evaluate resources to be utilized at each
specific site. A good example of this level of modeling is a recent APEC study,
which examined the potential for renewable energy retrofit options to existing
diesel mini-grids.®

At present, there are various renewable energy technologies for every end- use sector that
are commercialy available. Table 5.1 shows renewable energy options in various end-
use applications. These renewable energy technol ogies could be more cost-effective than
competitive conventiona fuels in some situations. Their potentials for future use thus
should be realized and incorporated in the energy models.
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Table 5.1 Renewable Optionsin End-Use Applications

Resource Technology End-Use Applications
Electricity | Industry” | Buildings” | Transport | Agriculture
Photovoltaics C C
Solar Solar Thermal C C C
Passive/Active C C
Heating
Daylighting C
wind Wind Turbine C C
Direct C C C C
Combustion
Gasification/ C C C C
Biomass Pyrolysis
Anaerobic C C C C
Digestion
Fermentation C C
Electric C
Geothermal | Heat Pump C C
Direct Use C C C
Conventional C
Hydro Pumped C
Power Storage
Micro-hydro C

Notes. ~ Include commercial uses

? Include residential uses
Source: Adapted from the presentation by Dr. Jim Ohi of the National Renewable Energy
Laboratory, “Integrated Analysis of Renewable Energy Options’, presented at the US
Country Studies Mitigation Assessment Workshop, Berkeley, California, April, 1995.

Recommendation (3): When designing the modeling energy networks, end-use
demand should be broken into detailed applications, instead of being estimated
only in an aggregated manner by demand sector. By having disaggregated end-
use demand, it will allow for better definition of renewable energy technology
options and better capture of potential renewable energy technology uses in the
economy energy model.

Recommendations Associated with Resour ce Factors

The availability of renewable energy resources in an economy is a critical factor to
determine the use of renewable energy in that economy. This is due to a fundamental
difference in resource availability between conventiona energy resources (such as coal,
oil, and gas) and renewable energy resources (such as wind, solar, geothermal, and
hydro) which is that conventional energy resources can be imported but renewable energy
resources, in general, cannot. An economy can have diesel power plants although diesel
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is not produced in that economy. In contrast, an economy cannot use wind energy if
wind resources are not available in the economy. Biomass can be imported from
neighboring economies but in most cases it is not an economic option. The renewable
energy projects to be selected in an economy thus depend on domestically available
resources.

Besides the availability, location is aso an important factor. Renewable energy resources
(wind, solar, geothermal, and hydro) cannot be transported and must be used at the site.

Site selection is thus a crucial step in project implementation to ensure the availability of

resource supply and sufficient energy demand in the same area. Geographical constraints
thus play a critical role in renewable energy utilization.

Renewable energy resource assessment provides the benefit of determining renewable
energy resource potential at different locations and for different time periods. It also
determines the availability of energy for specific renewable energy technologies, as well
as provides input to optimal design of systems at specific location. Resource assessment
is the important first step in renewable energy development since the information on
renewable energy resources is crucia for the successful implementation of renewable
energy technologies.

A recent study sponsored by the APEC Expert Group on New and Renewable Energy
Technologies surveyed the quality and completeress of resource assessment data for the
APEC economies.* It concluded that “a basis for understanding renewable energy
resources is currently available for essentially all the economies, although there is a
significant need to apply improved and updated resource assessment techniques in most.
For example, most wind resource assessments rely on data collected at national weather
stations, which often results in underestimates of the true potential wind resource within
an economy. As a second example, solar resource assessments in most economies rely
on an analysis of very simple sunshine record data, which resultsin large uncertaintiesin
accurately quantifying the resource. National surveys of biomass, geothermal, and hydro
resources are often lacking; in most cases, resources for these technologies were
discussed for site-specific studies only”.

