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Abstract 
This report describes a feasibility study in the broadest sense of the word of rice husk co
firing in a cement kiln of Cementos Pacasmayo in Peru. A (re )design of the production 
processes concerning rice husk utilization has been made and is evaluated on hard and soft 
criteria according the TNO model for closing raw material and waste cycles. The technica!, 
economical, social, environmental and corporate specific dimensions of the project are 
evaluated and integrated into a management advice. 
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Executive summary 
Cementos Pacasmayo is a cement production company situated in the north of Peru. The 
combination of achieving primary business goals and Corporate Social Responsibility 
initiated this project. Abundant availability of the waste product rice husk in the area of the 
cement plant in combination with the favourable characteristics of cement kilns for processing 
alternative fuels, resulted in the following main research question: 

Is it feasible to use rice-husk as an alternative fuel in cement kiln nr.3 in Pacasmayo? 

First an analysis of rice husk availability and combustion properties has been executed. The 
analysis of the potential biomass source shows an abundant availability of rice husk, relative 
close to the cement plant. An average amount of 3350 MT rice husk is available at an average 
distance of 22 km (between 15 and 29km). Rice husk has favourable burning characteristics 
and rice husk ash consists for about 98% of silica, which is a basic mineral for clinker 
formation. 

The methodology used for guiding the multidimensional feasibility study of rice husk co
firing is the TNO model for closing waste/ raw material cycles. This model uses several 
translation steps to translate the evaluation criteria from the different dimensions: technica!, 
economical, social, environmental and corporate specific into a final management advice. 

In the following design phase the evaluation criteria are determined and a (re)design of the 
operational processes concerning rice husk utilisation has been made. A visualisation of the 
evaluation criteria and the translation steps resulting in the management advice can be seen 
below. 

Stage of development and reliability of 
technique 

Technica! 
Reliability rice husk for process control 
Maintain clinker quality 

Feasibility 

Internal logistics space 
Realizability 

NPV 
IRR 

Economie Desirability 

Discounted PB 
Feasibility Definite 

Socioeconomic impact Social 
Decision 

Alternative fuel policy and legislation Feasibility 
Air emissions reduction Environmental 
Substitution of fossil fuels and raw materials Bene fits 
Social responsibility Corporate 

Organizational structure 
Specific Fit 
m 
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The (re)design of the operational processes consists of the following process steps: 

Densifica
tion 

Extemal 
logistics 

Feed 
system 

Intemal 
logistics 

Injection 
system 

The process steps densification and transport are integrated in one solution consisting of a 
truck with a build-in compactation mechanism. Storage is clone in two half-open silo's and the 
rice husk feed system is a pneumatic conveying installation. Injection in the kiln system takes 
place in the precalciner and in the main burner of the cement kiln, substituting 14% of the 
total energy input by rice husk. 

Assessment of the designed processes according to the individual evaluation criteria gives the 
following results: 

Technica! feasibility: 
All process-technical and quality criteria are met and rice husk co-firing is already applied on 
commercial scale in cement plants, which results in a technica! feasible project. 

Economical feasibility: 
The financial indicators show a very attractive and definitely feasible picture with a NPV of 
$2.003.480,-, an IRR of 64% and a discounted payback period of 755 days. 

Social feasibility: 
The socioeconomic indicators show a clear positive result and also the policy and legislative 
parameters are considered feasible. 

Environmental benefits: 
- Reduction of C02 emissions by 14% resulting in a reduction of 32,4 77 MT C02 /year 

- Reduction of S02 emissions by 15% 

- Reduction of NOx emissions by 15% 

- Substitution of fossil fuels by 17% on mass base 
- Substitution of raw materials by 0.01 % on mass base 

Corporate specific fit in: 
Looking at the corporate specific parameters we see that the project lies completely in line 
with company ambition and strategy concerning sustainable development. However, the 
current organizational structure and division of responsibilities conceming altemative fuel 
handling are not adequate for the rice husk co-firing project. 

Evaluation and integration of the above mentioned criteria according the TNO model results 
in the following management advice: 
It is strongly recommended to the management of Cementos Pacasmayo to initiate the project 
as soon as possible. Rice husk co-firing is an excellent way of achieving the primary business 
goals of Cementos Pacasmayo through sustainable development. 
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1. Introduction 

This paper describes the feasibility of the initiative to substitute fossil fuels by rice husk in 
cement kilns in order to contribute to a sustainable cement production process. It was carried 
out under the authority of Cementos Pacasmayo (CPSAA) in Peru as an orientation on the 
worldwide topical subject of replacing fossil fuels by altemative fuels and a review on the 
possibilities for applying these practices in the cement plant of CPSAA in Pacasmayo. 

Rising energy costs and the need to reduce fossil fuel related C02 emissions, which enhance 
the greenhouse effect, result in a significant increase in the use of renewable energy. Biomass 
will be the most important source of renewable energy, because it is the only source of 
renewable carbon (Boerrichter et al, 2004). Biomass can fulfil the energy needs in situations 
where other durable energy sources like wind-, solar- or hydropower cannot be applied, like 
for example in the cement production process. 

A large percentage of the potential worldwide available biomass is generated as an 
agricultural residue and comprises grass and straw materials. Where these residues are 
nowadays generally still seen and treated as biomass waste streams, this potential renewable 
energy source offers environmental and economical benefits. 

