
 

 
 
 
 
 
 
 
 

 
Subject:  Sipho Enterprises Completes Feasibility Study for BioWastes-To-Renewable  
       Energy, Biofuels, Organic Foods, and Water Independence for the         
       Municipality of Shanghai, People’s Republic of China.   

WaterSmart Environmental, Inc. announces the completion of the feasibility study for the 
Municipality of Shanghai, People’s Republic of China.  The proposed technology is intended to 
increase economic development while producing a surplus of both oil and gas for China’s larg-
est city.  The technology also creates a zero waste-to-landfill and zero carbon footprint society. 
 
WaterSmart Environmental is marketing its Kyoto Protocol compliant wastes-to-energy tech-
nology on an economic development platform to concentrated animal feeding operators and to 
municipalities. Animal farmers benefit by purchasing biodiesel, electricity, and natural gas 
(methane) at a 20% discount from retail.  Municipalities also benefit by making biodiesel, elec-
tricity, natural gas, and potable water available to its citizens and businesses at a 20% dis-
count from existing prices. The technology is marketed on a build-own-operate basis thereby 
eliminating the necessity for local sales and property tax increases since project financing is 
entirely secured from the financial marketplace.   
 
Municipalities that embrace the waste-to-energy technology automatically become zero waste-
to-landfill communities.  The waste-to-renewable energy technology has been slowly devel-
oped over the last 10 years. It is just now being introduced to the international marketplace. 
The technology has the clear potential for making every single city throughout the world energy 
and fuels independent while reducing oil and natural gas imports.  The technology will also 
permit every single city throughout the world to improve water and wastewater treatment infra-
structure while creating jobs and investment opportunities.   The waste-to-energy technology 
can also be applied to Sugar Cane Mills as well as Pulp & Paper Mills with equal success.  
Both types of mills become energy, food, fuels, and water independent while significantly in-
creasing profits from routine operations.  In the case of Sugar Cane Mills temporary and sea-
sonal jobs turn into full time better paying jobs.  Widespread use of the technology carries 
with it the potential for contributing substantially to the reversing of global warming. 
 
WaterSmart Environmental, Inc. is a provider of waste-to-energy, food independence, water inde-
pendence, and energy independence technologies and a manufacturer of highly engineered water puri-
fication components and systems.  The company designs and builds a wide variety of water treatment 
equipment including packaged water and wastewater treatment plants, UltraPaqTM aerobic package 
plants, OATTM Process anaerobic digesters with associated energy production, aerators, filters, Pur-
iSepTM and SmartWaterTM oil/water and solids/liquids separators, RainDrainTM perimeter trench sand 
filters for stormwater runoff, dissolved air flotation separators, air strippers, complete skid assembled 
aqueous waste treatment plants, FilterFreshTM skid mounted potable water production plants, skid 
mounted wastewater treatment systems for laundromats, commercial laundries, and car/truck wash fa-
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cilities with water reclamation and reuse, softeners, demineralizers, activated carbon treatment equip-
ment, and water purifiers for domestic and international markets. 
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April 14, 2008 
 
Dear Investor: 
 
The Municipality of Shanghai is situated on the Huangpu River, a tributary of the 
Yangtze River, near the Yangtze’s mouth to the East China Sea.  Shanghai (Chinese for 
“on the sea”) commands the entrance to the Yangtze River Basin, a large, populous, 
and economically productive region in central China.  Shanghai is China’s most 
important port, commercial hub, and industrial center.  

Shanghai has hot, rainy summers and dry, cool winters.  With an average daily 
temperature range of 25° to 32°C (77° to 89°F), July is typically the hottest month.  The 
average daily temperature range in January, the coldest month, is 1° to 8°C (33° to 
46°F).  Shanghai has an average annual precipitation of 1,110 mm (44 in).  June is the 
wettest month and December is the driest.  There are occasional typhoons in the 
summer and autumn. 

Shanghai is an independently administered municipal district of 6,341 sq km (2,448 sq 
mi).  It includes 3 counties and 17 urban districts of the city proper.  The urban districts 
cover 2,057 sq km (794 sq mi), of which about 300 sq km (about 116 sq mi) is built-up 
and densely populated.  This area is expanding as a result of many construction projects 
in Shanghai.  The municipality includes about 30 islands in the Yangtze River and along 
the coast of the East China Sea.  The largest, Chongming Dao, constitutes one of 
Shanghai’s 3 counties. 

The oldest section of Shanghai, near the confluence of the Huangpu River and the 
Wusong River (Suzhou Creek), reflects the city’s preindustrial growth as a walled center 
of trade and county seat.  Shanghai grew west, south and north from this area, and the 
newer sections, typically with gridlike streets, are a result of the city’s growth as a center 
of commerce, shipping, and industry.  After the Communist takeover of China in 1949, 
the development of Shanghai’s infrastructure languished, as revenue generated in the 
city was used to support other areas of China.  As a result of economic reforms in the 
late 1970s, however, Shanghai’s suburbs began to grow. 

Just south of the point where the Wusong joins the Huangpu was an approximately 1.6-
km (approximately 1-mi) long wall encircling the original city, an area known as Nanshi 
(Nantao).  The wall was demolished in the early 20th century and replaced with a road. 
Nanshi is now a densely compact jumble of crowded alleys and lanes.  Along the 
Huangpu waterfront is a small park, walkway, and boulevard, known before 1949 as the 
Bund.  Now called Zhong Shan Road, this famous boulevard was the first place where 
ocean travelers traditionally came ashore in Shanghai.  European-style buildings were 
constructed along this boulevard in the late 19th and early 20th centuries.  These once 
served as the Customhouse, the British Consulate, foreign and Chinese banks and 
trading houses, and a number of major hotels and commercial establishments.  Most 
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foreigners left Shanghai in the 1940s and 1950s and many of these buildings were 
converted to Chinese government offices.  Nanjing Road, running west from the 
Huangpu and perpendicular to Zhong Shan Road, is Shanghai’s principal shopping 
district; it is lined with retail and entertainment establishments for many blocks. 

West and south of Nanshi is the zone of the former French Concession, an area 
administered by France from the mid-19th to the mid-20th centuries.  The French 
architecture consists of three-and four-story buildings, which are being rapidly replaced 
by high-rise structures.  North and west of the French zone, extending beyond the 
Wusong, was the International Settlement, a zone formed when the British Concession 
merged with an area under United States influence.  More than 1,000 high-rises have 
been built in these areas since 1990, dramatically changing the appearance and 
character of the city. 

Outside the built-up core are suburban areas and farmland, which are being rapidly 
altered to urban uses as Shanghai grows.  Former farmland is being converted to 
industrial, transportation, and residential purposes, and construction projects are evident 
throughout the municipality.  Pudong, a large district on the east bank of the Huangpu, 
became the site of a massive development project in 1990 aimed at relieving some of 
the congestion and crowding in Shanghai proper.  Since then, it has been transformed 
from an old, industrial area into a modern residential and commercial district.  Pudong 
today boasts a large high-technology industrial park with many multinational firms as 
well as the Jin Mao Building, one of the world’s tallest buildings at a height of 421 m 
(1,380 ft).  In addition, the Pudong International Airport opened here in 1999.  

As a result of economic reforms that began in the late 1970s, the amount of commerce 
and trade in Shanghai has increased dramatically.  Shanghai now has a stock market, 
several foreign banks, and a variety of hotels, clubs, bars, and restaurants.  Since 1990 
the central Chinese government has encouraged foreign investment by relaxing 
regulations and lessening bureaucratic procedures.  Investment in Shanghai has 
increased substantially, giving rise to a huge construction boom.  Retailing has also 
mushroomed, and the city now offers many of the finest department stores and shops in 
China. 

The economy benefits from good education facilities that produce a large, well-trained 
labor force, with many people skilled at highly complex and technical manufacturing 
jobs.  Shanghai is China’s leading center of industry, and industrial activity ranges from 
smelting at China’s largest integrated iron and steel plant, located at suburban Baoshan, 
to the manufacture of complex machinery and precision equipment, such as cellular 
telephones, fax machines, color television tubes, automobiles, textiles, foodstuffs, and 
electronics.  Although manufacturing in other Chinese cities has increased and 
Shanghai’s share of the country’s total industrial output has declined in recent years, the 
city remains a manufacturing giant.  In the late 1990s it contributed 7 percent of the total 
value of industrial production in China, and Shanghai’s workers are the most productive 
in the country. 
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Shanghai’s port is the largest in China.  Major highways and railroads radiate northwest, 
west, and south to Nanjing, Beijing, Hefei, Hangzhou, Ningbo, and other major cities and 
towns.  The city has an expanding subway system. A high-speed magnetic levitation 
(maglev) train began operating in 2002, running from the city center to the Pudong 
International Airport, which opened in 1999 in the eastern Pudong district.  Its opening 
relegated the old Hongqiao International Airport in Shanghai’s southwestern Hongqiao 
suburb to domestic flights. 

In 2000, Shanghai had a population of 12,887,000, making it China’s largest city.  The 
UN estimated the 2003 population of the Shanghai urban agglomeration to be 12.8 
million, while the Shanghai Municipality had a population of 17.1 million in 2003.  
Discrepancies in reported population values for Shanghai may be due to the difficulty in 
counting temporary residents and migrants, who may number as many as 3 million, 
because they often do not register with the local authorities.  These migrants and 
temporary workers add to the congestion and crowding in Shanghai proper and local 
people frequently blame them for rising crime and rowdy behavior.  To alleviate the 
crowding, the government housing office is relocating many city dwellers to subsidized 
high-rise apartments in the suburbs.  Although these units offer modern conveniences 
that some city dwellings lack, such as indoor plumbing and electricity, many residents 
feel alienated and without a sense of community. 

Almost all of Shanghai’s residents are ethnic Han Chinese, although there are small 
numbers of non-Han minorities.  There are people from all regions of China and many 
foreign countries living in Shanghai.  The local people speak a Chinese dialect called 
Wu. Most residents also speak Putonghua (Mandarin), China’s official spoken language. 

Shanghai produces about 2/3 of its electricity requirements from fossil fueled power 
plants located within its greater municipality area.  The Chinese government is now 
making efforts to promote renewable energies.  For this a Renewable Energy Law was 
put into place on January 1, 2006 to make the connection of power plants producing 
electricity from renewable energies compulsory.  This insures that all renewable energy 
must be purchased. 

Shanghai Municipal Electric Power Company (SMEPC) has been able to deliver up to 
21,208 MW of electricity that represents an increase of 1,500 MW since 2006.  SMEPC 
is proud of its power reliability rate, which lies at 99.982 percent.  This number is 
comparable to the French rate of 99.984 percent but is much more impressive if the 
rapid expansion of the network is taken into account.  Total investment by the company 
amounts to 19,885 billion RMB (2,744 billion USD) in 2007, which gives a hint of the 
substantial scale of SMEPC's expansion plans.  In fact, these numbers are in 
accordance to predictions of a 10 percent growth in electricity demand in the Shanghai 
area.  This growth rate is higher than the China-wide prediction of the IAE, which 
expects power supply and demand to increase with an average of 7.8 percent until 
2015.  SMEPC expects the Shanghai's needs to stabilize at 44,000 MW, out of which 
20,000 MW will be produced in the Municipality of Shanghai. 
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Quite surprisingly, more than two thirds of the electricity consumed in Shanghai is also 
produced in the Shanghai Municipality.  Thus, out of the 21,000 MW needed in peak 
seasons, 14,000 MW can be produced in Shanghai.  The remaining 8'000 MW are 
imported from other provinces.  Approximately 82 percent of Shanghai's locally 
produced power is generated by coal-fired plants.  This percentage reflects the 
approximate China-wide percentage of coal-fired plants and demonstrates that China 
still heavily relies on coal for its electricity generation.  This is due to the fact that China 
has proven to have the third largest world coal reserves which amount to 1,034.5 billion 
tons.  Since 2000, China was forced to raise the share of power produced through coal 
from 70 percent to the current 80 percent to avoid power shortages.  Now, more than 
two thirds of Chinese coal is used in the power industry. 
By incorporating the exhaust gases from all of these several fossil fueled power 
stations into WaterSmart’s municipal solid biowastes-to-renewable energy, 
biofuels, organic foods, and water independence technology program a surplus of 
oil (biodiesel) and natural gas (methane gas) will be created for the greater 
metropolitan area of the Municipality of Shanghai.  As a result of this surplus, the 
biodiesel and natural gas will be made available to the marketplace at a 20% 
discount from existing retail on a sustainable basis thus enhancing Shanghai’s 
many economic development activities.  
 
Another feature of the technology is the distribution of electricity at the very 
attractive flat rate of US$0.045/kWh—a price that is much lower than existing 
prices within the Municipality of Shanghai.  This is made possible by subsidizing 
the profits of the electricity generating company that increases their balance 
sheet profits based on the sale of electricity at US$0.25/kWh.  WaterSmart 
Environmental gladly subsidizes these profits in exchange for the management of 
the generating company’s exhaust gases that produce extreme amounts of both 
biodiesel and natural gas through its enclosed photobioreactor technology.  The 
exact numbers are disclosed in the attached documents.  This feature creates a 
win-win for all parties involved.  The environment also benefits as a zero carbon 
footprint will also be created.  The inexpensive electricity will also enhance 
Shanghai’s many economic development activities. 
 
The proposed BioWastes-To-Renewable Energy, Organic Foods, Biofuels, and 
Water Independence Technology consists of the construction of 400 project buildings.  
The project buildings will engage in agricultural production and processing activities to 
produce food products for local and export markets to create visible cash flow that will 
repay debt financing requirements.  Each project building will hire 1,500 employees (400 
x 1,500 = 600,000 new jobs).  Each project building includes a hospital and educational 
facilities per the attached engineering drawing. 
 
In addition, there will be one shipbuilding/shipbreaking facility near the Port of Shanghai.  
This building will measure 2 km x 2 km x 200 m high.  In addition to the normal 
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agricultural activities this building will engage in the construction of tidal generators, self 
fueling concrete ships, and self fueling locomotives.  The steel requirements of these 
activities will be satisfied by the associated shipbreaking activities.  The building will 
employ 2,500 for a total of 600,000 + 2,500 = 602,500 new jobs.  This many new jobs 
will significantly reduce unemployment that now exists within the greater metropolitan 
area of the Municipality of Shanghai.   
 
In addition to the benefits of inexpensive electricity, oil, and natural gas, other benefits 
consist of free trash collection and management, free potable water production and 
distribution, and free sanitary wastewater treatment.  To the extent that the biodiesel is 
produced and used its carbon footprint is zero.  To the extent that the renewable 
methane gas (natural gas) is produced and used, its carbon footprint is also zero. 
 
The continuation phase will also include the construction of concrete freeways (not 
tollways) that will connect the entire community together.  As an integral part of the 
associated infrastructure development a state-of-the-art surface transportation system 
will be provided consisting of both people movers and heavy freight transportation 
capabilities as shown below.   
 

 
State-Of-The-Art Surface Transportation System 
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High-Speed Rail Automobile on the String-Rails Using Biodiesel-Electric Hybrid 

 Propulsion System with Speeds up to 350 km/hour.  Each Rail 
 Automobile has a carrying capacity of 25 passengers. 

 

 
Extra Heavy Freight Being Transported on Elevated Pylons 

Using Biodiesel-Electric Hybrid Propulsion System 
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A people mover surface transportation system is being proposed for EXPO “Shanghai-
2010”  utilizing start-of-the art technology.  A summary of the project proposal follows. 
 

Summary of the project proposal for EXPO "Shanghai-2010" 

This project proposal is focused on the development of a continuously operating 
transportation system of the "second level" intended to serve the visitors of EXPO 
"Shanghai-2010" with a prospect of its further expansion and integration into the citywide 
transportation system. 

Therefore the project proposal has the aim to solve the following subsequent tasks: 

1. Practical demonstration of STU transportation technologies. 

2. Provision of the transportation services for the visitors of EXPO "Shanghai-2010". 

3. Promotion of urban transportation projects based on the STU technologies. 

Development of a new transportation system is based on the use of "String Transport 
Unitsky" technologies (STU) having the world novelty and the international patent 
protection. Relatively low investment cost of the STU technologies makes it possible to 
create transportation systems of the high carrying capacity comparable to that of the 
underground (up to 70 million passengers per year and more) and the high travel speed 
(up to 350 km/hour and more). In this case the STU transportation systems considerably 
differ from the conventional transportation systems by their low energy consumption, 
insufficient operation costs and minimal environmental impact. 

It is proposed that solution of the transportation problems for EXPO "Shanghai-2010" 
could be facilitated through the use of the following two basic types of STU — a double-
rail miniSTU and a single-rail monoSTU. 

According to the scheme a miniSTU transportation system with the length of 6 km and 
carrying capacity of 200,000 passengers per 24 hours will be able to solve the problem 
of local visitors' trips between the exhibition pavilions with the stops located every 300—
500 m. 

The high-level monoSTU transportation system with the length of 6 km and carrying 
capacity of 150,000 passengers per 24 hours will be able to solve the problem of the 
high-speed movement of EXPO visitors between the exhibition districts located on the 
left and right bank of the river to form three transportation crossings over the Huangpu 
River. 

In future after the termination of EXPO "Shanghai-2010" monoSTU could be used to 
develop the new city transportation corridors enabling the full-scale integration of the 
newly-built transportation system into the existing city transportation system of 
Shanghai. 
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Further development of the STU transportation system and its integration into the city 
infrastructure could be achieved through the extension of both mono- and miniSTU 
routes. 
Immediately southwest of Shanghai is the just constructed Hangzhou Bay Bridge that 
spans Hangzhou Bay.  Hangzhou Bay has long been known for its extreme tides that 
approach 25 feet (8 meters). 
 

 
Map of Hangzhou Bay 

Hangzhou Bay is a gulf in the East China Sea.  For the Zhejiang province this is a first 
class project as both ends of the Hangzhou Bay Bridge are in the province´s cities of 
Cixi and Zhapu.  The bridge is the main project of the 5,200 kilometres national highway 
between Heilongjiang Province in the north to the Hainan Province in the south.  

Hangzhou Bay is known both in China and internationally for its fantastic tides, a natural 
wonder that is a major tourist attraction.  The tides are moving in a speed that can reach 
30 kilometres (19 miles), sounds like thunder and the waves can be up to 8 meters (25 
feet) high.   

Because of the large (5,000 km2) area occupied by Hangzhou Bay, it will accommodate 
150,000 tidal generators.  Since each tidal generator is rated at 500 kW, the total 
renewable energy potential becomes 150,000 x 500 kW = 75,000,000 kW or 75,000 
MW.  The tidal generators will be manufactured at the shipbuilding/shipbreaking facility 
near the Port of Shanghai.  At full deployment, the Municipality of Shanghai will become 
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a massive exporter of renewable energy and green electricity to other areas of China.  
By green electricity is meant from sources that are non-polluting, namely the several 
fossil fueled power plants that will be converted to zero greenhouse gas emissions by 
incorporating their combustion gases with WaterSmart’s wastes-to-energy program. 
Your investment interest is hereby solicited.  With Warm Regards I am    
 
Very truly yours, 
 
WaterSmart Environmental, Inc. 
 

 
 
C. G. (Chuck) Steiner 
President and CEO 
 
enclosures 
 
CGS/mns  
 
 
 
 
 
 

Worldwide Promoters of Renewable Energy, Organic Foods, Biofuels, 
& Water Independence Technologies by and for the Common Man     
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CONTEMPORARY EVOLUTION PROCESS OF THE 

HANGZHOU BAY 
 

Qiwen YU, Yueyang YU, Aiju YOU, Lisong SONG & Ying CAO 
Zhejiang Institute of Hydraulics and Estuary, Hangzhou 310020, Zhejiang 

 
Senmei CHEN 

Qiangtang River Administration, Hangzhou 310016, Zhejiang 
 
 
Abstract : Large amount of field data shows that sediment deposition is the main factor for 
contemporary evolution process of the Hangzhou bay. During recent forty years, the total volume 
of sediment deposition is about 2.12 billion m3. The net water and net sediment transport is 
positive in the waters around the north bank. The area is controlled by flood tide and is scouring 
area, so that the deep channel is formed. At the same time, the net water and net sediment 
transport is negative in the waters around the south bank. The area is controlled by ebb tide and 
is deposition area, so that the Andong flat has been developed. It analyses the contemporary 
evolution process of the two areas and the dynamical mechanism. 
 
Key words: Funnel-shaped bay, Scouring area, Deposition area  
 

1. PREFACE 
Hangzhou bay, which is a typical funnel-shaped bay, is out of Qiantang Estuary, adjoin the 

Changjiang Estuary. In 1960’s Chen Jiyu, who is an academician of China, has full-scale 
lucubrated the form and historical changes of Hangzhou bay. According to the large amount 
of field data it analyses the contemporary evolution process of Hangzhou bay. Not only is it 
helpful to establish the planning of Hangzhou bay, but also it is valuable in scientific field. 

