
! i!

Regulatory and Economical Feasibility of Using a Sustainable Technology for the 

Transformation of Sewage, Residual Water Treatment Sludge, and Biomass, into; 

Ash, Potable Water, and Electricity in the Mexican Emerging Economy. 

 

 

 

By 

Marco Andreas Araujo Leal  

 

 

 

 

Masters Research Project 

 

Submitted in partial fulfillment of the requirements for the degree of  Masters in 

Sustainable Design, in the School of Architecture, University of Florida, Gainesville 

Florida, July 2015.   

 

 

 

Chair: Dr. Robert J. Ries 

Co-chair: Dr. William L. Tilson 

Member: Dr. Ravi Srinivasan 

 



! ii!

COPYRIGHT PAGE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2015, Marco Andreas Araujo Leal, University of Florida, Gainesville, 
FL.  All Rights Reserved.    



! iii!

ACKNOWLEDGMENTS. 

 

 

I would like to express my sincere appreciation to Dr. Robert J. Ries who served as 
Committee Chair; Dr. William L. Tilson Committee Co-chair; and Dr. Ravi 
Srinivasan Committee Member, for this research.  My special thanks to the faculty 
in the School of Architecture, particularly to Dr. Ruth Steiner for her valuable 
advice, as well as Dr. Bradley Walters and Dr. Margaret Carr, for the great 
experiences during our courses and the trips to Singapore and the Netherlands.  
Special Thanks to Dr. William L. Tilson and Michael Kung for their advice and 
support during the program.  A special acknowledgment to Sara Van Tassel from 
Janicki Bioenergy, for providing the necessary technical information for this 
research. I would like to express my most sincere and loving appreciation to my 
wife Lorena and my sons Alonso and Cristobal, who always supported me during 
the completion of this program.  To all my classmates who made this experience 
memorable.  Finally to my colleagues in Soluciones Ambientales for their support 
and understanding.    

 

  



! 1!

TABLE OF CONTENTS.  

COPYRIGHT PAGE. II 

ACKNOWLEDGMENTS. III 

TABLE OF CONTENTS. 1 

LIST OF TABLES. 2 

LIST OF FIGURES 3 

ABSTRACT 4 

INTRODUCTION. 6 

LITERATURE REVIEW. 8 

IMPORTANCE OF THE BUILT ENVIRONMENT IN THE CONTEXT OF SUSTAINABILITY 8 
ENERGY AND WATER AS IMPORTANT COMPONENTS OF SUSTAINABILITY 9 
SUSTAINABILITY IN DEVELOPING COUNTRIES 11 
SEWAGE AND SLUDGE AS BYPRODUCTS OF DEVELOPMENT 13 
CONVERSION OF BIOMASS AND RESIDUAL MUD TO ENERGY 14 
ENVIRONMENTAL REGULATION CONCERNING RESIDUAL WATER AND SLUDGE IN MÉXICO

 16 
MEXICAN REGULATION FOR ENERGY PRODUCERS AND THE PROMOTION OF RENEWABLE 

ENERGY SOURCES 21 
INCENTIVES TO CLEAN ENERGY PRODUCTION. 24 

METHODOLOGY: 27 

DESCRIPTION OF THE TECHNOLOGY. 28 

RESULTS: 30 

ECONOMIC ASSUMPTIONS. 31 
FINANCIAL ANALYSIS. 36 

DISCUSSION: 47 

REGULATORY FEASIBILITY 47 
INCENTIVES TO RENEWABLE ENERGY PRODUCTION. 49 
ECONOMIC ANALYSIS. 50 
SOCIAL AND HEALTH IMPLICATIONS 53 



! 2!

 

LIST OF TABLES. 

TABLE 1.  MAXIMUM ALLOWABLE HEAVY METALS IN SLUDGE ACCORDING TO NOM-004-
2002. ................................................................................................................ 20 

TABLE 2. CLASSIFICATION OF MUD AND SLUDGE ACCORDING TO THEIR BIOLOGICAL 

POLLUTION INDICATORS. ..................................................................................... 20 
TABLE 3. CLASSIFICATION OF MUD AND SLUDGE ALLOWABLE USE ACCORDING TO 

PATHOGEN LOAD. ............................................................................................... 20 
TABLE 4. OPERATION PARAMETERS FOR THE OMNI PROCESSOR® S200 ...................... 31 
TABLE 5.  CONSUMER TARIFFS FOR ELECTRICITY (KWH) IN PESOS AND IN US DOLLARS, 

FOR THE CENTRAL REGION OF MÉXICO. ................................................................ 33 
TABLE 6.  AVERAGE COST OF POTABLE BOTTLED WATER IN MÉXICO, JUNE 2015. .......... 35 
TABLE 7. CAPITAL COST OF BUYING, IMPORTING AND COMMISSION AN OMNI PROCESSOR® 

S200 PLANT IN CENTRAL MÉXICO. ....................................................................... 36 
TABLE 8.  FUEL AND MAINTENANCE OPERATIONAL COSTS FOR OMNI PROCESSOR® S200 

IN CENTRAL MÉXICO. .......................................................................................... 37 
TABLE 9. LABOR OPERATIONAL COSTS FOR THE OMNI PROCESSOR® S200 IN MÉXICO. . 37 
TABLE 10.  INTERNAL RATE OF RETURN (IRR) FOR THE OPERATION OF THE OMNI 

PROCESSOR® (OP) S200 WITH FULL REVENUE FROM THE SALE OF WATER, 
ELECTRICITY, FLY ASH, AND SLUDGE COLLECTION. ................................................ 38 

TABLE 11.  INTERNAL RATE OF RETURN (IRR) FOR THE OPERATION OF THE OMNI 

PROCESSOR® (OP) S200 WITH REVENUE FROM THE SALE OF WATER, ELECTRICITY, 
FLY ASH, BUT NOT FROM SLUDGE COLLECTION SERVICES. ...................................... 39 

TABLE 12.  INTERNAL RATE OF RETURN (IRR) FOR THE OPERATION OF THE OMNI 

PROCESSOR® (OP) S200 WITH REVENUE FROM WATER, ELECTRICITY, SLUDGE 

COLLECTION SERVICES, BUT NOT FROM FLY ASH. .................................................. 40 
TABLA 13. INTERNAL RATE OF RETURN IRR FOR THE OPERATION OF THE OMNI 

PROCESSOR® S200WITH REVENUE FROM WATER, FLY ASH, SLUDGE COLLECTION 

SERVICES, BUT NOT FROM ELECTRICITY. ............................................................... 41 
TABLE 14.  INTERNAL RATE OF RETURN (IRR) FOR THE OPERATION OF THE OMNI 

PROCESSOR® (OP) S200 WITH REVENUE FROM THE SALE OF FLY ASH, SLUDGE 

COLLECTION SERVICES, ELECTRICITY, BUT NOT FROM WATER. ................................ 42 
TABLE 15.  INTERNAL RATE OF RETURN (IRR) S200 FOR THE OPERATION OF THE OMNI 

PROCESSOR® (OP) S200 WITH REVENUE FROM THE SALE OF FLY ASH, SLUDGE 

COLLECTION SERVICES, ELECTRICITY, WATER AND HEAT. ....................................... 43 
TABLE 16.  SUMMARY OF THE INTERNAL RATE OF RETURN (IRR), UNDER DIFFERENT 

REVENUE SCENARIOS FOR THE OMNI PROCESSOR® OP S200. .............................. 44 
 



! 3!

LIST OF FIGURES 

FIGURE 1.  CHANGES IN THE INTERNAL RATE OF RETURN (IRR) ON THE OPERATION OF THE 

OMNI PROCESSOR® (OP) S200 AS A FUNCTION TO CHANGES IN THE SALES PRICE OF 

WATER, IN A SIX YEAR INVESTMENT PROJECT, PESOS / LITER. ................................ 45 
FIGURE 2.  CHANGES IN THE INTERNAL RATE OF RETURN (IRR) ON THE OPERATION OF THE 

OMNI PROCESSOR® (OP) S200 AS A FUNCTION TO CHANGES IN THE SALES PRICE OF 

ELECTRICITY, ON A SIX YEAR INVESTMENT PROJECT.  PESOS/KWH. ........................ 45 
FIGURE 3.  CHANGES IN THE INTERNAL RATE OF RETURN (IRR) ON THE OPERATION OF THE 

OMNI PROCESSOR® (OP) S200 AS A FUNCTION TO CHANGES IN THE SALES PRICE OF 

FLY ASH, ON A SIX YEAR INVESTMENT PROJECT. PESOS/KG. .................................. 46 
FIGURE 4. CHANGES IN THE INTERNAL RATE OF RETURN (IRR) ON THE OPERATION OF THE 

OMNI PROCESSOR® (OP) S200 AS A FUNCTION TO CHANGES IN REVENUE FROM THE 

SALE OF SLUDGE REMOVAL SERVICES, ON A SIX YEAR INVESTMENT PROJECT.  PESOS / 
TON OF WET SLUDGE REMOVAL. .......................................................................... 46 

 

 

 

 

 

 

 

!  



! 4!

ABSTRACT 

 The regulatory and economical feasibility of using a sustainable technology for the 

transformation of biomass from sewage and sludge of residual water treatment 

plants into; ash, potable water, and electricity in the Mexican emerging economy 

was evaluated. The technology evaluated was the Omni Processor® (OP) S200 

developed by Janicki Bioenergy, which under optimal operating conditions with an  

input of 80,000 kg of wet sewage or sludge per day, is capable of producing about 

68,000 l of potable water,  250 kWh of electricity, 12,000 kg of ash,  and 58 GJ of 

residual heat / day.  Regulatory compliance for the operation of the OP plant in 

México requires the classification of the sewage or sludge required for its 

operations according to their level of toxicity and pathogen levels into hazardous or 

non hazardous materials; according to Official Mexican Norms NOM-004-

SEMARNAT-2002 and NOM-052-SEMARNAT-2005.   Most sewage and sludge in 

México would be catalogued as non-hazardous, and susceptible to utilization with 

no direct contact with the general public. However, processing of both hazardous 

and non hazardous muds is possible with the OP plant.  Very significant financial 

benefits could be generated for a plant operator by processing hazardous muds 

and turning them into inert ash and potable water.    Electricity generation of less 

than 300 kWh from renewable resources, which is the case for the OP plant, is 

viable without any special permits, except for a buy back or preferential tariff 

agreement signed with the Federal Electricity Commission (CFE).  Besides an 

accelerated depreciation rate of the equipment, there are not enough regulatory or 

tax incentives, particularly for small producers, to encourage production of 
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electricity with renewable energy sources in México.   The operation of the OP 

plant with full revenue from the collection of sludge, and sales of potable water, 

electricity, and ash, showed a positive Internal rate of return of 20%; which was 

determined as feasible, since it is higher than the discount rate for public projects 

in México which is 10%, and the discount rate for private projects which was 

determined at 14% for this analysis.  The most important revenue product for the 

operation of the plant is the sale of potable water (up to 60 % of revenue), followed 

by sludge collection services (16%), sales of ash (15%), and sales of electricity 

(9%).  In line with these results, variation in prices of the sale of water are the most 

significant economic variable, since a 50% variation in the sales price of water can 

drop the IRR of the whole operation from 20% to only 7%.   The operation of the 

OP exclusively on the basis of the regulatory framework and economic results is 

feasible in the Mexican economy.  However, if the sanitary, environmental, and 

public health benefits of such a process are valued, the operation is highly feasible 

and desirable, especially in developing countries where water treatment capacity 

and potable water availability are often limited. 

