Report on Session 2 (Plenary) and General Recommendation

Outlook for Nuclear Power and the Future of Process Heat Application

By Leon Awerbuch, Chairman of Technical Programs and IDA Director

The session chairpersons: L. Awerbuch, IDA





T. Dujardin, OECD/NEA

The five speakers presented an overview papers on the following subject:

1. NUCLEAR ENERGY OUTLOOK by  Dr. Thierry DUJARDIN
Deputy Director, Science and Development
OECD Nuclear Energy Agency 

2. Rising Expectations for Nuclear Power by Dr. Akira Omoto Director ,  division of Nuclear Energy, IAEA

3. Possible Scenarios and its Effects by Non-Power Application of Nuclear Energy; Japanese Cases by  Dr. K. Matsui, The Institute of Applied Energy, Japan


4. Potential for Nuclear Process Heat Application  by Dr. Karl Verfondern Research Center Jülich, Germany

5. Integrated Hybrid Desalination Systems ”integration of desalination, power, environment and security, by Leon Awerbuch, President Leading Edge Technologies, LET and IDA Director

World Energy Outlook, Global demand grows by more than half over the next quarter of a century, with coal use rising most in absolute terms. World oil demand grows by just over half between 2004 and 2030, with 70% of the increase coming from developing countries. Most of the increase in oil demand comes from developing countries, where economic growth – the main driver of oil demand – is most rapid. Oil remains by far the most heavily traded fuel, but trade in natural gas expands faster. China sees the biggest jump in oil imports in absolute terms, but North America remains the largest importer. Cumulative Investment in Energy-Supply Infrastructure, 2005-2030 = $20.2 trillion (in $2005). Just over half of all investment needs to 2030 are in developing countries, 18% in China alone.

World electricity demand doubles between 2004 and 2030. Most of the additional demand for electricity is expected to be met by coal, which remains the world’s largest source of electricity to 2030. Half of the projected increase in emissions comes from new power stations, mainly using coal & mainly located in China & India. Half of the projected increase in emissions comes from new power stations, mainly using coal & mainly located in China & India. Alternative Policy Scenario: Global Savings in Energy-Related CO2 Emissions. Improved end-use efficiency of electricity & fossil fuels accounts for two-thirds of avoided emissions in 2030. More favourable policies on nuclear could significantly accelerate the growth in global capacity – especially in OECD countries. Electricity-supply investment are $2.1 trillion lower than in Reference Scenario, but renewables and nuclear investment are higher. Over a quarter of global electricity comes from renewable energy sources in 2030 in APS. A dozen policies in the US, EU & China account for around 40% of  the global emissions reduction in 2030 in the Alternative Policy Scenario. The share of nuclear power drops much less than in the Reference Scenario, helping to curb emissions growth

Why times are changing ? 

· Rising of fossil fuels prices

· Security of energy supply (and diversity)

· Climate change concerns

Nuclear energy main features

· Mature technology

· Nearly carbon-free electricity generation source

· Stable cost and low marginal cost

· Geopolitical distribution of uranium resources

· “Domestic” source of energy

Nuclear Energy Today
~ 16% of world electricity generated by nuclear
(24% in OECD countries)

· 442 power plants in 33 countries
(352 in 17 OECD countries)

· existing power plants are very competitive

· increasing load factors

· upgrading of plant capacities

· low cost of lifetime extension

· Mature technology

Gas-fired electricity is no longer the cheapest form of generation; prices assumed to remain between $6 and $7 per MBtu

· A remarkable change in capital markets views on nuclear over the last two years

·  “Too much capital intensive” disappeared

· Capital markets expect new build in Europe (not in all countries)

· Resources to invest in new NPP are available

· Competitiveness is no more an issue

 Paradoxe ?
· Existing nuclear power plants are “cash cows” for most utilities worldwide

· Decisions to build new plants “future cash cows” are difficult to make

The nuclear case seems good, so where is the problem ?

· Business risks

· Lack of confidence in the stability of the rules

·  political stability

·  nuclear regulatory stability

·  taxation stability (incl. ETS)

· To reduce risks, partnership utilities / large industrials (‘the Finnish solution’)

· Role of governments

· societal benefits should be recognized

· role to play in reducing the risk, not causing them
Concluding Remarks on Energy Policy.

