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Preface

This paper is one of a series describing a multidisciplinary
ITASA research program on Integrated Energy System Modelling
and Policy Analysis. The initial phase of this research program
is focﬁsed on the énergy systems of three regions: the State
of Wisconsin in the U.S.A.; the German Democratic Repubiic; and
the RhOne-Alpes Region in France. The primary purposes of the
study are at least three-fold:

(1) To identify existing patterns of regional energy use

and supply at appropriate levels of disaggregation.

(2) To compare alternative methodologies for regional

energy forecasting, planning, and policy development.

(3) To use the above methodologies to examine alternate

energy policy strategies for each of the ;egions, to
explore their implications from various perspectives
using sets of indicators related to environmental
impacts, energy usé efficiency, etc., and to e&aluate
the adequacy of the alternative methodologies as
policy tools.

Out of these above three items should evolve improved
methodologies for energy systems research and policy analysis.
The comparative method, intersecting the different disciplines
and nations which would be involved in this project, should
serve as a powerful tool to the mutual benefit to the partici-
pating nations as well as to other countries facing similar
ehergy problems. It could also serve as a prototype for similgr
studies on other resources such as materials, water, air, i.e.
as a vehicle for development of an approach for improved resource

management.

W.K. Foell
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I. Introduction

Th2 solar "option" consist. of a number of rossipnle energy
system= options including or ncornorating varicus types of
solar conversicn elemnents. Oniions inciude systems to produce
heat, elactricitv, syntaetic fuels and shaft horsapower.

In order *to eviluate tl'z2 notential role of some menu of
solar ontions within am evolving energy systen "mixz" in a region,
it is necessary to be alle to answver to some reasonable degree
the following gues*ions:

1) What sclar systems onticas are ia princivle available
and what would *heir *cechnical, erononic and industrial
ciharacteristics ba?

2) What are whe timetahles for development, cormmercial
introédistion and diffusion for thess opcions?

3) vhat are the reglona! natterns of sunlight and weather
and how will tl.ese inilaenc: the "mix™ of wmotentially
interestinag solar tecanologiss?

4) vhat are tine likeoly impact- on energy supply and installed
2nergy conversion facilities of other kinds in an inte-
grated enerqy syst- m?

5) Assunming some nunber of these technologies (e.g. solar
thermal electric pow=r deneration i.. units of 19C llwe
average output) would b= both commercially available
and econcomically interesting, is there available suitable
land” What are the derailed problems related to land
availability, acquisition and use for such solar tech-

nologies and how do such problems compare with siting



£1d1 land use icsues r->ised hy use of alternative
(nor-solar; systoms?

6) What would Lbe a recascnable 1;igigl_groalig_which_gg

Legin developme:. ., iuastallniioa and =valuatiova of 2

sol.ir option for a revion(e.g. solar water heating for

hnouses, small solar i(nerm.:l electric power stations

on the order of 25 Mwe avercge,eic.)? How would one

go about it (CNRS solar program in France, for example)?
7) How does one integrate the examination of a solar option

into the total examination of alternative futures for a

region? Which methodological tools are useful and how

would they actually be used in such an examination?

Questions 1, 2, and 7 would be addressed primarily by
IIASA, whereas questions 3, 4, 5, and 6 would require cooperation
directly with a specific region such as Rhéne-Alpes. 1In addition,
the solar research program of CNRS would presumably be an im-
portant source of information in elaboration of 1 and 2.

An initial and very prelaimirary examination of the potential
for use of solar conversion systems in a region could be carried
out after some initial data oun patterns of sunlight, land use
and topngraphy, and the structure of the regicnal energy system,
including demand patterns, were available.

The following pages contain an outline of some of the mat-
erial which I feel would be useiul in carrying out such a pre-
liminary assessment. These are certainly not the final require-
ments; we would expect to better define the detail and scope of
required data as these evaluations are carried out in greater

and greater detail.