2. PLANE SHAPE AND WATER SEDIMENT MOVEMENT OF HANGZHOU BAY 

2.1 PLANE SHAPE 
The total catchment area of Hangzhou bay is about 5,000km2. It is bay head that is the 

connect from Ganpu in north side of Hangzhou Bay, to Xisan gate at the common boundary 
of Yuyao and Cixi., about 20km wide. It is mouth of the Hangzhou bay that links the 
Nanhuizui of Shanghai in north coast with Dayou mountain in Yongjiang estuary along 
southern coast, about 20km wide. Hangzhou bay is typical funnel-shaped bay. Change of the 
area’s width can be expressed by Eq.(1): 

B(x)=B0eax                                                                      (1) 
where origin of coordinate of x situates the center of mouth section of the bay, positive 

coordinate direct to bay head of the bay, B0 is the width of bay mouth (100km), B(x) is the width of 
the section which coordinate is x. Coefficient of contraction �=-0.016. 

International Conference on Estuaries and Coasts
November 9-11, 2003, Hangzhou, China 



 
 

297

2.2 WATER AND SEDIMENT MOVEMENT 

2.2.1 The distributing rule of tidal range 
From mouth to bay head of Hangzhou bay, the high tidal level jump up and the low tidal 

level decreases. So tidal range from mouth to bay head of the bay increases gradually. The 
distribution of contour is shown in Fig. 1. For the smoothness in base and large depth (8-10m), 
the bottom friction can be neglected during the tidal wave propagates to Hangzhou bay. Then 
according to the conservation equation, change of tidal range can be expressed as : 

1
2

0

( ) e
xH x

H
���

�
�

                                                                  (2) 

where �H0,�H(x)is the tidal range of flood tide and ebb tide in the section which 
coordinate is x, coefficient of contraction�=-0.016. Eq.(2) is the famous Green’s Law, 
namely effect of funnel. The tidal rang in axis of Hangzhou bay in Fig.1 merge the result of 
the Eq.2.From mouth to bay head of Hangzhou bay ,the reason for tidal rang increase linear is 
the tidal wave of open sea influenced by contracted bank when propagate into bay, so energy 
congregated , just as mentioned above�effect of funnel.   

 

 
Fig. 1 Map of average tidal range in Hangzhou bay 

2.2.2 Characteristic of water transport and sediment transport  
According the hydrological date of Hangzhou bay (accumulate 30 points), we can get the 

character of water transport and sediment transport in Hangzhou bay. The isoline of parameter 
(vf/ve) and (qfs/qes) can be shown as Fig.2 and Fig.3.Where vf refer the maximum average 
velocity of flood tide, ve refer the maximum average velocity of ebb tide; qfs ,qes refer the 
sediment transport in per width of flood tide and ebb tide. The following should be noticed in 
Fig.2, 3. North of Wanpan mountain(upside central line) , velocity of flow and sediment 
transport in per width of flood tide is larger than ebb tide, namely vf/ve >1, qfs/qes >1; south of 
Nanpan moutain ,it’s opposition ,namely vf/ve <1, qfs/qes <1.As mentioned above ,the 
dynamical axes of flood tide and ebb tide is different, the path of water and sediment transport 
of flood and ebb tide is different too. The north area controlled by flood tide, net water and 
net sediment transport is positive, south area controlled by ebb tide, net water and net 
sediment transport is negative. The result of two-dimensional tidalmodel shows there will be a 
influx at bay mouth from different way. And it extruded by the Andong flat and the force of 
gravitation when wave to bay head of bay, so main current of flood tide moving 
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northward .The area in south of mouth bay controlled by ebb tide, slope become big, the main 
current moving south. 

 

 
Fig. 2  The isoline of parameter (vf/ve) in Hangzhou bay 

 
Fig. 3  The isoline of parameter (qf/qe) in Hangzhou bay 

3. THE CHARACTER OF DEPOSITION UPSIDE HANGZHOU BAY AND ORIGIN 
OF SEDIMENT  

The water area from Ganpu to Jinshan upside Hangzhou bay is about 1,600 square 
kilometers, about 1/3 of the whole bay area. After 1959’s, there are 2 or 3 topography 
measurement in this area. More than one hundred charts have been got. All that is the 
credibility bases for analyze the course of evolution and the character of erosion-deposition. 

3.1 THE COURSE AND CHARACTER OF AGGRADATION AND SCOUR IN 
UPSIDE  

After studying the filed measurements data, we gain the change of cubage under average 
high tidal level of Hangzhou bay, from the parameter, the character of aggradation and scour 
can be presented in Table 1. 

 
Table 1  Change of cubage under average high tidal level and  

                                                       the volum of scour-deposition of Hangzhou bay            unit:billion –stere 
Year 1959 1972 1980 1985 1990 1995 2000 Total

cubage  18.23 18.135 19.286 18.055 17.68 17.184 16.801  
Volumeof scour-deposition  -0.095 +1.151 -1.231 -0.375 -0.496 -0.38 -1.426
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Note: cubage minish “-”indicate deposition, cubage increase “+”indicate scour 
From this table, the accumulative total of deposition is about 1.426 billion-stere, thickness 

of deposition is about 0.90m.In this table, from 1959 to 1972,change of cubage is small, 
indicated that deposition balance to scour; from 1972 to 1980 ,the cubage is increased, 
riverbed be scoured, after 1980, cubage reduce gradually , deposition happened in riverbed. 
The topography charts of April and November in the same year indicated that cubage of April 
larger than November, tested riverbed in upside of Hangzhou bay scour in winter(November 
of last year to March of this year); deposition in summer(April to October), extent between 
scour and aggradation about 0.2-0.3 billion-stere. 

Runoff in Qiangtang river have seasonal change, the riverbed of Qiangtang Estuary upside of 
Ganpu deposition in winter and scour in summer. Qiangtang water area has the exchange of 
sediment with Hangzhou bay, as showned in fig.4.Which indicated that the character of scour-
deposition in riverbed of Qiangtang water area and Hangzhou bay is opposite, exchange of the 
two water area is frequent. 

 

 
Fig. 4  Sediment exchange between Qiangtan estuary and Hangzhou bay 

 

3.2 THE DISTRIBUTING OF SCOUR AND AGGRADATION 
The deep coast bank of trough and Andong flat in south bank are two important resources 

in Hangzhou bay. The request for using resource of water area, sediment transports and 
circumstance is different. So it is the most basis for using the two resource is the distributing 
of scour and deposition and mechanism. 

The accumulative total of deposition is about 1.426 billion-stere, distributing chart shown 
as fig.5. From Ganpu to Changqian present deposition, thickness of deposition is about 1.0-
3.0m,1/3 of the area from Changqian to Jinsahn present scour, range of scour from 1.0-
3.0m,near the bank it can reach 3.0-5.0m, 2/3of south area present deposition ,scope reach 
1.0-2.0m. The maximal scope of deposition in Andong flat reach 4.0-5.0 m. Therefor during 
lately 40 years ,from 1978 to 1980 Qiangtang jiang water area be dry year ,riverbed upside 
Ganpu present deposition ,Ganppu downside present scour, in Table 2, 1980 the volume 
increase, compare with 1978,the amount of scour about 0.958 billion-stere, the amount of 
scour about 0.32 million stere per year. During this time, most sediment from estuary is head 
off for inning. In 1981-1984,Qiangtang river runoff become abundance, based on filed 
measurement, the amount of sediment of scour from estuary is small, but back sediment 
deposition from upside of Hangzhou bay is about 1.23 billion-stere. The average back 
sediment deposition is about 0.31 million-stere per year. This sediment comes from out of 
Hangzhou bay. 

As mentioned above, during lately 40 years, influence by runoff of river-basin, riverbed 
upside of Hangzhou bay present scour and deposition. The result of river harness and polder 
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is deposition, and it is irreversible process. The plane charts of scour-deposition indicate that 
deposition present in north trough from Ganpu to Chanqian, scour present in north trough 
from Chanqian to Jinshan, deposition present in floodplain of Andong. So the analysis of the 
contemporary evolution process of Hangzhou bay and the character of scour-deposition is 
helpful for using the north port, resource of sea-route and south floodplain.  

3.3 CHANGE OF AGGRADATION AND SCOUR ABOUT DOWNSIDE OF 
HANGZHOU BAY 

Area of downside from Jinsan to Wankou about 3,400km2,about 2/3 Hangzhou bay area, 
riverbed is smoothness, average depth about 8-10m.the influence of Qiangtan estuary for 
water area is small, controlled by dynamical of sea, the change of aggradation and scour is 
slowness .Landform measurement and hydrological date scarcity. This paper choose the 
detailed date of 1959\1989\1997 (lack the date of south of Qijiebamei island) analyze the face 
of aggradation and scour of riverbed ,as showed in Table 2. 

 
Table 2  character of scour-deposition of downside Hangzhou bay during lately 40 years 

year 1959 1989 1997 Total 
cubage below 0m 23.671 23.054 22.98  

Volumeof scour-deposition -0.617 -0.074 -0.691 

 
From Table 2,in this area riverbed aggradation during lately 40 years is about 7.0 million 

stere ,average depth of aggradation about 0.26m.the ration of average aggradation is 6.8mm/a. 
According to the filed measurement from 1920 to 1959, ration of average aggradation is 
5.4mm/a,the two ration is closed .so sediment in downside of Hangzhou bay is deposition, 
and the velocity is slow. The first reason is the fine silt, the second reason is sediment 
transport and the high wind power . 

3.4 SOURCE OF SEDIMENT 
According to the historical information, Chen ji-yu considered that the volume of sediment in 

Qiangtang Estuary is about 425 million-stere, this sediment comes from the sea. According to 
abundance filed measurement of landform, this paper considered that the volume of sediment in 
Qiangtang Estuary during lately 40 years is about 20.2 million-stere. Deposition upside of 
Hangzhou bay is about 14.3 million stere, downside is about 7.0 million stere. During lately 40 years, 
accumulate of deposition in the three area is about 41.5 million-stere, the average deposition per year 
is about 1.0 million stere. The average amount of sediment from Qiangtang river (include Caoe river) 
is 890 ten thousand ton (amount to 740 ten thousand stere)per year ,7% of the total. So the sediment 
deposition in Qiangtang estuary and Hangzhou bay comes from outside of the bay. 

4.THE MODERN PROCESS AND ITS MECHANISM OF DEEP CHANNEL IN 
NORTHERN BANK AND ANDONG FLAT IN SOUTHERN BANK 

The deep channel that is in northern bank of Hanghzou Bay and Andong flat that is in 
southern bank of Hangzhou Bay, are the most important two kinds of topography cell in the 
bay. The former is harbor and waterway resource and the later is land resource potentially. 
Analyzing the modern process and dynamic mechanism is the scientific reference to the 
development and planning. 

4.1 THE DEEP CHANNEL IN NORTHERN BANK 
From Ganpu in Haiyan to Jinshanju in Shanghai, the deep channel in northern bank is 

65km in full length and the water depth is16�15.0m. The evolution of the deep channel is 
divided into two steps. The amount of sediment from Yangtse Rive increasing leads to the 
sand spit in southern bank of Yangtse River silting quickly. So the mouth of Hanghou bay 
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moves outside and the mouth width increases, which strengthen the effect of trumpet-shape 
and makes the tidal range larger. According to equation 2, the tide range of Ganpu, Zhapu, 
Jinshan has increased by 85%, 60%, 45% since 1500, and the tide current velocity increased 
correspondingly at the same time. The tide wave arrives at bay mouth from different direction 
outside and gathers around bay mouth. The main current of flood tide turns right for Coriolis 
force when it propagates to bay head. In addition to the erosion of SE stormy wave shoreline 
in northern bank collapsed and reversed in history. The collapse of shoreline in northern bank 
was not controlled until 14 century because the seawall was built along the shoreline. 

In textual research, there was an old Yi city that was 1.5 km away from southern Zhapu, 
and the old Yi city collapsed into sea in 1381. It is said in Zhapu Mark that Yi city cropped 
out four times in early Qing dynasty (1647,1683,1697 and 1730). That is to say there was no 
deep channel in northern bank. After the collapse of northern bank was controlled, the bed in 
northern bank was scoured by flood tide and became deeper, which led to the formation of 
deep channel in northern bank. By the analyst of chart, deep pool around Zhapu was scoured 
about 13.0�15.0m deeper since recent 100 years. 

After the establishment of the People's Republic of China, the amount of tide in the cross-
section of Ganpu decreased by 15%�20% for the reclamation of Qiangtang Estuary, which is 
the main reason for the siltation of Hangzhou bay. In order to study the siltation which has 
effect on the deep channel in the northern bank, based on the observed topographic map given 
2�3 times for one year from 1972�1988 , Han Zengcui etc analyzed the siltation of deep 
channel in northern bank which was about 3km long. The average bed from 1972 to 1977 
represents the bed before reclamation and the average bed from 1991�1998 represents the bed 
after reclamation. The result of analysis shows that the siltation happened from Ganpu, where 
is the deep channel in northern bank to Changqian which is 3km away from the bank, and the 
average water depth decreased 1.5�2.5m, the bed was scoured from Changqian to Jinshan 
where the average water depth increased about 3.0m, the result showes good agreement with 
Fig.5. In order to control the development of the deep channel in northern bank, 2-D 
numerical simulation and moving bed physical model were applied to study the work of 
regulation and reclamation of Jianshan river reach in Qiangtang River. 

 

 
Fig. 5  Map of scour zone and deposition zone in Hangzhou bay 

(the topographty map of 2000’s comapre with 1959’s) 
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In order to study the dynamic mechanism of the formation of deep channel in northern bank, 
the ratio of sediment concentration ( 0s ) to sediment carrying capacity ( *s ) is defined to the 
siltation-judged index, which is applied to judge siltation: 

*

0

S
S

��                                                                      (3) 

where 0s  is sediment concentration of inlet cross-section, *s is sediment carrying capacity 
of study domain. Siltation will happen on the bed when��1,on the contrary ,Scour will 
happen on the bed when��1.The sediment carry capacity equation of Hangzhou bay is 
applied to equation (3), then equation (4) is: 

�h
VS

2
0

* 008.0�               m=0.95�1.10 

0
2

2
0

hV
hV

i

i��                                                                       (4) 

Where h is water depth, v is the maximum mean velocity in vertical, subscript “0”, “i” are 
the inlet corss-section and study cross-section. By the analysis of observed hydrologic data, 
Fig .6 shows the maximum mean velocity of flood tide and ebb tide in northern bank of 
Hangzhou bay. Fig.6 shows that the velocity of flood tide is more than the velocity of ebb tide. 
Combined with the topography change of the deep channel in northern bank, according to 
equation 4 was got �=0.63, which is less than 1, shows that the deep channel in northern 
bank of Hangzhou bay is an area scoured, which lead to the formation of deep channel near to 
the bank. The deep channel in northern bank from Zhapu to Qingshan is a branch one. Fig.6 
showes that the velocity in the branch deep channel is small but the velocity of flood tide is 
also more than that of ebb tide. The velocity of flood tide is also more than that of ebb tide 
from Qingshan to Ganpu. The siltation happened for the effect of reclamation of Qiantang 
estuary. 

 

 
Fig. 6  The maximum mean velocity of flood tide and ebb tide in north deep channel  

4.2 ANDONG FLAT IN SOUTH 
The alluvial plain between Xisan Sluice and Haiwangshan Sluice along south Hangzhou 

Bay named Andong flat with 4�4.7 hectare area. It is the largest continuous alluvial plain in 
Zhejiang province. Many scientists have been studying on its formation, evolution 
characteristics, sediment source and development and utilization. This paper focuses on its 
contemporary evolution process and dynamic action.   

Andong flat is a deposit shore and its shoreline extended outside owing to beach 
reclamation. The widest distance extended outside is about 15.5 kilometers in 600 years, and 
grew 560 square kilometers area. The contemporary evolution process of Andong marginal 
bank is illustrated in Table 3 and Fig. 7. 

 



 
 

303

Table 3  Area change of Andong marginal bank in recent 40 years        unit:km2 

Increment area 
before and after 

1979  Sector marginal bank area  1959  1972 1979 1984 1990 1994 1998 

before after
83#(Xisan Sluice)�91#(Andong) 

(west part) 
75.0 107.8 101.2 114.5 122.6 128.3 115.8 26.2 14.6

91#	Andong
�99�(Xinpu) 89.2 101.3 123.9 156.8 158.2 147.6 165.5   
91#(Andong)��Haiwangshan 

(east part) 105.9  143.4 200.6   21.66 37.5 73.2

83#(Xisan Sluice)��
Haiwangshan 

180.9  244.6 315.1   332.4 63.7 87.8

 

 
Fig. 7  The contemporary evolution process of Andong flat 

 
Andong flat is divided into west part and east part taking Andong (91# pile) as the boundary. 

The area of west part (83#�91#) increased 26 square kilometers in the first 20 years from 1959 
to 1979, and the area increased only 14.6 square kilometers in the later 20 years from 1979 to 
1998. The deposition speed reduced 50 percent after year 1979. However, the area of east part 
(91#�Haiwangshan) increased 37.5 square kilometers in the first 20 years and increased 73.2 
square kilometers in the later 20 years. The deposition speed accelerated 100 percent after 
year 1979. The above phenomenon discloses that the deposition speed of east part is faster 
than that of the west part and the deposition is from upstream to downstream with time.  

Preamble analysis shows that the south water area of Hangzhou Bay and Andong flat is 
controlled by ebb flow, that is to say, the transported water and sediment in ebb period are 
larger than in rising tide period. Mean velocity in vertical, mean sediment concentration and 
grain size in flow and ebb period along Andong flat observed in year 1959 and year 1965 are 
illustrated in Fig.8. Mean velocity in vertical and sediment concentration in flow and ebb 
period reduced from west to east as showed in Fig.8, and grain median size changed from 
coarse to fine from west to east. The sediment transportation belongs to deposition 

environment. Velocity in ebb along Andong flat from west to east has the law 2

2
0

iV
V >1, but 

1
0

�
h
hi , so 1	�  belongs to deposition environment based on Eq. 4. 
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Fig. 8  Mean velocity ,mean sediment concentration and grain size along south bank 

 

5. CONCLUSIONS 
Hangzhou Bay is the seacoast of Qiantang Estuary with a typical horn shape, its 

contemporary evolution process is mainly deposition influenced by beach reclamation. The 
accumulated deposition volume is about 2.12 billion triple meter in recent 40 years and the 
sediment originating from Changjiang River. The sediment of bay head Hangzhou Bay 
exchanges frequently with the sediment of Qiantang Estuary. Evolution process of Hangzhou 
Bay is erosion (or deposition) in up reach and deposition (or erosion) in down reach, erosion 
in winter and deposition in summer. 

The north deep of Hangzhou Bay is the seaport and navigation resource and the south 
Andong flat is the land resource. Observed data showed that the north water area is controlled 
by rising tide and flow velocity in this area increases from east to west, and transported water 
and sediment upwards is larger than downwards. According to erosion or deposition criterion 
number of bed surface, north water area is belong to erosion zone and formed the north quirk. 
Contemporary evolution process of north quirk is a erosion process except the reach from 
Ganpu to Changqian is deposited due to beach reclamation. South water area of Hangzhou 
Bay is controlled by ebb flow and flow velocity in this area reduced from west to east, and 
transported water and sediment upwards is less than downwards. According to erosion or 
deposition criterion number of bed surface, south water area belongs to deposition zone. 
Contemporary evolution process of Andong flat is mainly deposition. The conclusions of this 
paper provide scientific reference for implement development planning of Hangzhou Bay. 
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■     Shanghai's electricity demand is growing at a rate of 10 percent per year.

■     Heavy industry and other energy-intensive industries still make up for 
the lion's share.

■     There is a growing concern for energy-efficiency and environmental 
friendliness, but energy-saving measures are unlikely to balance the 
overall increase in energy consumption.

■     Electricity supply mainly originates from coal, which is transported to 
Shanghai by waterway.

■     Although policy-makers in the energy field are promoting clean energies 
such as hydro, nuclear or wind, incentives for companies to switch to 
renewables still have to be developed.

■     Power prices do not reflect the evolution of the primary resources 
market.

