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Abstract

Modern technology makes use of natural energy "wealth" (uranium) to produce useful energy "currency"
(electricity) that can be used to society's benefit. This energy currency can be further applied to help solve a
difficult problem faced by mankind. Within the next few years we must reduce our use of the same fuels which
have made many countries wealthy — fossil fuels. Fortunately, electricity can be called upon to produce another
currency, namely hydrogen, which has some distinct advantages. Unlike electricity, hydrogen can be stored and
can be recovered for later use as fuel. It also is extremely useful in chemical processes and refining. To achieve
the objective of reducing greenhouse gas emissions hydrogen must, of course, be produced using a method which
does not emit such gases. This paper summarizes four larger studies carried out in Canada in the past few years.
From these results we conclude that there are several significant opportunities to use nuclear fission for various
co-generation technologies that can lead to more appropriate use of energy resources and to reduced emissions.

INTRODUCTION

The most recent work addresses Canada's commitment to reduce greenhouse gas emissions [1].
Demand, supply, economics, and gas reduction factors are discussed. The potential impact of efficient
transportation with low emissions is quantified, based on both existing and envisaged technological
advances, utilizing electrolytic hydrogen and fuel cells. The second study is aimed at possible future
development of flexible and market-driven groups of industries which can be called "energyplexes".
The specific case studied is the Bruce Energy Centre in Ontario [2]. Beginning from a base of existing
large scale installations, the study examines possibilities for developing an integrated energy centre in
a "cascade" fashion, from electricity production to hydrogen, transportation fuels, and finally to low-
grade heating for agriculture. The economics of this energyplex centre are discussed. The third study
describes application of nuclear-generated steam to extraction of oil from the Athabasca oil sands in
Western Canada [3]. Novel extraction technology and comparative economics of nuclear vs fossil
steam are discussed. The motivation for this work came from the very large commitment of natural
gas which otherwise would be needed to extract this oil. The fourth study presents a technical and
economic evaluation of seawater desalination using nuclear heat [4], and innovative reverse osmosis
technology, at a site in Indonesia. This study found favorable economic and technical results, even
under these difficult conditions.

TRANSPORTATION FUELS FOR GREENHOUSE GAS REDUCTION

The simple concept underlying this work uses nuclear power plants to generate electricity for the grid,
for use in either central or distributed hydrogen production. Hydrogen is produced by electrolysis. By-
products include heavy water and oxygen. Deuterium can be extracted from the hydrogen stream.
Heavy water is essential for operation of CANDU reactors, so that there is a very substantial
additional economic synergy between the application of nuclear energy and hydrogen production in
this case. AECL has developed experience in handling hydrogen because hydrogen is central to
processes that offer cheaper heavy water for CANDU reactors. There is, of course, a wider interest in
the expanded use of hydrogen. It is the obvious chemical gateway through which electricity from
virtually inexhaustible sources can supplement and provide the liquid fuels and petrochemicals that
now come from conventional oil. There is a new way to promote use of that gateway [5] by adding the
Combined Electrolysis and Catalytic Exchange (CECE) process to electrolysis and improving the
economics with byproduct heavy water. It this were widely adopted, the price of heavy water could
fall by over a half, which would have a noticeable effect on the price of electricity from CANDU
reactors, providing positive feedback around a circle of electricity-electrolysis-hydrogen.

A reactor design appropriate for this application is the CANDU 6, which has been exported, so far, to
four foreign countries and is operating in Canada. The lifetime average capacity factor of plants using
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this reactor design is about 85%. Canada is one of the largest exporters of nuclear plants in the world
and competes successfully against oil, coal, gas, as well as against other nuclear designs.

Nuclear fuel supply to support the nuclear-hydrogen option is very large at the present time and
effectively infinite in the long term [6, 7]. The supply of nuclear fuel is adequate to energize any
envisaged hydrogen production program.
With respect to Green House Gas (GHG) emissions, CANDU reactors already have reduced
emissions in Canada by over 1000 Mt/CO2 cumulative to date, and continue to avoid emissions by
about-100 Mt/y.

Economic analysis

In Figure 1 we compare estimates and trends for future generating costs from several alternate
sources. These values are derived directly from The European Renewable Energy Study [8] and from
actual CANDU generating costs [1] without taking credit for the reduction of nuclear plant cost which
is expected in the future. At the same time the cost estimates for the renewable energy options assume
significant technological improvements.