Recommendation (4): None of the modeling efforts reviewed cited
comprehensive renewable energy resource assessments. Therefore, addressing
the issues identified in the APEC report cited above is a good first step in
developing better modeling capabilities. In addition, the level or detail of
resource assessment required needs to be better matched to the level of modeling
anticipated. It should not be expected that an initial wind assessment at the
economy level would require the same level of detail as a site specific planning

sudy.
Recommendations Associated with Technological Factors

Cogt-effective and reliable technology is needed in order to make use of renewable
energy resources. ldentifying the appropriate technology is a key step in developing a
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successful renewable energy project. Besides technologies to utilize renewable energy
resources, technological factors include the know-how to ingtdl, operate, and maintain
the technologies being adopted. Technical training to improve local capabilities is
necessary because oftentimes the project fails due to improper use and lack of
understanding of the technology. Technical training is especially important for medium:
and large- scale projects.

Technology characterization involves obtaining information on performances and costs
of various renewable energy technologies. This information is necessary for determining
cogt-effectiveness of a renewable energy project. The costs and performances of some
renewable energy technologies can be shared among economies.  For example, a
developing economy could utilize the information on cost and performance of a solar PV
technology from a developed economy (whichis both a producer and consumer of the
technology) since this technology might have to be imported from abroad anyway.
However, costs of some renewable energy technologies (such as solar thermal) could
easily vary by a factor of two or three across economies by using loca labor and
materials.

A recent study by the World Bank on renewable energy development in China®
mentioned that lack of awareness among decisionrmakers of potentials for commercial
applications of renewable energy technologies was a major constraint to renewable
energy development. This stems from lack of awareness of recent technical advances and
existing successful commercialized applications in other economies.

Recommendation (5): The lack of information has consistently been idertified as
a priority constraint that slows the adoption of cost-effective renewable energy
technologies. APEC could promote information dissemination by highlighting
recent technology advances, successful applications, and new information sources
at its biannual meetings. This would enable APEC representatives to question
presenters on applications to their economy and to provide feedback to developers
on current technology needs. Although much information is available over the
Internet, there is often a lack of matching the information to real problems.

Recommendation (6): There is a real need to develop cost information on
renewable energy technologies which takes into consideration economy specific
factors such aslocal content and local labor rates. The US Department of Energy
has made a good start by putting together a summary of costs for renewable
energy technologies for power generation.® However, the other types of
renewable energy technologies need to be covered. If centralized databases are
developed, they should include adjustments for local factors. This would affect
the evaluation of technologies such as solar thermal (both for hot water heating
and power generation), that have the potential for high local content, much more
than technologes such as photovoltaic electricity generation (although cost
advantages could still be seen with this technology based on local production).
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Recommendations Associated with Economic Factors

The use of renewable energy is preferable to conventional energy if it is economically
competitive since renewable energy is often an indigenous resource and environmentally
friendly. Competitiveness of renewable energy over conventional energy greatly depends
on resource abundance, and efficiency and suitability of the renewable energy
technologies selected for the project. A detailed economic analysis needs to be
performed to identify competitiveness between renewable energy technologies and
conventional energy technologies before encouraging actual renewable energy projects.

In addition, energy prices need to reflect the true cost of producing energy. All costs
related to the project need to be taken into account, including environmental costs to
society in producing and delivering energy to consumers. By subsidizing fossil fuels
and/or ignoring their environmental costs, it will restrict competitiveness of renewable
energy, and reduce renewable energy potential in an economy.

Recommendation (7): Case studies need to be developed on an economy specific
basis for each of the basic sources of renewable energy, identifying which are the
most cost effective for a given economy. These case studies could then be used
by economy-level modelers in generalizing the potential of renewable energy
technol ogies across their economies.

Recommendations Associated with Institutional Factors

Government policies and institutional support are important for promotion of renewable
energy projects in an economy. For example, a government’s high imported tax policy
will make a renewable energy project which requires imported components or technology
less attractive to an investor, or inefficient permitting processes needed to implement
renewable energy systems will defer project implementation.