The cement industry is because of its energy intensive production process one of the most 
fossil fuel consuming industries. Cement is a hydraulic fine grey powder which sets when 
making contact with water. Clinker is the basic ingredient of cement with a share ranging 
from 30-95%, depending on the type and grade of cement. Clinker burning is the most energy 
consuming, and key process of cement production, which takes account for approximately 
90% of the C02 emissions of cement production. 

In general the cement production process consists of three main steps. First step is to obtain 
and prepare the raw materials and fuels. After this, the raw materials and fuels are injected in 
the cement kiln for the clinker burning process. Finally, in the cement milling process, the 
clinker product is grinded and blended together with some additives to obtain the end
product: cement. 

1.1 Background 

Cement manufacture started in the year 1957 in Pacasmayo, which is a province with a 
population of 26.125 people (SEGECO, 2006) situated in the north of Peru in the region La 
Libertad. La Libertad is a department with a surface area of about 25 923 km 2 ofwhich a big 
part is used for agricultural activities consisting of about 728 km 2 used for the production of 
rice (MINAG, 2006a). The cement plant was strategically situated with regard to raw material 
sources (the limestone and clay quarries) and conveyance to import the necessary fuels. 
Nowadays the fossil fuels are supplied from the port of Salaverry which is situated at 162 
kilometres from the cement plant. Cementos Pacasmayo fulfils an important social function as 
it creates employment (around 550 employees) and stimulates the regional economy. This 
makes it even more important to find a good balance between economy, society and 
environment. The use of rice husk as an altemative fuel can contribute to achieve this balance. 

3 
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Cement, as a key component in concrete, is the basis of much civilisation and serves as the 
"glue" in today's society. It helps people meet their needs for housing, building and much of 
the infrastructure and is with an average annual use of three tonnes for each person on the 
planet, the second most consumed substance on earth (CSI, 2002). Worldwide demand for 
cement is increasing and especially in the developing world, where populations and 
infrastructure needs are growing most rapidly, the demand for cement is growing fastest. 

The enormous worldwide demand for cement and the large energy requirements for 
manufacturing allow the cement industry to consume a wide variety of fossil fuels and 
provide the industry with significant opportunities to look for a substitution by altemative 
fuels. By using altemative fuels the cement industry contributes to the sustainable 
development of society. The use of altemative fuels is increasing rapidly due to restrictions on 
the use of fossil fuels and because of its favourable economics. 

Co-firing of altemative fuels in the industry sector is a well understood and highly developed 
practice in a small number of countries. In these countries it is already applied for decades on 
a large scale and significant amount of fossil fuels are replaced, of up to 83% in the 
Netherlands, which shows the huge potential for co-firing (CSI, 2005b). 

1.2 Research aim and questions 

The aim of the research is to produce through a detailed feasibility study an advice for the use 
of rice-husk as an altemative fuel in the cement kilns of CPSAA in Pacasmayo. 

The problem definition for this research runs as follows: 

1 Is it feasible to use rice-husk as an altemative fuel in cement kiln nr.3 in Pacasmayo? 

To answer this central research question it is required to respond to the following sub
questions: 

./ What are the criteria for feasibility? 

./ How are the criteria translated into a management advice? 

./ Is it technica! feasible to use rice husk in the cement kilns? 

./ Is it economical feasible to use rice husk in the cement kilns? 

./ Is it social feasible to use rice husk in the cement kilns? 

./ What are the environmental benefits of using rice husk in the cement kilns? 

./ What is the corporate specific fit in for using rice husk in the cement kilns of CPSAA? 

4 
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1.3 Justification 

This research gives an evaluation of co-firing rice husk as an altemative fuel in cement kilns, 
and contributes hereby to the growing practice of using altemative fuels as a replacement for 
fossil fuels. 

From an environmental point of view this research contributes to a more sustainable use of 
fossil fuels and hereby reduces the negative environmental impact of producing cement. The 
biggest obstacle for cleaner cement production is C02 emissions. The forecast for C02 

emissions from the global cement industry, when assuming no change in current practices can 
be seen in figure 1-1. 

o Transport Emlssions • Fuel & Elecllicily Emissions • Process Emissions 

Figure 1-1: Projected C02 emissions .from the global cement industry through 2050 
(assuming no change in current practices) (Battelle, 2002) 

It can be seen that contributions of fuel & electricity emissions are considerable and knowing 
that electricity emissions only represent about 5% of the total C02 emissions from cement 
production (Battelle, 2002), it is obvious that exploring the opportunities for the use of 
altemative fuels, including rice husk, has a big potential for cutting back C02 emissions by 
the cement industry. 

From an economical point of view this research contributes to a better economie performance 
of cement production. The energy intensive production process in combination with 
worldwide rising energy costs create the desire to make efficient use of fossil fuels by 
replacing them partly by altemative fuels, which has a positive impact on fuel costs. 
Especially the Kyoto protocol which validated on the 15 of February 2005 offers 

5 
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opportunities for profitable application of biomass co-firing. The corresponding "Clean 
Development Mechanism" (CDM) allows industrialized countries to invest in emission 
reducing projects in development countries by a free market trade of Certified Emission 
Reductions (CER). 