The European data used here are of interest because there is already significant wind-energy
deployment and experimentation with "competitive" but regulated energy markets, and on market-
share targets and subsidies for wind farms. Regardless of the absolute magnitudes, which show
significant cost increases for use renewable sources, the relative estimates in Figure 1 also clearly
show that 20 to 30 years are needed for renewable energy costs to decline significantly. Nuclear
energy costs are known accurately today.

Cost Comparisons for Non-Carbon Power Sources
European Study (TERES)
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Figure 1. Comparative current and projected electrical generation costs [8J.

The proposed non-carbon bridge to the future utilizes a balance of renewable and nuclear energy
sources and hydrogen, coupled with the management of emissions. The portfolio of electric energy
sources is robust in the sense that nuclear is used for the large blocks of base load power, solar wind
and other sources contribute as available, and hydrogen serves for energy storage.

It took nearly a century to build the world's present electricity production systems and energy-use
patterns: it was an immense enterprise, and it is unreasonable to expect all of this to be changed
quickly. A bridge should be built to enable changes to occur gradually over the next 20 to 50 years,
without causing significant economic disruption.
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Hydrogen generation and end use alternatives

(a) Central hydrogen generation

One non-carbon concept is to generate hydrogen using a central plant to take advantage of the
economies of scale. Hydrogen then can be distributed by tanker or pipeline as a compressed gas or in
a chemically combined form such as ammonia to the local distribution sites for final distribution and
use. To achieve essentially zero emissions, the preferred hydrogen production process is electrolysis
of water. Hydrogen produced in this manner is sensitive to the assumed cost of bulk electricity, which
is typically about 25 to 33% of the total H2 cost. The costs have been carefully analyzed and show that
hydrogen can be produced economically in advanced electrolytic equipment [9] at about 70%
efficiency, so that the energy required is of the order of-50 kWh(e)/kg H2. By-product deuterium gas
production does not require significant additional energy input.

CANDU 6 plants normally achieve an 80% operating capacity factor. Calculations for a commercial-
scale electrolysis plant show that a 690 MW CANDU 6 reactor can simultaneously co-generate about
95 Mg/y of D2O at that capacity factor. Since annual consumption resulting from heavy water leakage
is less than 5 Mg/y, the system is much more than self-sufficient in heavy-water production. The
annual net production is:

One CANDU 6 @ 690 MW(e) => 90 Mg/y D2O + 97 Gg/y H2.

At today's prices, and to give perspective on the order of magnitude, the hydrogen is valued at about
$800/Mg, using electricity generated at -2.5 cents/kWh(e), and is hence potentially worth -$115 M/y
revenue at the wholesale site. The D2O by-product is worth another -$25 M/y at an assumed market
price of $250/kg.

(b) Embedded hydrogen generation

Local small scale electrolysis units, which eliminate the need for a central facility, have been
examined as a second option [10]. Electrolysis units normally are modular, so specific production cost
varies only slightly with capacity. Local generation avoids transportation costs and large storage
containers. Electricity can be supplied either from a grid with central power plants or from local
renewable (solar or wind) power.

It may be desirable to have a local small scale capability for H2 production. The extra cost of
compression locally is also small, say, 10% of the generating cost. As will be seen, the local
generation need is quite small. Ideally hydrogen would be generated during off-peak periods of the
electricity supply system, thereby better utilizing electrical generating capacity. This mode is
especially suitable for nuclear units because of their small incremental cost of fuel. The pricing
structure for electricity could be designed to encourage off-peak use.

Synergism with hydrogen in transportation

At present electricity represents a negligible -0.2% of fuel consumption in transportation, which is
the unchallenged domain of oil and gas. Transportation in Canada alone represents some 15% of the
GDP, with a total energy use -1.5 E/J/y causing emissions of about 150 Mt CO2/y, which are
projected to rise, as gasoline use rises, to about 200 Mt CO2/y by 2020. Canada's fleet of personal
vehicles consisted of about 15.5 million cars and light trucks in 1995 (NRCan, 1998). These vehicles
alone generated 91 Mt of GHGs expressed as CO2 equivalent in 1995.

Extensive analysis has been undertaken on the costs and benefits of hydrogen as a transportation fuel
[10]. In principle, it is very attractive and simple. Hydrogen is abundant and it can be burned either as
a raw gas or with a carrier. It also can be used to feed mobile on-board fuel cells to recombine with
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oxygen and produce water and energy. There is a variety of possible vehicles, e.g., an internal
combustion engine (ICE) fed by methanol, natural-gas, or hydrogen, combined with batteries, fuel
cells, conventional combustion or both. Emissions for each choice are shown in Figure 2.