Ingtitutional factors include activities such as end user financing, development and
strengthening of the in-country renewable energy industry and entrepreneurs,
development of renewable energy policies, in-country training (which would include
training financial ingtitution staff for making renewable energy technology loans), and
improvement of information dissemination mechanisms. A recent study for the United
States Agency for International Development (USAID)’ to assess the potential for
renewable energy deployment in the key global climate change countries/regions®
identified such ingtitutional factors as key constraints to renewable energy
implementation.

Renewable energy technologies normally require high up-front capital investment but
low O&M costs. The same USAID study® highlighted that lack of capital is the most
critical barrier to improved use of renewable energy technology in the countries/regions.

Recommendation (8): To understand the impact of these factors on APEC
member economies, a survey of the status and needs associated with institutional
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factors in APEC member economies should be undertaken. This survey could
aso identify priority actions which should be undertaken to foster the
development of cost effective renewable energy technologies

5.3 CONCLUDING REMARKS

Recent major international studies indicate significant growth-potential for renewable
energy, particularly in scenarios where environmental constraints are imposed, for
example on CO, emissions. A study by the International Energy Agency™® indicated 7.5
percent to 8.5 percent annual growths in the commercial use of energy from “new”
renewables to 2010. The World Energy Council®* forecast the growth of renewable
energy to reach from 18 percent to 21 percent of world needs by 2020 in the Business-
As-Usual scenario, and from 18 percent to 30 percent in the ecologically driven scenario.
The United Nations Solar Energy Group on Environment and Development? forecast
that 30 percent of world energy needs would be met by renewable energy by 2025, and
45 percent by 2050. In addition, the Group Chief Executive of BP*® and a Managing
Director of the Royal Dutch/Shell Group™* commented that renewable energy could be
providing up to half of the world's total energy needs within 50 years time.

In contrast to the aforementioned forecasts of high renewable energy utilization, all four
economies reviewed expected only a small increase in renewable energy consumption in
their economies. This led to a declining share of renewable energy in their total energy
supplies. This has pointed to the fact that the economies may not fully redize the
potential use of renewable energy in their economies, and thus there is areal need for the
APEC member economies to examine, in more detail, the future potential for increasing
the use of renewable energy technologies.

Capital costs of renewable energy technologies are high, and in many applications still
could not be competitive with conventiona fuels. However, those costs have been
reduced by half over the last decade and are expected to be halved again over the next ten
years.’® Renewable energy could likely become more competitive with conventional
fuels in the future and could play an increasingly important role in an economy’s energy
mix. Therefore, energy planners should make a specia effort to understand and
incorporate renewabl e energy technologies in their long-term energy planning.
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END NOTES

! David Kline. Integrating Renewables into National Energy Planning Models in APEC
Economies. National Renewable Energy Laboratory, Golden, Colorado, (in press).

2 Each wind turbine of a particular design has a specific relationship between the power it
produces and the wind speed.

3 Sustainable Energy Solutions. Analysis of Renewable Energy Retrofit Options to
Existing Diesel Mini-Grids. APEC Expert Group on New and Renewable Energy
Technologies, APEC # 98-RE-01.6, October, 1998.

4 David S. Renne’ and Stephen Pilasky. Overview of the Quality and Completeness of
Resource Assessment Data for the APEC Region. APEC Expert Group on New and
Renewable Energy Technologies, APEC #98-RE-01.1, February 1998.

® Robert P. Taylor and V. Susan Bogach “China: A Strategy for International Assistance

to Accelerate Renewable Energy Development.” World Bank Discussion Paper Number
388, Washington, D.C.: The World Bank, (no date).

® Office of Utility Technologies and Electric Power Research Institute (EPRI). Renewable
Energy Technology Characterizations. Washington, D.C.: U.S. Department of Energy
and EPRI, TR-109496, [Internet, WWWw], ADDRESS:
http://www.eren.doe.gov/utilities/techchar.html, December 1997.

" Advanced Engineering Associates International and Princeton Economic Research, Inc.
Evaluation of The Renewable Energy Environment In USAID-Assisted Countries.