■     Shanghai's gas demand is experiencing a boom, not only because of a 
growing demand from the residential sector, but also because of 
government prioritizing.
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1. Energy demand in Shanghai

(1) Composition of energy demand (static analysis)

Looking at the nation's per capita energy consumption, China still consumes only 30 percent of the average of 
OECD countries. This is equivalent to three quarters of the world's average per capita consumption. Although 
this fact might seem reassuring, these statistics hide a great discrepancy between rural and urban regions. 
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Although China has a high electrification rate of 99 percent, coastal regions made up for 74 percent of energy 
demand in 2005. The increasing wealth concentrated in these regions is surely one explanation. Urban per 
capita disposable income is now reaching 22'808.6 RMB (3'150 USD) in Shanghai. As the Chinese middle-
class develops, increasing numbers have spurred their energy consumption by moving to more 
comfortable modern housing and purchasing home appliances. Especially air conditioners, which are 
purchased in priority by households (1), can account for 40 percent of the peak load during summers in 
Shanghai.

Household energy consumption, however, is not the main driver of Shanghai's hunger for energy. A great part 
of energy demand stems from the industrial sector. China consumes four times more energy per dollar of 
GDP than its neighbour Japan. This is not only due to a loss of energy in all steps of the energy chain (2) but 
also mainly because of China's industry bias towards energy guzzling heavy industries. In fact, energy 
intensive sectors such as iron, steel or aluminium make up for 28 percent of industry demand. The non-metallic 
industries, as well as the chemical and petrochemical sector respectively constitute 23 percent and 15 percent 
of industrial energy use. On average, firms from the industrial sector now spend 10 percent of their operating 
costs on energy bills. This percentage can even reach 30 to 45 percent in the petrochemicals and construction 
(cement) business.

(2) Government steps in reducing energy consumption

Although the Chinese government's priority has long been GDP growth and raising living standards, it is trying 
to make China's development less energy intensive. A series of measures to reduce energy consumption have 
been launched on state level. The Communist Party's 11th year plan for the period 2006-2010 includes the 
target to reduce energy intensity by 20 percent by 2010, compared to 2005 levels. This goal is very 
ambitious, especially because of the intrinsic energy intensity of China's core industries. Significant regulatory 
steps have been taken in improving energy efficiency standards and limiting the expansion of energy intensive 
sectors.

The Chinese Government, as well as the Shanghai Municipality, have committed to issuing energy-saving 
and environmental standards for a whole range of energy consuming products. In its Implementation Plan for 
Energy-Saving and Emission-Reduction Work, the Shanghai Municipality has stated it would quicken its 
formulation of local standards and technology specifications in 2008. In fact, energy efficiency measures in the 
construction sector could potentially contribute to 30 percent of total energy savings until 2010. Compulsory 
energy efficiency regulations and standards for new public and office buildings have been put into place 
nationwide in 2006. Shanghai Municipality, in particular, has committed in 2007 to implement the standard that 
newly erected buildings shall follow a binding energy-saving 50 percent standard and would like to soon extend 
it to a 65 percent standard. Reaching the standard should be the precondition for getting a construction permit. 
Shanghai would also like to transform all public and government buildings (3) into energy-saving buildings to 
give a good example to the construction industry. 

With these measures, Shanghai expects to reach its building energy saving goal of 15 percent, as well as 
the target to reduce the energy used by government organs by 20 percent during the 11th Five Year Plan. 
However, a study by the Chinese Ministry of Construction has shown that only 53 percent of the newly 
constructed buildings meet the set standards of energy efficiency. Although respecting energy-saving 
standards would only increase building costs by 5-10 percent, many real estate developers are unwilling to 
bear the costs, favouring short-term profits over long-term considerations.

In most of the cases, however, investment in energy efficiency would even bring short-term benefits. ABB 
estimates that the payback on many energy efficient technologies is very often reached after one year, 
although they involve high initial investment costs. For buildings, ABB estimates the pay-back time to lie 
between two and three years. This shows that a change of mentality and a sensitization of the population 
towards sustainable practices are needed.
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Government measures have also been taken to limit heavy industry exports and to expand the service 
sector. Indeed, the IEA estimates that energy use for the production of export goods accounts for one fourth of 
Chinese energy demand. Hence, this move is particularly relevant for export-oriented coastal regions like 
Shanghai, Jiangsu, Zhejiang and Guandong which account for 70 percent of China's exports. As for the tertiary 
sector, Shanghai Municipality wants to lay a top priority on the development of the service sector, especially of 
finance, modern logistics, information service and cultural industry. These areas are not only less energy 
intensive but also of higher added value. The IEA calculates that this shift towards more service orientation 
could reduce the energy demand of coastal regions from 74 percent in 2005 to 57 percent in 2030.

(3) Growth trends

The reduction of energy consumption achieved by improving energy efficiency and restraining the development 
in heavy industries, however, is assessed to be meagre when compared to the surge in additional energy 
demand. A good example is the power sector, which accounts for 53 percent of the energy demand's increase. 
Shanghai Municipal Power Company (SMEPC), Shanghai's dominant power supplier, expects 
electricity demand in Shanghai to grow at an average rate of 10 percent per annum over the next 10 
years. The IEA, from its side, predicts that electricity consumption in China will increase 3.5-fold between 2005 
and 2030.

This tremendous growth in energy and especially power demand poses challenges to supply security. Power 
supply problems were still widespread in the last years. A peak happened in the years 2003-2004 during which 
24 of the 31 Chinese provinces, municipalities and autonomous regions were subject to planned power cuts 
during summertime. Factories and other firms were forced to close down for up to a week alternately. The 
shortage situation, however, has considerably improved since 2007, due to massive investments in 
power generation and transmission.

2. Power supply in Shanghai

(1) Main actors on the power supply side

Power generation accounts for around 40 percent of total energy use in China. Not only is China the second 
largest electricity market of the world, with a total capacity of 622 GW. China's investment in the electricity 
sector accounts for a quarter for the world's total power investment. Thus, this paper will put a special focus on 
electricity supply. 

China is characterized by serious regional differences in power production and consumption. While 
approximately 90 percent of the resources used for power generation can be found in inland provinces, most of 
the energy is consumed in coastal regions. Overall energy policy and strategy is in the hands of the 
powerful National Development and Reform Commission (NDRC), which has an Energy Bureau. The State 
Electricity Regulatory Commission also plays a growing role in power sector reform and competition. However, 
the practical task of ensuring the smooth supply of the entire Chinese territory – with the exception of the 
southern part – has been given to the State Grid Corporation of China (or State Grid), state-owned 
company which manages and supervises power generation, transmission and distribution on 80 
percent of the national market. The remaining 20 percent are administered by the China Southern Power 
Grid. The State Grid is split into numerous regional branches, one of which is the Shanghai Municipal 
Electric Power Company (SMEPC). Though state influence in the electricity field seems great at a first 
glance, the private sector also has the opportunity to invest or get involved in joint-ventures with government-
owned corporations, especially in the field of power generation (power plants). Furthermore, many previously 
state-dominated energy enterprises have been restructured to modern companies to enhance competition on 
the domestic market.
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(2) Shanghai's energy supply situation

Shanghai Municipal Electric Power Company (SMEPC) has been able to deliver up to 21'208 MW (4) of 
electricity, which represent an increase of 1'500 MW since 2006. SMEPC is proud of its power reliability 
rate, which lies at 99.982 percent. This number is comparable to the French rate of 99.984 percent but is much 
more impressive if the rapid expansion of the network is taken into account. Total investment by the company 
amounts to 19'885 billion RMB (2'744 billion USD) in 2007, which gives a hint of the substantial scale of 
SMEPC's expansion plans. In fact, these numbers are in accordance to predictions of a 10 percent growth in 
electricity demand in the Shanghai area. This growth rate is higher than the China-wide prediction of the IAE, 
which expects power supply and demand to increase with an average of 7.8 percent until 2015. SMEPC 
expects the Shanghai's needs to stabilize at 44'000 MW, out of which 20'000 MW will be produced in the 
Municipality of Shanghai.

Quite surprisingly, more than two thirds of the electricity consumed in Shanghai is also produced in the 
Shanghai Municipality. Thus, out of the 21'000 MW needed in peak seasons, 14'000 MW can be produced in 
Shanghai. The remaining 8'000 MW are imported from other provinces. Approximately 82 percent of 
Shanghai's locally produced power is generated by coal-fired plants. This percentage reflects the 
approximate China-wide percentage of coal-fired plants and demonstrates that China still heavily relies on coal 
for its electricity generation. This is due to the fact that China has proven to have the third largest world coal 
reserves which amount to 1,034.5 billion tons. Since 2000, China was forced to raise the share of power 
produced through coal from 70 percent to the current 80 percent to avoid power shortages. Now, more than 
two thirds of Chinese coal is used in the power industry.

(3) The coal issue

Coal imported to Shanghai comes from inland regions, mainly Shanxi, Inner Mongolia, Shaanxi, Ningxia and 
Guizhou. Shanghai can import some of its coal through the Huangpu and Yangzhe river mouth 
waterways. This is unlike most of the cities without developed waterways which have to rely on rail freight (5). 
As maximum freight capacities for the railway have been reached in many areas, coal is increasingly 
transported with trucks to coal-fired power plants. This not only increases the cost of transportation but also 
requires more fuel and oil to be used for the transport. This would make coal-based power production even 
more environmentally unfriendly, although a lot of progress has been made in improving environmental 
standards for power plants. Dust filters have now been installed on nearly 100 percent of coal-fuelled 
generating units. In Shanghai, 14 coal-fired plants which produce a total of 9.572 GW should complete fume 
desulphurization until 2010. This is an important step towards reducing SO2 and other particle emissions, 
whose main origin is the coal industry. 

As coal has often been criticized for its higher impact on environment, China has made the move to close 
down smaller old-fashioned coal-fired plants to open bigger high technology ones which not only have 
higher capacities but are also more energy efficient. In fact, the older coal-fired plants are estimated to 
consume 30 to 50 percent more coal than newer models. While they make up for half of China's yearly coal 
use, they can only generate 30 percent of China's total power supply. Recently, the NDRC has declared it 
would close down 553 small heavily polluting thermal power units which represent a total power generation 
capacity of 14.38 GW. This is 44 percent more than the 2007 target. With the replacement of old power plants 
for high-technology ones, China hopes to save more than 90 million tons of coal, 1.8 million tons of SO2 and 
220 million tons of CO2. For Shanghai Municipality, seven power plants with small generation units of 
2.108 GW shall be shut down during the 11th Five Year Plan (until 2010). First on the list are the Nanshi 
Power Plant (two generator sets) and Wujing Old Plant (see Fig. 1).

Fig. 1: List of power plant closures for Shanghai
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Order number Closing time Power Plant name Installed units: 
MW x No. units

1 2007 Nanshi Power Plant 60x2 + 25x1
2 2007-2010 Wujing Old Plant 100x1 + 125x1 + 50x1 + 25x3
3 2008-2010 Yangshupu Power Plant 25x2 + 30x1 + 25x1 + 30x1 + 112x2
4 2009-2010 Minghang Power Plant 130x1 + 130x1 + 135x1 + 140x1
5 2009 Zhabei Old Plant 125x2
6 2010 Changxing Island No. 2 Power Plant 120x2
7 2010 Chongming Baozheng Power Plant 55x1 + 55x2

Source: Shanghai Municipality (2007).

Box 1: Criteria for the closing down of small power generation units

The State Council has decided that the following power units should be closed in priority:

●     Conventional power units generating power capacities below 50 MW
●     Conventional power units generating power capacities below 100 MW and already running for 20 years
●     Conventional power units generating power capacities below 200 MW but reaching designed life span
●     Either high-coal consuming and heavily polluting units

 

As just mentioned, a great part of investments flow in building new high-technology power plants to replace the 
older ones. The government is giving now priority to new power units above 300 MW. Yet, it must be 
mentioned that most of the newly built electricity plants rely on coal. Shenergy, a company founded and 
partially financed by the Chinese government, is a good example of a company investing in power generation 
jointly with the State Grid. As compensation, Shenergy gets the right to distribute and sell part of the electricity 
produced by these generators. It is now in charge of approximately one quarter of Shanghai's total electricity 
supply. Electric companies are thus now capable of investing in high-technology supercritical or 
ultrasupercritical power generators of capacities between 900 MW and 1'000 MW. However, classical 
capacity lies between 300 and 600 MW. By using generators with the latest technology, it is estimated that coal 
consumption per kW could be lowered from 615 g to 299 g. The most famous project in high-technology 
power generators near Shanghai is the Shanghai Waigaoqiao Power Plant which possesses two 900 MW 
generators (already in operation). Two further generators of 1000 MW are due to be completed and connected 
to the Grid in February 2008. Fig. 2 gives an overview of current coal-based power generation technologies in 
China. As can be retrieved from this table, efficiency improvement potential due to new generators is high and 
the IAE estimates that efficiency of coal-fired generation could rise from 32 percent in 2005 to 39 percent in 
2030.

Fig. 2: Coal-based Power Generation Technology in China
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(4) Hydropower

The 8'000 MW of Shanghai's imported power are mainly generated by the Three Gorges Dam, which was 
able to supply the city with 4'200 MW last year. The completion of the dam in 2009 will enable Shanghai to 
import even greater amounts of hydropower. In fact, the Three Gorges dam will be able to deliver a capacity of 
18.2 GW after completion. Shanghai is interested in importing more hydropower – which is considered as a 
renewable and clean energy – to reduce its controversial high share of coal-generated power. Indeed, China's 
target energy mix for 2010 anchored in the 11th Year Plan is composed of: 66.1 % coal, 20.5 % oil, 6.8 % 
hydropower, 5.3 % natural gas, 0.9 % nuclear power and 0.4 % other renewables. 

The Chinese government plans to generate 300 GW with hydropower by 2030. This is due to the fact that 12 
percent of the world hydropower resources are located in China, which makes it the country with the 
world's highest hydropower potential. The Three Gorges dam, although it is the most known project, is only 
one of many other hydropower projects in the country. Two more large-scale hydro-projects are under way. 
The Xiluodu project (south-western China) will have a total capacity of 12.6 GW in 2015. But more relevant for 
Shanghai is the Xiangjiaba project in Sichuan province, also planned in 2015, which will generate a total of 6 
GW. However, it is necessary to point out that small-scale hydropower plants also have a consequent share in 
hydropower production, which sums up to 50 GW.

(5) Nuclear power and other renewables (wind and solar power)

The Chinese government is now promoting the use of energies such as nuclear, wind and solar power. 
Shanghai's power companies are now financing nuclear power plant projects in nearby provinces. One 
illustration is the Qinshan nuclear power plant in Zhejiang province, which disposes of two 650 MW reactors 
and is planning two more 700 MW reactors. Shenergy, who has invested in this power company, will be able to 
import 1000 MW to Shanghai for distribution.
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The Chinese government is now making efforts to promote renewable energies. For this, a Renewable Energy 
Law was put into place on January 1, 2006 to make the connection of power plants producing electricity 
from renewable energies compulsory. This ensures that all renewable energy must be purchased. 
Shanghai Municipality would like to reach a wind power installed capacity of 200-300 MW in 2010. Space 
is limited in the Shanghai municipality and only allows three wind parks (Fengxian, Nanhui and Chongming) to 
produce a total of 24.4 MW. Nevertheless, offshore wind farms bear a higher potential for Shanghai: 100 
MW of offshore wind capacity are planned by 2009/2010 in Donghai. Scientists estimate that offshore wind 
energy potential could be up to three times as high as onshore potential. For the China-wide wind power 
generation, IEA expects it to reach 49 GW in 2030, which would account for 1.6 percent of China's electricity. 

For solar energy, the target of Shanghai Municipality is to reach a production of 10 MW until 2010. For 
China as a whole, this target is at 300 MW in 2010. The costs of solar generation, however, as so high (as we 
will see later) that this energy is likely to stay insignificant in the future.

While China tries to promote clean energies, it must be noted that the main goal will remain ensuring power 
supply security. Even state authorities acknowledge that renewable energies will only play a marginal role in 
the future, especially because of higher generation costs. Thus, practice might be a little different from the 
good intentions formulated by central government.

(6) Producer cost and pricing

As can be seen from the previous example of wind power, there are considerable differences in the cost of 
producing the various energies. Fig. 3 gives a better idea of the production cost per kWh. The graph clearly 
shows that coal remains the cheapest way to generate power, costing approximately 0.035 USD per 
kWh. This explains why China still sticks to its coal-fired power plants. Nuclear power comes next, being 
approximately 1.5 times as expensive. The main explanation for the higher generation price of nuclear power 
lies in the nuclear plants' construction cost of 1500 to 1800 USD per kW of installed capacity. As a comparison, 
the construction costs for a high-technology coal-fired power plant hover around 600 and 900 USD per kW of 
installed capacity.

Fig. 3 : Plant Generation costs in China

Wind and large hydropower plants are 1.5 to 2 times more expensive as coal (6). Many experts, however, 
assess that wind prices could be lowered in the near future due to a more intense competition between 
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domestic wind turbine producers. This is due to the fact that until now, 80 percent of the turbine components 
had to be imported. The initial investment costs in turbines, which make up for about 80 percent of the costs, 
could thus be lowered if more parts could be manufactured in China. One main challenge, though, is that some 
of the Chinese turbines do not reach the ideal quality standards.

Power generation using natural gas (CCGT), which now represents one percent of power generation, is more 
expensive, approaching twice the price of coal-based power. However, power originating from gas is estimated 
to reach 4 percent of the energy mix in 2030. Solar power has not been indicated on the graph but is 
approximately 4.5 times more expensive than coal and has very high maintenance costs.

The coal price at which coal-fired power plants will be supplied is negotiated according to market 
supply and demand shortly before the start of a new calendar year.  This shows that coal combines both 
planning elements while being subject to market competition. Quantities allocated to each power firm are also 
fixed in the same process. This necessitates good predictions of the power demand for the following year from 
the side of regional grids. In case of an unforeseen power demand from the consumer side, regional branches 
of the State Grid have the possibility to purchase power from other provinces, as all six major regional grids are 
interconnected. However, to “punish” wrong calculations, regional branches have to buy the power at the full 
price of approximately 1 RMB (0.138 USD) from their neighbours. This policy forces them to make losses, as 
the end-user price is lower.

Coal demand is booming - mostly because of a rise in power demand - and cannot be covered by a similar 
increase of coal production (only 8 percent increase), so that prices have to adjust accordingly. Even if coal is 
the cheapest way to produce electricity, the coal price rose by 10 percent between 2007 and 2008 and is of 
great concern for power firms. Some power producers already fear to operate at a loss, especially those which 
produce in regions with relatively low end-consumer electricity prices. Although Shanghai exhibits the highest 
end-use power prices (see Fig. 4), transportation costs have to be considered.

The reason of concern is the fact that the state wants to freeze power prices although coal prices continue to 
grow. This state policy is due to rising concerns about high inflation, with consumer prices reaching an 
eleven year high of 6.9 percent at the beginning of 2008. The Chinese government fears that a price increase 
will put too much pressure on ordinary or low-income Chinese citizens, eroding their purchasing power. 
Electricity price stagnation is nothing new for Shanghai, who boasts that the price per Watt has not changed for 
ten years. The energy price for the industry has grown by 0.2 RMB (0.0276 USD) per Watt in the last ten years 
to reach an average of 0.7 RMB (0.0966 USD) in 2007.

Fig. 4: End-Use Prices by Region and Province, 2006
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As the end-consumer energy price is the same regardless how it has been generated, power companies 
have no real incentives to switch to cleaner and renewable energies. The example of coal has shown that the 
power firms' profits are already melting, but the situation will only be worse for other lower-margin energies 
such as wind. Until now, the government has failed to subsidize renewable energies to set the right 
incentives to power firms. The only measure which has been taken has been to issue a regulation which 
forces power firms whose production exceeds 5 GW to generate 3 percent of their power with renewable 
energies starting in 2008. This compulsory share of renewable energies should rise to 8 percent in 2020.

Keeping end-use prices at a low level which does not reflect the evolution of primary resource prices 
also gives no incentive to industries and other big consumers to launch energy-saving programmes to 
curb their energy demand. Shanghai Municipality, however, has formulated its intention to introduce 
differentiated power prices to discriminate against energy guzzling or old-fashioned industries. This would give 
them the incentives to either improve their energy efficiency or close down. Unfortunately, practices in other 
regions have shown that local governments give priority to economic development, job creation and tax 
revenues, seeing environmental concerns as secondary. Very often, waivers are given to energy intensive 
industries. Furthermore, although the Chinese government is now making the move to improve the 
environmental friendliness of its development, the external costs of coal pollution are not taken into account.