By evaluating a possible cheaper and sustainable way of producing cement the possibilities 
for a win-win situation for industry as well as environment are explored. The cement industry 
is looking for sustainable ways of operating in order to keep the balance between economie 
prosperity, environmental stewardship and social responsibility (Battelle, 2002) 

1.4 Methodology 

The basic methodology used in this study to come to an advice for using alternative fuels has 
been to follow the TNO model for closing waste/ raw material cycles. TNO is an independent 
Dutch organisation which develops, integrates and makes scientific knowledge applicable for 
business and authorities in order to stimulate innovation. The TNO model considers all the 
relevant aspects of feasibility and processes the information from the different dimensions of 
feasibility into a final conclusion for decision making application. It is a proper tool for 
evaluating the feasibility of using the waste product, rice husk, as an alternative fuel in clinker 
burning in order to provide a management advice. 

The aim of this research is to pro vide a management advice for decision making on the use of 
rice husk as an alternative fuel in the clinker burning process and this is why the "definite 
decision" in the TNO framework should be interpreted as a management advice. By using this 
model several translation steps are made to combine a variety of hard and soft criteria into a 
final management advice. 

After an explorative literature- and field study on the cement industry and alternative fuel co
firing characteristics in genera!, a more specific analysis of rice husk and its burning 
properties has been done. In the next step the criteria for evaluation are determined, which 
will be applied to the TNO framework for evaluating the feasibility of the co-firing project. In 
the next step a (re)design of the new (for rice-husk co-firing appropriate) process model was 
made. 

Subsequently, the new co-firing model was evaluated according to the TNO model, which can 
be seen in figure 1-2. The TNO model provides a framework for several translation steps in 
the evaluation process. The technica!, economical and social feasibility, determine the 
realizability of the new design and the realizability on its turn together with the environmental 
benefit determine the desirability for using rice husk in the cement kilns. This desirability to 
use rice husk in the cement production process in combination with the corporate specific fit 
in determine the end-result and final advice ( definite decision in the TNO model) for using 
rice husk as an alternative fuel in the cement kiln of CPSAA. 
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Figure 1-2: TNO model (Bauwens, 2001) 

1.5 Demarcation 

- Technica! feasibillty <· ,, ·· 
K:===I - Economical feasîbilttY 

- Social feasibillty .. 
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This investigation is restricted to the use of rice husk as an altemative fuel in the clinker 
production process by direct co-firing in cement kiln nr.3 of Cementos Pacasmayo. Cement 
kiln nr.3 is the most modem and only kiln with two fuel injection points, located at the 
cement production site of Cementos Pacasmayo in Pacasmayo, and kiln nr.3 also has the 
biggest production capacity installed of all three operational kilns. The investigation will 
restrict to the production of the clinker Type 1, which counts for about 97% of the yearly 
clinker production in kiln nr.3 and is the basic constituent of OPC (Ordinary Portland 
Cementr 
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Part II - Analysis-
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2. Cement industry 

Cement is the key component in concrete and is produced by mixing grinded clinker with, 
different additives like gypsum, fly ash and furnace slag, depending on the sort of cement 
produced. Clinker, the main ingredient of cement, is obtained by heating a precise mix of 
limestone, clay, iron ore and sand in the cement kiln. The raw materials are widely available 
and inexpensive, but are expensive to transport over land, because of their weight. Clinker 
production is the most energy intensive process, which accounts for the biggest environmental 
impact through its energy related and process air emissions. 

The cement industry is no exception on the ongoing globalization of the economy. Global 
cement companies are looking for opportunities, especially in the growing markets in 
developing countries, to expand their market share and increase capacity. The cement industry 
is liable to a consolidation trend which picked up several years ago and it is expected that this 
trend continues in the future (Das, 2005). 

Cement consumption is closely linked to the economie cycle, because demand for cement is 
primarily driven by activity in the construction industry and the construction industry on its 
turn is linked to the economy (Dalen van, 2003). Global cement production is increasing due 
to the rapid growing economy and development of developing countries in the Asia, and Latin 
America region. The annual world cement production grew from 954 million tonnes in 1970 
(Szabó, L., et al. 2004), to over 1.8 billion tonnes by 2005 in more than 150 countries all over 
the world (CSI, 2005b ), showing an uninterrupted and steady growing trend. 

Cement is a homogenous commodity product which is produced in thousands of local plants 
all over the world. The differentiation in the product is limited and there are only a few 
different cement sorts. The different products posses the same properties all over the world 
and generally can be substituted for each other (CSI, 2002). 

The cement industry is one of the most capital intensive industries, which implies that a long 
life time of cement plants is essential for economie performance and exploitation. Investments 
in cement plants are very costly and need to be carefully planned, as they need a long time to 
recover their costs. An indication for the capital costs in the cement industry is that a new 
cement plant usually costs about € 150 M per million tonnes of annual capacity, which can be 
equivalent to about three years of turnover (CEMBUREAU, 1999a). Modem cement plants 
have capacities well in excess of 1 million tons per year in order to exploit economies of scale 
and once built the facilities may last for 50 years. 