· No ideal or magic solution to avoid the “dirty, insecure and expensive” energy future that the current trends prepare

· All energy technologies will be needed

· Uranium resources are available

· Advanced nuclear technologies are developed 

· From a sustainable development perspective, nuclear energy has a major role to play 

·  reduction of CO2 emissions

·  security of energy supply

·  diversity of supply & price stability

· Role of governments key to provide stability

NEA activities on non-electric applications

Information Exchange Meetings on Nuclear Production of Hydrogen

Isotope Production

· NEA acts as technical secretariat for GIF 

· Hydrogen production :

· R&D activities and exchange of information are performed with the VHTR system project

· Processes applicable to systems other than VHTR are also included

· 6 (and possibly 7) organisations participate in the project

· Hydrogen production objectives:

· developing and optimising the thermochemical water splitting processes of the sulphur family

· advancing the high-temperature electrolysis process

· evaluating alternative processes

· defining and validating technologies for coupling reactors to process plants

· GIF Economic Modelling Working Group

· Study of hydrogen production cost by modular helium cooled reactor vs. steam methane reforming

· “Allocating Costs for Non-electricity Products from GIF Nuclear Energy Systems” 

Dr. Omoto. 

The growing awareness of the need for environmental protection together with a recognition of energy supply security that nuclear power is offering has lead in many parts of the world to renewed discussion about the nuclear power option to meet increasing energy and electricity demands, particularly in developing countries. IAEA and the nuclear community would have three priorities: First to insure protection when nuclear energy is used to produce electricity, for district heating, desalination or hydrogen production, it is used safely, securely, and with minimal proliferation risk. Second , to ensure continued technologic al innovation for improved economic via liability, enhanced safety, security and proliferation resistance. Third , to ensure that the needs of developing countries are taken into account. The IAEA programme is based on three pillars: Science and Technology; Safety and Security; and Verification.

More recently the Department of Nuclear Energy of IAEA has increased its scope of interest and included new activities on Non-electric Application of Nuclear Energy.
Dr. Matsui

JAIF Committees on Nuclear Heat Application Established in 1969
Publications 

· Industrial Uses of Nuclear Heat” 

·  (Steel, Chemicals, Desalination)

· “The Uses of LWR and HTR Nuclear Heat”

· (Coal liquefaction and gasification, Hydrogen production, etc.)

· “The Contribution toward Global Environment Protection”

· (Hydrogen production and CO2 recycle / application to steel industry, Cogeneration, Clean energy from fossil fuels)

· Interim Report : “The Study on HTR Future Perspective”

Operating desalination systems in Nuclear Power Plants in Japan

· Takahama : 1,000ton/day (MED)

· Ohi : 1,300ton/day (MSF), 2,600ton/day(MED), 2,600ton/day(RO)

· Ikata : 2,000ton/day(MED), 2,000ton/day(RO)

· Genkai : 1,000ton/day(MED), 1,000ton/day(RO)

High Temperature Gas-cooled Reactor Development

VHTR Deployment Scenarios and R&D Roadmap in Japan

Objectives

· Propose promising VHTR applications and utilization systems

· Estimate possible fossil energy savings and CO2 reduction

· Identify technological gaps for practical use

 Promote governmental support and potential users

Cogeneration System of VHTR hydrogen production system

Outline of VHTR Deployment Scenarios

600MWt, Outlet Temp. 950o C Cogeneration, Operation starts 2040

Salient economy, Inherent safety,Broad use of nuclear heat

No emission of CO2   

The Scenario for FCV 

Deployment Schedule, 2030-Demonstration plant , 2040-Commercial plants  

 1 unit / 2 years construction, 2100-30 operating units
H2 Supply by VHTR

 400 M-/unit/year, 400,000 FCVs,  30 units :  12 million FCVs
27% of total FCVs in 2100 in Japan, Very ambitious target of 15 million FCVs by the year 2030

Use of VHTR in the transportation sector can contribute greatly to environmental protection and energy security

Use of VHTR in the industrial sector, to be a “Nuclear Boiler”, can contribute greatly to environmental protection and energy security

The Scenario for “Hydrogen Town”

Aomori Prefecture has a strategic plan to promote local use of hydrogen.

By 2030 VHTR  demonstration plant for  hydrogen production  

30 VHTRs do not affect future Japanese uranium demand much,

no deviation from the official fuel cycle policy of Japan.

· Technological subjects necessary to realize the VHTR deployment scenarios have been submitted from the industry.

· JAEA should take an initiative  for steady promotion of VHTR research and development. 