3. Gas situation in Shanghai

(1) Demand

Growing urbanisation and wealth accumulation in coastal areas have made for the natural gas demand surge 
in the residential sector. Natural gas is used not only for heating in the northern part of the country, but also 
mainly for cooking and hot water showers. The IEA estimates that natural gas demand has been increasing 
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by an average of 6.4 percent in recent years. This figure is even higher for residential areas, where it lies at 10 
percent. The region of Shanghai was composed of around 5 million natural gas consumers at the 
beginning of 2007. Both households and industries consume more than 2.7 bcm (billion cubic metres) per year. 
Following the overall China trend, consumption for Shanghai is bound to reach 6 to 7 bcm in 2010. Even one 
chief executive of Shenergy sees these official numbers as very cautious and would rather estimate gas 
demand to reach 12 bcm in 2015.

Increased living standards only provide a limited explanation for this steep rise in demand. In fact, Chinese 
government is favouring the extension of the domestic natural gas network as it is considered a 
cleaner energy. Thus, efforts are made to increase the population's access to natural gas, especially in 
populated areas. The number of urban residents with access to gas more than doubled in the last five years, 
the coastal areas accounting for more than half of this growth. The number of cities with gas distribution is 
expected to rise to 270 in 2010.

(2) Supply

The increasing natural gas demand has to be matched with a proportional increase in supply. China's natural 
gas reserves, of which 90 percent are located onshore, sum up to 2 percent of the world's reserves. The 
Shanghai region relies more on offshore extracted natural gas: 2 bcm have to be imported from Xinjiang 
while 0.7 bcm come from an offshore platform in the China Sea. Most of Shanghai's natural gas is 
distributed by the company Shenergy, who owns a 95 percent market share in natural gas pipeline distribution. 
While some areas in Shanghai can be delivered with pipelines, remote areas have to rely on gas cylinders.

Unfortunately, China's domestic natural gas production does not suffice to cover the demand on the 
Chinese market. Hence, China is now investing in building capacities to import Liquefied Natural Gas (LNG). 
For Shanghai, a special LNG regasification terminal is being built at the Yangshan deep water port and 
will allow Shanghai to import 1.65 million tons of LNG starting in 2009. Although the import of natural gas has 
been capped at 6 million tons per year, this amount will have to grow in the near future. In fact, it is estimated 
that natural gas imports should reach 100 bcm to cover all of the coastal regions' needs. 

Caroline Wehrle 
Economic section 
Consulate General of Switzerland in Shanghai

Useful sources:

International Energy Agency (2007). World Energy Outlook 2007: China and India Insights.  
Paris: IEA.

Rosen, D. & Houser, T. (2007). China Energy: A Guide for the Perplexed. 
Washington DC. : Pearson Institute for International Economics.

Shanghai Municipal People's Government (2007). Notice of Shanghai Municipal People's Government on 
Printing and Distributing the “Implementation Plan of Shanghai Municipality for Energy-saving and Emission-
reduction Work”. 
Shanghai: SMPG

State Council (2007). White Paper on Energy. 
Beijing: State Council.
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(1) 80 percent of urban households possess air conditioning. 

(2) The main drivers of energy consumption are extraction, transport, generation, transmission, distribution, 
industrial processing and consumption.

(3) Shanghai's public and government buildings correspond to a total area of 30 million m².

(4) 1'000 kW=1 MW                      1'000'000 kW=1 GW                     1'000 MW=1 GW

(5) More than half of the coal travels using the railway. Furthermore, coal makes up for 44 percent of national 
rail freight.

(6) It is to be noted that wind power prices are mainly determined by market competition.
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Product:  DolphinTM Offshore Integrated Power Tidal Generator 
 
Historical Background: 
 
The very first efforts to harness tidal power focused on 
river estuaries with extreme tidal ranges as sites for barrier 
systems to capture the tidal flow and release water during 
the ebb.  Major projects include the Rance River in France 
which began producing 240 MW in 1966 and Anapolis, 
Nova Scotia, which began operating in 1984 producing 20 
MW from the tides of the Bay of Fundy.  Plans for other 
river estuaries, such as the Severn Estuary in the United 
Kingdom, are in the planning stage but are not economi-
cally feasible at this time.  Because of extremely limited 
sites with significant tidal range to warrant investing in tidal 
barrage systems developers have shifted their focus and 
are now looking to capture power from tidal-generated 
coastal currents.  Blue Energy Canada of Vancouver, Brit-
ish Columbia has designed a tidal fence using a slow-
moving vertical turbine with accessible generator compo-
nents above the sea surface thereby reducing mainte-
nance costs.  Other companies are developing generators 
which rely on wave motion to generate power.  The tech-
nology as a whole is still in its infancy with all parties highly 
enthused over the ocean potential for renewable energy.  
 
Ocean Tide Energy: 
 

1. Tidal stream devices extract energy from the diur-
nal flow of tidal currents caused by the gravita-
tional pull of the moon.  Unlike wind and wave 
power, tidal streams offer entirely predictable out-
put.  However, as the lunar cycle is of around 25 
hours duration, the timing of peak outputs differs 
by around an hour each day and therefore tidal 
energy cannot be guaranteed at times of peak 
demand. 

 
2. Typically, tidal turbines, similar in appearance to 

wind turbines, are mounted on the seabed.  They 
are designed to exploit the higher energy density, 
but lower velocity, of tidal flows compared to wind.  
Tidal stream differs from established technology 
for exploiting tidal energy in that tidal flows are not 
captured and controlled by means of a large dam-
like structure.  Rather, tidal turbines operate in the 
free flow of the tides meaning that large construc-
tion costs and disruption of estuarine ecosystems 
associated with barrages may be avoided.  How-
ever, as tidal streams are a diffuse form of energy 
the purpose of the barrage is to concentrate tidal 
flow, this also means that large numbers of tur-
bines spread over relatively large areas of seabed 
are required if significant amounts of energy are to 
be extracted. 

Ocean Wave Energy And Types: 
 

1. Power generation using wave energy is at a much 
earlier stage of development than both tidal and 
wind power.  In early 2003 there was but 1 MW of 
generating capacity installed worldwide.  This in-
dustry is characterized by a wide variety of novel 
devices and a large number of small firms.  De-
vices can be classified by generic technology 
types although there appears to be some overlap. 

 
2. Pneumatic devices such as the oscillating water 

column use wave motion to compress and de-
compress air and thereby drive a turbine. 

 
3. Float-based devices utilize a buoyant float moving 

with the waves reacting against a sea bed anchor 
in order to harness energy. 

 
4. Spillover devices utilize wave height to replenish a 

reservoir of seawater which runs a turbine. 
 

5. Raft-type devices use the relative motion of adja-
cent rafts or pontoons to harness wave energy. 

 
6. Moving-body devices articulate in the water induc-

ing motion which may be used to drive a hydraulic 
motor. 

 
Wind Energy: 
 

1. Is without question the fastest growing renewable 
energy technology worldwide.  The blades are get-
ting larger and the avoided costs of electricity gen-
eration are decreasing. 

 
2. Upwards of 50% of marketplace project financing 

can now be obtained through the sale of renew-
able energy credits occasioned by compliance 
with Kyoto Protocols.  

 
Tidal Energy:  

Tides are caused by the gravitational attraction of the 
moon and the sun acting upon the oceans of the rotating 
earth.  The relative motions of these bodies cause the sur-
face of the oceans to be raised and lowered periodically, 
according to a number of interacting cycles.  These in-
clude:  

1. A half day cycle, due to the rotation of the earth 
within the gravitational field of the moon.  
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2. A 14 day cycle, resulting from the gravitational 

field of the moon combining with that of the sun to 
give alternating spring (maximum) and neap 
(minimum) tides.  

3. A half year cycle, due to the inclination of the 
moon's orbit to that of the earth, giving rise to 
maxima in the spring tides in March and Septem-
ber.  

4. Other cycles, such as those over 19 years and 1 
600 years, arising from further complex gravita-
tional interactions.  

The range of a spring tide is commonly about twice that of 
a neap tide, whereas the longer period cycles impose 
smaller perturbations.  In the open ocean, the maximum 
amplitude of the tides is about one meter.  Tidal ampli-
tudes are increased substantially towards the coast, par-
ticularly in estuaries.  This is mainly caused by shelving of 
the sea bed and funneling of the water by estuaries.  In 
some cases the tidal range can be further amplified by re-
flection of the tidal wave by the coastline or resonance.  
This is a special effect that occurs in long, trumpet-shaped 
estuaries, when the length of the estuary is close to 1/4th of  

the tidal wave length.  These effects combine to give a 
mean spring tidal range of over 11 m in the Severn Estu-
ary (UK).  As a result of these various factors, the tidal 
range can vary substantially between different points on a 
coastline.  

The amount of energy obtainable from a tidal energy 
scheme therefore varies with location and time.  Output 
changes as the tide ebbs and floods each day; it can also 
vary by a factor of about four over a spring-neap cycle. 
Tidal energy is, however, highly predictable in both amount 
and timing.  

The available energy is approximately proportional to the 
square of the tidal range.  Extraction of energy from the 
tides is considered to be practical only at those sites where 
the energy is concentrated in the form of large tides and 
the geography provides suitable sites for tidal plant con-
struction.  Such sites are not commonplace but a consid-
erable number have been identified in the UK, France, 
eastern Canada, the Pacific coast of Russia, Korea, China, 
Mexico and Chile.  Other sites have been identified along 
the Patagonian coast of Argentina, Western Australia and 
western India.  

Prospective Sites For Tidal Energy Projects 

Country Location Mean 
Tidal 

Range (m) 

Basin 
Area 
(km2) 

Installed Ca-
pacity (MW) 

Approximate Annual 
Output (TWh/year) 

Annual Plant Load 
Factor (%) 

Argentina San José 5.8 778 5,040 9.4 21 

  Golfo Nuevo 3.7 2,376 6,570 16.8 29 

  Rio Deseado 3.6 73 180 0.45 28 

  Santa Cruz 7.5 222 2,420 6.1 29 

  Rio Gallegos 7.5 177 1,900 4.8 29 

Australia Secure Bay 7.0 140 1,480 2.9 22 

  Walcott Inlet 7.0 260 2,800 5.4 22 

Canada Cobequid 12.4 240 5,338 14.0 30 

  Cumberland 10.9 90 1,400 3.4 28 

  Shepody 10.0 115 1,800 4.8 30 

India Gulf of Kutch 5.0 170 900 1.6 22 

  Gulf of Kham-
bat 

7.0 1,970 7,000 15.0 24 

Korea 
(Rep.) 

Garolim 4.7 100 400 0.836 24 

  Cheonsu 4.5   1.2  

Mexico Rio Colorado 6-7   5.4  



  

UK Severn 7.0 520 8,640 17.0 23 

  Mersey 6.5 61 700 1.4 23 

  Duddon 5.6 20 100 0.212 22 

  Wyre 6.0 5.8 64 0.131 24 

  Conwy 5.2 5.5 33 0.060 21 

USA Pasama-
quoddy 

5.5     

  Knik Arm 7.5  2,900 7.4 29 

  Turnagain Arm 7.5  6,500 16.6 29 

Russian 
Federation 

Mezen 6.7 2 640 15,000 45 34 

  Tugur * 6.8 1 080 7,800 16.2 24 

  Penzhinsk 11.4 20 530 87,400 190 25 

* 7,000 MW variant also studied  

Tidal energy can also be exploited directly from marine 
currents induced by the combined lunar and solar gravita-
tional forces responsible for tides. These forces cause 
semi-diurnal movement in water in shallow seas, particu-
larly where coastal morphology creates natural constric-
tions, for example around headlands or between islands. 
This phenomenon produces strong currents, or tidal 
streams, which are prevalent around the British Isles and 
many other parts of the world where there are similar con-
ditions. These currents are particularly prevalent where 
there is a time difference in tidal cycles between two sec-
tions of coastal sea. The flow is cyclical, increasing in ve-
locity and then decreasing before switching to the opposite 
direction. The kinetic energy within these currents could be 
converted to electricity, by placing free standing turbo-
generating equipment in offshore areas.  

Technical Concepts For Exploiting Tidal Energy:  

Most countries which have investigated the potential ex-
ploitation of tidal energy have concentrated on the use of 
barrages to create artificial impoundments that can be 
used to control the natural tidal flow.  Barrage developers 
in the UK and elsewhere concluded that building a perme-
able barrage across an estuary minimizes the cost of civil 
structures for the quantity of energy that can be realisti-
cally extracted.  Construction of barrages across estuaries 
with high tidal ranges would be challenging but technically 
feasible. In shallow water armored embankment would be 
used, but in deeper water this method would be impractical 
and too expensive because of the quantity of material re-
quired.  Complete closure of estuaries would be achieved 
by emplacing a series of prefabricated sections, or cais-
sons, made from concrete or steel which could be floated 
and then sunk into position.  The technique has been used 
in the Netherlands to close the Schelde Estuary.  A large  

 

 

steel caisson was used in the construction of the Vadalia 
power station on a tributary of the Mississippi.  

Tidal barrages would comprise sluice gates and turbine 
generators.  Large scale structures like the Severn Bar-
rages would also include blank caissons and ship-locks.  
During the ebb tide water is allowed to flow through the 
sluices and the turbine draft tubes to ensure the maximum 
possible passage of water into the impounded basin.  At or 
close to high water the sluice gates are closed.  At this 
stage of the cycle the turbines can be used in reverse as 
pumps to increase the amount of water within the basin.  
Although there is an obvious energy demand, the amount 
of water transferred can provide an additional increase in 
energy output of up to 10% compared with a cycle where 
no pumping is used.  The actual increase in energy output 
from pumping depends on the estuary and the tidal condi-
tions.  Retention of water allows a head of water (i.e. dif-
ference in vertical height of water levels) to be created as 
the flood tide progresses seaward of the barrage.  Once a 
sufficient head has been created, water is allowed to flow 
back through the turbines to generate electricity.  In this 
respect a tidal energy barrage is no different to a low-head 
hydro-electric dam.  The large volumes of water and the 
variation in head require the use of double regulation, or 
Kaplan turbines.  These turbines have guide vanes and 
blades that can be moved by hydraulic motors.  This al-
lows turbine operation, and therefore energy conversion 
efficiency, to be optimized through each generation cycle 
as the reservoir head drops.  

Experience from the UK’s tidal energy program revealed 
that ebb generation (i.e. only on the ebb tide) maximizes 
the amount of energy that can be produced from this type 
of barrage system. Two-way generation (on both the flood 
and ebb tides) is technically possible, however less energy 



  
would be produced because the head of water created 
prior to generation is lower compared with an ebb genera-
tion cycle.  Moreover, Kaplan turbines in a horizontal con-
figuration are optimised for generation with flow in one di-
rection.  

As with all other civil engineering and power generation 
projects, diligent technical appraisal is essential to mitigate 
against both technical and commercial risk.  Barrage de-
sign requires a detailed geotechnical site investigation to 
determine the foundation conditions.  The nature of the 
substrate and the dimensions of an estuary ultimately de-
termined the design options for barrages.  Once an optimal 
design has been identified, it needs to be developed in 
detail to establish the construction schedule and the costs 
at each stage of the project to determine both economic 
and financial viability.  A detailed knowledge of the hydrau-
lic flow pattern before and after the barrage has been con-
structed is of equal importance and for the same reason.  
Hydraulic flow has to be accurately modeled, using com-
plex mathematical models that can accurately simulate 
natural flow conditions, so that the effects of progressive 
closure and environmental changes can be predicted. Hy-
draulic modeling is also used to determine the energy out-
put from the system during each tidal cycle.  

Other concepts based on secondary artificial storage sys-
tems have been investigated, and continue to be pro-
moted.  The concept enables storage within two or more 
basins which can increase the control of the water move-
ment and allows the turbines to operate for longer than in 
single basin schemes.  Secondary reservoirs were pro-
posed for the Severn scheme but were discounted be-
cause of the cost of the energy produced.  The rise in cost 
is the direct consequence of the substantial additional civil 
structures required.  

Technical Status And Experience From Operating Sys-
tems:  

Tide mills were commonplace along the coasts of western 
Europe from the Middle Ages, until the Industrial Revolu-
tion supplanted renewable forms of energy with fossil fuel 
alternatives.  Interest in tidal energy was stimulated by the 
construction of the French barrage across the Rance estu-
ary in Brittany during the 1960’s.  A dam was built in-situ 
between two coffer dams.  Consequently the entrapped 
estuarial waters stagnated, although the ecosystem recov-
ered once the barrage began operation.  Most of the struc-
ture, which has an installed capacity of 240 MW, is com-
prised of Kaplan turbines with only a small bank of sluices.  
The barrage has a ship rock adjacent to the control centre 
and carries a trunk road.  Originally designed for two-way 
generation, the operators, EDF, predominantly generate 
on ebb tides.  Despite over thirty years of successful op-
eration, EDF have no plans to build other barrage 
schemes.  

Shortly after the completion of the Rance barrage, the 
Russians built a small experimental system with an 

installed capacity of 400 kW.  The scheme was con-
structed at Kislogubsk near Murmansk, partly to demon-
strate the use of caissons in barrage construction.  

The potential for tidal energy at the head of the Bay of 
Fundy, which extends between the Canadian maritime 
provinces of Nova Scotia and New Brunswick, has long 
been recognised.  In 1984 a 20 MW plant was commis-
sioned at Annapolis, across a small inlet on the Bay of 
Fundy's east coast.  The barrage was built to demonstrate 
a large diameter rim-generator (Straflo) turbine.  Despite 
the large tidal energy potential, Canada has relied upon 
the development of its substantial conventional hydro-
power reserves.  

The UK has invested approximately £20 million in tidal en-
ergy R&D.  Most of this effort was concentrated on co-
funded feasibility and development studies (between the 
mid-1980’s and 1992) with industrial consortia.  Two main 
sites were evaluated: one on the Severn (mean spring tidal 
range 12 m); and the other on the Mersey Estuary (mean 
spring tidal range 8 m).  Despite detailed technical ap-
praisals, coupled with evaluations of the effects to shipping 
and the environment, neither project progressed beyond 
an early development stage.  The work revealed that tidal 
energy was less economic compared with other forms of 
renewable energy.  The UK Program also investigated four 
smaller-scale projects (ranging in size from 5–100 MW).  
None of these schemes progressed further than initial fea-
sibility.  

Of more recent interest is Western Australia’s tidal energy 
potential that has been actively promoted near the town of 
Derby, (situated at the head of two adjacent inlets off the 
King Sound).  The inlets would be connected via an artifi-
cial channel.  By damming each inlet, differences in water 
levels in each basin could be controlled which would en-
able flow via the connecting channel.  Power take-off 
would be achieved from a bank of turbines housed in a 
structure built in this channel.  The Derby tidal power pro-
ject had been assessed by a consortium led by KPMG.  
The project’s promoters submitted this scheme to an inde-
pendent ministerial advisory committee.  The committee 
compared the scheme with an alternative gas-fired power 
plant and decided in July 2000 not to proceed with the 
Derby tidal project.  The committee compared the two bids 
on financial and technical grounds as well as community 
benefits and environmental impacts.  

Interest in multiple basins has been reactivated in the last 
three or four years by an American company, Tidal Elec-
tric.  They are promoting the concept in a number of re-
gions with high tidal ranges including Alaska, Chile and the 
UK.  Water would be moved between three diked reser-
voirs built on intertidal mud flats thereby enabling continu-
ous generation.  None of these schemes has so far pro-
gressed to construction.  

Economic Considerations:  



  
Tidal energy projects based on barrages are capital-
intensive with relatively high unit costs per installed kilo-
watt (>£1 500/kW).  The long construction period for the 
larger schemes and low load factors would result in high 
unit costs of energy, especially given the demands of pri-
vate-sector investors.  The economic performance of tidal 
energy barrages reflects the influence of site-specific con-
ditions and the necessity for ship locks where access for 
navigation is required.  As barrage construction is based 
upon conventional technology and site-specific conditions, 
it is unlikely that significant cost reductions could be 
achieved.  Predicted unit costs of generation are therefore 
unlikely to change and currently remain uncompetitive with 
conventional fossil-fuel alternatives.  

Some non-energy benefits would stem from the develop-
ment of tidal energy schemes.  However, they would yield 
a relatively minor monetary value in proportion to the total 
scheme cost.  These benefits are difficult to quantify accu-
rately and may not necessarily accrue to the barrage de-
veloper.  Employment opportunities would be substantial 
at the height of construction, with the creation of some per-
manent long-term employment from associated regional 
economic development.  

Economic prospects for alternative forms of tidal energy 
remain uncertain, largely because there is little published 
data on the costs or performance of either marine current 
generators or diked reservoir schemes.  Until further in-
formation is made available it is not possible to make a 
rational judgment on their prospects.  However, without 
detailed technical information (for investors) and rigorous 
appraisal of environmental effects no form of tidal energy 
is likely to be developed.  Experience of other forms of re-
newable energy has highlighted the necessity for credible 
environmental assessment to ensure endorsement from 
regulatory authorities and potential objectors.  