Cement production is an energy intensive production process with a low labour intensity. 
Energy costs typically account for 30-40% of the production costs (i.e. excluding capital 
costs) (CEMBUREAU, 1999b) and modem cement plants, where the plant of Cementos 
Pacasmayo is one of, are highly automated and can be manned by less then 200 people (CSI, 
2002). 
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2.1 Peruvian market 

The Peruvian cement market is formed by six companies which divide the market in regions, 
determined by their geographical location. The six companies belong to three bigger 
corporations which serve the market respectively in the north, middle and south of the 
country. In the north the market is dominated by the corporation Hochschild, where Cementos 
Pacasmayo (dominant at the coast and in the highlands ), and Cementos Selva (dominant in 
the jungle) are part of. In the middle of the country the market is dominated by the business 
corporation Rizo-Patrón, where the companies Cementos Lima and Cemento Andino are part 
of. In the south the corporation Rodriguez Banda is dominating the market with Cementos 
Yura and Cementos Sur. The different companies together produce seven sorts of cement for 
the Peruvian market. A geographical overview of the Peruvian cement market is provided in 
appendix A-1, together with the different cement sorts produced by each company in 
appendix A-2. 

The market segmentation by selling numbers is not homogeneous equally divided, because 
the middle part of the country, including metropolis Lima, accounts for the biggest demand. 
The market share in tonnes of product sold of the different companies is shown in figure 2-1. 

Cementos Andino 

Cementos Selva 
3% 

Pacasmayo 
18% 

22% 

Cementos Yura Cementos Sur 
15% 2% 

Figure 2-1: Peruvian cement-market segmentation 2005 (Cementos Pacasmayo, 2005) 

The geographic location and natura! harriers together with the high transport costs of the end 
product protect the different market-regions against competitors and make it hard for 
competitors to penetrate new markets. Cement is expensive to transport over land and the 
weight/ value proportion makes it generally only cost effective to transport cement to a 
limited area of 300km around the cement plant (CSI, 2002). Because of these natura! 
characteristics of the industry, cement plants generally serve local markets and show a limited 
interaction with extemal markets. Exportation costs are high and Cementos Lima is the only 
company which has reached economies of scale in order to make export profitable. 

In the late nineties Cementos Pacasmayo invested to expand the installed capacity of its plant. 
The overcapacity that nowadays is installed in the plant of Cementos Pacasmayo off ers a 
certain flexibility to respond to an increase in intemal or extemal demand. However 
Cementos Pacasmayo has enough overcapacity installed in its cement plant, it does not reach 
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enough advantages of scale to make export profitable. This implies that new investments in 
the production process must recover its costs on the local market. 

2.2 Economie situ.ation and expected developments 

Since years Peru finds itself in a healthy macro-economie situation with a continuous 
economie growth and a low inflation (Cementos Pacasmayo, 2005). Peruvian inflation figures 
are balancing around three percent for years and forecasts by the World Markets Research 
Centre show that the inflation rate for the next years will stay around 3%. 

The overall GDP of Peru shows a stable growth trend as can be seen in figure 2-2. In the same 
figure the GDP of the building sector is plotted against the overall GDP and there can be seen 
as stated before that the cement industry is closely linked to the economie cycle. In periods of 
economie growth the cement industry will be one of the most rapidly growing industries and 
in times of recession the cement industry will shrink fastest (Córdova, 2005). 
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Figure 2-2: GDP Peru (Cementos Pacasmayo, 2005) 

The Peruvian cement sales figures of the last years show a positive growth trend, and a 
complete overview of the last decades can be seen in figure 2-3. 
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Figure 2-3: Salesfigures Peru (Asocem, 2006) 
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Conclusion is that due to the nature of the cement sector in Peru in combination with the 
flourishing macro economie prospects and the cement sales trends from the last years, the 
cement sector has the potential for a long term growth on the internal market. 

2.3 Production process CPSAA 

Depending on the water content of the raw material mixture there are several genera! process
routes distinguished for producing cement. The moisture level of the raw material and the 
related different oven concepts can be classified as a wet -, semi wet -, semi dry -, or dry 
process. An overview of the common processes and sub-processes for all four of these 
process routes is given in figure 2-4. 

Raw 
Mate ria Is 

NllLlnll 
~) •-nal8llals 
em..... 
~ 

Allemative 
(lllc.indlty} _,__ 

Quarrying Raw Materials 
Preparation 

ruei lfandling 

Fuels 

Klln Processing 
Cement 
Milling 

Packlng and 
Dispatch 

Figure 2-4: Processes and system boundaries of cement production (Karstensen, 2006) 

The (re-)design of the production process in CPSAA for co-firing rice husk, proposed in this 
research, only concerns the following process steps: fuel handling, raw materials preparation 
and kiln processing (clinker burning). However, impacts on other processes are also taken 
into account and included in the final report if significant. 

The production process used by CPSAA concerns a dry process and in the next part the 
specific cement production process of CPSAA is described. CPSAA has three cement kilns in 
operation with different characteristics but they all produce the semi-finished product clinker. 
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This research will focus on a feasibility study focus of using rice husk in cement kiln nr.3 of 
Cementos Pacasmayo. The technica! data of kiln nr.3 can be found in appendix B. 