For hydrogen production, as for everything else, we must consider the entire process from production
to end use, so the carbon dioxide emissions using conventional reforming and electrolysis based on
fossil-fuel sources are comparable with or even greater than those from simply using gasoline. Thus
there is, significantly, no real advantage to producing hydrogen in this way to reduce emissions. One
might as well burn natural-gas or propane.

The lowest carbon-dioxide emitting vehicles are the hybrid and fuel cell vehicles. The achievable
efficiency of the process is about 50% at the vehicle level (from combustion to motion). This
efficiency gives about a factor of three improvements in the 'equivalent' fuel economy, to
approximately 2.75 1/100 km (80-90 mpg) relative to today's vehicles.

Although some further development of efficient cars and other motive systems remains to be done,
there is a way forward that will allow growth of personal and public transportation systems at the
same time as allowing drastic reduction of greenhouse gas emissions.

DESIGN FOR AN ENERGY COMPLEX

The Bruce Energy Center (Figure 3) has been developed over the past 20 years next to the Bruce
Nuclear Power Development (8 x 850MW(e) units) on the Eastern shore of Lake Huron in Ontario.
The initial development focused primarily on agriculture-based industry, on the premise of available
and affordable steam generated by the Bruce "A" units (with additional supply backup from fossil-
fired boilers).

A sustainable development model now being developed represents an initiative to complete the larger
mission of the Bruce Energy Center. This development is intended to demonstrate commercial
application of "closed-loop" and integrated systems, the introduction of nuclear hydrogen and
absorption of CO2.

Sustainable development model

1) Cogeneration of electricity and process steam using a Nuclear fission reactor
2) A menu of feedstocks ranging from farm produced carbo-hydrates and solid wastes to low-grade

carbon sources and carbon dioxide,
3) A series of state of the art processing, synthesizing and refining processes, and
4) End products that have markets and in their own right have environmental value-added.

CO2 Emissions - Hydrogen Fuelled Vehicles
Hybrid Electric (ICE & Fuel Cell)
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Figure 2. Emission levels of hydrogen-fuelled vehicles.

22



Consistent with the premise and vital to the economic viability is the integration of processes i.e.
carbon dioxide from fermentation processes used to produce ethanol is combined with electrolytic
hydrogen to form methanol (CO2 +3H2 -»• CH3OH + H2O). Similarly, the cascading use of thermal
energy is applied to maximize benefits, i.e. steam is used first for ethanol distillation, secondly for
greenhouse operation and finally for aqua-culture. One potential sequence of products is shown in
Figure 4; heavy water production and desalination processes have been added to the original plan
shown in Reference 2.

Figure 3. Bruce Nuclear Power Development (8 x 850MW(e) CANDU units, heavy water production,
greenhouse complex using nuclear steam).
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23



The relationship of the development to Bruce "A" generating station, and the demand/supply profile
of Ontario Hydro are crucial to the economic viability of the electrolysis-based first stage. It will be
necessary to generate electrolytic hydrogen and oxygen at lower prices than is possible by
conventional methods. Many factors, site specific to the Bruce Nuclear Power Development and the
Bruce Energy Center, will influence the operation of this facility. Use of off-peak electricity would
strongly improve facility economics.

Methanol synthesis

The initial CO2 to combine with the hydrogen will be taken from the existing 20 000 litre/y
Commercial Alcohol Inc. fermentation ethanol plant at the Bruce Energy Center. This plant provides
approximately 15 000 Mg/y of useable CO2 and this, in turn, provides the absorption of 27% of H2

production. The remaining 73% of CO2 would be supplied by a planned 100 million litre/year
fermentation plant.

Planned industries

The development company is reviewing plans for further projects as follows:

- 600 Mg/day municipal solid waste separation plant,
- 1000 Mg/day cellulose conditioning plant,
- 75 Mg/day medium density fibre board plant,
- 100 Mg/day organic waste processing plant,
- 36 Mg/day plastic extrusion plant.
- 100 Mg/day ammonia processing plant.
- 1300 Mg/day ETBE/MTBE/Ethers synthesis plant.
- 20 000 litre/day waste/residual oil upgrading plant
- Four(4) 4-acre greenhouse c/w common packing and administration, and
- 200 ,000 lbVyear high density aqua-farming plant.