Environmental Considerations:  

Tidal energy barrages would modify existing estuarine 
ecosystems to varying degrees.  Firstly some pre-barrage 
intertidal areas would become permanently inundated and 
although the intertidal zonation would change it would still 
be present and capable of supporting an estuarine ecosys-
tem.  The post-barrage upstream intertidal range would be 
approximately halved but the effect would progressively 
diminish upstream of the barrage.  Changes to the hydrau-
lic regime will invariably change patterns of sedimentation, 
eventually leading to a shift in sediment (particle size) dis-
tribution.  There would be some sediment accumulation 
upstream of the barrage.  The amount will depend on the 
position of the barrage.  In estuaries like the Severn, with 
high sediment loads, this is an important consideration.  
For this reason the proposed downstream alignment offers 
an advantage because it would be less vulnerable to 
sediment accumulation.  

Reduced post-barrage current strengths would lead to a 
fall in turbidity, higher light penetration and a concomitant 
increase in phytoplankton productivity.  Site-specific work  

in the Severn Estuary suggests that this effect would be 
less marked in comparison to other estuaries.  Saltmarsh 
zonation, a feature caused by periodic inundation by saline 
or brackish water, would change.  A model specifically de-
veloped for Spartina distribution in UK estuaries indicates 
that the plant's post-barrage distribution could be predicted 
with a high degree of confidence.  

Estuaries are of key importance to migratory species of 
fish, many of which are the foundation for commercial fish-
eries.  Barrages could act as barriers to migration and 
damage fish.  There is no clear indication from studies on 
existing hydroelectric stations of the numbers of fish which 
might be affected.  The changes to fish populations are 
uncertain: levels may fall by 30-50% before the effects of a 
barrage become evident. Generic R&D has focused on the 
suitability of acoustic deterrence methods, which will re-
quire further refinement.  

Much of the site-specific and generic R&D in the UK has 
concentrated on ornithological studies of migratory birds 
which use British estuaries in large numbers.  Studies 
have confirmed that bird populations fluctuate between 
years and within a single winter.  Their distribution is also 
highly uneven, which is partly due to the highly variable 
distribution of invertebrates.  Post-barrage survival rates 
will depend on the extent of suitable intertidal areas and 
climatic conditions.  

Construction of diked reservoirs built on intertidal areas 
would have different environmental effects compared to 
conventional barrages.  Attention to site-specific condi-
tions, notably hydraulic flows, sediment erosion, transport 
and accumulation would need to be thoroughly understood 
to prevent souring or adverse accumulation within the ba-
sins.  If these schemes resulted in permanent inundation 
of intertidal feeding areas, migratory bird populations 
would be displaced, although the impact would depend on 
their original importance.  

Country Notes:  

Argentina: 

• The southern coast between Tierra del Fuego and 
Golfo San Matías has mean tidal ranges of up to 
7.5 m. An assessment of the country’s tidal energy 
potential identified five sites with an estimated po-
tential of 37 TWh per annum.  However, develop-
ment of tidal energy resources is dependent on 
the further expansion of hydroelectric resources 
and the construction of a transmission system that 
could connect tidal power plants with a suitable 
distribution network.  

• An investigation has been carried out in the San 
José Gulf, which has a basin area of 780 km2 and 
is connected to the sea by a 7 km long strait.  A 
barrage at this location would be approximately 
13.4 km long, have an installed capacity of 5 040 
MW and could produce an estimated 9.4 TWh per 



  
annum. 

Australia: 

• Tidal energy potential is particularly prevalent 
along the north-western coast of Australia, where 
tidal ranges are amongst the largest in the world. 
This coastline has numerous inlets and bays that 
offer promising sites for barrages, such as Walcott 
Inlet, Secure Bay, St George’s Basin and the lar-
ger King Sound.  The development of tidal energy 
is disadvantaged, however, by the small range of 
neap tides, which is too low for power generation, 
and the impracticality of absorbing large amounts 
of intermittent power in a remote region without in-
stalling costly transmission links.  

• In the late 1990’s Tidal Energy Australia, a West-
ern Australian company, proposed a combination 
double basin/double flow design for Doctor’s 
Creek, on King Sound near the Kimberley town of 
Derby.  The advantage of their scheme was that it 
could provide around-the-clock power. One basin 
retains a high water level and the other a low level.  
A channel cut between the two holds the turbines 
used for power generation.  At high tide, water is 
let into the high basin, and at low tide, is let out of 
the low basin.  The plant, with a capacity of 48 
MW, would have been the second largest tidal 
power station in the world and the only one provid-
ing continuous power output.  This capacity would 
fully supply the needs of the region (for both resi-
dential purposes and exploitation of the Kimber-
ley’s abundant mineral resources), the supply be-
ing supplemented with diesel generating capacity 
as necessary.  The population of Derby showed 
great support for the tidal plant but the government 
of Western Australia favored a fossil fuel option for 
generating power.  After much debate, the tidal 
plant was rejected.  However, Tidal Energy has 
reported that it is working towards securing other 
customers and in particular, is working on the de-
velopment of a similar (but expanded) plant for a 
mineral processing company, also in Western 
Australia. 

Canada: 

• Embayments at the head of the Bay of Fundy be-
tween the maritime provinces of New Brunswick 
and Nova Scotia have some of the largest tidal 
ranges in the world.  The most promising pros-
pects for tidal power have centred on two sites in 
this region: the Cumberland and Minas Basins.  
However, the only commissioned tidal power plant 
is located at Annapolis Royal, further down the 
Bay of Fundy.  The 20 MW plant came into opera-
tion in 1984: the barrage was primarily built to 
demonstrate a large-diameter rim-generator tur-
bine.  Annapolis uses the largest Straflo turbine in 
the world to produce more than 30 million kWh per 
year.  

• In view of the large tidal energy resource at the 
two basins, estimated to be 17 TWh per year, dif-
ferent options for energy storage and integration 
with the river hydro system have been explored.  
At present this prospect appears unlikely. 

China: 

• The south-eastern coastal areas of Zhejiang, Fu-
jian and Guangdong Provinces are considered to 
have substantial potential for tidal energy.  China’s 
utilization of tidal energy with modern technologies 
began in 1956: several small-scale tidal plants 
were built for pumping irrigation water.  Thereafter 
tidal energy began to be used for power genera-
tion.  Starting in 1958, forty small tidal power 
plants stations (total capacity 12 kW) were built for 
the purpose of generating electricity.  These were 
supplemented around 1970 by much larger sta-
tions, of which the 3 MW Jiangxia and the 960 kW 
Baishakou schemes were the largest.  The major-
ity of the early plants have been decommissioned 
for a variety of reasons, including design faults, 
being found to be incorrectly located, etc.  Cur-
rently there are seven tidal power stations (plus 
one tide flood station) with a total capacity of 11 
MW.  

• Since the end of the 1970’s emphasis was placed 
on optimizing the operations of existing plants to 
improve their performance.  Additionally, a feasibil-
ity study for a 10 MW level intermediate experi-
mental tidal power station has been undertaken. 

France: 

• Relatively few tidal power plants have been con-
structed in the modern era.  Of these, the first and 
largest is the 240 MW barrage on the Rance estu-
ary in northern Brittany.  The 0.8 km-long dam 
also serves as a highway bridge linking St. Malo 
and Dinard.  The barrage was built as a full-scale 
demonstration scheme between 1961 and 1966 
and has now completed 34 years of successful 
commercial operation.  Annual generation is some 
640 million kWh.  

• Originally the barrage was designed to generate 
on both flood and ebb tides; however, this mode of 
operation proved to be only partially successful.  
The barrage is now operated almost exclusively 
on ebb tides, although two-way generation is peri-
odically instigated at high spring tides.  

• In 1988 the plant became fully automated, requir-
ing the integration of complex operational cycles 
imposed by variable heads, and the necessity for 
continuous regulation of the turbines to optimize 
energy conversion.  A 10-year program for refur-
bishing its 24 turbines was begun in 1996, on the 
plant’s 30th anniversary.  



  
• Despite its successful operation, no further tidal 

energy plants are planned for France, which is 
now dominated by generation from nuclear sta-
tions. 

India: 

• The main potential sites for tidal power generation 
are the Gulf of Kutch and the Gulf of Khambat 
(Cambay), both in the western state of Gujarat, 
and the Gangetic delta in the Sunderbans area of 
West Bengal, in eastern India.  

• The tidal ranges of the Gulf of Kutch and the Gulf 
of Khambat are 5 m and 7 m respectively, the 
theoretical capacities 900 MW and 7 000 MW re-
spectively and the estimated annual output ap-
proximately 1.6 TWh and 15.0 TWh respectively.  

• A committee has been formed to estimate the pre-
sent cost of the Gulf of Kutch project by inviting 
tariff-based bids and to gather the responses of 
the various agencies interested in the project.  The 
Ministry of Non-Conventional Energy Sources 
(MNES) has reported that the "Request for Qualifi-
cation" and "Request for Proposal" being prepared 
will enable the feasibility of establishing such a 
project through private sector participation to be 
tested.  

• Following a feasibility study for a 3 MW tidal power 
plant at Durgaduani in the Sunderbans area, a de-
tailed project report is now being drawn up.  If the 
project proceeds, the West Bengal Renewable 
Energy Development Agency, with MNES assis-
tance, will take it up. 

Korea (Republic): 

• The west coast has mean tidal ranges of up to 6m.  
Two prospective sites have been considered: Ga-
rolim Bay, which has been studied in detail, and 
the Gulf of Asam.  The Korean Ocean Research 
and Development Institute (KORDI), assisted by a 
consortium of British companies, reviewed the 
schemes in the mid-1980’s but no projects re-
sulted. 

Mexico: 

• Two areas in the Gulf of California have been ex-
amined, one near Isla Montague at the mouth of 
the Río Colorado, the other at the island of 
Tiburón further down the Gulf.  They each have a 
tidal range of 6-7 m.  The potential annual output 
of one site in the Colorado estuary has been as-
sessed as 5.4 TWh. 

Russian Federation: 

• Design studies for tidal power development have-
been conducted in Russia since the 1930’s.  As 

•  part of this work, a small pilot plant with a capacity 
of 400 kW was constructed at Kislogubsk near 
Murmansk and commissioned in 1968.  The suc-
cess of this installation led to a number of design 
studies for much larger tidal plants at sites in the 
north and east of the country: Lumbov (67 MW) 
and Mezen Bay (15 000 MW) in the White Sea, 
Penzhinsk Bay (87 400 MW) and Tugur Bay (6 
800 MW) in the Sea of Okhotsk.  Eventually the 
Tugur station emerged as the only feasible major 
scheme.  Preliminary design work began in 1972 
but the timescale for further development work 
remains uncertain. 

United Kingdom: 

• The large tidal range along the west coasts of 
England and Wales provides some of the most fa-
vorable conditions in the world for the utilization of 
tidal power.  If all reasonably exploitable estuaries 
were utilized, annual generation of electricity from 
tidal power plants would be some 50 TWh, equiva-
lent to about 15% of current UK electricity con-
sumption.  

• Of six identified sites with mean tidal ranges of 
5.2-7.0 m, feasibility studies have been completed 
for two large schemes: Severn estuary (8,640 
MW) and Mersey estuary (700 MW) and for 
smaller schemes on the estuaries of the Duddon 
(100 MW), Wyre (64 MW), Conwy (33) and Loug-
hor (5 MW).  A governmental program on tidal en-
ergy (1978-1994) concluded that given the combi-
nation of high capital costs, lengthy construction 
periods and relatively low load factor (21-24%), 
none of these schemes is regarded as financially 
attractive in present circumstances. A future UK 
tidal energy program could include construction of 
a small-scale scheme primarily to demonstrate the 
technology and its environmental effects, before 
progressing to very large schemes on the scale of 
the Severn. 

 
DolphinTM Offshore Integrated Power Tidal Generator: 
 

1. Relies upon five distinct but entirely supporting sci-
entific phenomena in order to optimize the produc-
tion of electricity relative to both construction costs 
and long term reliability when installed in a coastal 
water location.   

 
2. Current technology permits cost effective deploy-

ment of tidal generators in locations which exhibit 
a tidal range in excess of 6.5 m.  The DolphinTM 
Tidal Generator should be effective in locations 
which exhibit a tidal range in excess of only 1 m 
thereby increasing its potential use by a factor of 
several thousand.   

 
3. The five independent scientific electricity genera-

tion forces  consist of: 
 
 



  
a. Tidal flow and ebb currents, 
b. Tidal flotation energy,  
c. Wave energy, 
d. Solar energy, and 
e. Wind energy. 

 
The use of five independent and additive electricity gener-
ating forces may increase each offshore wind generation 
station from about 10 MW to perhaps as much as 500 MW 
depending on station size, tidal range, wind velocity, cloud 
cover, wave amplitude, and tidal current conditions.  Of 
these conditions, tidal range is the most important respect-
ing total power generation. 
 
Product Description: 
 
The DolphinTM Offshore Integrated Power Tidal Generator: 
consists of a large hollow concrete cylinder which is de-
signed to barely float while slowly rotating at an elevation 
which always nearly matches the tidal surface water eleva-
tion.  The cylinder fits on a non-rotating gear shaft which is 
encased within highly efficient helical type gear housing.  
The periphery of the cylinder is fitted with a driver gear to 
rotate a many MW alternator shaft.  Wave hinged restraint 
flaps are attached to the top surfaces of the cylinder to 
enable capture and beneficial use of waves, when avail-
able, thereby increasing rotational force.  Solar panels are 
attached to both sides of the hinged wave restraint flaps to 
increase electricity generation.  Wind sales are also at-
tached to the wave hinged restraint flaps to increase cylin-
der RPM.  Tidal restraint flaps are attached to the bottom 
surface of the cylinder to enable capture and beneficial 
use of tidal flow and ebb currents.  These several em-
bodiments are shown on attached WSE Engineering 
Drawing No. S-0313.  Please note that the substantial cyl-
inder shaft and its anchor can be used without modification 

to support several large (>1 MW) wind turbines.  About 
50% of the construction costs of an offshore wind turbine 
are attributable to its support foundation.  
Explanation Of Terms:  

Semi-Diurnal Tide:  A tidal pattern in which there are two 
high tides and two low tides in a day. 

Tidal Range:  The difference in height between a high tide 
and the succeeding or preceding low tide. 

High Tide:  The maximum height reached in a rising tide. 

Low Tide:  The minimum height reached in a falling tide.  

Spring Tides:  Semi-diurnal tides of large range occur 
when the moon is new or full. 

Neap Tides:  Tides of small range occur when the moon is 
at its first or last quarter. 

Harmonic Method:  The representation of tidal variations 
as a sum of harmonics (known as constituents) each of 
different frequency, amplitude and phase. 

Co-Ordinated Universal Time (UTC):  The internationally 
adopted basis for official time.  For all practical purposes, it 
can be taken to be the same as Greenwich Mean Time. 

Chart Datum:  The level to which soundings or tide heights 
are referenced. 
The engineers, chemists, dedicated scientists, and senior 
management at WaterSmart Environmental welcome 
your inquiries with enthusiasm.  

  

 From the Engineering Department of
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Application:  Proposed Business Relationship Between Fossil Fueled Power Plants and               
             WaterSmart Environmental, Inc. 
 
WaterSmart Environmental, Inc. is a manufacturer of 
water and wastewater treatment equipment and a pro-
vider of wastes-to-renewable energy, organic foods, 
biofuels, and water independence technologies.  These 
technologies are marketed on a build-own-operate plat-
form with required project funding solicited from the fi-
nancial marketplace.   
 
On February 15, 2007 the company announced in a 
Press Release that it had developed a waste-to-energy 
and recycling technologies that permit conversion of 
fossil fueled power plants to achieve zero greenhouse 
gas emissions.  The referenced Press Release is at-
tached.   
 
The waste-to-energy technology is unique in that it has 
been designed to prevent all discharge of greenhouse 
gas (GHG) emissions.  This environmental feat is ac-
complished by using greenhouse gases beneficially in 
the production of Spirulina microalgae within an en-
closed photobioreactor.  In addition to carbon dioxide 
(CO2), the technology also utilizes SOx, NOx, Mercury 
(Hg) and radioactive emissions that are found in coal 
fired power plant discharges.  Please refer to attached 
WSE Drawing No. S-2004-2 that identifies the many 
environmentally related credits produced by the tech-
nology.      
 
Early this year WaterSmart Environmental, Inc. devel-
oped a waste-to-energy business model that the com-
pany believes can be successfully promoted in the 
worldwide marketplace per the attached presentation.  
The model identifies the concept of a new or existing 
fossil fueled power plant working in a joint venture type 
relationship that enables the following operating proce-
dures: 
 

1.  Ownership of the fossil fueled power plant by 
others and not by WaterSmart Environmental, 
Inc. 
 
2. Ownership of the waste-to-energy facility by 
WaterSmart Environmental, Inc. and not by oth-
ers.  The waste to energy facility will be con-
structed immediately adjacent to the fossil fu-
eled power plant with all infrastructure costs 
borne by the company. 
 
3. Total management of the power plant’s com-
bustion gas discharges, if any, by WaterSmart 
Environmental, Inc. with all associated infra-
structure costs borne by the company. 
 

4. Total management of the power plant’s sani-
tary wastewater discharges, if any, by WaterS-
mart Environmental, Inc. with all associated in-
frastructure costs borne by the company. 
 
5. Total management of the power plant’s mu-
nicipal and other solid wastes, if any, by Wa-
terSmart Environmental, Inc. with all associated 
infrastructure costs borne by the company. 
 
6. Total management of the power plant’s storm 
water discharges, if any, by WaterSmart Envi-
ronmental, Inc. with all associated infrastructure 
costs borne by the company. 
 
7. Total management of the power plant’s fly 
ash pond waters, if any, by WaterSmart Envi-
ronmental, Inc. with all associated infrastructure 
costs borne by the company. 
 
8. Total management of the power plant’s fly 
ash, if any, by WaterSmart Environmental, Inc. 
with all associated infrastructure costs borne by 
the company. 
 
9. Total management of the power plant’s bot-
tom ash pond waters, if any, by WaterSmart 
Environmental, Inc. with all associated infra-
structure costs borne by the company. 
 
10. Total management of the power plant’s bot-
tom ash, if any, by WaterSmart Environmental, 
Inc. with all associated infrastructure costs 
borne by the company. 
 
11. Total management of the power plant’s sul-
fur byproduct wastes, if any, by WaterSmart 
Environmental, Inc. with all associated infra-
structure costs borne by the company. 
 
12. Total management of the power plant’s slag 
wastes, if any, by WaterSmart Environmental, 
Inc. with all associated infrastructure costs 
borne by the company. 
 
13. Total management of the power plant’s 
boiler water treatment chemical wastes, if any, 
by WaterSmart environmental, Inc. with all as-
sociated infrastructure costs borne by the com-
pany.   
 
14. Total management of the power plant’s ra-
dioactive wastes, if any, by WaterSmart Envi-
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ronmental, Inc. with all associated infrastructure 
costs borne by the company. 
 
15. Total management of the power plant’s 
mercury (Hg) wastes, if any, by WaterSmart 
Environmental, Inc. with all associated infra-
structure costs borne by the company. 
 
16.  Total management of the power plant’s par-
ticulate emissions, if any, by WaterSmart Envi-
ronmental, Inc. with all associated infrastructure 
costs borne by the company. 
 
17. The retail sales of electricity by the power 
plants to all marketplace users thereof at the 
standard flat retail rate of US$0.045/kWh re-
gardless of time of day, number of kilowatt 
hours sold, or by whom purchased.  To make 
this marketplace result economically feasible 
WaterSmart Environmental will fully subsidize 
the power plant’s cost of power production (cur-
rently around 1.9 cents for coal and around 5.5 
cents for gas and oil) and additionally its inter-
nal sell price of the said electricity at 
US$0.25/kWh thereby making the total Wa-
terSmart subsidy range from US$0.269/kWh for 
coal and US$0.305/kWh for gas and oil.  Should 
the costs of continuing production increase the 
WaterSmart subsidy will also increase accord-
ingly.  The idea is to maintain the internally sold 
electricity profit margin on the part of the power 
plant at US$0.25/kWh regardless of future in-
creases in its production costs on a fully sus-
tainable basis. 
 
18. The power plant is to claim full marketplace 
credit for finding and implementing the technol-
ogy that enables it to sell power to the public at 
US$0.045/kWh.  Electricity sold from nonpollut-
ing power plants may be called Green Electric-
ity.  