Raw material extraction 

The raw materials which contain the required oxides, like calcium, silicon, aluminium and 
iron, are limestone and clay. CPSAA has its own limestone quarry at a distance of 66 km, 
named "Tembladera" and its own clay quarry named "Cerro Pinturas" at 2 km north of the 
plant. 

The limestone and clay quarries are so called 'open pit' quarries and are developed by 
removing the top layers of the earth to expose the underlying mineral deposit. The limestone 
is extracted and grinded till a maximum size of 4 inches. The extraction of clay is done in the 
same way and is also filtered till a maximum size of 4 inches. 

Two other additives, sand and iron ore, are necessary in the cement production process. These 
additives are denominated "corrective" materials, because the sand complements with its 
special components the lack of silicon in the clay and the iron ore complements lack of iron 
oxide in the limestone and clay. The sand is extracted from the contiguous sand flat and the 
iron ore is purchased from third parties. 

Raw materials transportation and storage 

The extracted raw materials are transported to the plant by trailers and are stored in an open 
air depot from which it will be taken to the raw materials preparation process. 

Raw materials preparation 

From the former mentioned four raw materials, the limestone, the clay, and the iron ore are 
grinded in a mill and afterwards stored in fine material mill hoppers. The sand is directly 
stored in its hopper. 

Those four materials are mixed by a dispensing system in a proportion of 85% limestone, 
10% clay, 3% iron ore and 2% sand and transported by means of a conveyer belt into a hall 
mill. The resulting product of this milling process is called "crude" and is stored in a concrete 
silo. 

Homogenisation 

The "crude" is transported by a pneumatic system to the homogenisation silos with the goal to 
uniform the mixture. The homogenisation silos are big tubular depots, in which in the bottom 
circulates air at a determined pressure, producing a flow of the crude and enhancing the 
intimacy of the mixture. 

When the homogenisation process is finished, the silos unload its content by means of 
overflow in the depot silos for "crude". 

13 



T u Ie teen nlsche universiteit ei m:!hoven 

Heat exchange process 

Before the homogenised "crude" enters into the kiln, it passes through a tower of cyclones, 
which functions as heat exchanger. The hot flue gasses from the kiln conduct its heat to the 
"crude" in counter flow. The des-hydration and des-carbonisation processes take place at a 
temperature of 800-850 °C. 

Fuels transportation, storage and preparation 

In the cement production process, currently, different kinds of coal are used for heating the 
cement kiln, and they are all purchased from third parties. 

A mix of the following coal types is used: 
- Imported Bituminous coal 
- National Bituminous coal; also called "Emboscada" 
- National Anthracite coal 
- National Petcoke 

Bituminous coal is imported and shipped to the harbour of Salaverry, where it is loaded on 
trailers to be transported to the cement plant. The other three coal types are transported to the 
cement plant by trailers from different locations in the country. All four coal types are stored 
in an open air depot with a hopper. From the hopper the coal is lead to a balance, where the 
different coal types are mixed in the right proportion to make one of the two fuel mixes. 
Directly after the mixing the coal mix is fed into the coal mills, where it is grinded to its 
proper fineness, after which the different fuel mixes are stored in their hopper, ready to be fed 
into the cement kiln. 

Fuel injection 

From the hopper with the ready fuel mix, a dispenser doses the fuel in the right amount after 
which the fuel is fed into the cement kiln. In all of the three kilns a fuel mix is injected in the 
main burner and only in kiln 3 a fuel mix is injected in the precalcination point. In both points 
the injected fuel mix is different. The economically cheapest fuel mix injected in the cement 
kiln will be used as baseline case and reference point for the financial viability of the rice 
husk co-firing project. The cheapest coal mix is as follows: 

- Main burner: 11 % Bituminous, 40% Petcoke and 49% Anthracite coal 
- Precalcination point: 75% Bituminous and 25% Emboscada coal is injected. 

Of the total amount of fuel injected in kiln 3 a proportion of 60% is fed in the precalcination 
point, also called flash burner, and 40% is fed into the main burner. Figure 2-5 gives a 
schematic picture of cement kiln nr.3 with its different injection points. The maximum fuel 
injection capacity at the precalcination and main burner point are respectively 9 MTPH 
(Metric Ton Per Hour) and 6 MTPH, due to the balancing equipment. 
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main hurner injection 

Figure 2-5: Schematic picture of cement kiln nr.3 of Cementos Pacasmayo (VITO, 2001) 

Clinker formation 

After the "crude" passed through the heat exchanger it enters into the rotary kiln where the 
sintering ("clinkerisation", e.g. formation of clinker) process takes place. The kiln is a large 
horizontally situated cylinder which rotates around its axis. The horizontal axis of the kiln is 
slightly inclined to allow the materials to slowly move downward through the kiln at a 
predetermined rate. At the end of the kiln the main burner is situated which heats the kiln at 
this part to about 1800-2000 cc in order to maintain material temperatures of about 1450 cc. 
The sintering process itself takes place at a temperature of about 1400-1450 cc (VIT0,2001) 
and the temperature at the beginning of the kiln is about 1000 cc. From a temperature of 
1400-1450 cc the clinker is cooled down rapidly to 100-200 cc after which it is transported 
for storage. The cooling down of the clinker is done as fast as possible in order to prevent 
undesired chemica! reactions to occur. More details about the clinkerisation process and the 
properties of clinker are discussed in paragraph 2.4. 