!  
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INTRODUCTION. 

Sustainability of the environment is one of the biggest challenges we will face as a 

society in the next 50 years. Availability of clean air, water, food, and sanitary 

conditions are increasingly becoming limiting factors for the sustainability of our 

global community. While developed countries are rapidly reshaping the landscape 

by sprawling urban developments along the world’s coastlines, water sheds, and 

rural areas, developing countries are facing a densification of the landscape, 

creating megacities which cannot keep up with the demands of their people. 

Although originated by different driving forces, both strategies seem doomed for 

failure. The imbalance in living conditions and labor opportunities between the 

developed and developing countries hinders the possibility of equitable global 

development, and promotes an unhealthy sense of resentment between countries 

that is leading to a lack of international cooperation and an increase in radicalism.  

Environmentally speaking, water and energy are always related; this 

phenomenon is exemplified by what is called the water-energy nexus, which states 

that if you want more water you will probably need more energy, and if you need 

more energy you will probably need lots of water to produce it (Schnoor, 2011). In 

both developed and developing economies, the sustainability in the use of water 

and energy is usually a combination of assets and liabilities; however, more so in 

the developing world, any technology that improves the sustainability of water and 

energy will have a substantial effect on the well being of society as a whole. 

Currently, a water and sanitation crisis is spreading in the developing world; it has 

been estimated that about one billion people worldwide suffer from water scarcity 
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(The Water Project, 2015), about 2.5 billion people don’t have access to adequate 

bathrooms, and more than 500,000 children die every year from diarrhea caused 

by unsafe water and poor sanitation (Wateraid, 2015). Without safe water and 

sanitation conditions, people are trapped in a cycle of poverty. One of the 

components of this crisis in the developing world is the treatment of raw sewage 

and residual mud or biosolids, which are an inevitable byproduct of human 

settlements and the consequential water treatment, or lack thereof (Pérez-Elvira, 

Diez, & Fdz-Polanco, 2006). An example of the amounts of sewage sludge 

produced in the world are the following (values in dry metric tons, DMT): USA 

6,514,000 DMT; China 2,966,000 DMT; Japan 2,000,000 DMT; Brazil 372 DMT 

(LeBlanc, Matthews, & Richard, 2009). Due to the high cost of treating residual 

sludge and other byproducts of water treatment facilities, the amounts produced 

are often not reported or minimized. Raw sewage and residual mud pose severe 

environmental and health threats; however, they can also be considered an 

important energy resource. Finding environmentally sound ways to use them 

effectively is certainly a significant part of the development of sustainable 

communities in our society. Historically, most of the residual sludge produced in 

the world has been directed to incineration, landfilling, or disposal at sea, with a 

small amount reused in agricultural and landfill applications (Hospido, Moreira, 

Martín, Rigola, & Feijoo, 2005). Depending on their specific pollutant load, mud can 

be disposed in landfills, or used as land conditioners or fertilizers. If mud is 

categorized as a hazardous residual product, it becomes an even bigger problem 

since it has to be destroyed or confined in a hazardous waste landfill. However, 

raw sewage residual mud and biosolids can have a caloric content, as high as 
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10,400 (KJ)/dry kg (Winkler, Bennenbroek, Horstink, Van Loosdrecht, & Van de 

Pol, 2013), but are often loaded with pollutants such as heavy metals and disease 

promoting pathogens. Applying sustainable technologies that will allow the efficient 

treatment of raw sewage and residual mud from waste treatment plants is a 

valuable asset, especially if the caloric and water content of the products can be 

reutilized. The purpose of this study is to determine the feasibility of a new 

technology called Omni processor ®  (OP), developed by Janicki  Bioenergy, that 

converts residual sludge and biomass into potable water, inert ash, and electricity. 

A regulatory and economic feasibility within the scope of a developing economy 

such as México will be determined. The contribution to global sustainability and 

improved living conditions in the developing world of such a technology will be 

discussed.       

LITERATURE REVIEW. 

Importance of the Built Environment in the Context of Sustainability 

Estimates on the total percentage of the greenhouse gas emissions derived 

from the built environment range from a low of 40% (International Energy Agency, 

2014) (Sustainable Buildings and Climate Initiative, 2009) to as much as 70% 

(Solecki, Rosenzweig, Hammer, & Mehrotra, 2014). In terms of energy, buildings 

are the largest consuming sector worldwide, with a consumption of about 19 million 

barrels of oil per day (Santamouris, 2013). It has been estimated that energy 

consumption in the built environment will increase by 34% in the next 20 years 

(Pérez-Lombard, Ortiz, & Pout, 2008). Because of these reasons, the built 
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environment is the dominant driver of global energy consumption and greenhouse 

gas emissions (Anderson, Wulfhorst, & Lang, 2015). Consequently, the idea of 

“Greening the built environment” makes a lot of sense (Epstein & Buhovac, 2014). 

Residential and commercial buildings account for 39% of all energy consumed in 

the U.S. (Glicksman, 2008; International Energy Agency, 2014). Any strategy that 

promotes energy efficiency can have a profound impact on sustainability. Energy is 

commonly used for heating, cooling, and lighting within the built environment. It has 

been determined that the use of sustainable technologies such as passive cooling, 

heating, lighting, and recycling can reduce energy consumption in the built 

environment by up to 60% (Kibert, 2012). In addition, energy efficiencies, 

particularly those obtained by passive design traits, do not necessarily increase the 

cost of construction, once operating and maintenance costs are accounted for 

(Department of Energy, 2000; Georges, Massart, Van Moeseke, & De Herde, 

2012; Lechner, 2014).  

Energy and Water as Important Components of Sustainability  

Water and energy are recognized as indispensable inputs to all modern 

economies (Hussey & Pittock, 2012), usually becoming two of the most important 

objectives for the environmental policy at regional, national, and international levels 

of most countries (Pérez-Lombard et al., 2008). Within the built environment, 

energy and water are two of the main components of sustainability, often called the 

water-energy nexus; if the need for one increases, the other one usually increases 

proportionally (Waite, 2010). With the global need to feed and house more than 

nine billion people by 2050 (Ezeh, Bongaarts, & Mberu, 2012), the size of the built 
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environment and its water and energy requirements will increase significantly at an 

accelerated pace. As a result of this requirement, the byproducts of water use and 

processing, such as raw sewage and residual mud, will also have an accelerated 

increase in the next 50 years. It has been estimated that management of municipal 

solid waste and wastewater accounts for up to 2.8% of global emissions of 

greenhouse gasses and can account for up to 3% of all electricity used worldwide 

(LeBlanc et al., 2009). Currently in the U.S. more than 84% of the total energy 

consumption comes from fossil fuels, and in countries such as Qatar, the 

percentage can be as high as 100% (The World Bank, 2015a). It has been 

estimated that the world has fossil fuel reserves that will last no more than 60 to 80 

years (Senior, 2015); consequently, all strategies that will divert energy 

consumption from fossil fuels to renewable energies will significantly contribute to 

sustainability (The National Academies, 2015). Water is an increasingly scarce 

resource; it is estimated that by 2020, the planet will need 30 to 45% more water 

just for agricultural use (World Bank Group, 2014). According to the World Health 

Organization, 884 million people do not use improved sources of drinking water 

and 2.6 billion do not use improved sanitation (USAID, 2011). Of those with access 

to water, per capita demand has been estimated at a minimum of 50 L / day (World 

Buisness Councill for Sustainable Development, 2006): In the U.S. 11% of water 

usage per year goes to the municipal drinking supply (Grace Communication 

Foundation, 2015); comparatively, the built environment has also been accounted 

for as much as 11% of the water usage in the U.S., with some of the most intense 

functions being cooling towers, irrigation, and laundry (Betz, Kuh, & Engineers, 

2014). Water is considered one of the most significant factors for sustainability in 
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the built environment, not solely due to its high demand, but also due to its link to 

energy consumption (Graham, 2009). Efficiency of water usage in the built 

environment can be significantly increased by passive design features such as 

separating grey and black waters, capturing rainfall, and reuse procedures 

(Blowers, 2013; Friedman, 2012). The combined effect of the efficiency in the use 

of water and energy nexus in the built environment has an increasingly important 

effect on the overall balance of sustainability (Waterforlifedecade., 2014).  

Sustainability in Developing Countries  

Sustainability of the built environment in developing countries is driven by a 

different set of variables than those in developed countries; some of those 

variables are the different notions of comfort (Chappells† & Shove‡, 2005), 

economic, cultural, and social discrepancies (Sustainability Diversity, 2011). 

However, because of these different cultural and economical frameworks, the built 

environment of developing countries has great areas of opportunities for increasing 

levels of sustainability (Elliott, 2012; Intergovernmental Panel on Climate Change, 

2007; Kaygusuz, 2012). It is clear that introducing sustainable technologies into the 

built environment of developing countries will have a very significant effect in the 

overall sustainability of the planet (United Nations, 2008). It is also important to 

consider that most of the new built environment, particularly in the housing sector, 

is happening in developing countries (Pugh, 2013). China, which is the second 

largest economy in the world, will build houses for at least 200 million families, 

emigrating from urban to rural areas in the next 10 years (Gong et al., 2012). 