II. Some Preliminary Data Requirements

In order to begin a preliminary sketch of the feasibility
of some solar owvtions makiny an eventual contrioution to the
energy system of the Qhane—Alp@s region, it will be necessary
to have some preliminary data in an organized form. Some of
this is avuilable now within IIASA, cther data will be fairly
easy to collect, and other daca will be more difficult to get.
The reguired data fall into the following categories:

Land Use and Physical! Characteristics of the Region

Physical geougrarhy

Climatology

Insolation patterns (direct and diffuse radiation)

Topoyraphy

ECOlOQy

Water flows

Categories of iand use (forests, meadows, agriculture
of varicus types, "wasteland", etc.)

Man-made Features - the Built Environment

Jrban and suburban regions
Industry
Transportation intrastruvcture (roads, railways, etc.)

Energy Systems Structure

Primary conversion facilities (power plants of various
types, heating plants, etc.)

Energy storage (primarily hydro; coal and o0il storage, etc.)

Energy transport (transmission lines, pipelines, energy
corridors, trucks, trains, etc. for fuels)

Power conditioning (substations, switchyards, etc.)



Demand Patterns

By source (Electricity demand as a function of time
over a year, with breakdown of supply for eaca
majcr generating faicility, natural gas and oil for
industrial, residential anrd commercial procésses,
ecc.)

By end use (domestic hot water, space heating and air
conditioning, commerc:ial and institutional building
requirements, transportation, etc.)

III. Land Use and Facility Siting Data

The identification >f suitahkle locations for various types
of solar facilities is a cruciai component of any preliminary
evaluation of the ultimatce pntential significance of some solar
system options in any region. Figqure 1 outlines the main steps
involved in a complete analys.s of this kind. The specification
of the crucial information related to the local characteristics
of a region in terms cf climftology. topography, physical geo-
graphy, meteorclogy, land use and costs etc., is an important
component of this process since it 1s possible to drown in avail-
able data without a procedure for careful data prespecification
and screening.

There is currently an effcrt underway to perform such a
preliminary piece of work for Austria, including the identification
of a few candidate sites for the initial installation of a proto-
type electric pocwer generation system (either photovoltaic or
solar thermal electric or both). A preliminary copy of this

will be provided to the Grenoble group and we will later

complete a specirication of the types of data required
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and a clear description of how w. have proceded in Austria.

As an example cf a trurcated prncedure to immediately
get a rouyn idea of the vogsibilites, we examinaed former agri-
cultural land now no longer farmed due to ecoromic constraints
(land made unuszable for farmisg during ite WW II, land of low
productivity, etc.). Some 10Cu szuare kilometers of this type
of land, primari.y flat and generally as szunpny as any large
area of Austria, currently exist and would in principle be
available four solar syst:n £iting. The actual suitability of
such land must be judged by application of screening criteria
including proximity to load (erters, availakility of water,
access to energy corridor:s cnd trarspor*tation (for heavy equip-
ment during construction;, soil stability, waximum winds, and
so forth. A similar rougl estimate may. be possible by the

Grenoble group as part of 1 pro:limipnary lcnk _af land avaiiability

and suitability.
An important aspect of the siting evaluat:ion work for

Europe will be th> need for excmination of l.nd _at the micro-

scale (100 ha area plots) including considerable use oi

local experts tw identify where such plares exist, since there
are no eyvivalents (in terms of large, flat sunny land) of Arizona
to be found in Europe. IIance owur s'rategy must permit the
screening of large areas of luand, with the possibility of doing

so with a "

mesh” of 100 ha size in candidate regions (such as
agricultural land), which may be attractive in general for solar
systems.

The land area of the Rh3ne—Alpes region is roughly 40,000

kmz. If fifteen percent of the incident global solar radiation



was converted into electricity, it would require about one

percent of the land area of 400 km2 to provide, on the average,

the electrical demand of the region in 1974. Of course, the
variation over the year in available sunlight raises serious
questions about the use of solar energy conversion unless
suitable storage means are found. The only available technology
currently is pumped hydrostorage; other technologies may well
become both technically and economically feasible over the
coming several decades.