Cement grinding 

The clinker is milled in a mix with gypsum and other additives in order to obtain different 
kinds of cement with different characteristics. The gypsum is purchased from third parties and 
it has the function to decelerate the hardening process of cement. The milling is done in three 
hall mills and one vertical roll mill. The obtained cement is stored in cement silos in order to 
prevent hydration after which it is dispatched to the customers in bulk by trucks or in bags of 
42,5 kg. 
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2.4 Clinkerisation and clinker properties 

Clinker is a product obtained from mixing raw materials containing, calcium, silicon, 
aluminium, and iron in the right proportion, which upon heating will form the clinker phases. 
Clinker phases are newly formed minerals with hydraulic properties, mainly composed of the 
components CaO, A/20 3 , Si02 and in a lesser extend of Fe20 3 and MgO, which determine 

the properties of cement clinker. More than 95 wt. % of the typel clinker consists of CaO, 
A/20 3 , Si02 and Fe20 3 and in appendix E-3 an overview of the rest of simple oxides and 

elements occurring in cements can be found. 

The main clinker phases appearing in cement are: 

Tri-calcium silicate 3 Cao x Si02 
C3S Alite 

Di-calcium silicate 2 CaO x Si02 
C2S Belite 

Calcium aluminate 3 Cao x A/20 3 
C3A Aluminate 

Calcium aluminium ferrite 4 Cao x A/20 3 x Fe20 3 
C4AF F errite/Brownmillerite 

These phases appear in different elemental compounds. The interaction between the hydraulic 
and latent hydraulic compounds of the CaO-A/20 3 -Si02 system, which produce the most 

important cement phases, can be seen in appendix E-1. 

The production process of the clinker product, in which the clinker phases are formed, can be 
divided into four process-steps, which are described below. A visualization of the temperature 
development can be seen in appendix D-1. 

Drying and preheating 
< 800°C release of free and chemically bound water 

Calcination 
800-900°C 

900 - l 150°C 

1150 - 1200°c 

Calcination, release of C02 , free lime increases and initial reactions 

with formation of clinker minerals and intermediate phases like 
aluminate and ferrite 
Beginning stage of C2S formation by combination of reactive silica 
with Cao 
Increase of small C2S crystals 

Sintering or clinkerisation 
1200 - 1350°C Above 1250°C liquid phase is formed, containing C2S and free CaO 

from C3S 
1350- 1450°C C2S crystals decrease in number and increase in size, C3S crystals 

increase in number and size 
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Cooling 
1450 - 150°C 

Calcium Silicates 

C3A and C4AF are formed and crystallize from the liquid phase, 
lamellar structure appears in C2S 

Four binary phases appear within the Ca0-Si02 system, which are increasingly hydraulic 
with increasing C/S ratio. C3 S and C2S are the main hydraulic calcium silicate phases, which 
occur in different modifications and undergo several phase transformations. The different 
modifications of CS and C3S2 are not hydraulic, and do not occur in Ordinary Portland 
cements. An overview of all the calcium silicate appearances in the process are shown in 
appendix E-2. 

C3S:Alite 

C3S is formed above 1250°C by a reaction of C2S and C and can be metastably maintained 
by rapid cooling of the clinker mixture. Formation of C3S and its polymorph appearances is 
influenced by the presence of other ions. Due to foreign ions and stabilisation, C3 S does not 
have the abilities to incorporate significant amounts of alkalis, where C2S on the other hand 
does posses these abilities (Bensted and Barnes, 2002). The function of C3S in concrete is 
that it hydrates quickly and by this provides early strength. 

C2S:Belite 

C2S occurs in different phases and undergoes several phase transformations in the 
temperature range. C2S has the ability to incorporate a certain amount of alkalis; up to 1.4% 
K20 and 1.4% Na20 can be incorporated at 1500°C and up to 1.2% Li20, 2.2% MgO, 1% 

A/2 0 3 and 1.1 % Fe2 0 3 can be incorporated at 1550°C (Bensted and Barnes, 2002). The 

property of C2S is that is hydrates relatively slow and imparts long term strength to concrete. 

Calcium Aluminates 

From the less important calcium aluminates there exist four binary and one pseudo-binary 
compound in the CaO-A/20 3 system, which can be seen in appendix E-4. In OPC, C3A is 

the only occurring abundant Al containing phase. The other phases only occur in HAC's 
(High Alumina Cements) and are therefore outside the scope of this research. 

C3A:Tricalcium Aluminate 

The different existing polymorph forms of C3A have the property to evoke a highly 
exothermic hydration reaction, which speeds the development of early strength and concrete 
set. 

Calcium Aluminium Ferrites 

The different occurring aluminium ferrites can be seen in appendix E-5. 
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C4AF: Ferrite 

C4AF acts as a flux, which decreases the viscosity and surface tension of the oxide melt and/ 
or reduces the temperature at which the first oxide melt is formed. The function of C4AF is to 
enable C3S formation at lower temperatures by facilitating the transport of reactants. C4AF 
also imparts the grey colour characteristic of OPC. 