19. WaterSmart Environmental will add it’s re-
newable energy electricity output to power dis-
tribution lines of the power plant in a fully coor-
dinated manner to enable full and continuing 
satisfaction of marketplace demand.  The mar-
ketplace doesn’t care whether the electricity 
purchased is green or renewable so long as it 
remains inexpensive.  Inexpensive electricity is 
always a key marketplace factor that supports 
massive economic development. 
 
20. The WaterSmart waste-to-energy facility will 
also enjoy massive economic development in 
the form of biofuels consisting of renewable 
natural gas and biodiesel.  These biofuels will 
be made available to the local marketplace at a 
20% discount from existing retail prices.  In so 
doing, the marketplace will further benefit by be-
ing able to purchase these commodities at fa-
vorable prices.  In the instance of gas or oil 
power plants they too could switch to the Wa-
terSmart source of renewable biofuel and thus 
further improve their operating margins of 
power production. 
 
21. The significant climate change commodity 
credits produced by WaterSmart’s waste-to-
energy technology will be assigned to the power 
plants and thereafter routinely managed by 
Merrill Lynch Global Commodities for their eco-
nomic benefit.   

 
The engineers, chemists, dedicated scientists, and sen-
ior management at WaterSmart Environmental wel-
come your inquiries with enthusiasm.  
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MSW-To- Renewable Energy
and Biofuels BioRefinery

A zero carbon footprint biowastes-to-renewable energy, 
organic foods, biofuels, and water independence 

technology that can be combined with the conversion of 
coal fired power plants to achieve zero greenhouse gas 

(GHG) emissions.

A presentation to
1000 MW XYZ Coal Fired Power Plant.



A Zero Carbon Footprint 
Technology

Made Possible By The

OAT™

Optimized Anaerobic Treatment Process 
&

Spirulina Microalgae Photobioreactor  
Production & Processsing Technologies.



MATERIAL FLOW SCHEMATIC

EXISTING COAL FIRED POWER PLANT       NEW BIOFUELS PRODUCTION SUPERGREEN BUILDING
              CONTAINING ENCLOSED PHOTOBIOREACTOR
                    AND WASTES-TO-RENEWABLE ENERGY 
                  WITH TOTAL RECYCLING TECHNOLOGIES

EXISTING & CONTINUING GREENHOUSE GAS EMISSIONS (GHG)

             1000 TON MSW/DAY PRICED 
            AT US$0.00/TON TIPPING FEE

TO MARKET PRICED AT US$45.00/MWh

PRECAST CONCRETE PANELS TO MARKET

LIQUEFIED NITROGEN GAS (LN2) TO MARKET

PROCESSED PORK TO MARKET

PROCESSED TILAPIA FISH TO MARKET

BIODIESEL TO MARKET

RENEWABLE NATURAL GAS TO MARKET

FLY & BOTTOM ASH

FLY & BOTTOM ASH POND WATER

COAL PILE RUNOFF WATER

MUNICIPAL SOLID WASTES (MSW)
AND EXISTING LANDFILL WASTES

MASSIVE ENVIRONMENTAL BENEFITS CONSISTING OF:
MINIMUM 1,100 POUNDS ANTHROPOGENIC CARBON DIOXIDE (CO  ) REDUCTION/MWh2

60 MW RENEWABLE COMBINED CYCLE GREEN ENERGY

FOSSIL FUELED POWER PLANT CONVERSION TO
     ZERO GREENHOUSE GAS (GHG) EMISSIONS

RENEWABLE ENERGY CREDITS (REC) TO MARKET

CONVENTIONAL ENERGY TO MARKET PRICED AT US$45.00/MWh

PLUGGED SMOKESTACK ZERO MERCURY (Hg) EMISSIONS
ZERO SOx AND NOx EMISSIONS (PRECURSORS OF ACID RAIN)
ZERO PARTICULATES EMISSIONS
ZERO RADIOACTIVE EMISSIONS

SANITARY WASTEWATERS

MUNICIPAL SOLID WASTES

STORM WATER RUNOFF 

  (TO INCLUDE C&D WASTES AS
     WELL AS MEDICAL WASTES)

FREE POTABLE WATER DISTRIBUTION TO MARKET

(SEE WSE DRAWING NO. S-6099-1
FOR MATERIAL FLOW SCHEMATIC
OF WHAT GOES ON INSIDE THIS
SUPERGREEN BUILDING)
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SOLIDS DEWATERING
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CONTINUOUS

ANAEROBIC DIGESTER
U.S. Patent No. 5,630,942

TM

FINISHED WATER 
        QUALITY

TDS < 50 mg/L
BOD <  1 mg/L
COD <  1 mg/L
TOC <  1 mg/L
TSS  <  1 mg/L
NPK  <  1 mg/L
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Conversion Process 
Creates Significant Values
From Heat Content of Power Plant 
Exhaust Gas
From Carbon Dioxide Content of Power 
Plant Exhaust Gas



From Heat Content
A 1,000 MW coal fired power plant 
burns 11,000 tons of coal/day.
2/3 of the heat content escapes out the 
stack.
Btu content of coal = 26 million Btu/ton.
11,000 tons x 26 million Btu/ton x 2/3 = 
190,762,000,000 Btu/day.
Dividing 190,762,000,000 by 3,414 
Btu/kWh = 55,876,391 kWh/day.



From Heat Content

Cost of producing electricity from coal = 
US$0.0375/kWh.
US$0.0375 x 55,876,391 kWh/day = 
US$2,095,364/day.
The conversion process will beneficially use 
the heat content of the exhaust gas to 
produce steam during combined cycle 
generation thus capturing the value of the 
heat content.



From Carbon Dioxide Content

2.09 lbs CO2 are produced/kWh or 
2,090 lbs are produced/MWh.
A 1,000 MW power plant generates 
1,000 x 24 = 24,000 MWh/day.
24,000 MWh/day x 2,090 lbs/MWh = 
50,000,000 lbs CO2 /day or 25,000 
tons/day.



From Carbon Dioxide Content

1 ton CO2/day produces 90.91 gallons 
of biodiesel/day through photosynthesis 
of Spirulina microalgae.
The Spirulina microalgae,in turn, are 
made into biodiesel through a 
transesterification process—a 
technology already proved by the 
National Renewable Energy Laboratory



From Carbon Dioxide Content

25,000 tons CO2/day x 90.91 gallons 
biodiesel/ton = 2,272,750 gallons/day
At a value of, say, US$2.50/gallon, 
2,272,750 x US$2.50 = 
US$5,681,875/day.
But wait, there’s more.   





 
Nonrecourse Project Capital Cost Structure 

 
Municipality of Shanghai Larger Building 

 
BioWastes-To-Renewable Energy, Food, BioFuels, and Water Independence Plant 

 
The total estimated capital and development costs of the design-build-own-operate wastes-to-
renewable energy project total $2,974,320,055 (US$4,994,320,055 total all costs less 
technology and development cost of US$2,020,000,000 = US$2,974,320,055) utilizing both new 
and remanufactured process equipment.  The major components of capital and other costs are 
as follows: 
 

Item Description Cost in US$ 
Anaerobic Digester Feed Tank Constructed Cost1 3,000,000
105 MGY Biodiesel Manufacturing Equipment Constructed Cost2 28,000,000
Biodiesel Storage Tank Constructed Cost 12,500,000
Building Size 2.0 km x 2.0 km x 200 m high Constructed Cost3 924,000,000
Cement Kiln Constructed Cost4 12,000,000
Concrete Ready Mix Batch Plant Constructed Cost5 3,000,000
EAF Steel Recycling Process Equipment Constructed Cost 50,000,000
LED Lighting Purchase Cost8 60,000,000
LNG (Liquefied Natural Gas) Storage Tank Constructed Cost 5,000,000
Liquefied Nitrogen Air Separation Equipment Procurement Capital Cost 300,000,000
Liquefied Nitrogen Delivery Equipment Procurement Capital Cost 500,000
Methanol Storage Tank Constructed Cost 8,000,000
Liquefied Nitrogen Storage Tank Constructed Cost 240,000,000
Liquefied Oxygen Storage Tank Constructed Cost 21,500,000
Methane Gas Compression Equipment Installed Capital Cost 50,000,000
Photobioreactor Capital Equipment Constructed Cost7 100,000,000
Potable Water Storage Tank Constructed Cost 25,000,000
Power Generation Equipment Procurement Cost9 225,000,000
Reverse Osmosis Equipment Procurement Cost 6,000,000
Sow procurement Costs 5,000,000
Fish Processing Equipment Constructed Cost6 500,000
Two-Phase Anaerobic Digester Constructed Cost1 314,511,120
Subtotal Project Costs 2,393,511,120
Add 15% Contingencies 350,026,668
Total Capital Costs 2,743,537,788
Finance Charges  16,000,000
Interest During Construction 30,000,000
Administration/Legal 150,000
Permitting 20,000
Technology & Development Cost 2,020,000,000
Project Development Fee @ 6% of US$2,743,537,788 164,612,267
Working Capital 20,000,000
Total All Costs 4,994,320,055
 
Nonrecourse Project Financing Will Be Structured As Follows: 



 
Developer Equity as Technology, 70%10 2,020,000,000
Investor Equity as Cash, 27.8% 1,125,000,000
Finance 1,849,320,055
Loan Term, Years 10
Interest Rate 10%
Developer will contribute 2,020,000,000 equity in the project as the value of the technology.10 
Investor will contribute US$1,125,000,000 cash and the balance will be financed. 

With Following Notes:   

1. The anaerobic digester and its associated feed tank will be constructed of precast 
concrete panels.  The panels will be manufactured by Wieser Concrete Products, Inc. and 
barge shipped to destination project site.  The Wisconsin based precast concrete 
manufacturer POC is Phil Miller @ phone 800.325.8456 (see 
http://www.wieserconcrete.com/about.html). 

 

2. The biodiesel production equipment will be designed and manufactured by California 
based R. C. Costello & Associates, Inc.  The POC is Rocky Costello, P.E. @ phone 
310.792.5870 (see http://www.rccostello.com/).  

 

3. The low cost of the project building is made possible by the 100% internal recycling of 
inorganic wastes that are produced from the anaerobic digestion process.  These 
inorganic wastes are combined with cement and water in the production of precast 
concrete panels.  The special purpose project company will produce its own cement to 
further minimize construction costs.  See attached WSE Engineering Drawing No. S-6099-
1 for additional details.  The POC at WaterSmart Environmental is Chuck Steiner @ 
913.897.2727 (see http://www.watersmart.com/).   

 

4. The cement kiln will be sourced through Canada based Cement Process Consulting, Ltd.  
The POC is Ken Postle @ phone 403.472.4519 (see http://www.cement-
process.com/index.htm).  

 

5. The concrete ready mix plant will be sourced through Canada based Cement Process 
Consulting, Ltd.  The POC is Ken Postle @ phone 403.472.4519 (see http://www.cement-
process.com/index.htm).  

 

6. The fish production and processing equipment will be sourced through Colorado based 
Fisheries Technology Associates, Inc.  The POC is Bill Manci @ phone 970.225.0150 (see 
http://www.ftai.com/).  



 

7. The enclosed photobioreactor consists of 2 miles long 12”Ø clear PVC pipe.  A possible 
supplier is Harvel Plastics, Inc. but other sources will be considered prior to procurement 
(see http://www.harvel.com/).   

 

8. The artificial lighting for the photobioreactor consists of 5 miles of high efficiency long 
lasting (10 years or more) light emitting diode (LED) lighting that will be wrapped barber 
pole fashion around the clear PVC pipe.  A possible supplier is Light Waves Concept, Inc. 
but other sources will be considered prior to procurement (see 
http://www.lightwavesconcept.com/).   

 

9. The power generation equipment will be sourced through UK based Combustion, Energy 
& Steam Specialists, Ltd.  The POC is Mike Craigie @ phone +44 (0) 1856 851177 (see 
http://www.cess.co.uk/).  

 

10. The seemingly high percentage of developer equity as technology is justified on the basis 
that it is the only economic development technology that simultaneously achieves: 

• 100% compliance with Kyoto Protocol thus helping to reverse global warming, 
• Distributed Biofuels (biodiesel and compressed natural gas or CNG) independence, 
• Distributed Food independence, 
• Distributed Renewable energy independence, 
• Distributed Water independence, and 
• Complete internal recycling of all byproducts and waste streams thereby producing a 

useful product—namely precast concrete products that will be used for constructing 
the project building itself as well as infrastructure roads, light rail transit surface 
transportation system, precast concrete potable water distribution system, precast 
concrete wastewater collection system, and precast concrete encased renewable 
energy power distribution system.  In doing so the community initiative project will 
become the very first zero carbon and zero waste community in the world. 

 Climate Change has now become the most serious worldwide concern as the 
 sustainability of our planet appears to be at rapidly increasing risk.  Renewable Energy 
 Technologies that address climate change are therefore in great demand.  Technologies 
 that address both climate change and substantial economic development are in even 
 greater demand.  The proposed waste-to-energy technology has required over 30,000 
 hours of research  over a 10 year period to develop thus fully justifying the seemingly 
 high percentage of developer equity as technology.  It is the very first and only  
 worldwide technology that is technically capable of simultaneous distributed energy 
 independence, distributed food independence, distributed fuels independence, and 
 distributed water independence with all in full compliance with Kyoto Protocol. 

The proposed wastes-to-renewable energy technology consists of a suite of individual 
component technologies.  The individual component technologies are: 



 
• Biodiesel Production With Associated Waste Processing. The National Renewable Energy 

Laboratory (NREL) pioneered the very first production of biodiesel from microalgae.  The 
research and development was carried out under the “Aquatic Species Program” (ASP) 
that consisted of the first production of a biofuel called “algal biodiesel” (see  
http://www1.eere.energy.gov/biomass/pdfs/biodiesel_from_algae.pdf).  Under the 
referenced program Algal Biodiesel was produced through the growing of microalgae for 
their lipid content.  The lipid content was then converted into biodiesel through chemical 
transesterification in the same manner that soybeans and other vegetable oils are now 
being converted into biodiesel.  The ASP funding totaled $25.05 million over a 20 year 
period that began in 1978.  Continuation funding was ultimately terminated when it was 
officially determined that algal biodiesel could not be produced economically.  The ASP 
obtained its research data from growing microalgae in warm open ponds (Salton Sea in 
Southern California) at a pH of 8.2 using atmospheric carbon dioxide.  The Salton Sea is 
the recipient of agricultural runoff nutrients as well as additional nutrients contained in 
municipal sewage treatment plants discharges.  The Middle Cordoba Province Project will 
produce microalgae within an enclosed photobioreactor that will operate at the optimum 
growing temperature of 35ºC (95ºF) and at the optimum growing pH of 9.4.  
Photosynthesis will occur 24/7 rather than just during daylight hours by using long lasting 
light emitting diode (LED) lighting.  The photobioreactor will receive the total carbon 
dioxide output from both the anaerobic digester as well as the power generation 
equipment thus substantially increasing production over that obtainable from using 
carbon dioxide from the atmosphere.  Microalgae production will be further increased by 
adding the micronutrients contained in the reverse osmosis concentrate stream thus 
substantially improving microalgae production.  The total increase of these process 
modifications over that obtained by the National Renewable Energy Laboratory’s ASP is 
estimated at a factor of at least 1000 to 1.  By producing the microalgae within an 
enclosed photobioreactor the technology becomes totally compliant with Kyoto Protocol 
since all discharges of greenhouse gases to the environment are eliminated. 

 
• Cement manufacturing as a technology has been practiced for many hundreds of years 

throughout the entire civilized world. 
 

• Fish farming was first practiced by the Chinese over 100 years ago.  Due to the over 
fishing of the oceans fish farming is now widespread throughout the entire civilized world.  

 
• Precast concrete panels and piping have been manufactured for the last 50 years.  The 

use of precast concrete panels has become quite popular in the building industry during 
the last 10 years. 

 
• Liquefied Nitrogen and Liquefied Oxygen have been produced in the marketplace for the 

last 50 years.  Names of today’s largest industrial suppliers consist of Air Liquide, Air 
Products & Chemicals, Inc., Cryogenic Industries, Inc., Gas Systems Corporation, and 
Praxair, Inc.   

 
• Methane gas-to-methanol alcohol through synthesis gas (syngas) technology represents 

the standard method of producing methanol throughout the civilized world. 
 

• Microalgae production through the use of a photobioreactor (use of artificial light rather 
than sunlight) is now being done at several research institutions.  The technology has yet 
to be put into full scale commercial operation.   



 
• The anaerobic digestion of municipal solid wastes (MSW) was first accomplished by two-

phase anaerobic digestion in 1996 (see http://lib.kier.re.kr/caddet/retb/no66.pdf).  More 
recently the management of municipal solids wastes is being accomplished using 
conventional anaerobic digestion by Waste Management, Inc., a waste management 
company (see http://www.wm.com/WM/environmental/Bioreactor/technologies.asp).   

 
• Pig farming and processing has been practiced around the world for the last 100 years. 

 
• Precast concrete panels and precast concrete pipes have been manufactured for the last 

50 years throughout the world. 
 

• Renewable energy power generation has been practiced for at least 30 years in the EU 
and 20 years in the United States. 

 
• Reverse osmosis treatment has been around on a commercial basis for over 30 years.  

During the last 5 years its marketplace costs have been halved and it is now considered 
very good and very affordable technology. 

    
 
 



Municipality of Shanghai Prefeasibility Study, April 14, 2008 Totals and Notes 
Location:  People’s Republic of China  
Technology Provider:  WaterSmart Environmental, Inc.  
Joint Project Developers: 
 
Aimacon International, Inc. 
Contact:  Japhet Gama 
3 Eglinton W. Unit 21 
Mississauga, ON  L5R 3E7 
Phone Number:  905.568.3244 
Fax Number:  905.568.2235 
email:  Jeff@aimaconfs.com 
 
GlobalCapitalAdvisory.Com 
Contact:  Amit Vaswani, Director 
email:  amit.vaswani@globalcapitaladvisory.com 
Phones:  +852.8120.8450, +1.310.856.9836 
Faxes:  +852.3015.9417, +1.310.861.1532 
 
Sipho Enterprises 
Contact:  Ollie Sipho 
email:  siphofunding@msn.com 
Phone Numbers:  619.972.3935, 619.434.4759 
Website:  http://www.siphoent.com/index.html 
 
Unitsky String Transport System 
Contact:  Anatoly Unitsky 
email:  info@unitsky.ru 
Phone Number:  +7 095 116-15-48 
Fax Number:  +7 095 116-15-48 
Website:  http://www.unitsky.ru 
 

 

Project Type:  Economic Development through Design-Build-Own-Operate BioWastes-To-
Renewable Energy, BioFuels, Organic Foods, and Potable Water Independence 

 

Estimated Project Cost:  US$2,743,537,788 for each 2.0 km x 2.0 km x 3 story high project 
building 

Estimated Project 
Building Cost: 

US$2,743,537,788
Estimated Daily Project Revenue for each project building:  US$41,035,808 Estimated Project 

Building Revenue: 
US$41,035,808/Day

Number of project buildings required:  1  
Project Activities: 
 
1.  Extensive Agricultural Production and Processing that additionally includes renewable 
energy, biofuels, and water production along with 100% recycling of all byproducts into 
precast concrete panels and piping for infrastructure development, and 
 
2.  The construction and sale of self-biofueled trains and locomotives, and 
 
3.  The construction and sale of self-biofueled concrete ships, and 
 
4.  The construction and sale of tidal generators. 

 

Jobs Creations Potential for each 2.0 km x 2.0 km x 3 story high project building:  5,000  
BioWastes Treated:  Municipal Solid Wastes (MSW), Medical Wastes, Construction & 
Demolition Wastes, Foods Production & Processing Wastes, Biodiesel Processing 
Wastes, and Petroleum Derived Shipbreaking Wastes 

 

Local Population Served for each 1 km x 1 km x 3 story high project building:  50,000  
Residual Wastes to Landfill:  Zero  



Greenhouse Gaseous Emissions to the Environment:  Zero  
Climate Change Carbon Footprint:  Zero  
Investor Internal Rate of Return:  Optimal  

 
Detailed Project Description 

 
The economic development objective is to produce 100% of the local demand for 
electricity, 100% of the local demand for biodiesel biofuel, 100% of the local demand for 
natural gas (methane gas is a near equivalent to natural gas) biofuel, and 100% of the 
local demand for potable water.  Biodiesel (B100) can be used as a direct replacement for 
petroleum diesel without equipment modification.  Each economic development project 
includes the required infrastructure for local distribution of renewable energy, renewable 
natural gas, and potable water.  To the extent that methane gas is used for electricity 
generation or renewable natural gas significant energy credits are created.  Additional 
energy credits are also created in the production of biodiesel biofuel.  Electricity 
generation, renewable natural gas production, and biodiesel production are carbon 
neutral products of each project building.   
 