Comparatively, México whose economy in 2013 was ranked number 12 in the 
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world, according to its gross domestic product (The World Bank, 2015b), has plans 

to build at least one million new houses during 2015 (Sociedad Hipotecaria 

Federal, 2014). Notwithstanding these great opportunities, it has been documented 

that sustainable technologies used in developed countries are not always 

applicable to developing countries (Couret, 2000) (United Nations, 2013). One of 

the efforts to breach this gap is happening at the Centro Mario Molina (Molina, 

2015), where one of the main efforts is to produce a comprehensive normativity 

and policy that will promote the use of sustainable technologies in the built 

environment. Some of the relevant projects developed at the center include: 

analysis of the life cycle of buildings; study on the integral sustainable transit 

system for the city of Toluca; institutional strategies to promote sustainable 

buildings in North America, particularly the case for México; and evaluation of 

sustainability of the built environment in México; among many others (Molina, 

2015). Of particular importance is the conclusion reached in the document 

“Evaluation of the sustainability in the housing sector of México” (Centro Mario 

Molina, 2012), which concludes that the lack of appropriate water treatment 

infrastructure, as well as the current sources of energy supply, are two of the main 

factors lowering the index of sustainability of the housing sector in the country. 

Other studies such as (Florian, Sodi, Gabilondo, Galindo, & Lopez, 2013; Partida, 

2012) have reached similar conclusions where energy and water are two of the 

most important elements in the sustainability of the built environment. These 

findings confirm that the adaptation of economically and culturally sound strategies 

for the supply and use of energy and water into the built environment should be in 

the forefront of the strategic agenda in the promotion of sustainability. 
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Sewage and Sludge as Byproducts of Development 

The treatment of human and animal waste is a very significant problem, 

particularly in developing countries. Sewage that contains human and animal 

waste is a serious threat to the general health of the population unless it is treated 

properly, and unfortunately in most of the developing world it is not (LeBlanc et al., 

2009). The largest byproducts of the aerobic and anaerobic treatment of waters are 

residual sludge and mud. Sludge is the result of the treatment of wastewater either 

on site, commonly in septic tanks, or off site, usually through activated sludge 

processes (United Nations Envrionment Programme, 2015). The importance of 

these byproducts is that they usually need to be further reprocessed or confined 

with a consequential added cost to the operation (Calderón, Rodríguez, de la 

Rosa, & de Casas, 2014). Residual mud is a worldwide problem because it 

generates greenhouse effect gases such as methane and C02, it usually has a 

high load of pathogens and pollutants, and in developing countries it is often not 

treated correctly for its disposal (Remis & Espinosa, 2011). Residual mud and 

biosolids have been utilized mostly in the following applications: land reclamation, 

forestry, industrial processes, horticulture and landscaping, and resource recovery 

(minerals, metals, proteins, etc., and energy recovery (LeBlanc et al., 2009). The 

cost of treatment and disposal of wastewater sludge varies significantly amongst 

countries. In the U.S., where environmental regulation is enforced strictly, the cost 

of wastewater byproduct disposal can be as high as 50% of the operational cost of 

a wastewater plant, while in countries like Colombia, the cost of waste water 

sludge treatment and disposal can be as low as 3% of total wastewater treatment 
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costs (LeBlanc et al., 2009).  It has been determined that México alone processes 

about 242 m3 of wastewater per second, however only 95 m3/s  of this water is 

properly treated in wastewater plants (Comisión Nacional del Agua, 2013). Out of 

the water that is properly treated, about 640,000 million tons of waste sludge are 

produced per year (Espinosa & Remis, 2013). Out of this amount, about 64% is 

directly disposed as earth fill which is a potential liability for the environment 

(Remis & Espinosa, 2011). When mud and biosolids are considered hazardous 

wastes, they need to be analyzed to determine their level of reactivity or CRETIB to 

determine the specific strategy for their further disposal or reprocessing (O. García, 

2006). Converting residual mud, sludge, and biosolids to energy and other 

byproducts has been determined as a way that eliminates the need to deactivate 

and confine them (Samolada & Zabaniotou, 2014).  

Conversion of Biomass and Residual Mud to Energy  

Burning wood to generate heat was the first energy conversion process 

known to humans (T. Bridgwater, 2006). Wood burning was the primary source of 

energy until the 19th century, when coal, oil, and gas became more important 

energy sources (Goldemberg, 2009). The use of biomass is considered a 

sustainable and renewable energy source (Ekpeni & Olabi, 2012).  However, an 

abuse in the use of biomass such as wood and other crops to produce energy or 

biofuels can be a deterrent to the overall sustainability of the planet (Abbas et al., 

2011).  A process that has been growing in acceptance is the use of municipal 

solid waste and sludge as a caloric source for energy generation (Frijns, Hofman, 

& Nederlof, 2013). Particularly, the use of water treatment plant sludge has been 
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identified as a good source of energy (Rulkens, 2007). The organic matter in 

excreta and biosolids also contains energy in the form of chemical bonds. This 

energy can be released by oxidation, or burning. The energy value in wastewater 

sludge or biosolids can be as high as 20 mega joules (MJ)/dry kg, more or less, 

depending on the percentage of organic matter (LeBlanc et al., 2009).  

The transformation of biomass in the form of solid waste, mud, sludge, or 

biosolids into energy can be accomplished with three main processes. Incineration 

is a controlled burning of biomass to ash with a reduction in biomass of about 95% 

at temperatures of about 200-300o C; however, it produces large amounts of C02, 

dioxins, and furans (Waste Management Resources, 2015). Pyrolysis is a 

controlled process of combustion at a temperature range of 200-760 o C, usually 

under pressure and in the absence of oxygen.  Pyrolysis is usually a more efficient 

process of burning biomass, which generates useful byproducts such as sterile 

liquids, gas with potential caloric value, solid chars, ash, tars,  and oils (A. 

Bridgwater, 1980). The third process is gasification, which is a controlled high 

temperature conversion of organic matter occurring between 480 – 1,650 o C 

(Mountouris, Voutsas, & Tassios, 2008) that does not use biomass as a fuel, but as 

a feedstock of a chemical conversion of biomass to syngas (Gasification 

technologies council, 2015).  Out of these three processes for transforming 

biomass to useful byproducts, the best results from a cost benefit analysis and the 

usefulness of its byproducts is pyrolysis (Samolada & Zabaniotou, 2014).   
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Environmental Regulation Concerning Residual Water and Sludge in México  

In México all components of the environment, including water resources, are 

governed by the Federal Law of the Ecological Balance and Environmental 

Protection (LGEEPA) (Diario Oficial de la Federación, 1988), which was 

developed, approved, and recently updated by the Mexican congress in 2015 

(Camara de Diputados H. Congreso de la Unión, 2015).  The main objective of this 

law is to guarantee and promote the sustainable development of the country by 

enforcing the following principles: to guarantee that every citizen has the right to 

live in a healthy environment that promotes development, health, and general well-

being; to define the principles of the nation’s environmental policy and the 

instruments for its application; to preserve, restore, and improve the environment; 

to promote the sustainable use, preservation, and remediation of the land and 

water resources of the country; to protect and preserve the biodiversity of the 

country; to prevent and control the pollution of the air, land, and water; and to 

determine and implement the regulations and controls that guarantee the 

conformance with the mandates and sanctions of the law. The LGEEPA was 

recently amended in 2013 (Camara de Diputados H. Congreso de la Unión, 

2013a), and specifically guarantees that all the water in the nation is used, treated, 

and disposed under sustainable management principles. However, the lack of 

enforcing capacity, especially at the local and municipal level, hinders and limits 

the effectiveness of this very progressive law. With the mandate to manage, 

protect, and define the specific uses of the water resources of the nation, the 

National Water Commission (CONAGUA) was created as a federal regulatory 



! 17!

agency in 1989. One of its most controversial duties is to determine the annual 

availability of water for all the different users of the resource. The methodology for 

the resource allocation is defined in the framework of the Law of National Waters 

NOM-011-CONAGUA-2015 (Comisión Nacional del Agua, 2015 ). This is a general 

normative framework from which all the secondary regulatory framework is 

implemented through specific Official Mexican Norms, or NOMS.  A NOM is an 

official Mexican Standard of technical nature and compulsory application 

(Secreataría de Medio Ambiente y Recursos Naturales, 2015). The NOMS are 

prepared and validated by the Mexican General Directorate of Standards (DGN), 

which represents México in the International Organization for Standardization (ISO) 

(Secretaría de Economía, 2015), and published in the Mexican Diary of the 

Federation (Diario Oficial de la Federación, 1986) once they have been approved 

by congress for their implementation and enforcement.  

Besides the general framework of the National Water Law, there are several 

Mexican regulatory norms (NOMs) that apply specifically to the discharge of 

residual water which are the main source of residual mud and other biosolids from 

treatment plants and sewage systems. The NOMs issued by the Secretary of the 

Environment and Natural Resources (SEMARNAT) determine the maximum 

allowable level of pollutants and pathogens in residual waters and mud (biosolids) 

for different uses and productive applications. The maximum allowed levels of 

pollutants such as arsenic, cadmium, cyanide, copper, chrome, mercury, nickel, 

lead, and zinc, Total Suspended Solids (TSS), Biochemical Oxygen Demand 

(BOD), and pathogenic bacteria in residual waters which will be discharged into 

natural bodies of water, are determined NOM-001-SEMARNAT-1996 (Secreataría 
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de Medio Ambiente y Recursos Naturales, 1997) ; for residual waters to be 

discharged into municipal sewage systems, maximum levels are determined by 

NOM-002-SEMARNAT-1996 (Secretaría de Medio Ambiente y Recursos 

Naturales, 1998a)  ; and for residual waters to be reused as water for public 

services, maximum levels are determined by NOM 003-SEMARNAT- 1997 

(Secretaría de Medio Ambiente y Recursos Naturales, 1998b)  .   

Residual mud and biosolids are produced out of all water treatment 

processes or directly from raw sewage sumps.  These mud can be characterized 

as primary, secondary, or digested, according to their biological and 

physicochemical components (Casanova, 2014). In most instances regardless of 

its high caloric content and its biological potential as a fertilizer, mud represents an 

operational and environmental liability for water treatment plants. The degree of the 

liability is related to how this mud is classified by the environmental normativity and 

the ease of disposal and reutilization on each specific plant (O. García, 2006). 