These components will be developed to provide a reduced-cost feed stock for downstream industry
while providing a good level of profit for each of the individual process activities.

50 MW(e) Electrolysis at $.02 per kwh,
hydrogen @ $2 000 /Mg

Costs in Canadian Dollars
Capital cost

Land, bldg. 1 500 000
Equipment (256 cells) 28 400 000

Annual revenue 20 100 000
Annual operating cost

electricity 13 400 000
other (int., amort., tax 5 500 000

Annual net revenue 1 200 000

Revenue products
60 000 Mg oxygen at $50 per Mg 3 000 000
7 Mg D2O at 300 k$ per Mg 2 100 000
7500 Mg hydrogen at $2,000 per Mg 15 000 000

Figure 5. Example costs of electrolytic hydrogen production.
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Figure 6. Steam injection to, and recovery from, the oil-bearing formation.

Thi model for sustainable development using hydrogen for recycling of CO2 and fuelled by a non-
carbon, inexhaustible energy source requires several levels of entrepreneurial innovation. There are
no significant technological barriers. The main impetus must be the recognition of a need for change.
When that need is recognized it is obvious that a large number of beneficial and economical processes
can be developed from application of nuclear fission heat.

OIL SANDS TECHNOLOGY

The usual assumption concerning the use of extracted oil is that it is intended for burning in one way
or the other. In the short term this undoubtedly will be the case. But in the longer term oil can be part
of the transition to a sustainable system, in which its use is limited to applications such as chemical
feedstocks.

In the last twenty years the technology used in extraction of oil from Canada's oil sands has advanced
in many areas. One of these technologies, steam assisted gravity drainage or SAGD, stands out as a
low cost and applicable method for all oil sand depths below 30 metres of overburden. It has been
established [11] that the supply cost of bitumen produced from a SAGD operation is well below the
historic bitumen plant gate selling price of between ten and fifteen dollars per barrel.

The steam assisted gravity drainage approach to the thermal recovery of heavy oil depends on long
horizontal wells placed at the base of the reservoir. Steam is introduced into the base of the reservoir.
Because of the low density of gaseous steam it rises in the reservoir and heats the formation. The
heated oil and water (both condensed steam and heated formation water) in the formation drain down
to the horizontal well from which they are pumped to surface. Figure 6 shows the mechanism by
which the process proceeds within the reservoir. The steam is injected into the reservoir at a pressure
slightly above the natural pressure of the formation, from another horizontal well. The process is
ineffective with vertical producing wells because of the relatively low flows that can be achieved
under these conditions. However, with long horizontal wells, economic production rates can be
achieved. SAGD technology is the key to the production process. A fundamental Steam Assisted
Gravity Drainage (SAGD) production unit consists of two parallel horizontal wells vertically spaced 5
metres apart at the bottom of the oil-bearing zone. Steam is injected into the upper well and
production comes from the lower well. Steam, injected just below formation fracture pressure, heats
the otherwise immobile bitumen which flows by gravity to the lower well. The key features of the
extraction facility are shown in Figure 7. The development of the SAGD technology has assured that
bitumen can be produced in the Fort McMurray area of North-eastern Alberta at a competitive price at
any volume that the market can absorb.
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Figure 7. Arrangement ofSAGD injection and extraction wells.

Magnitude of the resource

A reservoir screening study [12] determined the magnitude of the bitumen resource which can be
economically exploited using the SAGD technology. This study indicates that at least 28 commercial
recovery projects could be supported, each producing at least 130 x 103 barrels (20.6 x 103 m3) of
bitumen per day for 30 years. The ultimate potential of this recovery method is so large that it is
unlikely that any other known technology will be needed.

Energy supply alternatives

Extraction of bitumen requires energy input, mostly for boiling water. Currently natural gas is the fuel
of choice. The twenty-eight, 30 year SAGD recovery schemes would produce a total of at least
40 billion barrels (6.35 x 109m3) of bitumen. More than 42 EJ of energy would be needed to generate
the required steam. An additional 42 EJ of natural gas would be required to produce the hydrogen
required to upgrade the produced bitumen to synthetic crude oil (SCO) standards. The combined
requirements for steam generation and hydrogen production represents 60 percent of the remaining
ultimate potential of natural gas in Alberta. Clearly fuels other than natural gas must be used if the
ultimate potential of oil sands is to be realised. Nuclear fission is an obvious alternative, and can
produce steam at the pressure required for SAGD recovery.