The renewable energy electricity produced will be designed to achieve per capita 
distribution at 5.0 kWh/person/Day.  The United States, for example, is now consuming 
electricity at the rate of 3.5 kWh/person/Day.  At 5.0 kWh/person/Day the waste-to-energy 
technology will provide energy independence for at least 25 years based on the existing 
increase in consumption trend that has already been established in the United States. 
 
The renewable oil (biodiesel B100) produced is designed to achieve a surplus of this 
product.  The United States, for example, is now consuming oil at the per capita rate of 3.0 
gallons/person/Day.  The waste-to-energy technology will produce biodiesel at the rate up 
to 287,633 gallons/Day thereby establishing a per capita availability of 5.75 gallons/Day for 
a surplus of 2.75 gallons/Day! 
 
The renewable natural gas (methane gas) produced is designed to achieve a surplus of 
this product.  The United States, for example, is now consuming natural gas at the rate of 
194 cubic feet/person/Day.  The waste-to-energy technology will produce natural gas 
(methane gas) at the rate up to 1,148 cubic feet/Day thereby establishing a per capita 
availability of 1,148 cu ft/person/Day for a surplus of 954 cu ft/Day!   
 
As additional marketplace background information, the production of ethanol from corn 
and biodiesel from beans has precipitated a massive food or fuel issue throughout the 
world causing the marketplace price of both corn and soybeans to increase dramatically.  
These increases have, in turn, caused the marketplace price of ethanol and biodiesel to 
increase as well the marketplace price of corn and soybean based food products.  It is 
these increases in marketplace prices that have caused the food or fuel issue.  With our 
marketplace approach the production of biodiesel from Spirulina microalgae stays 
completely clear of the food or fuel issue as does the production of renewable natural gas 
from biowastes.  To achieve total sales of both renewable biodiesel and renewable natural 
gas biofuels they will be sold at a 20% discount from existing retail.  At this attractive 
pricing 100% of routine production will easily sell in the marketplace.  
 
Extensive Agricultural Production in each project building will consist of a 100 hectare 
tilapia fish farming operation that is sized to produce excess local marketplace demand 
for tilapia fish.  The excess processed fish will be exported to distant markets to provide 
visible cash flow to the project.  With a world population approaching 7 billion the fish 
output of a single project building calculates out to approximately 0.15% of worldwide 
demand of tilapia fish.  A total of 1 ÷ 0.0015 = 666 project buildings would therefore be 
required to satisfy worldwide demand for tilapia fish.  The marketing idea is to produce 
100% of the local demand for fish with the entire excess sold to export markets for visible 
sales revenue.  Additional agricultural activities may include other farm animals such as 
pigs, beef cattle, poultry, and dairy animals.    

 
 
 
 
 
 
 
 
 
 
 
 

300 Tons CO2/Day
produced from 300 

Tons Cement 
Manufacturing/Day 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
In addition to agricultural production, each project building will produce Portland cement 
for the purpose of manufacturing precast concrete panels and precast concrete piping for 
infrastructure development.   
 

1. In the manufacturing of 300 Tons cement/Day, 300 Tons CO2/Day are produced.    
2. When processing biowastes through anaerobic digestion both methane gas and 

carbon dioxide gas are produced.  
3. When generating renewable energy both water vapor and carbon dioxide gas are 

produced.   
 

100% of the carbon dioxide gas and associated water vapor produced during the 
production of cement, the processing of biowastes, and the generation of electricity will 
be routed to an enclosed photobioreactor for the purpose of producing Spirulina 
microalgae.  Some of the Spirulina microalgae will be used as animal feed.  The remainder 
will be converted into biodiesel biofuel (B100) and sold to produce visible sales revenue.      
 
Spirulina microalgae contain about 6% lipids (fats).  In the production of biodiesel about 
6% of the Spirulina microalgae are converted into biodiesel biofuel (B100).  The 94% 
remaining biowastes are returned to the anaerobic digester to produce substantially more 
methane and carbon dioxide gases.  The resulting methane gas produced can be used for 
power generation with the excess sold as a renewable natural gas biofuel.  The resulting 
carbon dioxide gas produced from electricity generation and the carbon dioxide gas 
produced from anaerobic digestion will be automatically routed to the enclosed 
photobioreactor to enable production of additional Spirulina microalgae. 
 
Because nutrients will be 100% recycled internally, each project building will produce an 
excess of liquid fertilizer concentrate that will be distributed to area farmers in need on a 
no-charge basis.   
 
Because 100% of the water is recycled internally, excess potable water of the quality of 
bottled water will be distributed locally on a no-charge basis.  Because water is required 
to process municipal solid wastes each project building will accept both sanitary 
wastewater and storm water for that purpose on a no-charge basis.  Over time, additional 
stories will be added to each project building to enable additional agricultural activities 
that could include  organically grown bananas, beets, black bass, beef cattle, beans, 
cassava, coffee, corn, cotton, dairies, lobster, onions, peanuts, poultry, prawns, rice, 
shrimp,  sugar cane, sweet potatoes, trout, and many other crops.   
 
Throughout the prefeasibility study extensive efforts are made to provide balanced 
chemical equations and mathematical calculations, where appropriate, to permit due 
diligence evaluations of the proposed methodoligies and sciences to be used. 
 
 

 
 
 
 
 
 
 
 

No Charge For 
Distribution of
 Potable Water

No Charge For 
Treatment of

Sanitary
 Waste Water

No Charge for 
Treatment of
 Storm Water

 
Marketplace Municipal Solid Wastes (MSW) 

BioWastes-To-Energy Feedstocks 
 
A determination of the amount of volatile solids (VS) is necessary in order to calculate the 
amount of methane gas that can be produced from the anaerobic digestion of biowastes.  
Eligible feedstocks consist of municipal solid wastes (MSW), medical wastes, and 
construction & demolition wastes.  For the purpose of arriving at conservative waste 
figure availability, a total of 2 lbs of MSW/person/day will be used to calculate the total 
feedstock biowaste amount.  For an area population of 50,000 for each project building the 
available biowastes calculate out at 50,000 x 2 lbs/person/Day = 100,000 lbs/day, or when 
divided by 2,000 lbs/Ton = 50 Tons/Day.   
 
The calculation for municipal solid wastes is as follows: 

24 Tons VS/Day
From MSW

Produces
12 Tons CH4/Day

and
16.5 Tons CO2/Day

Through Anaerobic
Digestion



 
Assuming 25% moisture content 50 Tons/Day x 75% = 37.5 Dry Tons/Day 
 
Assuming 80% organic content 37.5 Dry Tons/Day x 80% = 30 Organic Tons/Day 
 
Assuming 80% volatile solids content 30 Organic Tons/Day x 80% = 24 Tons 
Volatile Solids/Day or x 2,000 lbs/Ton = 48,000 lbs/Day or 48,000 lbs/2,000 lbs/Ton 
= 24 Tons VS/Day.  This amount of waste treated by anaerobic digestion produces 
48,000 lbs Volatile Solids/Day x 12 cubic feet of methane/lb Volatile Solids = 
576,000 CFD of CH4.  At 24 cubic feet/lb, the methane production translates into 
576,000 CFD CH4/24 = 24,000 lbs/2,000 = 12.0 Tons CH4/Day.   
 
Weight of methane gas produced through anaerobic digestion multiplied by 1.375 
= weight of CO2 produced.  12 Tons CH4 produced x 1.375 = 16.5 Tons CO2/Day.     

 
In addition to fresh municipal solid wastes, the project building will directly collect an 
additional 20 lbs/person/Day from existing area landfills, rubbish piles, and dumps for the 
twofold purpose of increasing the production of additional methane and carbon dioxide 
gases.  This activity will increase the methane and carbon dioxide gases by a factor of 10.  
10 times 24 Tons VS/Day = 240 additional Tons VS/Day.  10.0 x 12 Tons CH4/Day = 120 
additional Tons CH4/Day.  120 Tons CH4/Day x 1.375 = 165 Tons CO2/Day.  It is expected 
that area landfills, rubbish piles, and dumps will be excavated and subsequently 
remediated within 2-3 years of project start-up. 
 
 
Revenue collected for management of landfill wastes, municipal solid wastes, medical 
wastes, and construction & demolition wastes:  US$0/Day/Ton.  Never a charge, ever.  
Management of landfill wastes is always provided as a community service activity. 
 

Reclaiming Landfills 
Produces additional

240 Tons VS/Day,
120 Tons CH4/Day,

and
165 Tons CO2/Day

No charge for 
MSW disposal

US$0.00/Day
From MSW

 

Agricultural Food Production and Processing 

Will consist of a 100 hectare Tilapia fish farm for producing mercury free and organically 
grown Tilapia fish for processing into filets for local demand as well as the export fish 
market.  The estimated weight of raw fish produced per day is 1,340,000 lbs.  At a filet 
yield of 42% a total of 562,000 lbs (281 Tons of Tilapia filets) will be produced/Day along 
with 778,000 lbs, or when divided by 2,000 lbs/Ton = 389 Tons of volatile solids/Day.  At a 
commodity sell price of US$2.18/lb, the daily revenue is estimated at 281 Tons/Day x 2,000 
lbs/Ton x US$2.18/lb =  US$1,225,160/Day 
 
It is virtually impossible to obtain a buyer commitment on a current basis in the form of a 
purchase agreement for a product that is 36 months away from coming into existence.  In 
terms of investor risk assessment, the existence of the very large fish commodity market 
itself is regarded as ample proof of probable visible cash flow from this specific food 
product. 
 
The 389 Tons VS/Day x 2,000 lbs/Ton = 778,000 lbs of Volatile Solids/Day.  This amount of 
waste translates into 778,000 lbs Volatile Solids/Day x 12 cubic feet of methane/lb Volatile 
Solids = 9,336,000 cubic feet/Day of CH4.  At 24 cubic foot/lb, the methane production 
translates into 9,336,000 CFD CH4/24 = 389,000 lbs/2,000 = 194.5 Tons CH4/Day.   194.5 
Tons CH4/Day x 1.375 = 267.44 Tons CO2/Day. 
 

 

US$1,225,160/Day
From Tilapia Fish

389 Tons VS/Day
From Tilapia Fish 

Processing Produces
194.5 Tons CH4/Day

and
267.4 Tons CO2/Day 

The 1.4 Tons Volatile Solids/Day from Tilapia Fish Farming Wastes can be converted into 
CH4 production by multiplying the Volatile Solids by 12 to determine cu. ft. of methane gas 
produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. 
methane gas multiplied by 1.375 = lbs CO2 produced.  1.4 Tons VS/Day x 2,000 lbs/Ton x 
12 cu. ft./lb VS = 33,600 cu. ft. CH4/Day.   33,600 cu. ft. CH4/Day ÷ 24 cu. ft./lb = 1,400 

1.4 Tons VS/Day
Produces

0.7 Tons CH4/Day and
0.96 Tons CO2/Day 

From Tilapia Fish 



lbs/Day.  When divided by 2,000 lbs/Ton = 0.70 Tons CH4/Day.  0.70 Tons CH4/Day x 1.375 = 
0.96 Tons CO2/Day.    
 

Farming Wastes

 

Additional Agricultural Food Production and Processing 

A 10,000 Sow Farrow-To-Finish farming operation will be provided that will produce an 
average of 30 pigs/sow/year.  The 10,000 sows therefore translate into 30 x 10,000 = 
300,000 pigs/year.  At a midterm weight of 100 lbs, each hog will generate daily wastes 
sufficient to produce 3.02891 cubic feet of methane gas/hog/day (archived data from 
Premium Standard Farms, Kansas City) through anaerobic digestion for a total daily 
production of 3.02891 x 300,000 or 908,673 cubic feet.  At 24 cubic foot/lb, the methane 
production translates into 908,673/24 = 37,861 lbs/2,000 = 18.9 Tons CH4/Day.  18.9 Tons 
CH4/Day x 1.375 = 26.0 Tons CO2/Day.   

Pigs usually reach market weight between 5 and 6 months of age at approximately 260 to 
280 pounds.  During this time, the pigs are often fed several corn-soybean meal based 
diets that change in nutrient composition to meet their needs.  Pigs weigh about 3 pounds 
at birth and stay with the sow until 21 days of age.  At this time, they are placed on a grain 
diet.  Pigs have unlimited access to feed and water at all times.  They will eat about 1 
pound of feed per day at weaning and as much as 8 pounds of feed per day as they near 
market weight.  Water intake is about 1 gallon per day up to 5 or 6 gallons per day as they 
near market weight.  Just weaned pigs (21 days of age) need to be kept at about 80 to 85 
degrees Fahrenheit and by market weight 65ºF.  Therefore, heating and cooling systems 
need to be in place throughout their entire growing period.  A total of 4 MW of electricity 
will be required for the pig farming operations. 

For market hogs the pigs will consume about 3 to 4 percent of their body weight.  A 200-
pound hog will consume about 6 to 6.5 pounds each day. 

• Nursery pigs weighing about 10 pounds consume around 0.5 pounds 
• Feeder pigs weighing about 50 pounds consume around 1 to 2 pounds 
• Grower pigs (now referred to as hogs) weighing about 100 pounds consume 

around 3 to 4 pounds 
• Finisher hogs weighing about 150 pounds consume around 4 to 5 pounds 
• Hogs more than 200 pounds consume around 6 to 7 pounds 

United States retail pork prices are currently around US$2.87/lb and on the increase.  The 
wholesale producer receives about 43% of this price or US$1.46/lb.  The above prices 
represent the average for the last 3 years.  As a commodity there is no guarantee they will 
drift up or down but will likely continue to fluctuate as they have been for the last 50 
years.  Current marketplace dressed pork yields are over 3,750 lbs/year/sow.  A 10,000 
sow farrow-to-finish operation is estimated to produce 37,500,000 lbs of dressed pork/year 
or an average of 102,740 lbs/Day.  At US$1.46/lb the daily revenue is estimated at 
US$150,000.00.  The exported pork product will be certified as organically produced.  
Organic food is produced according to a set of principles and standards concerning such 
issues as pesticides, additives, animal welfare (medications) and sustainability.  Organic 
pork will carry a higher marketplace value than non-organically produced pork similar to 
all organically produced food products. 
 
At a finished market weight of 250 lbs, 300,000 pigs x 250 lbs = 75,000,000 lbs/year.  
75,000,000 lbs/year ÷ 2,000 lbs/Ton = 37,500 Tons/year.  37,500 Tons/year ÷ 365 days/year 
= 102.7 Tons/Day.  The processing of pork yields about 30% biowastes.  The total 
processing wastes calculate out at 102.7 Tons x 30% = 30.8 Tons VS/Day.  When 
anaerobically digested the 30.8 Tons/Day volatile solids x 2,000 = 61,600 lbs VS/Day.  
61,600 lbs VS/Day x 12 = 739,200 cu ft methane gas/Day.  At 24 cubic feet/lb, the methane 
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production translates into 739,200 CFD CH4/24 = 30,800 lbs/2,000 = 15.4 Tons CH4/Day.  
15.4 Tons CH4/Day x 1.375 = 21.2 Tons CO2/Day. 
 

Processing
 

 

Power Required for Project Building 

The project building will provide 15 MW of power for the community served. The project 
building will contain a large photobioreactor that will receive its lighting requirements 
from long lasting light emitting diode (LED) illumination.  The power generation required 
for the photobioreactor is 60 MW.  Additional project building equipment will require an 
additional 25 MW.  Reserve power requirements are indicated at 50 MW to enable a 75% of 
total capacity generation factor.  Total power required for the project building adds up to 
15 + 60 + 25 + 50 = 150 MW.   
 

150 MW Power
Required For Project 

Building

 
Total Volatile Solids Produced From 

Marketplace Municipal Solid Wastes (MSW) 
Biowastes-To-Energy Feedstocks 

 
Subtotal Total Volatile Solids Produced From All Above Sources: 
1.  From Municipal Solid Wastes: 264 Tons VS/Day
2.  From Tilapia Fish Farming and Processing: 390 Tons VS/Day
3.  From Pig Farming and Processing: 68.7 Tons VS/Day
Subtotal  becomes 264 + 390 + 68.7 =  723 Tons VS/Day 723 Tons VS/Day
 
Subtotal Methane Gas Produced From All Above Sources: 
1.  From Municipal Solid Wastes: 132 Tons CH4/Day
2.  From Tilapia Fish Farming and Processing: 195.2 Tons CH4/Day
3.  From Pig Farming and Processing: 34 Tons CH4/Day
Subtotal  becomes 132.0 + 195.0 + 34.4 =  361.2 Tons CH4/Day 361.4 Tons CH4/Day
 
Subtotal Carbon Dioxide Gas Produced From All Above Sources: 
1.  From Cement Manufacturing: 300 Tons CO2/Day
2.  From Municipal Solid Wastes (MSW): 181.5 Tons CO2/Day
3.  From Tilapia Fish Farming and Processing: 268 Tons CO2/Day
4.  From Pig Farming and Processing: 47.2 Tons CO2/Day
Subtotal becomes 300 + 181.5 + 268 + 47.2 = 796.7 Tons CO2/Day 796.7 Tons CO2/Day

 
 

Two-Phase Anaerobic Digestion 
 

All of the wastes associated with agricultural production will be managed through two-
phase anaerobic digestion technology.  Traditional anaerobic digestion (often referred to 
as conventional high rate anaerobic digestion) produces a biogas that consists of 1/3 
carbon dioxide gas by volume and 2/3 methane gas by volume as a common gas mixture.  
Two-phase anaerobic digestion, however, produces the same gases as two distinct gases 
consisting individually of carbon dioxide gas and methane gas.  The separation of the two 
gases permits each to be managed individually.   
 
In every anaerobic digester the ratio of carbon dioxide gas produced relative to methane 
gas is 1:2 on a volumetric basis.  The molecular weight of methane gas (CH4) is 16 (12 for 
Carbon + 4 for Hydrogen) whereas the molecular weight of carbon dioxide gas (CO2) is 44 

Products Of Two-
Phase Anaerobic 

Digestion

Volatile Solids (VS)
 x 12 = cu. ft. CH4 

 
cu. ft. CH4 x 0.0423

 = lbs CH4

lbs CH4 x 1.375 



(12 for Carbon and 32 for Oxygen).  1 x 44 = 44 weight units for carbon dioxide gas and 2 x 
16 = 32 weight units for methane gas.  44 divided by 32 = 1.375.  Carbon dioxide produced 
relative to methane produced is therefore 137.5% on a mass basis.  The actual weight of 
methane gas produced may be found by multiplying its cubic feet by the factor 0.0423 
lbs/cu. ft. to arrive at its actual weight in lbs.  This weight may be multiplied by the factor 
of 1.375 (137.5%) to arrive at the corresponding weight of carbon dioxide produced in lbs.  
The amount of methane gas generated through two-phase anaerobic digestion may be 
found by multiplying the volatile solids weight of the biowastes in lbs by 12 to arrive at the 
cubic feet of methane gas produced in lbs.   
 
 
Other sometimes handy mathematical relationships are:  
 
1 Ton VS/Day produces 24,000 cu ft CH4/Day from two-phase anaerobic digestion 
1 Ton VS/Day produces 0.508 Tons CH4/Day from two-phase anaerobic digestion 
1 Ton VS/Day produces 0.698 Tons CO2/Day from two-phase anaerobic digestion 
1 Ton CH4/Day used for electricity generation produces 2.75 Tons CO2/Day 
129,000 cu ft of CH4/Day produces 1 MW of combined cycle electricity power generation 
The equivalent of 258,000 cu ft of CH4/Day produces 1 MW of power from a coal fired plant  
1 Ton CO2/Day produces 90.91 Gallons Biodiesel/Day 
 

= lbs CO2 

 
Enclosed Photobioreactor for Spirulina Microalgae Production 

 
The enclosed photobioreactor consists of a 2,200,000 foot long 12”Ø clear schedule 40 
PVC pipe spiral wrapped externally with ultra high efficiency long lasting (10 years +) light 
emitting diode lighting for continuous photosynthesis.  A small portion of the Spirulina 
microalgae produced will be continuously recycled to the start of the photobioreactor to 
provide the required seed to enable continuous Spirulina microalgae production.  
Ongoing Spirulina microalgae production is achieved by individual cell division.  
Electricity requirements = 100 MW for the lighting and associated recirculation pumping 
equipment.  
 