In any case it would require some three to four decades
before solar energy conversion could provide a substantial
portion (> 15%) of any large region's electrical or total energy
requirements. However, this indicates in a rough way the order
of magnitude of land requirements. A synopsis of the estimate
is shown below:

Rough Estimate of Land Areas Required to Provide

Electricity and Other Energy from Solar Conversion

Assume Population = 5 x 106

10,000 Mwe
Elec/capita = 2 kwe
Conversion efficiency = 0.15 for solar to electric,
complete utilization of all solar-produced
electricity
Insolation = 4 kwh/mz-day

Required area is approximately 400 km2 or one percent of

total land in region (40,000 kmz).

A set of solar "land area indices" has been computed for

France, the FRG and Italy to illustrate further the land require-



ments for solar energy conversion on a large scale (Table 1).
These indices are computed assuming that solar energy conversion
provides, on the average, the total electrical energy demand
or the total primary energy demand (exclusive of electric power
generation) with an average conversion and delivery efficiency
of fifteen percent. These issues will be elaborated on in
working papers currently iﬁ preparation.

The following is a brief summary of preliminary land use
data and related information which we would hope to obtain soon.

Data Desired

Gross Breakdown of Land Use

Category Area (km2) $ total
France

Rhone-Alpes region
Arable in use
Arable resting

Arable not in use any
longer - not "good"

Forest

Meadow, grazing
Wasteland
Mountainous

Other that seem relevant
and important

(i.e., large industrial
areas, military reservations,
etc.)

Maps Desired

The French National Atlas
Map of land use distribution in the region

Map showing solar insolation or related quantities (i.e.
total sunshine hours per month or season or year - monthly is
best)
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IV. Solar Radiation Data Desired; Data Currently Available At IIASA

Sunlight Characteristics, Measurements

Solar radiation at the surface of the earth can be described
in terms of the spatial, temporal and spectral distribution of
the diffuse (scattered) and direct (beam) radiation components.
Usually, measurements made at weather stations or similar instal-
lations will integrate over the spectral distribution. The most
common measurements are of the total global radiation (direct
plus diffuse) incident on a horizontal surface, and measurements
are typically reported on an hourly basis. Some installations
also measure the normal incidence using a tracking sensor. The
units of measurement and reporting are most typically in Langleys
(calories per square cm per day) and less commonly in Jjoules
per square cm per day (typical of French work) or in BTU per
square foot per hour. Other units include kilowatt hours per
square meter per hour (or per day) or incident power expres3sed
in watts or incident radiation. An empirical "cloud cover
modifier"is also sometimes reported and can be used to estimate

values of direct sunlight from total insolation measurements.

Desired Data

The most desirable data would be in the form of incident
energy measured on an hourly basis for both total radiation
and the direct component (either at normal or horizontal in-
cidence). In the absence of the direct measurements, the total
giobal radiation can be used to make reasonable computations of
direct radiation.

Typical data are reported for Austria on an hourly basis

for a number of stations. The data at each station are given
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in Langleys for each hour of sunlight during the year. Some
typical data has been plotted at IIASA for the purpose of
visually showing the range in variation in sunlight patterns
over a month and throughout the year. Similar plots can be
generated to show the direct and diffuse radiation incident
on a surface of arbitrary orientation at any time during the
year by well known computational techniques. Such data are
really necessary to say anything specific about the behavior
of a particular solar conversion system over a year.

A list of specific items desired for the Rh8ne—Alpes
region is found in Table 2.

Table 3 is a brief summary of a possible format for
information and data related to solar energy in and near the
Rh3ne-Alpes region and is provided as a guide for the Institut
Economique et Jurdique de l'Energie at the University of
Grenoble.

Information on Hand At IIASA

Information on hand includes Solar Radiation and Radiation

Balance Data (daily average insolation) for 1968, 1969, and

1970 and World Distribution of Solar Radiation (long term

averages of monthly averaged daily radiation for a period
prior to 1966). We do not have any detailed hourly data for
France comparable to the available data for Austria.