2.4.1 Control Tools and Parameters 

There are several methods applied by Cementos Pacasmayo in order to monitor and control 
the clinker buming process as well as clinker quality. Analysis of raw materials, fuels and 
clinker is done by x-ray equipment. The results of these measurements serve as input for 
Bogue-, compositional parameters-, liquid phase-, and RAS calculations. In order to maintain 
a stable clinker production process and guarantee clinker quality these parameters have to be 
kept within acceptance limits. 

X-ray fluorescence (XRF) and x-ray diffraction (XRD) 

The XRF is used to determine the chemical composition of clinker, raw materials and fuels. 
The result is an overview of the wt.% mineral content of Si02 , A/20 3 , Fe20 3 , CaO, MgO, 

K 20, Na20 and S03 present in the analysed material. XRD identifies and quantifies the 

clinker phases in the clinker substances, based on their crystalline atomie structure. XRD also 
determines the free lime content of the clinker, which is together with the results of the XRF 
used to calculate several control parameters. 

Bogue calculation 

Bogue calculation is a tool to approximate the proportions of the clinker phases by a 
calculation method. The Bogue formulas are adjusted according to the own experience of 
Cementos Pacasmayo and the properties of the used raw materials. The calculation assumes 
that the four clinker minerals C3 S, C2S, C3A and C2AF are pure minerals with compositions, 
but because the real clinker phases are not pure and appear in different slightly different 
compounds, the Bogue calculation is only an approximation of the real mineral content. The 
required input data for the calculations is the chemical analysis of the clinker and the free lime 
content, performed by XRF analysis. On the basis of these data a set of calculations is 
executed to approximate the actual proportion of the clinker phases C3S, C2S, C3A and 
C2AF. This computed clinker phase data can be compared with the measured clinker phase 
data, received by the XRD analysis to make control decisions. 

Compositional parameter calculations 

The compositional parameters are a control tool to determine the composition of the clinker as 
well as the kiln feed in the form of raw materials. The following three compositional 
parameters are calculated: 
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cao 
LSF =----------

2.8Si02 + l.l8Al20 3 + 0.65Fe20 3 
- Lime Saturation Factor (2.1) 

LSF is a ratio that controls the potential C3S/ C2S ratio in the finished cement and is because 
of this an important control tool for clinker quality. 

- Sr = Silica ratio 
Si02 Sr=------

Al203 + Fe20 3 
Sr is a ratio that represents the burn ability of the raw mix. 

(2.2) 

- Ar= Alumina ratio Ar= Al20 3 (2.3) 
Fe20 3 

Ar is a ratio that controls the potential C3A/ C4AF ratio which is also important for clinker 
quality. 

Liquid Phase and RAS =Ratio Alkali Sulphur (both calculation) 

The liquid phase is the percentage of liquid raw meal in the production process and is 
determined by a formula. The parameter is used for operational control of the production 
process. The ratio between alkali's and sulphur in the production process is also used for 
process control in order to prevent caking and erosion problems. 

2.4.2 Acceptance limits 

In order to control the production process and guarantee clinker quality the control parameters 
need to be kept within limits. These parameters are distinctive for each specific kiln process, 
depending on kiln characteristics, raw materials and fuels. The restrictions Cementos 
Pacasmayo employs for the important control parameters ofkiln nr.3 are the following: 

Clinker parameter limits: 
101<LSF<103 
Sr < 2.60 
Ar< 1.50 
C3S2'.: 52% 
C3A<9% 
Mg0<3% 
Free Lime :'.S 2% 

Process parameter limits: 
25% :S Liquid phase :S 27% 
0.8 :S RAS :S 1.5 
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2.5 Energy need 

Clinker burning is a very energy intensive production process as a consequence of the high 
temperatures which need to be achieved. The theoretica! energy need for the chemical 
reaction is 1700-1800 MJ/ ton clinker (VITO, 2001). In practice the specific thermal energy 
consumption of dry kilns per ton of clinker varies between 3000 and 4500MJ/ ton 
(CEMBUREAU, 1999). The average energy need of kiln nr.3 of CPSAA for the production 
of one ton clinker is 3546 MJ/ ton clinker, which results in an energy efficiency of 
approximately 50%. 

Historically, the cement industry uses coal to meet the energy needs in order to achieve the 
necessary high temperatures for the clinker burning process, hut also other primary fuels like 
petcoke, oil and gas are used. In CPSAA the energy need is fulfilled by burning a fossil fuel 
mix of three different sorts of coal and petcoke. The average fuel need for producing one ton 
of cement in kiln nr.3 is equivalent to the combustion of 127 kg coal. 

2.6 Environmental performance 

This part of the research gives an overview of the environmental performance of the cement 
industry in general. An analysis of the environmental impact of cement production and 
specifically the clinker burning and fuel handling process is necessary in order to create a 
reference framework for evaluating the effects of co-firing rice husk. The main environmental 
impacts are related to: Dust emission and gaseous atmospheric emissions, other emissions like 
process water and production waste, and natura! resource depletion by fuels and raw materials 
quarrying and consumption. 