Initially it is necessary to determine if the mud or biosolids need to be treated as a 

hazardous waste. Their classification as hazardous waste is determined as positive 

if a product has any of the following properties: corrosive, reactive, explosive, toxic, 

inflammable, or biologically infectious (Known as positive CRETIB reaction) in 

accordance to the specifications of NOM-052-SEMARNAT-2005 (Secretaría de 

Medio Ambiente y Recursos Naturales, 2006).  In the event that a mud or sludge 

shows a positive CRETIB reaction, it must be handled as a hazardous product or 

residue, in accordance to federal regulations determined by the general law of the 

ecological balance and environmental protection (Diario Oficial de la Federación, 

1988) . The responsibility of the hazardous product is always retained by the 
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person or entity that generated the product originally, regardless if it was 

transferred to another person or entity for its transportation of final confinement 

(Camara de Diputados H. Congreso de la Unión, 2013a).   Any activity that would 

utilize a hazardous material in its process, would require the elaboration of a 

Environmental Impact Study (MIA), conformance with transportation and 

confinement regulations for hazardous materials according to NOM-052-

SEMARNAT-2005 (Secretaría de Medio Ambiente y Recursos Naturales, 2006), 

and in the event  of incineration, pyrolysis, or gasification of the residues, 

conformance to the regulations of   

NOM-098-SEMARNAT-2002 (Secreataría de Medio Ambiente y Recursos 

Naturales, 2004), which controls the incineration of residues and their emission of 

gasses to the atmosphere during the process.  All residues with a negative  

CRETIB reaction fall under the normative parameters of NOM-004-SEMARNAT-

2002  (Secretaría de Medio Ambiente y Recursos Naturales, 2002), which 

classifies the mud or sludge according to their levels of pollutant and pathogens 

into the following categories for their further use or disposal as municipal solid 

waste in accordance to NOM-083-SEMARNAT-2003 (Secretaría de Medio 

Ambiente y Recursos Naturales, 2003). All materials that do not fall in the category 

of a hazardous residue fall within state regulations. 
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Table 1.  Maximum allowable heavy metals in sludge according to NOM-004-2002. 

Pollutant   Category  Category  
    Excellent  Good  
Arsenic   41 mg/kg 75 mg/kg 
Cadmium   39 mg/kg 85 mg/kg 
Chrome   1200 mg/kg 3000 mg/kg 
Copper   1500 mg/kg 4300 mg/kg 
Lead   300 mg/kg 840 mg/kg 
Mercury   17 mg/kg 57 mg/kg 
Nickel    420 mg/kg 420 mg/kg 
Zinc   2800 mg/kg 7500 mg/kg 
* NOM-004-SEMARNAT-2002       
!

Table 2. Classification of mud and sludge according to their biological pollution 
indicators. 

  Bacteriological 
indicator  Pathogens  Parasites    

  of pollution          

Class Fecal coliforms 
NMP/g 

Salmonella spp. 
NMP/g 

Helminthes 
eggs/g 

  dry basis  dry basis   dry basis   
A < 1000   < 3 

!
< 1(a)   

B < 1000   < 3 
!

< 10   
C < 2,000,000 < 300 

!
< 35   

* NOM-004-SEMARNAT-2002         
 

Table 3. Classification of mud and sludge allowable use according to pathogen 
load.   

TYPE CLASS

EXCELLENT A Uses for Classes B and C. 

EXCELLENT OR GOOD B Urban uses without direct contact to the general public 
 Uses established for class C.

GOOD C
NOM - 004 - SEMARNAT-2002

ALLOWABLE USE

Urban in contact with the public

Forestry and agricultural uses only, soil improvement. 
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Final disposal of muds will vary according to their classification, either as a non 

hazardous residue, in accordance to NOM-004-SEMARNAT-2002, meaning that 

they can be disposed as municipal solid waste in accordance to NOM-083-

SEMARNAT-2003 (Secretaría del Medio Ambienete y Recursos Naturales, 2003), 

or as a hazardous residue in accordance to NOM-052-SEMARNAT-2005  

(Secreataría de Medio Ambiente y Recursos Naturales, 2005).  However muds 

from water treatment plants, even in the best case scenario of being categorized 

as municipal waste, always need to be stabilized, dried, incinerated, or transferred 

to approved confinement sites, with significant added costs to the operation of 

water treatment plants (N. O. García, 2006), (Remis & Espinosa, 2012) (Macías, 

2013).    

Mexican Regulation for Energy Producers and the Promotion of Renewable 
Energy Sources 

Before 1992 only the Federal Government in México was allowed to 

produce, sell, and distribute electricity. In 1992 the Mexican constitution was 

amended to allow electricity generation by private entities (Diario Oficial de la 

Federación, 1992); however, private entities could sell electricity only to the 

Federal Government’s electricity commission (CFE).  It was until after 2008, with 

the new law of the Public Service of Electric Energy, which amends Articles 27 and 

28 of the Mexican Constitution (Camara de Diputados H. Congreso de la Unión, 

2008), that private entities have been allowed to generate electricity either for their 

own consumption or for sale only to the Federal Electricity Commission (CFE). 

Private entities were still not allowed to sell electricity to the public, participate in 
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the planning of the national electricity strategy, or distribute electricity through the 

national grids or any other parallel system.  

It is not until the very recent Energy Structural Reforms (Honorable 

Congreso de la Unión, 2014) that electricity generation by private entities for sale 

to the public and that actually compete with the Federal Electricity Commission is 

allowed. The new reform also includes a constitutional mandate to promote the 

generation of electricity with renewable energy sources, such as solar, wind, 

hydraulic, geothermic, and biomass for the production of energy. The new mandate 

establishes that by 2024, at least 35% of all the energy consumed in the country 

should come from renewable resources. Within the framework of this law, articles 

36 and 111 define as small producers anybody who will generate no more than 30 

MW per project.  A small producer can use the electricity for its own consumption, 

to sell to communities that do not have access to the national grid, or for sale 

directly to the National Electricity Commission, and does not require a special 

permit and requires only the signature of an interconnection contract. A medium 

size producer is one that will generate more than 30 kW  and less than 500 kW of 

electricity, and does not require a permit, but needs a special interconnection 

contract. A large producer is one that generates more than 500 kW and requires a 

special generation permit and a special interconnection contract. To determine the 

procedure and tariffs for the purchase of electricity by the Federal Government, the 

Energy Regulatory Commission published the following documents: an electricity 

purchasing contract for a small producer; guidelines for the bidding processes 

under the framework of relative auction for small projects that generate electricity 

from renewable energy sources; a methodology for the fee calculation for payment 
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to renewable energy producers; a methodology for short term fee calculation for 

energy producers (Camara de Diputados H. Congreso de la Unión, 2013b).  The 

specific laws that govern the generation of electricity from renewable sources are 

the following: 

The law of the public service of electric energy, which rules the relationship 

between the producer and the user of energy (Diario Oficial de la Federación, 

1992).  

The law for the use and finance of the transaction to renewable energy 

sources, which promotes the auto production and cogeneration of electricity with 

the use of renewable energies (Diario Oficial de la Federación, 2008).  

The law of the Energy Regulatory Commission (CRE), which allows the 

CRE to grant energy production permits, to approve the specific conditions for the 

operation of the producers, to determine the operational and administrative 

contracts with the producers, to act as a mediator between producers and 

consumers, and to apply corrective measures. The CRE has determined that for 

the generation of electricity from renewable resources of less than 500 kW / 

project, it is not necessary to request a permit. This law also establishes that if the 

producer of energy consumes less electricity than its own consumption, it can sell 

back this electricity to the Federal Electricity Commission (CFE) by the signing of a 

simple buy back agreement, only if the total production is less than 10 kW / project, 

in residential applications, or less than 30 kW / project for all other low tension 

applications. Once the agreement has been signed, the CFE will install a 

bidirectional energy meter and will determine the net amount of energy consumed 
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by the producer. Any exceeding electricity can be stored in a virtual bank for up to 

12 months.  

Incentives to clean energy production.   

In 2012, the General Law of Climatic Change determined that by 2024, at least 

35% of all electricity generated in the country should come from renewable energy 

sources (Camara de Diputados H. Congreso de la Unión, 2012).    Some of the 

incentives included in this law were:  The creation of a virtual energy bank, where a 

producer can accumulate unused energy for future use by supplying energy to the 

national grid; preferential tariff for energy transmission through the nation grid for 

electricity produced with renewable energy sources; and net energy tariff system, 

where a producer can net out, the energy consumed with the energy produced for 

a net end result.  The energy produced and consumed is exchanged at the same 

price, kW used per kW produced.      However, it is not until the proclamation of the 

Energy Reform of December 2013 that a true incentive to clean energy producers, 

is implemented through the normative that allow the issue of Certificates for Clean 

Energy (CEL).    This program works in a similar fashion to the Carbon Bonds 

program, implemented by the UN and which is currently in operation (López, Cruz, 

Lucas, & Olvera, 2014).   The clean energy certificate are  an exchange bond that 

represent compliance with clean energy generation, and is the only method that 

will incentivize the generation of electricity through the use of clean fuel sources, 

since there is no premium paid, on the price that clean energy producers receive 

from the CFE or for that matter, from any energy consumer.      The Secretary of 

Energy (SENER) established on April 1st 2015, that the requirement of CEL´s for 
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energy intensive users will be of 5%.   In the event that the user can not 

demonstrate that 5% of it´s energy comes from renewable resources, it can buy 

the difference from the open CEL market.   The legal framework has been 

established and mandatory compliance will begin in 2018.  Other incentives to the 

production of clean energies are.  The mandate to expedite the interconnection 

and transmission through the grid with no delays or added costs.  The clean 

energy producers will be able to sell electricity to CFE at regulated prices or have 

access to the open market through the regulation of the National Center for Energy 

Control (CENER).  The CENER guarantees an even opportunity for all generators, 

to sell electricity under equitable conditions.  Private generators will have access to 

large private users, and to small commercial and residential users, through a 

system that includes a spot market, auctions, and long term contracts.   Based on 

the Special Program for Climatic Change 2008 and supported by the Energy 

Reform of 2013, private entities are allowed to operate small and medium size 

clean energy generation operations for private or commercial use and are 

guaranteed the purchase of all excess electricity by CFE through the signing a 

contract of interconnection.  The requirements for the interconnection contract for a 

“small producer” is to have a regular low tension supply contract in place, to have 

the plant comply with all applicable Mexican NOMS and CFE´s specifications, and 

to have a production capacity of less than 10 kW residential installations, and less 

than 30 kW for commercial installations.  To elaborate an interconnection contract 

for medium producers, the producer must have a supply contract on medium 

tension, to have the plant comply with all applicable Mexican NOMS and CFE´s 

specifications, and to have a production capacity of less than 500 kW.   Duration of 
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the agreements has not due date and it can be terminated by the producer at any 

time with a 30 day notice to CFE.  There are currently no tax incentives applicable 

to renewable energy producers; however the following incentives do apply.  There 

will be no import duty or tariffs applied on the importation of any machine of 

equipment that prevents pollution and for research and development in the field of 

energy technologies.   An accelerated depreciation will be allowed for any 

infrastructure projects that use renewable energy resources.  Interconnection 

agreements for renewable energy generators will be expedited by the CRE.     
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METHODOLOGY:   

Study design: The study was a cross sectional non experimental, qualitative and 

quantitative analysis of the regulatory and economic feasibility of operating the 

OMNI Sludge and Biomass Processor S200 ® (OP) (Janicki Bioenergy, 2015) 

plant in México.   The hypothesis for the research was that the operation of a 

biomass processing plant (OP), that converts residual muds to ash, potable water, 

and electricity, is financially feasible under the economic parameters of an 

emerging economy such as México.  Financially feasible, was defined as an 

operation that has an internal rate of return equal or higher than the 

recommended discount rate for projects of public interest in México, which based 

on historical and current financial information was determined at 10% in 2014 

with a recommendation to review in 5 years (Copppola, Fernholz, & Glenday, 

2014).   A secondary feasibility factor was determined by calculating the discount 

rate as the average of the active preferential interest rate of five major banks in 

México in June 2015.   Based on these assumptions, two discount rates for the 

purposes of evaluating feasibility were estimated a) Public discount rate = 10%, 

and b) Private discount rate = 14%.  The internal rate of return (IRR), is the 

interest rate required to bring the net present value (NPV) to zero.   In other worlds, 

it is the interest rate that would result in the present value of the capital investment, 

or cash outflow; being equal to the value of the total returns over time or cash 

inflow.   
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The IRR was calculated using the formula:  

!"# = !"#$%&!!"!!"#ℎ!!"#$ / 1+ ! !!)− !"#$%&!!"#!"#$!%#.! 