The data on hand are summ;rized for the Rhone-Alpes and
nearby regions in Table 4. The monthly averages of measure-
ments at Macon and Carpentras are shown, along with calculated

monthly averages for Dijon, Tarare, Lyon, Bescancon and
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Table 2  First Round Data Requirements - Rhone-Alpes Region*
(1) Insolation Data
a. sunlight hours
monthly
annually
b. radiation

global direct cloud cover

hourly

daily

monthly

annually

(2) General Weather Conditions
a. snowfall
b. rainfall
c. hail conditions
d. wind conditions
é. maximum and minimum temperatures, mean temperature
(3) Electricity Demand (monthly, daily kwhe, hourly for entire
region (present and projected) for a year
(4) Electricity System Map, including information on pumped
storage facilities (EDF should have all of this including

perhaps a book describing the pumped stoarage and other hydro

facilities).

* An example of the level of detail used in a preliminary site
evaluation for the proposed prototype ten megawatt electric solar
thermal electric power plant in the United States is available at
ITASA for solar radiation values, sunshine hours, mean sky cover,
wind histories, and supplementary weather data related to temp-
erature extremes, annual snowfall, wind and thunderstorms. (Ref:
Aerospace Corporation, Solar Thermal Conversion Central Receiver
Pilot Plant Siting, 1975). Once sites are established through an
examination of sunlight maps, agricultural and other land data,
and other maps, the more detailed climatological factors can be
examined. For the level of detail required in the first round,
something akin to the climatological maps of the Austrian Atlas would
be suitable.
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Table 3 Solar Radiation and Measurement Data Desired

For the Rh6ne—Alpes Region

Measurement Station

(1) Name and location, including latitude, longitude and
altitude

(2) Type of measuring equipment*

(3) Location of measuring equipment relative to things which
may make data difficult to generalize under some ccnditions
(i.e., located in valley, near industrial air pollution
sources, etc.)*

(4) Date of establishment of station”

(5) Key person in charge of data management*

Measurements

(1) Type of measurements (i.e., global radiation only, global
plus normal incident direct, global plus normal incident
horizontal, direct radiation only; cloud cover modifers)

(2) Time interval of measurements (e.g. 1 hour, 3 hours)

(3) Reporting interval (1 hour, 3 hours, daily averages, etc.)

Data Format

(1) Printed tables and lists
(2) Maps (insolation or sunshine hours or probability of
maximum possible sunshine)
(3) Computer compatible format (punched cards, paper tape,
magnetic tape)
(4) How it can be obtained
The two measurement stations of relevence to the Rhone-Alpes
region (to the knowledge of the author) are located at Macon and
Carpentras.

* optional if the relevant data can be obtained without these.
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Montelimar. Vienna, Austria and Phoenix, Arizona (USA) are shown

for comparisons. Table 5 shows the location for the measured
and computed values of insolation. It is not obvious without
some understanding of the local meteorology and topography that
one can extend these values into the region east of Lyon (5 deg.

east)’
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Table 5 Average Insolation Characteristics in the Rhane—Alpes

Region

Annualized Average

Location Daily Insolation

Macon ’ 280 Langleys S.D. = 170
3.25 khw/mz—day

Carpentras 423 Langleys S.D. = 188 Mar.-

2 Dec.

4.91 kwh/m"-day
(361 L with 100 L estimate for
Jan. and Feb.)
4.29 kwh/m®-day

Dijon 308 L  3.60 kwh/m’-day

Tarare 302 L

Lyon 319 L

Bescancon 300 L

Montelimar 360 L

318 L (average) S.D. 25

3.70 kwh/m?-day
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Footnotes

(1) Measurements are monthly averages of total global radiation

(1)

(horizontal surface) measured in 1970 and tabulated in the

series Solar Radiation and Radiation Balance Data. Data for

France is presented in the reference in the form (joules per
cm2) and was converted to (calories per cm2) for comparison
with the other computed and measured data. Conversion factor:

1l joule is approximately 0.24 calories.

Calculated by LG6f et al, World Distribution of Solar Radiation

and presented in (calories per cm2), daily insolation from

monthly averages.

Comparisons also from LOf et al.
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