Making Distillates from Ultra Heavy Oil Hydrogenation

· Ultra heavy oils equivalent to vacuum residue, of Orinoco tar (Venezuela), Oil sand (Alberta, Canada) to be processed at 100 thousand barrel / day

· Hydrogen consumption of 4 wt.% corresponds to 7.2 million Nm3 / day

· Four HTR of 600 MWt to produce H2

· Distillates of 6 million ton annually, equal to 8 % of transportation or 15 % of residential fuels in Japan 

Nuclear heat application has been said for long, long time, but not so much succeeded

· Effective and practical measure to climate change / green house gas reduction

· Nuclear technology and its related institutions should advance and address to the real world as other technologies and environments do

· Practical application would be possible based on experiences and further international collaboration 

I have a dream. Someday we can develop fully nuclear capacity for human survival on this planet

Dr. Verfondern

Forms of Energy Utilization
· Electricity only 16 % (25 % for OECD)

·  Nuclear only for electricity

·  Heat Market & Transport  dominating

·  Penetration of nuclear into  two directions or combined

·  Combined Heat & Power saves resources & CO2 emissions

·  NPH a real innovation in the energy sector !!!

The Strong Points of Nuclear Combined Heat and Power
More independence of energy imports

Increase in efficiency by ~ 15 % ( competitive
Reduced heat waste and CO2 emissions
Adaped to industrial needs (modular size) 

Good social acceptance

Examples of Commercial Use of Nuclear Process Heat
·    Canada, Bruce NPP with 5350 MW to D2O production plant and other industries

· Germany, Stade NPP with 30 MW to salt refinery

· Switzerland, Goesgen NPP with 25 MW to cardboard factory
District Heating
· Hot water or steam supply decentralized at 80 – 150°C temperature and at low pressures

· Developed networks in many countries with sizes of 600-1200 MW(th) for large cities and 10-50 MW(th) for smaller communities (total:~50,000)

· Hot water systems wide spread in Germany, steam systems in the USA

· Insufficient economy for nuclear systems 
Nuclear Desalination
· Experience with nuclear desalination since 1960s, 
1 plant in Kazakhstan, FBR, 80,000 m3/d water by MED
9 plants in Japan, 1000-3000 m3/d for on-site supply with 
a total of ~150 accumulated operation years (IAEA 2002)

· Still needs to be demonstrated on large scale

· Project studies on-going in several countries,
European project EURODESAL to prove competitiveness of nuclear desalination

Tertiary Oil Recovery
        Flooding with steam @ 200-340°C, 10-15 MPa

Nuclear Production of Synthetic Crude Oil
Refinery
· Worldwide throughput of crude oil 3*109 t/yr requiring ~ 200 GW(th) or 8% of energy contents

· Total system has large number of individual units

· Refinery with annual throughput of 6-7 Mt typically needs 400 MW(th)

Steam Methane Reforming
·      Savings of ~ 35%, if process heat is from nuclear

· Tested under nuclear conditions in pilot plants in Germany and Japan
Requirements to Nuclear Refinery System
Upgrading of Coal
From Coal to Oil
Types of Coal Gasification
Methanol from Natural Gas
Liquid Fuels from Biomass and Nuclear
Nuclear Hydrogen from Water
Nuclear H2 R&D Project in Japan HTTR + S-I to become the world‘s first nuclear H2 production plant
Conclusions
Nuclear energy is a clean, safe, and powerful greenhouse gas emission-free option to help meet the world‘s demand for energy. 

It has a still unexploited potential of producing, in the CHP mode, 
process heat and steam in a broad temperature range.

There is experience with nuclear in 
the heat and steam market in the 
low temperature range. 

An extension appears possible on a short term in the areas of 
desalination, district heating, and tertiary oil recovery.

In the higher-temperature heat/steam range, 
a significant potential for nuclear is given in the petro/chemical industries  including the production process of liquid fuels for the transportation sector. 

It still needs, however, a broader deployment of respective nuclear heat sources.

The VHTR represents a highly promising, near-term option of a GenIV type nuclear reactor of the future
L. Awerbuch

The IDA Worldwide Desalination Inventory Report includes 

a total of 17,348 desalting units with a total capacity of 37,750,000 m³/d  or 8.3 billion imperial gallons per day have been installed or contracted. 

· Desalination is already used in 125 countries around the world. 

Desalination has decisively proven during last 30 years its reliability to deliver large quantities of fresh water from the sea. Unlike oil, fresh water has no viable substitute. The sea is the unlimited source to create new fresh water through desalination.

The future requires effective integration of energy resources to produce power and desalinated water economically with proper consideration for the environment. The flue gas desulphurization and carbon dioxide emission reduction has to be achieved to protect the environment from pollution and global warming. 

The significant increase in fuel-energy and material cost has a dramatic impact on capital and operational cost of Desalination and Power plants. Impact of US$ 60-75 per barrel oil and high demand for raw materials, steel, copper, nickel has dramatically increased pressure to develop novel solutions which can minimize fossil energy consumption and reduce Capex of desalination plants. 