R = Internal rate of return.   

t = the number of  time periods. 

IRR is calculated using the NPV formula and solving for R when then NPV equals 

zero.   

Data Collection:  The data sources which were used to evaluate the normative 

compliance of the OP were  the Secretary of the Environment and  Natural 

Resources (SEMARNAT), The Secretary of Energy (SENER), and the Energy 

Regulatory Commission (CRE).  The financial data for the operation of the OP was 

obtained from the Bank of México (Banjico), the Federal Electricity Commission 

(CFE), the Energy Regulation Commission (CRE), and the National Water 

Commission (CONAGUA).   The technical information on the operation and 

performance parameters for the OP were obtained from publicly available 

information published by Janicki Bioenergy, (Janicki Bioenergy, 2015).  

Description of the technology.  

The Omni Processor® (OP) it´s a plant that utilizes semi dry fuel in the form of raw 

sewage or residual sewage sludge, and  generates,  through a controlled 

combustion at high temperature (1000oC), electricity, potable water, and residual 

heat.    The plant joins three technologies, a sludge dryer, a fluidized bed boiler, 

and a steam engine.   Based on the principle that one kg of wet raw sludge has 
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about 800g of water and 200g of dry combustible solids, The 200 g of solids have a 

caloric value of about 3,720 kJ, while boiling 800 g of water requires only 2057 kJ, 

this leaves a ratio of about 1.8 to 1, of excess energy, that can be converted to 

electricity, while burning the biomass and producing potable water.    Feeding 

System:  Receives the biomass in the form of raw sewage, water treatment sludge, 

or any other combustible biomass with a minimum of 10% moisture.   Sludge dryer:  

Removes excess moisture from sludge.  Water treatment system:  The OP water 

system converts water in the steam coming from drying of the sludge, to clean and 

safe drinking water.   The system includes a steam filter, condenser, hot aerator, 

chiller, cold aerator, filtration, storage tanks and a polishing filter.   Boiler: A 

fluidized bed boiler is responsible for actually burning the biomass, once it has 

been dehydrated and transfer the heat of combustion into steam.   Fluidized-bed 

boilers are the most common boiler used for burning biomass.  The mixture of fuel 

(biomass) is mixed with inert particles usually sand, and the mixture is suspended 

by a flow of hot air.   A scrubbing action takes place between the fuel and the inert 

particles, which strips away CO2 and allows oxygen to reach the fuel material 

faster, this process increase the rate and efficiency of the process.    Burning 

temperatures of around 1000o C, produce less nitrogen oxide and less sulfur 

dioxide (Crawford, 2012).  Boiling the residual water also eliminates all pathogens 

from the solid and liquid portions of the fuel.    Steam engine:  Most steam power 

plants like the ones found in a combined cycle power plant, use steam turbines to 

produce energy, however, this technology is cost prohibitive so a steam engine 

was adapted for the plant.   Given the size range and operational conditions of the 

OP, it was determine that a steam engine was thermally more efficient than a 
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turbine, and economically affordable given the planned operating conditions for the 

plant.  Exhaust Control Systems:  Exhaust from the OP complies with all US EPA 

regulations for clean air, which are more strict than most of regulations in the 

developing countries where the plant is expected to operate.   Exhausts are 

controlled by the low burning temperatures of the fluidized bed, which produces 

hardly any NOx, components.  Dioxins and Furans are controlled by the injection of 

a dry sorbent that removes all Chlorine from the reaction.   Sulfur is controlled by 

adding calcium to the flue gas, while C02 is emitted in low amounts, and no 

methane is produced.    

RESULTS: 

The OP can produce up to 300 kWh, continuously and needs less than 50 kWh for 

its own operation, so there is a net output of 250 kWh.  The OP can be 

synchronized to function with grid power or as a stand-alone plant.  The OP can 

produce 70,000 l /day during normal operation.  The water is evaporated from the 

sludge, then condensate back into liquid form, purified and ready for human 

consumption.  An ultra-purification system, assures, sterile and odor free water.   

The OP will produce fly ash as a by-product of the process.  Any elements in the 

chosen fuel, that do not burn, will be collected at the end of the process as fly ash; 

usually 10 to 20% of the dry matter that is fed to the machine will come out as ash.    
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Table 4. Operation parameters for the Omni Processor® S200 

Operation*Parameters***

Maximum*processed*wet*sludge* 92.3 m3/day

Electricity*output*per*day 300 kW

Potable*water*produced 86,000 l/day

Foot*print* 100 m2

Internal*energy*requirements 50 kW

Dryer*pressure* 4 bar

Fuel*utilized

Maxim*moisture*in*fuel* 99 %

Number*of*people*served*by*the*OP*S200 100,000*R*200,000

Sewage,*Sludge,*Biomas,*MSW.*

 

Data published by (Janicki Bioenergy, 2015).  

 

Economic assumptions.   

To determine the economic performance of the OP, the costs of its operation 

supplies and end products was determined from reliable literature sources.   The 

main supply for the operation of the OP is the actual fuel for the process, in the 

form of raw sewage, process sludge, or any alternate form of biomass.   In most 

instances the sludge input can be a source of income, since water treatment and 

sewage systems incur in a cost to get read of the sludge.  Most disposal systems 

include the stabilization, dewatering, sterilization, and proper disposal of the sludge  

(Project on urban reduction of eutrophication, 2014), which can account from a low 
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of 3% of the cost of a water treatment plant in countries like Colombia, to a high of 

40% in countries like the United States (LeBlanc et al., 2009).  Since there are no 

hard facts regarding the cost of managing sludge in México.   For the economic 

feasibility analysis, it was determined the cost of the sludge would be a positive 

income to the OP operation, equivalent to the cost incurred by a water treatment 

plant operator of trucking the sludge 5 km to a disposal site = 10 US/ton.  Fly ash is 

a residue of the operation of the OP, which is often used as an additive in the 

production of cement.  in México, it has an estimate sales price of about 4.5 

Pesos/kilogram (QuimiNet, 2015), considering possible transportation, packaging, 

and marketing prices, the sales price for the ash, Ex-works OP plant, was 

considered at 0.90  Pesos / kg.    As part of the OP system, the plant needs to start 

its operation with external fuels such as diesel, natural gas, or electricity.  During 

this initial period of operation, external fuels are considered costs.  

Propane Gas:     14.49 Pesos/kg (PEMEX, 2015) 

Diesel:     14.20 Pesos/l (PEMEX, 2015) 

 

For the initial operation of the OP, the equipment’s needs to run with a negative 

energy requirement for a period of about two hours, using propane gas to initiate 

the biofuel burning process,  and diesel to generate electricity and initially run the 

plant´s systems.      

Electricity: cost of electricity is divided by geographic regions and by applications.  

The cost is also dependent upon the amount of electricity used by the consumer, 

and if the service is delivered in low, mid, or high voltage.   Some of the most 
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common electricity rates are presented for the central region of México, which 

corresponds to México City (Comisión Federal de Electricidad, 2015).         

Table 5.  Consumer tariffs for electricity (kWh) in Pesos and in Us Dollars, for the 
central region of México.   

MX#Pesos US#Dollars Units
Basic#user 0.809 0.05 kWh
Medium#user 0.976 0.06 kWh
High#user 2.859 0.18 kWh

Agriculture 0.805 0.051 kWh
Aquaculture 50%#discount

Industrial
Low#voltage 2.021 0.13 kWh
Mid#voltage 1.085 0.07 kWh
High#voltage 0.805 0.05 kWh

Values#in#Mexican#Pesos#and#in#US#Dollars.###  

The price at which the Federal Electricity Commission pays the energy to the 

independent producer varies according to geographical zone, time of day, and 

current availability of energy in the grid.  It is a complex system that does not allow 

small producers to offer energy directly to the consumers, they need to go through 

a intermediary concentrator that will put the electricity to bid through the Energy 

Distribution Center.   However, according to the Citizens Energy Observatory 

(Villareal, 2015), the average cost of energy paid by the CFE to independent 

producers is about 0.6 USD / kWh.  However, this is a very low value since it 

accounts for the production costs of natural gas combined cycle plants.    Small 

producers, are subjected to different tariffs according to (Robles, Leonel, & Cecilia, 
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NA) the CFE contract for  the purchase of electricity to small producers is divided in 

the following brackets.   

1. Contract for interconnection of intermittent renewable energy sources > 500 

kWh.  Is capable of selling electricity only to CFE and payment will be 

0.85% of the cost of energy at the point of interconnection.   

2. Contract for interconnection for renewable sources with production capacity 

of less than 300 kWh.   Energy will be swapped for a net value in favor or in 

charge of the producer.  Exchange value is 100% of the cost of energy 

supplied at the point of interconnection.   

3. Contract for the sale of electricity for small producers from any source of 

renewable energy < 300 kWh.  The total amount of energy produce is sold 

to “supplier” that will sell the energy in the spot market or through bids to the 

CFE.  Energy is paid at 98% of the short term cost of energy in the point of 

interconnection.   