The photobioreactor will receive 100% of the carbon dioxide gas output of the two-phase 
anaerobic digester and 100% of the carbon dioxide combustion gas output from electricity 
generation.  In addition, it will receive 100% of the output of macronutrients from the 
reverse osmosis treatment equipment downstream from the two-phase anaerobic 
digester.  The Spirulina microalgae require both carbon dioxide and macronutrients to 
maximize their rate of growth.  The photobioreactor will be operated at a temperature of 
35ºC (95ºF) and a pH of 9.4 to further optimize Spirulina microalgae rate of growth.  
Spirulina will be produced using photosynthesis in the same manner that has existed for 
billions of years in the oceans of the world.  The photosynthesis reaction is: 
 
                                                                Chlorophyll 
                      6 H2O + 6 CO2 + photons         →          C6H12O6 + 6 O2  
       water + carbon dioxide + light energy  →          glucose carbohydrate + oxygen 
 
The chemical mass balance of the above equation becomes : 
 

                      108 gm H2O + 264 gm CO2 → 180 gm glucose carbohydrate + 192 gm O2 
                            total of 372 gm reactants  → total of 372 gm products 
 
For each 264 grams of CO2 reacted 180 grams of glucose carbohydrate and 192 grams of 
O2 will be produced.  For each ton of CO2 reacted, 180/264 or 0.682 tons of glucose 
carbohydrates and 192/264 or 0.73 tons of O2 will also be produced.  Glucose 
carbohydrates equate to Spirulina microalgae, a plant type material called phytoplankton.  
Respiration occurs in the Mitochondria of cells.  It is almost the exact opposite reaction to 
photosynthesis.  These two reactions work together to maintain a biological balance on 
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earth.  The respiration reaction is:                                                             
                                                              Mitochondria 
                                      C6H12O6 + 6 O2          →         6 H2O + 6 CO2 + 2,880 kJ/mol 
 
Under intense lighting conditions the rate of photosynthesis is likely 20 times that of 
respiration.  It is generally believed that photosynthesis occurs only during periods of 
sunlight (or artificial light) and that respiration occurs only during periods of darkness.  
Horticulture studies have established that several, but not all, species of plants can be 
grown under continuous lighting.  The same studies have established that photosynthesis 
and respiration can and do occur simultaneously under continuous lighting conditions.  
Plants are multi-cell and capable of learned behavior whereas Spirulina microalgae are 
single cell plants and therefore totally incapable of acquiring learned behavior.  Spirulina 
microalgae can therefore be grown under continuous lighting conditions even though 
they have never been exposed to continuous lighting conditions for billions of years.  
Continuous lighting therefore approximately doubles total Spirulina growth relative to 
day/night growth rates.   
 
The glucose produced during photosynthesis contains about 6% lipids (fats).  Lipids are 
efficiently converted into biodiesel through a transesterification process.  Each ton of CO2 
will simultaneously produce 0.68 tons glucose carbohydrates x 0.06 = 0.04 tons biodiesel 
and 1.0 – 0.04 = 0.96 tons of byproduct biowastes.  100% of the byproduct biowastes will 
consist of volatile solids.  One ton CO2/Day can therefore produce 0.04 tons biodiesel/Day.  
At a specific gravity of 0.88 this is equivalent to 0.04 tons x 2,000 lbs/ton divided by 0.88 
specific gravity = 90.91 gallons/day.  The same one ton CO2/Day will produce 0.96 tons x 
2,000 lbs/ton = 1,920 lbs volatile solids/day or 21.12 lbs volatile solids/gallon of biodiesel.  
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Biodiesel Production 

 
All biodiesel produced will fully comply with American Society for Testing and Materials 
(ASTM) Standard Specification D 6751-03.     
 
The amount of biodiesel produced is directly dependent on the amount of Spirulina 
microalgae produced.  The amount of Spirulina microalgae produced is directly 
dependent on the amount of carbon dioxide gas that is added to the photobioreactor.  
Since carbon dioxide gas is produced by electricity generation, two-phase anaerobic 
digestion, and cement production, the total amount of CO2 produced must be determined 
from each source. 
 
Source No. 1:  Electricity Generation: 
 
A total of 150 MW of electricity will be produced for the 50,000 population community and 
the project building.  About 100 MW of electricity will be used internally for the 
photobioreactor, air liquefaction, methane gas compression, tilapia fish lighting, pig 
production, and general building use.   
 
When generating electricity CO2 is produced according to the following combustion 
equation:   

 
CH4 + 2O2 + 7.52 N2 → CO2 + 2H2O + 7.52 N2 + heat 

                methane + oxygen + nitrogen  →  carbon dioxide  + water + nitrogen 
 

The chemical mass balance of the above equation becomes: 
 
        16 gm CH4 + 64 gm O2 + 105 gm N2 → 44 gm CO2 + 36 gm H2O +105 gm N2 
                         total of 80 gm reactants  →  total of 80 gm products  
 
Please note that nitrogen is not a reactant as it does not participate in the reaction.  For 
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each ton of CH4 used for electricity generation a total of 44/16 or 2.75 tons of CO2 will be 
produced along with a total of 36/16 or 2.25 tons of H2O.  2.25 tons of H2O is, in turn, 
equivalent to 2.25 tons H2O x 2,000 lbs/ton = 4,500 lbs ÷ 8.34 lbs/gallon = 540 gallons of 
water.  For each ton of CH4 used for electricity generation a total of 105/16 or 6.56 tons of 
Nitrogen will be produced.     
 
If 150 MW of electricity is produced to provide energy independence within the community 
as well as the project building, a total of 150 MW x 129,000 CH4/Day/MW = 19,350,000 cubic 
feet of methane gas will have to be used each day.  At 24 cubic foot/lb, the methane usage 
translates into 19,350,000 cu ft CH4/24 = 806,250 lbs/2,000 = 403 Tons CH4/Day.  Since each 
ton of CH4 produces 2.75 Tons of CO2 the generation of 150 MW of electricity produces 
403 x 2.75 = 1,109 Tons of CO2/Day due to the generation of electricity.  Since each ton of 
CH4 produces 2.25 Tons of H2O, the generation of 150 MW of electricity also produces 403 
x 2.25 = 907 Tons of H2O/Day.  Since each ton of CH4 also produces 6.56 Tons of N2 due to 
the generation of electricity, 403 Tons CH4 x 6.56 = 2,645 Tons N2/Day. 
 
Source No. 2:  Two-Phase Anaerobic Digestion: 
 
From above 796.7 Tons CO2/Day subtotal from all above sources, add 1,109 Tons CO2/Day 
from electricity generation = 1,906 Tons CO2/Day. 

From above, each ton of CO2 produces 0.727 Tons O2/Day through photosynthesis and 
0.682 Tons of Spirulina microalgae, therefore 1,906 Tons CO2/Day produces 1,906 x 0.727 
= 1,385 Tons O2/Day as well as 1,906 x 0.682 = 1,300 Tons Spirulina microalgae/Day.    
 
Since one ton CO2/Day produces 0.04 tons biodiesel/day, 1,906 Tons CO2/Day produces 
1,906 x 0.04 tons = 76 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 
76 tons x 2,000 lbs/ton divided by 0.88 specific gravity = 173,273 gallons/day.   
 
Since each gallon of biodiesel produced generates 21.12 lbs of volatile solids, 173,273 
gallons x 21.12 = 3,659,520 lbs. Volatile Solids/Day.  3,659,520 lbs Volatile Solids/Day ÷ 
2,000 lbs/Ton = 1,830 Tons Volatile Solids/Day. The 1,830 Tons Volatile Solids/Day from 
biodiesel production can be converted into CO2 production by multiplying the Volatile 
Solids by 12 to determine cu. ft. of methane gas produced.  Cu. ft. of methane gas 
produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. methane gas multiplied by 1.375 = lbs 
CO2 produced or 1,830 Tons VS/Day x 2,000 lbs/Ton x 12 = 43,914,240 cu. ft. CH4/Day.  
43,914,240 cu. ft. ÷ 24 cu ft/lb = 1,829,760 lbs CH4/Day.  1,829,760 lbs CH4/Day ÷ 2,000 
lbs/Ton = 915 Tons CH4/Day.  1,829,760 lbs CH4/Day x 1.375 = 2,515,920 lbs CO2/Day.  
2,515,920 lbs CO2/Day ÷ 2,000 lbs/Ton = 1,258 Tons CO2/Day.  
 
Since one ton CO2/Day produces 0.727 Tons O2/Day through photosynthesis, 1,258 Tons 
CO2/Day produces 1,258 x 0.727 = 915 tons O2/Day thus increasing O2 production from 
1,385 Tons/Day to 2,300 Tons/Day.   
 
 
Since one ton CO2/Day produces 0.04 tons biodiesel/day, 1,258 Tons CO2/Day produces 
1,258 x 0.04 tons = 50 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 
50 tons x 2,000 lbs/ton divided by 0.88 specific gravity = 114,360 gallons biodiesel/day 
thus increasing biodiesel production from 173,273 GPD to 287,633 GPD.   
 
Since one ton CO2/Day produces 0.96 tons volatile solids/day, 1,258 Tons volatile 
solids/Day produces 1,258 x 0.96 tons = 1,208 tons volatile solids/Day.  1,208 tons volatile 
solids/Day x 2000 lbs/Ton x 12 = 28,984,320 cu ft CH4/24 = 1,207,680 lbs/2000 = 604 Tons 
CH4/Day.       
 
 
Since the basic waste-to-energy process fully satisfies electricity demand the excess 
methane gas will be beneficially used for: 
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1. The production of methanol through syngas technology that is used as a required 
feedstock in the production of biodiesel biofuel, 

2. The production and sale of renewable natural gas biofuel to the marketplace.    
 

 
Pig and Tilapia Fish Feed Requirements 

 
The 10,000 sow operation will produce 102.7 Tons/Day of finished hogs.  It takes about 1.2 
lbs of feed to increase a pig’s weight by 1.0 pound.  The 102.7 Tons of finished hogs will 
require 102.7 x 1.2 or 123 Tons of feed per Day. The production of tilapia fish is 335 
Tons/Day.  It takes about 1.2 lbs of feed to increase the fish weight by 1.0 pound.  The 335 
Tons of finished fish will require 335 x 1.2 or 402 Tons of feed per Day.  Combined feed 
requirements are 123 + 402 = 525 Tons feed/Day.  Spirulina microalgae production at 1,300 
Tons feed/Day will entirely satisfy pig and tilapia fish feeding requirements.   
 
 
  

OAT Process Power Generation Potential 
 

 361.4 + 1,519 = 1,880 Tons CH4/Day available.  1,880 Tons CH4/Day x 2,000 lbs/Ton 
= 3,760,800 lbs/Day.  3,760,800 lbs/Day x 24 cu ft/lb = 90,259,200 cu ft/Day.  
90,259,200 cu ft/Day ÷ 129,000 cu ft/MW = 700 MW power potential.  700 MW less 
15% parasitic digester plant use = 595 MW Net renewable energy potential 
available.  595 MW minus dedicated 150 MW for project building = 445 MW 
available.  445 MW x 129,000 cu ft/Day = 57,405,000 cu ft methane gas 
available/Day.  One half or 28,702,500 cu ft of the excess methane will be 
converted into liquefied natural gas (LNG) and the other half will be converted into 
methanol. 
 
28,702,500 cu ft CH4/Day ÷ 24 cu ft/lb = 1,195,938 lbs/Day.  1,195,938 lbs/Day ÷ 3.84 
lbs LNG/Gallon = 311,442 Gallons LNG/Day. 
 
28,702,500 cu ft CH4/Day ÷ 24 cu ft/lb = 1,195,938 lbs/Day.  1,195,938 lbs/Day ÷ 6.60 
lbs Methanol/Gallon = 181,203 Gallons Methanol/Day. 
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Total Volatile Solids Production 

 
 Each gallon of produced biodiesel generates 21.12 pounds of volatile solids.  

287,633 GPD of produced biodiesel x 21.12 = 6,074,809 lb VS/Day or when divided 
by 2,000 lbs/Ton = 3,037 Tons VS/Day.  Above subtotal of 723 Tons VS/Day + 3,037 
Tons VS/Day = 3,760 Tons VS/Day. 

         
 Two-Phase Anaerobic Digester Size Calculations:  
  Volatile Solids = 3,760 Tons/Day x 2,000 lbs/Ton = 7,520,809 lbs/Day  
  VS:COD = 1:2, COD = 15,041,618 lbs COD/Day  
  Organic Loading lbs COD/Day/Cubic Foot = 6  
  Digester Size = 15,041,618/6 = 2,506,936 Cubic Feet  
  Digester Size In Gallons = 2,506,936 x 7.481 = 18,754,391 Gallons  
  Safety Factor = 1.5  
  Digester Size = 18,754,391 x 1.5 = 28,131,585 Gallons (450’ x 450’ x 

20’H) 
 

  Estimated Constructed Cost At US$11.18/Gallon = US$314,511,120 
   



Schedule of Project Construction Costs:  
 Anaerobic Digester Feed Tank:  US$3,000,000 US$3,000,000
 105 MGY Biodiesel Manufacturing Equipment:  US$28,000,000 US$28,000,000
 Biodiesel Storage Tank with 90 Day 25 million gallon storage capacity measuring 

500’ x 500’ x 20’H at US$0.50/Gal constructed cost:  US$12,500,000 US$12,500,000
 Building Size:  2.0 km x 2.0 km x 3 Stories with 132,000,000 sq. ft. @ US$7.00 = 

US$924,000,000 US$924,000,000
 Cement Kiln Constructed Cost:  US$12,000,000   US$12,000,000
 Concrete Ready Mix Plant Constructed Cost = US$3,000,000 US$3,000,000
 EAF Steel Recycling Process Equipment Constructed Cost:  US$50,000,000 US$50,000,000
 LED Lighting Purchase Cost:  US$60,000,000 US$60,000,000
 Liquefied Natural Gas (LNG) Storage Tank with 137,772 GPD =  90 Day 13 million 

gallon storage capacity measuring 300’ x 300’ x 20’H at US$0.50/Gal constructed 
cost:  US$5,000,000 US$5,000,000

 Liquefied Nitrogen Air Separation Equipment:  US$300,000,000   US$300,000,000  
 Liquefied Nitrogen Delivery Equipment:  US$500,000 US$500,000
 Methanol Storage Tank with 181,203 GPD = 90 Day 16 million gallon storage 

capacity measuring 350’ x 350’ x 20’H at US$0.50/Gal constructed cost:  
US$8,000,000 

US$8,000,000

 Liquefied Nitrogen (LNG) Storage Tank with 90 Day 462 million gallon storage 
capacity measuring 1,800’ x 1,800’ x 20’H at US$0.50/Gal constructed cost:  
US$240,000,000 US$240,000,000

 Liquefied Oxygen Storage Tank with 90 Day 43 million gallon storage capacity 
measuring 600’ x 600’ x 20’H at US$0.50/Gal constructed cost:  US$21,500,000 US$21,500,000

 Methane Compression Equipment sized at 50 million CFD:  US$50,000,000 US$50,000,000
 Photobioreactor:  US$100,000,000 US$100,000,000
 Potable Water Storage Tank with 90 Day 50 million gallon storage capacity 

measuring 600’ x 600’ x 20’H at US$0.50 Constructed Cost:  US$25,000,000 US$25,000,000
 Combined Cycle Power Generation Equipment sized at 150 MW:  US$1,500,000/MW 

x 150 MW =  US$225,000,000 US$225,000,000
 Reverse Osmosis Equipment:  US$6,000,000 US$6,000,000
 Sow Procurement Costs:  US$5,000,000 

Electricity Requirements = 2.0 MW 
 

US$5,000,000
 Tilapia Fish Farming Acreage:  50 hectares x 24’ H 

Tilapia Fish Farming Production:  lbs/day = 281,400 of tilapia filets  
Tilapia Fish Farming Electricity Requirements = 0.5 MW 
Fish Processing Equipment:  US$500,000 US$500,000

 Two-Phase Anaerobic Digester:  US$314,511,120 US$314,511,120
 Subtotal Project Construction Costs:  US$2,393,511,120 US$2,393,511,120 
 Add 15% Contingencies  @ US$350,026,668 US$350,026,668
 Total Project Construction Costs:  US$2,743,537,788 US$2,743,537,788
     
Project Visible Cash Flow Revenue Streams:  
 From Sanitary Wastewater – US$0.00  
 From Municipal Solid Wastes – US$0.00  
 From Agro Wastes – US$0.00  
 From Animal Wastes – US0.00  
 From Electricity:  40 MW x 24 = 960 MWh/Day @ US$45.00/MWh = 

US$43,200/Day.  This amount of electricity generation will provide the 
average demand load of the community for the next 20 years.   

 

US$43,200/Day
 From Biodiesel:  287,633 GPD always priced at 80% of existing marketplace 

retail.  Current retail is US$2.50/gallon and increasing.  US$2.50 x 80% = 
US$2.00.  287,633 x US$2.00 = US$508,000/Day. 

 

US$575,266/Day



 From Methanol:  181,203 GPD always priced at 80% of existing marketplace 
retail.  Current retail is US$4.00/gallon and increasing.  US$4.00 x 80% = 
US$3.20.  181,203 x US$3.20 = US$579,850/Day. US$579,850/Day

 From Liquefied Nitrogen (LN2)(LIN):  2,645 Tons/Day = 5,131,300 GPD 
priced at US$0.50/gallon = US$2,565,650/Day. US$2,565,650/Day

 From Liquefied Oxygen:  2,300 Tons/Day = 2,300 Tons x US$225/Ton = 
US$517,500/Day. US$517,500/Day

 From  300’ x 300’ x 20’ high LNG Storage Tank producing 137,772 
Gallons/Day or x 208.33 cu ft/Gal = 28,702, 500 cu ft of  Compressed 
Renewable Natural Gas Fuel priced at US$4.80/1000 cubic feet/Day = 
28,702,500 ÷ 1000 x US$4.80 = US$137,772/Day.   US$137,772/Day

 From Processed Pork Exports:  Retail pork prices are currently around 
US$2.87/lb.  The wholesale producer receives about 43% of this price or 
US$1.46/lb.  The above prices represent the average for the last 3 years.  As 
a commodity there is no guarantee they will drift up or down but will likely 
continue to fluctuate as they have been for the last 50 years.  Current 
marketplace dressed pork yields are over 2,750 lbs/year/sow.  A 10,000 sow 
farrow-to-finish operation is estimated to produce 27,500,000 lbs of dressed 
pork/year or an average of 75,342 lbs/Day.  At US$1.46/lb the daily revenue 
is estimated at US$150,000.00. 

 
 
 
 
 

US$150,000/Day
 From Fresh Tilapia Filet Exports:  US$613,452 at a sell price of US$2.18/lb US$1,225,160/Day
 From Self-Biofueled Trains & Locomotives: US$958,900/Day
 From Self-Biofueled Ships: US$6,849,315/Day
 From Tidal Generators: US$27,397,260/Day
 Renewable Energy and other Credits based on estimated 100 MW Project 

Power Generation: 
  One Certified Emission Reduction Credit = 1 Tonne CO2 

Reduction.  1,620 MW Project Power Production x 24 hour/Day = 
38,880 MWh/Day.  38,880 MWh/Day x 1,100 lbs CO2 Reduction 
(using natural gas)/MWh ÷ 2,000 lbs/Ton = 21,384 Tons CO2/Day x 
365 = 7,805,160 Tons CO2/Year x 2,000/2,204 = 7,082,722 
Tonnes/Year @ US$20 (range of US$20-US$40) = US$141, 654,446 
/Year ÷ 365 = US$388,094/Day for years 2008-2012 delivery. US$35,935/Day

Total Project Revenue Streams: US$41,035,808/Day
 
To the extent that electricity is generated, the combustion off gases (CO2, NOx, N2, and 
H2O) will be entirely used for Spirulina microalgae production.  After Spirulina microalgae 
production has occurred the remaining Nitrogen gas (N2) will be liquefied and sold to the 
marketplace.  The remaining N2 gas stream will also contain Oxygen gas (O2) due to the 
respiration of microalgae during their production in the same manner that trees and plants 
give off oxygen.  This oxygen will be simultaneously liquefied during the liquefaction of N2 
and subsequently distilled off, compressed, and subsequently used internally as a 
welding gas, to enhance cement manufacturing, to enhance fish farming, and for smelting 
iron into steel.  Some of the Nitrogen Gas will be used as a protective blanket gas in the 
production of methanol through syngas technology.  The methanol is produced as a 
required feedstock in the production of biodiesel. 
 

 
Additional Notes: 
 
1.  Total Land Requirements:  Estimate 2,500 hectare 
 
2.  Time to design-build-install-operate is estimated at 36 months., 
 
3.  Lighting for tilapia must be a daily cycle of: 
     7.5 hours of total darkness 
     0.5 hours of sunrise (begins at 6 a.m. w/3 ft-candles of lighting) 
     15.5 hours of daylight (max 10 ft-candles) 



     0.5 hours of sunset (begins at 10 p.m. w/3 ft-candles of lighting) 
 