All of this leads to renew global interest in the Nuclear Energy.

Confronting the water challenge is essential to a country’s sustainable development and to the security of its communities.  Desalination is the only realistic hope to create new water resources in the midst of water crisis and water pollution. 

We in desalination industry do not feel that the job is done. It requires that all of us continue the search for better technical and economical solutions to make desalination and water reuse available to all the people of the global village. 

The day will came soon when the cost for desalinated water  will dropped below 50 ¢/m³.  Our goal is to make desalinated water available for global community at affordable cost. Desalination has made tremendous progress, but the momentum must continue. 
In an era of high energy and material cost, technology an integrated use can compensate the impact on rising cost. As desalination and water reuse expansion in the World continues at a rapid pace, these innovations must be integrated into the next generation of water facilities. 

Desalination provides hope to the world community that we can provide water, the essence of life, at a reasonable cost, solving the scarcity of existing water supplies, avoiding regional and territorial conflicts, and providing the water resource for sustainable development.

· The integration of energy –power and water  and environment becomes  more important today in coping with the increased costs. The desalination technology has to adapt to the new conditions and find solutions to produce plants with higher efficiency, performance ratios and minimizing the use of materials and eliminate pollution.

MSF well established reliable technology 

· with Performance Ratio (PR) of PR 8-9, 

· internal power consumption of 3.5 kWhr /ton of water,  

· capacity capital cost $5.50-$9.00 per gallon per day installed (GPD).

MED with wide range of performance ratios from PR-8 to PR-16, 

· internal power consumption of 1.8 kWhr/ton 

· capital cost of MED plants vary from $5.00-$8.00 per GPD.

· MED unit Thermocompression (MED-TC) are similar in characteristic to MED. They are designed where 2 to 10 atm steam is available, for water vapour to be thermocompressed across several effects
Seawater RO has become a mature technology with high degree of reliability.  

· It is using electric energy to operate and with energy recovery devices 

· As a result the total plant energy requirements can vary from 3.5 to 7.4 kWhr per ton of product. 

· The capital cost of the RO plant vary from $3.50-$6.5.00 per GPD
Past Simple hybrid

· Products from the RO and Distillation plants are blended to obtain suitable product . 

· Power to water ratio can be significantly reduced.          

· A single stage RO process can be used. 

· Higher Recovery lower pretreatment

Integrated hybrid

· Blending distillate and membrane 

     permeate will reduce requirements on Boron removal by RO.

· The RO and NF membrane life can be extended. (12 years)

· The feedwater temp. to the RO plant is optimized using cooling water from the heat-reject section of the MSF/MED or power plant condenser. Constant feed temperature

·  The low-pressure steam from the MSF/MED plant is used to de-aerate or use de-aerated brine as a feedwater to the RO plant to minimize corrosion and reduce residual chlorine.

· An integrated seawater pretreatment  and post-treatment is used for the product water from both plants.

· The nanofiltration as softening membrane for feed of distillation plants MSF and MED leads to DRAMATIC improvement in productivity.

· NEW MSF-MED HYBRIDS

Integrated hybrid environmental benefits

· Cool  RO Reject and Feed to be used as a cooling source for heat reject section of distillation plants.

· The blend of reject stream from RO with warm seawater and blowdown from distillation or power plants  reduces heavy density plume of RO outfall.

· Blend of RO permeate reduces temperature of distillate.

· A common, smaller seawater intake & outfall.

THE SEWA Sharjah case, Using LET Integrated Technology of Nanofiltration and MSF Modification.

· DESIGN TO INCREASE 44% THE CAPACITY OF EXISTING MSF  FROM 5 MIGD to 7.2 MIGD, ACHIEVED 50 % to 7.5 MIGD

· MIMIMUM FOOT PRINT, NO ROOM FOR NEW DESALINATION PLANTS

· REDUCE OPERATING COST

· NO CHANGES TO INTAKE STRUCTURE

· NO INCREASE IN POWER FACILITIES

· CUTTING MSF CAPITAL COST FOR ADDITIONAL CAPACITY BY 40%

HYBRID SYSTEMS AND DESALINATION AQUIFER STORAGE AND RECOVERY (DASR)

The recommendation

Since nuclear energy is nearly carbon free generation and is long term sustainable solution and potentially completive with fossil fuels it is necessary to consider as a choice for desalination projects.  Particularly in cases when power and heat for desalination is generated from  using heavy crude oil or coal which requires significant cost for pollution control and is an inefficient  generation solution, resulting in significant increase of the penalty  for CO2 emission and greenhouse impact.