Assuming that the OP will generate less < 300 kWh, in the context of a mid voltage 

energy supplier, the cost of the energy produced and sold to the CFE´s energy 

distribution center would be 98% of the local tariff which would be 1.085 * 0.98 =  

1.063 Pesos/kWh.   

Potable water: The average cost for potable tap water from the National Water 

Commission in the Central region of México is 16.17/m3 or 0.016 Pesos per liter 

(Comisión Nacional del Agua, 2015).  However, most of the water distribution 

system is not reliable, with the consequential pollution of the water in the system.   

Most people in México City and many other cities in the country, do not consume 
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tap water and instead buy bottle water.    According to the Beverage Marketing 

Corporation, México is the country with the largest consumption of bottled water in 

the world.  It has been estimated that on average, each person in México 

consumes about 234 liters of bottled water per year (Revista del Consumidor, 

2014).   Average cost of bottled water in México City: 

Table 6.  Average cost of potable bottled water in México, June 2015. 

Brand Cost.   
Bonafont  6.70 Pesos/l 
Ciel:         7.50 Pesos/l 
EPura:     5.50 Pesos/l  
Average: 6.50 Pesos/l   
(Superama, 2015).  
 

From the sales price of a bottle of water, it has been documented that 

approximately only 10% of the sales price is the cost of water itself (Dinero en 

Imagen, 2015).  For purposes of the feasibility study, the sales price for potable 

water coming from the OP will be considered at 0.65 Pesos/l.  Heat:  Due to the 

temperate geographical location of the proposed feasibility study in the central part 

of México, residual heat from the OP will have no commercial value in this 

analysis.    However, there are possible avenues for the use of residual heat during 

the OP operation, such as an absorption cooling device, which uses a heat source 

as energy to drive cooling devices (Uuemaa, Vigants, Blumberga, & Drovtar, 2014)  

.  Based on information provided by (Janicki Bioenergy, 2015), the Capital Cost for 

the OP imported and installed in México City is approximately  $ 2,861,050 USD.  
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Financial analysis.   

Table 7. Capital cost of buying, importing and commission an Omni Processor® 
S200 plant in central México.   

Capital cost in US Dollars,  for and OP processing machine.  
Data obtained from (Janicki 2015). 
Model: S200

Capital cost 2,500,000.00$      

Shipping to México
(three 40" Containers from Sedro-Wolley, WA to México City. 35,000.00$           

Importation under NAFTA treaty 76,050.00$           

Site preparaton, Setup, and training. 250,000.00$         

Total USD 2,861,050.00$      

Total Pesos 44,346,275.00$    
Exchange rate Pesos / Dollars. 15.50$                   

Operational costs, without labor, assuming the purchase of a yearly maintenance 

contract and one shutdown and restart per week, which requires two hours of 

additional electricity and propane gas to ignite the process.    
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Table 8.  Fuel and maintenance operational costs for Omni Processor® S200 in 
Central México. 

Operational Costos for an OP Processing machine.  México City setup.  

Item% amount% Cost%Pesos Total%
Maintenance%per%year 1 1,937,500.00$%%%% 1,937,500.00$%%%%
Diesel /year /liters 2,400.00%%%%%%%%%%%% 14.2 34,080.00$%%%%%%%%%
Propane/year/kg 9,600.00%%%%%%%%%%%% 14.49$%%%%%%%%%%%%%%%%% 139,104.00$%%%%%%%

Total%per%year%pesos 2,110,684.00$%%%%
Total%per%year%%USD% 136,173.16$%%%%%%%

Assuming%4%restartrs%per%month,%with%two%hours%of%fule%consumption%a%the%rate%of%
Propane%gas% 100 kg/hour
Diesel%(25Kw)% 25 l/hour%  

 

 

Table 9. Labor operational costs for the Omni processor® S200 in México. 

Operational Labor Costos for an OP Processing machine.  México City setup.  

Cost/year*
Personeel amount* Pesos Total*
General*Manager* 1 637,000.00$******* 637,000.00$*******
Technician 4 273,000.00$******* 1,092,000.00$****
accountant 1 364,000.00$******* 364,000.00$*******
Admin.*Assistant 1 273,000.00$******* 273,000.00$*******
Labor*per*year*pesos 2,366,000.00$****

Labor*per*year*Dollars 152,645.16$*******  
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Table 10.  Internal rate of return (IRR) for the operation of the Omni Processor® 
(OP) S200 with full revenue from the sale of water, electricity, fly ash, and sludge 
collection.  

Operation*parameters*for*Omni*Processor*OP*S200
Wet*volume*of*sludge/*day 80,000.0********** kg
Dry*volume* 15% %
Dry*weight* 12,000.0********** KG
Water*volume* 68,000.0********** L
Days*of*operation*/*year* 320.0*************** Days
Hours*of*operation*per*day 24.0***************** Hours

Revenue*output*products*for*the*Omniprocesor*OP*S200

Product* Unit* Amount Sales*Price* Total*revenue* %*of*Revenue*

Water* l 21,760,000.00* 0.65$**************** 14,144,000$*** 60.25%

Electricity* Kwh 1,920,000.00**** 1.06$**************** 2,035,200$***** 8.67%

Fly*Ash* kg 3,840,000.0****** 0.90$**************** 3,456,000$***** 14.72%

Sludge kg 25,600.0************ 150 3,840,000$***** 16.36%

Heat* GJ 18,560.0************ 0

Total*revenue*per*year*in*MX*Peso.s 23,475,200$***

Total*revenue*per*year*in*USD.** 1,514,529$*****

Internal*rate*of*return*IRR*for*the*operation*of*Omniprocesor*OP*S200
Revenue* Operational*capacity* Gross*Income Operation*costs Net*Income
Investment* 100% 44,346,275Z$**** 44,346,275Z$*****
Year*1 60% 14,085,120$**** 4,476,684$***** 9,608,436$********
Year*2 70% 16,596,966$**** 4,633,368$***** 11,963,598$*****
Year*3 80% 19,155,763$**** 4,795,536$***** 14,360,227$*****
Year*4 85% 20,552,538$**** 4,963,380$***** 15,589,158$*****
Year*5 90% 21,972,787$**** 5,137,098$***** 16,835,689$*****
Year*6 90% 22,184,064$**** 5,316,896$***** 16,867,168$*****

IRR 20%
Values*in*Méxican*Pesos.**
Discount*rate*for*public*interest*projects* 10%
Discount*rate*for*private*projects* 14%

Operationl*costs*were*indexed*with*an*anual*inflation*rate*of*3.5%
Revenue*was*indexed*with*a*1%*increment*per*year*  
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Table 11.  Internal rate of return (IRR) for the operation of the Omni Processor® 
(OP) S200 with revenue from the sale of water, electricity, fly ash, but not from 
sludge collection services.   

Operation*parameters*for*Omni*Processor*OP*S200
Wet*Volume*of*sludge/*day 80,000.0********** kg
Dry*volume* 15% %
Dry*weight* 12,000.0********** KG
Water*volume* 68,000.0********** L
Days*of*operation*/*year* 320.0*************** Days
Hours*of*operation*per*day 24.0***************** Hours

Revenue*output*products*for*the*Omniprocesor*OP*S200

Product* Unit* Amount Sales*Price* Total*revenue* %*of*Revenue*

Water* l 21,760,000.00* 0.65$**************** 14,144,000$*** 72.03%

Electricity* Kwh 1,920,000.00**** 1.06$**************** 2,035,200$***** 10.37%

Fly*Ash* kg 3,840,000.0****** 0.90$**************** 3,456,000$***** 17.60%

Sludge kg 25,600.0************ 0 V$***************** 0.00%

Heat* GJ 18,560.0************ 0 0.00%

Total*revenue*per*year*in*MX*Pesos 19,635,200$***

Total*revenue*per*year*in*USD.** 1,266,787$*****

Internal*rate*of*return*IRR*for*the*operation*of*Omniprocesor*OP*S200
Revenue* Operational*capacity* Gross*Income Operation*costs Net*Income
Investment* 100% 44,346,275V$**** 44,346,275V$*****
Year*1 60% 11,781,120$**** 4,476,684$***** 7,304,436$********
Year*2 70% 13,882,086$**** 4,633,368$***** 9,248,718$********
Year*3 80% 16,022,323$**** 4,795,536$***** 11,226,787$*****
Year*4 85% 17,190,618$**** 4,963,380$***** 12,227,238$*****
Year*5 90% 18,378,547$**** 5,137,098$***** 13,241,449$*****
Year*6 90% 18,555,264$**** 5,316,896$***** 13,238,368$*****

IRR 12%
Values*in*Méxican*Pesos.**
Discount*rate*for*public*interest*projects* 10%
Discount*rate*for*private*projects* 14%

Operationl*costs*were*indexed*with*an*anual*inflation*rate*of*3.5%
Revenue*was*indexed*with*a*1%*increment*per*year*  
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Table 12.  Internal rate of return (IRR) for the operation of the Omni processor® 
(OP) S200 with revenue from water, electricity, sludge collection services, but not 
from fly ash.    

Operation*parameters*for*Omni*Processor*OP*S200
Wet*Volume*of*sludge/*day 80,000.0********** kg
Dry*Volume* 15% %
Dry*weight* 12,000.0********** KG
Water*volume* 68,000.0********** L
Days*of*operation*/*year* 320.0*************** Days
Hours*of*operation*per*day 24.0***************** Hours

Revenue*output*products*for*the*Omniprocesor*OP*S200

Product* Unit* Amount Sales*Price* Total*revenue* %*of*Revenue*

Water* l 21,760,000.00* 0.65$**************** 14,144,000$*** 70.65%

Electricity* Kwh 1,920,000.00**** 1.06$**************** 2,035,200$***** 10.17%

Fly*Ash* kg 3,840,000.0****** V$****************** V$***************** 0.00%

Sludge kg 25,600.0************ 150 3,840,000$***** 19.18%

Heat* GJ 18,560.0************ 0

Total*revenue*per*year*in*MX*Pesos 20,019,200$***

Total*revenue*per*year*in*USD.** 1,291,561$*****

Internal*rate*of*return*IRR*for*the*operation*of*Omniprocesor*OP*S200
Revenue* Operational*capacity* Gross*Income Operation*costs Net*Income
Investment* 100% 44,346,275V$**** 44,346,275V$*****
Year*1 60% 12,011,520$**** 4,476,684$***** 7,534,836$********
Year*2 70% 14,153,574$**** 4,633,368$***** 9,520,206$********
Year*3 80% 16,335,667$**** 4,795,536$***** 11,540,131$*****
Year*4 85% 17,526,810$**** 4,963,380$***** 12,563,430$*****
Year*5 90% 18,737,971$**** 5,137,098$***** 13,600,873$*****
Year*6 90% 18,918,144$**** 5,316,896$***** 13,601,248$*****

IRR 13%
Values*in*Méxican*Pesos.**
Discount*rate*for*public*interest*projects* 10%
Discount*rate*for*private*projects* 14%

Operationl*costs*were*indexed*with*an*anual*inflation*rate*of*3.5%
Revenue*was*indexed*with*a*1%*increment*per*year*  
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Tabla 13. Internal rate of return IRR for the operation of the Omni Processor® 
S200with revenue from water, fly ash, sludge collection services, but not from 
electricity.   