Cost of steam generation and distribution

Three different fuel cases are considered as outlined above. Only the cost of steam generation is
considered to be dependent on the fuel source. The costs of water treating were considered to be the
same despite the fact that the lower generation pressures and temperatures in the CANDU cases
should place less stringent constraints on the boiler feed water. The lower distribution pressure for the
CANDU cases will require larger diameter pipe but with a lower wall thickness and less insulation.
For the purposes of this study it is assumed that these changes in the distribution system will
compensate and that the cost will be the same. As the SAGD process only utilises the latent heat of
the injected steam, the mass of steam required at a pressure of 15 MPa is increased by a factor of
1.12 for the natural gas cases to achieve the equivalent heat injection at the design basis of 3.43 MPa.

Steam cost of supply

Based on the cost data developed in the previous section, the cost of supplying steam to an in-situ
SAGD operation can be computed. Calculated supply costs do not include allowances for income
taxes, royalties or finance charges. They are computed at several discount rates to account for the time
value of money. Steam supply costs were determined for the different cases using both natural gas and
nuclear steam. The supply costs were computed at discount rate of eight percent.
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Electricity costs were not generally included as part of the cost of generating steam. One exception
was the additional electrical power require to boost the boiler feed water to 15 MPa required in the
natural gas cases. In the nuclear power cases, it was assumed that part of the electrical power
requirements for the SAGD operation were generated by the reactor. This power generated by the
reactor for SAGD operations was treated as a credit for the cases involving nuclear generation.

Summary of oil sand studies

Based on the work completed during this study, a number of conclusions can be drawn.

1. The CANDU nuclear reactor is a viable alternative for supplying steam to in-situ oil sand
projects based on SAGD technology for the recovery of bitumen when natural gas price
exceeds $2.50 Canadian per gigajoule.

2. Because of the risk associated with high initial capital investment, it is unlikely that the
nuclear option will be seriously considered until the following conditions are met:

a) An existing SAGD bitumen facility (production >100 000 BPD) based on the use
of natural gas as fuel is in production in an area not exceeding 10 000 hectares

b) The economics of implementing the CANDU option can be justified on the bases
of reducing the operating cost of this large facility.

c) The public is convinced of the environmental advantages of using a nuclear reactor
over other alternatives such as coal- and bitumen-based fuels

3. As the development of the Canadian oil sand resource matures, energy requirements to
produce the in-situ steam and hydrogen for upgrading become so large that the natural gas
found in Alberta will not be sufficient to meet the extraction energy requirement.
Uranium, coal and fuel derived from bitumen are the only resources large enough to
provide viable alternatives.

4. A CANDU nuclear reactor would provide sufficient steam so that the oil sand resource
within a reasonable distance (5-6 km) to transport steam using a surface distribution
system would be exploited within 30 to 40 years.

5. The production of electrolytic hydrogen for upgrading of bitumen is a viable option to
natural gas at low electrical power rates (below $ 15/MWH).

6. Should limits be set on the levels of carbon dioxide emissions to meet Canada's
commitment to the Kyoto protocol, the use of nuclear energy to develop the oil sands with
SAGD technology can be a feasible alternative. Reference 13 concludes that a large
amount of future CO2 emission can be eliminated by coupling the SAGD process with
nuclear steam and electricity production.

WATER DESALINATION USING NUCLEAR FISSION HEAT

The need for potable water has been amply demonstrated [14, 15]. The IAEA has done a considerable
amount of work in the area of nuclear desalination [16, 17]. The main drawback of desalination,
however, is that it is an energy intensive process. Therefore, the increasing global demand for desalted
water creates a tremendous collateral demand for new sources of electrical power.

In addition to providing a means of meeting regional electricity demand, the CANDU nuclear reactor
can also serve as an energy source for a reverse osmosis (RO) seawater desalination plant. In
conjunction with the use of electrical energy, waste heat from the reactor is used in the desalination
plant to improve the efficiency of the RO process. This is done by using condenser cooling water as a
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source of preheated feedwater for the RO system. The system design also makes use of advanced
feedwater pretreatment and sophisticated design optimization analyses. The net result is improved
efficiency of energy utilization, increased potable water production capability, reduced product water
cost and reduced environmental burden. This approach to the integration of a seawater desalination
plant has the advantage of maximizing the benefits of system integration while at the same time
minimizing the impacts of physical interaction between the two systems. Consequently, transients in
one plant do not necessarily have adverse effects on the other.