Washington, D.C.: U.S. Agency for International Development, November 1998.

® Including Central America (El Salvador, Guatemala, Honduras, Nicaragua, and
Panama), Brazil, India, Indonesia, Mexico, Philippines, and South Africa.

% 1bid 7.
19 International Energy Agency. World Energy Outlook. 1995 Edition.

1 World Energy Council. Renewable Energy Resources: Opportunities and Constraints
1990-2020. 1993.

12 Johansson et a. Renewable Energy: Sources for Fuels and Electricity. United Nations
Solar Energy Group on Environment and Development, Island Press, 1993.

13 Sir John Browne, Group Chief Executive of BP Amoco. “Energy and Environment:
Making Rational Choices’, Presentation to Natural Environment Research Council, UK,
June 21, 1999, [Internet, WWW], ADDRESS:
http://www.bpamoco.com/_nav/pressoffice/indexs.htm
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14 Jeroen van der Veer, Managing Director of the Royal Dutch/Shell Group. “ Sustainable
Solutions Support Sustainable Business’, Presentation at the World Sustainable Energy
Fair (SUSTAIN 99), Amsterdam, The Netherlands, May 26, 1999, [Internet, WWW],
ADDRESS: http://media.shell.com/library/speech/0,1525,3893,00.html

15 International Energy Agency. Key Issues in Developing Renewables, Paris, France,
1997.



REFERENCES

Adi, Agus Cahyono, et al. 1997. “Mitigation of Carbon Dioxide From the Indonesia
Energy System,” Applied Energy, Vol. 56, No.3/4, March/April, pp. 253-263.

Advanced Engineering Associates International, and Princeton Economic Research, Inc.
1998. Evaluation of the Renewable Energy Environment in USAID-Assisted Countries.
U.S. Agency for International Development, Washington, D.C., November.

Asian Development Bank, Global Environment Facility, and United Nations
Development Programme. 1998.  Philippines. Asia Least-Cost Greenhouse Gas
Abatement Strategy. Asian Development Bank Publication Stock No. 070698, Manila,
Philippines, October.

Browne, Sir John, Group Chief Executive of BP Amoco. 1999. “Energy and
Environment: Making Rational Choices,” presentation to Natural Environment Research
Council, UK, June 21, [Internet, WWW], ADDRESS:
http://www.bpamoco.com/_nav/pressoffice/indexs.htm

Fishbone, Ledlie, et al. 1983. User’s Guide for MARKAL (BNL/KFA Version 2.0).
Department of Applied Science, Brookhaven National Laboratory, USA, and Nuclear
Research Center, Germany, (BNL 51701), July.

Hamilton, Bruce P., et a. 1994. Energy and Power Evaluation Program Documentation
and User's Manual. Argonne Nationa Laboratory, (ANL/EES-TM-317), Argonne,
Illinoise, September.

Indonesian Agency for the Assessment and Application of Technology (BPPT), and
Research Centre Juelich, Germany (KFA). 1993. Environmental Impacts of Energy

Strategies for Indonesia. Indonesian German Research Project, May.

Intarapravich, Duangjai. 1996. Greenhouse Gas Mitigation Options in the Thai Energy

Sector. Thailand Environment Institute, submitted to Office of Environmental Policy and
Planning, Ministry of Science, Technology and Environment, Bangkok, Thailand,

November.

Intergovernmental Panel on Climate Change. 1994. Radiative Forcing of Climate
Change: The 1994 Report of the Scientific Assessment Working Group of IPCC.
Summary for Policymakers.

International Energy Agency. 1995. World Energy Outlook.

International Energy Agency. 1997. Key Issues in Developing Renewables. Paris,
France.

160



161 Development of Analytic Methodologies to Incorporate Renewable Energy in Domestic Energy and Economic Planning

Johansson et a. 1993. Renewable Energy: Sources for Fuels and Electricity. United
Nations Solar Energy Group on Environment and Development, Island Press.