Operation*parameters*for*Omni*Processor*OP*S200
Wet*Volume*of*sludge/*day 80,000.0********** kg
Dry*Volume* 15% %
Dry*weight* 12,000.0********** KG
Water*volume* 68,000.0********** L
Days*of*operation*/*year* 320.0*************** Days
Hours*of*operation*per*day 24.0***************** Hours

Revenue*output*products*for*the*Omniprocesor*OP*S200

Product* Unit* Amount Sales*Price* Total*revenue* %*of*Revenue*

Water* l 21,760,000.00* 0.65$**************** 14,144,000$*** 65.97%

Electricity* Kwh 1,920,000.00**** U$****************** U$***************** 0.00%

Fly*Ash* kg 3,840,000.0****** 0.90$**************** 3,456,000$***** 16.12%

Sludge kg 25,600.0************ 150 3,840,000$***** 17.91%

Heat* GJ 18,560.0************ 0

Total*revenue*per*year*in*MX*Pesos 21,440,000$***

Total*revenue*per*year*in*USD.** 1,383,226$*****

Internal*rate*of*return*IRR*for*the*operation*of*Omniprocesor*OP*S200
Revenue* Operational*capacity* Gross*Income Operation*costs Net*Income
Investment* 100% 44,346,275U$**** 44,346,275U$*****
Year*1 60% 12,864,000$**** 4,476,684$***** 8,387,316$********
Year*2 70% 15,158,080$**** 4,633,368$***** 10,524,712$*****
Year*3 80% 17,495,040$**** 4,795,536$***** 12,699,504$*****
Year*4 85% 18,770,720$**** 4,963,380$***** 13,807,340$*****
Year*5 90% 20,067,840$**** 5,137,098$***** 14,930,742$*****
Year*6 90% 20,260,800$**** 5,316,896$***** 14,943,904$*****

IRR 16%
Values*in*Méxican*Pesos.**
Discount*rate*for*public*interest*projects* 10%
Discount*rate*for*private*projects* 14%

Operationl*costs*were*indexed*with*an*anual*inflation*rate*of*3.5%
Revenue*was*indexed*with*a*1%*increment*per*year*  
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Table 14.  Internal rate of return (IRR) for the operation of the Omni processor® 
(OP) S200 with revenue from the sale of fly ash, sludge collection services, 
electricity, but not from water.   

Operation*parameters*for*Omni*Processor*OP*S200
Wet*Volume*of*sludge/*day 80,000.0********** kg
Dry*Volume* 15% %
Dry*weight* 12,000.0********** KG
Water*volume* 68,000.0********** L
Days*of*operation*/*year* 320.0*************** Days
Hours*of*operation*per*day 24.0***************** Hours

Revenue*output*products*for*the*Omniprocesor*OP*S200

Product* Unit* Amount Sales*Price* Total*revenue* %*of*Revenue*

Water* l 21,760,000.00* R$***************** 0.00%

Electricity* Kwh 1,920,000.00**** 1.06$**************** 2,035,200$***** 21.81%

Fly*Ash* kg 3,840,000.0****** 0.90$**************** 3,456,000$***** 37.04%

Sludge kg 25,600.0************ 150 3,840,000$***** 41.15%

Heat* GJ 18,560.0************ 0

Total*revenue*per*year*in*MX*Pesos 9,331,200$*****

Total*revenue*per*year*in*USD.** 602,013$*********

Internal*rate*of*return*IRR*for*the*operation*of*Omniprocesor*OP*S200
Revenue* Operational*capacity* Gross*Income Operation*costs Net*Income
Investment* 100% 44,346,275R$**** 44,346,275R$*****
Year*1 60% 5,598,720$****** 4,476,684$***** 1,122,036$********
Year*2 70% 6,597,158$****** 4,633,368$***** 1,963,790$********
Year*3 80% 7,614,259$****** 4,795,536$***** 2,818,723$********
Year*4 85% 8,169,466$****** 4,963,380$***** 3,206,086$********
Year*5 90% 8,734,003$****** 5,137,098$***** 3,596,905$********
Year*6 90% 8,817,984$****** 5,316,896$***** 3,501,088$********

IRR R21%
Values*in*Méxican*Pesos.**
Discount*rate*for*public*interest*projects* 10%
Discount*rate*for*private*projects* 14%

Operationl*costs*were*indexed*with*an*anual*inflation*rate*of*3.5%
Revenue*was*indexed*with*a*1%*increment*per*year*  
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Table 15.  Internal rate of return (IRR) S200 for the operation of the Omni 
processor® (OP) with revenue from the sale of fly ash, sludge collection services, 
electricity, water and heat.   

Operation*parameters*for*Omni*Processor*OP*S200
Wet*Volume*of*sludge/*day 80,000.0********** kg
Dry*Volume* 15% %
Dry*weight* 12,000.0********** KG
Water*volume* 68,000.0********** L
Days*of*operation*/*year* 320.0*************** Days
Hours*of*operation*per*day 24.0***************** Hours

Revenue*output*products*for*the*Omniprocesor*OP*S200

Product* Unit* Amount Sales*Price* Total*revenue* %*of*Revenue*

Water* l 21,760,000.00* 0.65$**************** 14,144,000$*** 54.68%

Electricity* Kwh 1,920,000.00**** 1.06$**************** 2,035,200$***** 7.87%

Fly*Ash* kg 3,840,000.0****** 0.90$**************** 3,456,000$***** 13.36%

Sludge kg 25,600.0************ 150 3,840,000$***** 14.85%

Heat* GJ 18,560.0************ 7470 2,390,400$***** 9%

Total*revenue*per*year*in*MX*Pesos 25,865,600$***

Total*revenue*per*year*in*USD.** 1,668,748$*****

Internal*rate*of*return*IRR*for*the*operation*of*Omniprocesor*OP*S200
Revenue* Operational*capacity* Gross*Income Operation*costs Net*Income
Investment* 100% 44,346,275[$**** 44,346,275[$*****
Year*1 60% 15,519,360$**** 4,476,684$***** 11,042,676$*****
Year*2 70% 18,286,979$**** 4,633,368$***** 13,653,611$*****
Year*3 80% 21,106,330$**** 4,795,536$***** 16,310,794$*****
Year*4 85% 22,645,333$**** 4,963,380$***** 17,681,953$*****
Year*5 90% 24,210,202$**** 5,137,098$***** 19,073,104$*****
Year*6 90% 24,442,992$**** 5,316,896$***** 19,126,096$*****

IRR 25%
Values*in*Méxican*Pesos.**
Discount*rate*for*public*interest*projects* 10%
Discount*rate*for*private*projects* 14%

Operationl*costs*were*indexed*with*an*anual*inflation*rate*of*3.5%
Revenue*was*indexed*with*a*1%*increment*per*year*  
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Table 16.  Summary of the Internal Rate of Return (IRR), under different revenue 
scenarios for the Omni processor® OP S200.    

Summary'of'Internal'Rate'of'Return'(IRR)'for'the'Operation'of'the'Omniprocessor'(OP)
Under'different'revenue'scenarios.''

Revenue IRR

Full'Revenue:'Water,'Electricity,'Ash,'Sludge 20%

No'Sludge' 12%

No'Ash' 13%

No'Electricity' 16%

No'water' L21%
IRR#for#the#operation#of#the#Omni#Processor#(OP)#under#different#
revenue#scenarios.##

Revenue#variables:

Ash:#A
Electricty:#E
Residual#heat:#H
Water:#W
Sludge:#S

Revenue#with#sales#from: IRR

A Negative#IRR

A#+#E Negative#IRR

A+E+H Negative#IRR

A+E+H+W 17%

A+E+S+W 20%

A+E+H+W+S 25% !

Revenue! from! the! sale! of! heat!was! not! included! in! the! financial! feasibility! analysis,! due! to! low!
probability!of!selling!residual!heat!under!current!economic!conditions.!!

!

!
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Figure 1.  Changes in the internal rate of return (IRR) on the operation of the Omni 
Processor® (OP) S200 as a function to changes in the sales price of water, in a six 
year investment project, Pesos / liter.     

 

 

Figure 2.  Changes in the internal rate of return (IRR) on the operation of the Omni 
processor® (OP) S200 as a function to changes in the sales price of electricity, on 
a six year investment project.  Pesos/kWh. 
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Figure 3.  Changes in the internal rate of return (IRR) on the operation of the Omni 
processor® (OP) S200 as a function to changes in the sales price of Fly Ash, on a 
six year investment project. Pesos/kg. 

 

 

Figure 4. Changes in the internal rate of return (IRR) on the operation of the Omni 
Processor® (OP) S200 as a function to changes in revenue from the sale of sludge 
removal services, on a six year investment project.  Pesos / Ton of wet sludge 
removal.   
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DISCUSSION: 

Regulatory feasibility  

The operation of the Omni Processor® (OP) with sewage, sludge, mud, or 

biosolids from residual waters is viable under Mexican regulation, falling within the 

normativity of the Secretary of Natural Resources and the Environment 

(SEMARNAT).  In México, sludge or any other type of organic aggregates can be 

used as fuel for energy production without any specific permits or requirements, as 

long as they do not produce any corrosive, reactive, explosive, toxic, inflammable, 

or biologically infections reactions (Known as Positive CRETIB) under NOM-052-

SEMARNAT-2005 (Secretaría de Medio Ambiente y Recursos Naturales, 2006), or  

exceed the levels of heavy metals or pathogens described by  NOM-004-

SEMARNAT-2002 (Secreataría de Medio Ambiente y Recursos Naturales, 2002).   