The CANDESAL design concept

Only two commercially-available and proven technologies are available. These are multi-effect
distillation (MED) and reverse osmosis. More detailed preliminary studies showed that in order to
match the required thermal conditions for MED, changes were required to the reactor's balance of
plant design that were both expensive to implement and led to reduced electrical generating
efficiency. Moreover, the loss in electrical generating capability was such that the overall water and
electrical production capacity was not as great as that which could be achieved using RO combined
with the standard CANDU design.

The use of ultrafiltration (UF) pretreatment provides high quality feed water to the RO process. This
serves to protect the RO membranes and enhance their performance, thereby reducing the total
number of RO membranes required and increasing their lifetime. The result is reduced plant capital
cost and reduced demand for membrane maintenance and replacement.

The RO process depends on a complex set of relationships between a variety of operating parameters
including the preheated feedwater temperature, feedwater analysis, RO system operating pressure,
membrane feed flow rate, recovery, permeate quality and flow rate, and brine concentration and flow
rate. A comprehensive design optimization based on integrated system performance analyses is
carried out to establish the best balance of design features and performance characteristics to achieve
specified performance objectives and reduced water production costs.

This approach to the coupling of seawater desalination systems with nuclear reactors has the
advantage of maximizing the benefits of system integration while at the same time minimizing the
impact of physical interaction between the two systems. This is extremely important, since there must
be a high degree of assurance that unanticipated operating transients in the desalination unit do not
have an adverse impact on either reactor safety or operational reliability. Conversely, it would be
undesirable to have reactor upsets, whether anticipated or not, that would require shutdown of the
water production plant.

.c
s

«

Figure 8. Effect of nuclear preheat on desalinated water cost, Indonesia site.
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As the CANDESAL nuclear desalination/ Cogeneration system design concept has evolved, it has
developed in a direction which allows use of a standardized off-the-shelf CANDU reactor without
modification, while at the same time accruing significant benefits from systems integration due to
improved performance characteristics and energy utilization.

Results

A detailed engineering and economic study has been made for a site in Indonesia [18], including the
effects of several parameters such as feedwater pressure, feedwater temperature, and salt
concentration. The results of the economic assessment are summarized briefly in Figure 8.

The results of this preliminary design evaluation study show the technical, performance and economic
characteristics of a large scale RO seawater desalination plant coupled with a CANDU 6 nuclear
power plant, operating under conditions typical of a site in Indonesia. Based on site characteristics for
the site supplied by Indonesian participants in the study, a reference design configuration was
developed and described for a reverse osmosis nuclear desalination system that meets those
conditions.

The Muria reference design consists of ten identical RO trains operating in parallel. Each train is
capable of producing slightly more than 24 000 m3/d at a 29(C reference seawater temperature. The
total water production capacity of the plant is thus in excess of 240 000 m3/d, with potable water
quality consistent with World Health Organization standards, having a total dissolved solids content
of less than 500 ppm.

The estimated capital cost of the plant is on the order of US$236 million, with a cost of water
production of about US$0.63/m3 based on standard economic assumptions used by the IAEA in their
economic analyses. The cost of water from a stand-alone RO plant under these same conditions is
about US$0.74, or about 17% higher.

Based on the results of this work it can be concluded that a nuclear desalination facility based on the
integration of the CANDU 6 reactor with a reverse osmosis desalination plant can be configured to
operate effectively and efficiently even under the high seawater salinity and temperature conditions
prevailing in Indonesia. Such a plant can provide for the cogeneration of water and electricity, using
waste heat from the electrical generation process to improve the efficiency of the water generation
process. Such a plant is based on currently available, proven technologies and could be implemented
on request. The innovative approach taken to the application of RO technology leads to performance
and economic advantages that represent significant improvements over other alternatives currently
available.

CONCLUSIONS

There can be no firm conclusions at this time because the gigantic task of replacing the world's
existing primary energy resources with new ones has only begun. However, some useful guidelines
might be found in the work done so far.

It is abundantly obvious that nuclear fission energy is the best candidate for supply of at least a major
part of the world's large scale energy supplies. It is a mature, viable, and economic technology. The
most important remaining developments of this technology are reduction in electricity generating cost
and the adoption of advance nuclear fuel cycles.

Several mature associated technologies (electrolysis, motive-fuels production, motive-fuels handling,
heavy-oil extraction, desalination, heavy water production, etc.) already exist. It seems that there are
no major technological barriers in the way of a bright and sustainable energy future.
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