Kline, David. (in press). Integrating Renewables into National Energy Planning Models
in APEC Economies. National Renewable Energy Laboratory, Golden, Colorado.

Logan, Douglas M., Chris A. Neil, and Alan S. Taylor. 1994. Modeling Renewable
Energy Resources in Integrated Resource Planning. Nationa Renewable Energy
Laboratory, Golden, Colorado, NREL/TP-462-6436, June.

Lilienthal, Peter, Larry Flowers, and Charles Rossmann. (no date). “HOMER Model
Description.” National Renewable Energy Laboratory and University of Colorado,
Golden, Colorado, [Internet, WWW], ADDRESS:

http://www.nrel .gov/international/tool s/lhomer.html.

Modern Policy Research Center for Environment and Economy of NEPA, Energy
Research Institute, Tsinghua University and UNEP Collaboration Center on Energy &

Environment. 1996. Incorporation of Environmental Considerationsin Energy Planning
in the People’'s Republic of China, (Volume I). China Environmental Science Press,
Beijing, November.

Office of Utility Technologies and Electric Power Research Institute (EPRI). 1997.

Renewable Energy Technology Characterizations. U.S. Department of Energy and EPRI,
Washington, D.C., TR-109496, [Internet, WWW], ADDRESS:
http://www.eren.doe.gov/utilities/techchar.html, December.

Ohi, Jim. 1995. “Integrated Analysis of Renewable Energy Options’, presented at the US
Country Studies Mitigation Assessment Workshop, Berkeley, California, April.

Renne’, David and Stephen Pilasky. 1998. Overview of the Quality and Completeness of
Resource Assessment Data for the APEC Region. APEC Expert Group on New and
Renewable Energy Technologies, APEC #98-RE-01.1, February.

Smeers, Yves, and Adonis Yatchew, ed. 1997. The Energy Journal, Specia Issue on
Distributed Resources. Toward a New Paradigm of the Electricity Business.

Smeers, Yves, and Adonis Yatchew. 1997. “Introduction,” The Energy Journal, Special
Issue on Distributed Resources. Toward a New Paradigm of the Electricity Business,
pp.Vii- Xii.

Stockholm Environment Institute-Boston (SEI-B). 1995. LEAP User Guide for Version
95.0. Tdlus Ingtitute, Boston, Massachusetts, July.



References 162

Sustainable Energy Solutions, Preferred Energy Incorporated, Yayasan Bina Usaha
Lingkungan, and US Export Council for Renewable Energy. 1997. Asa-Pacific
Economic Cooperation High Value End-Use Applications Analysis. APEC Expert Group
on New and Renewable Energy Technologies, APEC #97-RE-01.7, December.

Sustainable Energy Solutions, National Renewable Energy Laboratory, and Strategic
Power Utilities Group. 1998. Analysis of Renewable Energy Retrofit Options to Existing
Diesel Mini-Grids. APEC Expert Group on New and Renewable Energy Technologies,
APEC #98-RE-01.6, October.

Taylor, Robert P., and V. Susan Bogach. (no date). “China: A Strategy for International
Assistance to Accelerate Renewable Energy Development,” World Bank Discussion
Paper Number 388, The World Bank, Washington, D.C.

Veer, Jeroen van der, Managing Director of the Roya Dutch/Shell Group. 1999.
“Sustainable Solutions Support Sustainable Business.” Presentation at the World
Sustainable Energy Fair (SUSTAIN 99), Amsterdam, The Netherlands, May 26,
[Internet, WWW)], ADDRESS:

http://media.shell.com/library/speech/0,1525,3893,00.html

World Energy Council. 1993. Renewable Energy Resources. Opportunities and
Constraints 1990-2020.



	Contents
	Chapt 1-Introduction
	Chapt 2-Review Enrgy Models
	Chapt 3-Economy model Analy.
	Chapt 4-Ass. Capabilities of Enrgy.Models
	Chapt 5-Conclusions and Recommendations
	References