If the mud or sludge shows a positive CRETIB reaction, or high levels of heavy 

metals or pathogens, these would be categorized as hazardous waste or residues 

and fall under the regulation of NOM-052-SEMARNAT-2005.  A hazardous waste 

or residue, can only be transported by authorized vehicles under the regulation of 

NOM-052-SEMARANT-2005 (Secreataría de Medio Ambiente y Recursos 

Naturales, 2005), NOM-053-ECOL-1993 (Secretaría de Desarrollo Urbano y 

Ecología), and NOM-051-SCT2/2003 (Secretaría de Comunicaciones y 

Transportes, 2003 ), there can be no direct contact of any personnel with the 

residues, and the products could only be confined in authorized hazardous waste 

confinement centers.  The operation of an OP plant with sewage or sludge 

categorized as hazardous materials would require the elaboration of an 
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Environmental Impact Study (MIA) and further authorization of the Secretary of the 

Environment and Natural Resources, since the treatment and disposal of 

hazardous waste is a highly regulated and expensive process.   The operation of 

the OP plant with mud or sludge categorized as hazardous, would also require 

compliance with NOM-098-SEMARNAT-2002 (Secreataría de Medio Ambiente y 

Recursos Naturales, 2004), which regulates the incineration of residues and their 

emission of gasses to the atmosphere during the process.  Since the by-products 

of the OP plant which are potable water and sterile ash would eliminate the 

hazardous  liability for the operator, this by far, guarantees the financial feasibility 

of the OP operation.    If the sewage, sludge, muds, or biosolids are not considered 

a hazardous residue then they must be classified according to their levels of fecal 

coliforms, pathogens, and parasites, as determined by NOM-004-SEMARNAT-

2002 (Secreataría de Medio Ambiente y Recursos Naturales, 2002), which 

categorizes the residues into;  Type A,  Urban uses in contact with general public 

during their application;  Type B, Urban uses without direct contact with the general 

public during their application; or Type C, only for use in forestry and agricultural 

improvement.  Use of a Type C sludge or a sludge that has been categorized as 

hazardous, for the generation of energy would require a study of environmental 

impact, or their evaluation for possible inclusion as a residue under special 

management regime according to NOM-161-SEMARNAT-2011 (Secreataría de 

Medio Ambiente y Recursos Naturales, 2011); which allows a simplified 

management process for residues that have a high commercial value  and can be 

processed to eliminate their toxicity.  
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Incentives to renewable energy production.   

The Mexican government  proclaimed that by 2024, at least 35% of all its electricity 

will be generated with renewable resources.  However, it is not clear how this will 

be accomplished.   Currently, small and medium producers that generate less than 

300 kW of electricity, will be able to use if for self consumption, or sell it at a similar 

rate than the ruling tariff in their region and voltage requirements.  Another option 

would be to net out their production capacity with their consumption at a 1:1 cost 

ratio.   Energy producers from renewable resources with a production capacity of < 

than 500 kW will be able to sell the electricity at 98% of the value of the short term 

cost of energy at the point of interconnection.   Large producer with a capacity of > 

500 kW, according to the new energy reforms, will have to sell their production 

through a system of wholesale distributors that will offer electricity to the CFE 

through auctions, based on the real time demand requirements from the grid.   

Green energy producers are allowed to use an accelerated depreciation rate in 

their financial statements, but there are no other tax or tariff incentives to promote 

green energies. The only government proposal with the potential to promote green 

energy production in the future is the introduction of the clean energy certificate 

bonds (CEL´s).  The CEL proposal establishes the legal framework for the creation 

of a marketplace where bonds issued to green energy producers can be bough by 

energy consumers to comply with their green energy requirements; however, the 

system will not be operational until 2018.   Preferential tariffs and policies create a 

friendly environment for green energy producers; however, under the currently low 

fossil fuel costs, the country´s incentives are not aggressive enough to promote a 
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significant difference in the balance of energy generation.  A good example are the 

incentives promoted by countries like China which have strong aggressive policies 

that allow three years exemption from corporate income tax and 50% reduction for 

an additional 3 years, in addition to 50 percent refund of value added tax (VAT) on 

investments in renewable energy projects.  Other examples are found in France, 

who offers fix feed in tariffs, for up to ten years, for onshore wind power or solar 

generation plants, and bonuses on energy produced by biomass, that can go up to 

0.125 Euros per kWh, on top of the already preferential tariffs offered to green 

producers. (Boekhoudt & Behrendt, 2014).   These are just two examples of many 

incentives offered around the world to clean energy producers, which under the 

current environment of low fossil fuel prices, are absolutely necessary to promote 

and maintain the growth in clean energy production capacity.         

Economic analysis.          

The operation of the Omni Processor® (OP) in México, with full revenue from the 

sale of sludge removal services, electricity, water, and fly ash, was determined to 

be financially feasible with an IRR of 20% in a 6 year investment scenario.  The 

operation was determined feasible, since its  IRR of 20% is higher than the 

discount rate determined for public (10%) and private (14%) projects.   The most 

important variable for the operation of the OP is the production and sales price of 

water, since it represents up to 60 % of the total revenue of the operation.  Sludge 

removal services represents 16 % sale of fly ash 14 %, and sale of electricity at 12 

% of the total revenue of the operation.  For this evaluation the sale of heat was not 

considered as part of the revenue streams, since the possibilities of selling it were 
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considered low under current economic conditions in México.  It should be 

considered however, that the sale of residual heat at even ¼ of its possible 

wholesale sales price, would increase the IRR of the OP from 20% to almost 25%.  

Heat is a byproduct of the operation which could create revenue without any added 

cost, and could be used in applications such absorption cooling devices, which use 

a heat source as energy to drive cooling devices.  Sensibility to changes in the 

sales price of products was also analyzed, and as expected, changes in the sales 

price of water had the most significant effect in the outcome of the IRR.   The 

internal rate of return went from a low of 9% with a sales price of water of 0.38 

Pesos / liter, to a high of 39% with a sales price of 1.71 Pesos / liter.   Changes in 

the sales price of ash were affected from a high IRR of 25% with a sales price of 

1.45 Pesos /kg, to a low of 19% with a sales price of 0.53 Pesos/kg.   Changes in 

the IRR from variations in the sales price of electricity, went from an a high IRR o 

25% with an electricity sales price of 1.71 pesos / kwh, to a low of 19% with an 

electricity sales price of 0.63 Pesos / kWh.  Changes in the IRR from sales of 

sludge removal services changed form a high IRR of 27% with a sales price of 241 

pesos / ton removed, to a low of 10% with a sales price of 88 Pesos / ton removed.   

The OP system can support significant changes in the sales prices of electricity, 

sludge removal services, and ash, but is highly susceptible to changes in the sales 

price of water.  Considering that only 10%  of the sales price of bottle water 

accounts for the actual cost of water,  the addition of a bottling plant to the OP 

operation would significantly improve the IRR  on the investment (Janicki 

Bioenergy, 2015).   Profits from the sales of bottled potable water could 

significantly enhanced the profitability of the operation, since México has the 
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largest consumption of bottled water in the world at 234 liters / person/ year 

(Universidad Nacional Autónoma de México, 2015).  As a comparison, the United 

States, consumption of bottled water per person per year is only 128 liters /person/ 

year (International Bottled Water Association, 2014).  The most important issues 

concerning the investment into a bottling plant attached to the OP Processor would 

be the distance of the potential water consumers, and the associated distribution 

capacity.  Many of the costal areas of México which do not have readily access to 

fresh water would represent ideal opportunities, such as Northern and Southern 

Baja California States, as well as isolated island communities, which due to the 

lack of fresh water and geographical isolation, are currently investing in 

desalinating plants (Peña, Ducci, & Plascencia, 2013).  Densely populated urban 

areas area also a great area of opportunity for the OP operation.  Either as a single 

unit, or as a network of units, large cities provide great opportunities and increased 

revenue due to the economies of scale and the optimized logistics involved in 

setting up multiple operations in a smaller geographical area.   An additional 

market for the OP processor are the on site installations as part of existing water 

treatment plants.  México has an installed water treatment capacity of more than 

97m3/s (LeBlanc et al., 2009) and just México City has a potential sludge 

generation capacity of more than 8.4 Million of m3 per year(Peña et al., 2013).  On 

site installation of the OP at large water treatment plants would eliminate the 

problems of sludge disposal for the plant operators, would decrease the energy 

consumption of the water treatment process, and would add water and ash as 

potential revenues for the operation.       
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Social and health implications 

Currently about one billion people worldwide suffer from water scarcity (The Water 

Project, 2015), about 2.5 billion people don’t have access to adequate bathrooms, 

and more than 500,000 children die every year from diarrhea caused by unsafe 

water and poor sanitation (Wateraid, 2015).  In many developing countries, the 

operation of an OP plant could be strongly driven solely on the health and social 

benefits it creates, even if the return on the investment was marginal. The OP 

processing plant is the ultimate sustainable technology since it tackles a problem 

such as the lack of capacity to process sewage and residual waters, using the 

source of the problem as fuel to produce valuable by-products such as water and 

electricity.   The OP runs itself with the biomass that represents a health hazard, 

does not pollute the environment, and eliminates the health associated issues 

related to untreated residual muds and sewage.  The key to the future of the Omni 

Processor®, lies in the capacity to mass produce the equipment at an affordable 

price, specially considering that it will most likely be utilized in developing 

countries.   
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CONCLUSIONS:! 

México will probably fail on its goal to produce at least 35% of its energy by 2024 

from renewable resources, because the current regulation does not have true 

incentives to promote clean energy production.  If the country wants to promote 

renewable energy production, a true energy reform needs to be implemented 

shortly.   The regulatory and financial operation of the Omni Processor® (OP) S200 

is feasible under current normative and economic parameters evaluated in the 

emerging economy of México.    The full operation of the OP plant, with revenue 

from the collection of residual sludge, sale of water, electricity, and ash, resulted in 

an IRR of 20%.  Increasing revenue by the sales of residual heat, although 

improbable under current economic conditions in México, could increase the IRR to 

25%.  The most profitable by-product of the OP operation is by far the production 

of potable water.   Consequently, the sales price of water is the most sensitive 

variable for the operation of the plant.  Profitability of operation for the OP 

processing plant can be greatly enhanced by the following actions; addition of a 

water bottling plant associated to a strong distributing network; sales of residual 

heat to industrial processes closely located to the plant´s site; increased economy 

of scale obtained by the operation of clusters of plants in densely populated areas; 

and by working with muds and sludges categorized as hazardous residues. The 

future of the OP system, particularly in emerging economies with poor sanitary 

conditions seems bright and secured.  The key to the wide spread use of this 

technology will depend on the capacity to mass produce the equipment at 

affordable prices, the ability to provide the necessary technological skills to the OP 
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users, and the possibility to provide financial aid for the purchasing, 

commissioning, and initial operation of the equipment for one to two years.   

Besides it´s financial benefits, the OP technology provides a technically and 

commercially feasible system of improving the overall sanitary conditions in 

emerging countries, and this is a priceless asset. The OP system provides strong 

evidence of how a technology can be profitable, have a positive social impact, and 

at the same time increase the level of sustainability in our planet.      
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