2.6.1 Particulate Emissions 

According to the European Integrated Pollution Prevention and Control Bureau, sources of 
dust emissions in the production process result from kiln systems, raw mills, clinker coolers, 
and cement mills (in Marlow and Mansfield, 2002). Dust from cement plants is commonly not 
considered as a toxic emission as the chemical and mineralogical composition of the dust is 
similar to that of natural rocks (CEMBUREAU, 1999a). Nevertheless in the last 20 years dust 
emissions have been reduced considerably and state of the art techniques, make dust 
emissions no longer a technica! problem and are able to reduce emissions to about 0.2-0.3 
g/kg of cement (Bensted and Barnes, 2002). For the individual dust emission sources, 
including the kiln system, technica! equipment like electrostatic precipitators and fabric filters 
ensure very low emission levels, typically below 50mg/nm3 of gas, where they are no longer 
significant (Bensted and Barnes, 2002). 

2.6.2 C02 Emissions 

C02 as the main Green House Gas delivers a significant substitution to man-made global 
warming. Because of the nature of cement production and its high energy needs, the 
production process involves significant C02 emissions. The cement industry as a whole is 

responsible for 5% of global man-made C02 emissions of which 50% originates from the 
calcination of raw materials, 40% from the burning of fuels, 5% from electricity use and 5% 
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from transport of raw materials (Battelle, 2002). Depending on the process and the fuels used 
global C02 emissions for the production of one ton of cement lie hetween 0.73 and 0.99 ton 

C02 (Battelle, 2002). 

For the purpose of this research, electricity use and transport C02 emissions are respected as 
indirect emissions, as these emissions are not owned or controlled by the cement company 
itself. Emissions from the calcination process can only be in:fluenced to a limited extend, hut 
C02 emissions from fuel comhustion show potential for improvement. In the last 25 years a 

reduction of some 30% of C02 emissions has been achieved, mainly because of the strong 
economie incentive to use fuel more efficiently (CEMBUREAU, 1999a). There is little room 
for more efficiency improvements, but suhstituting fossil fuels by altemative fuels shows 
good prospects for reducing co2 emissions. 

2.6.3 Other Emissions Like: NO x, CO, S02 , VOC, Trace metals and PO P's 

NOx emissions 

There are three sources of NOx emissions in the cement production process (CEMBUREAU, 

1999a): 
Thermal NOx: Due to the high temperatures in the cement kiln molecular nitrogen 

is oxidized in the combustion air and NOx is formed. 

Fuel NOx: Formed during comhustion by oxidation of the nitrogen compounds 

contained in the fuel. 
Raw Material NOx: Also raw materials contain certain nitrogen compounds, 

which will be oxidized upon heating. 

Thermal NOx formation is responsihle for the majority of NOx emissions and depends 

strongly on combustion temperatures. Significant amounts of NOx are formed at temperatures 

over 1200°C in an oxidizing environment and above 1400°C a remarkable increase in NOx 

emissions can be seen. This is why a considerable amount of NOx is formed especially in the 

high temperature zones as in the main burner. In the lower temperature zones, as in the 
precalciner, where up to 60% of the total fuel can be humt in th~ calciner flame, NOx 

formation is lower. In general NOx emissions from cement kilns vary between 500 and 2000 

mg/Nm3 (CEMBUREAU, 1999a). 

CO emissions 

Because of the oxidizing environment and the incentive to reach optimum fuel efficiency and 
optimal combustion only a small amount of CO is formed in cement kilns. About 5 - 15% of 
the organic matter is oxidized to CO, which results in genera! CO emissions of 1000 - 2000 
mg/Nm3 and sometimes even exceeding 2000 mg/Nm3 offlue gas (CEMBUREAU, 1999a). 

21 



T u Ie tedrnlsche universiteit eindhoven 

so2 emissions 

Emissions of oxides of sulphur ( SO x ) consist for 99% of sulphur dioxide ( S02 ) (Marlowe 

and Mansfield, 2002). S02 is mainly formed by the oxidation of the sulphides which enter the 
cement kiln in the form of fuels and raw materials. Sulphates are thermally stable till 
temperatures up to 1200°C and they will stay intact until they reach the sintering zone where 
they are decomposed and S02 is formed. However because of the presence of alkalis and 

calcium oxide the S02 will react with those compounds and be chemically incorporated in the 

clinker, with no S02 emissions as a result as such. The sulphides however are decomposed 

and oxidized at temperatures around 400 - 600°C in the preheater zone, at which S02 is 
formed. At these temperatures there is not enough calcium oxide present to neutralize all the 
S02 by which about 30% of the total amount of Sulphide is leaving the preheater as gaseous 

S02 • S02 emissions of cement kilns are generally between 10 and 3.500 mg/ Nm3 
(CEMBUREAU, 1999a). 

VOC (Volatile Organic Compounds) emissions 

Organic compounds are almost completely destroyed by the atmosphere in the cement kiln. It 
is converted into C02 and CO in the presence of 3% excess oxygen. Only a small portion, 
usually less then 1 % of the total organic carbon is emitted as VOC such as hydrocarbons. 
Emission levels of VOC are generally between 10 - 100 mg/Nm3, with few excessive cases 
of up to 500mg/Nm3 (CEMBUREAU, 1999a). 

Trace metals 

The behaviour of metals depends on their volatility characteristics. Non volatile metals, like 
As, Be, Co, Cr, Cu, Mn, Mo, Sb, Se, Te, V and Zn are almost completely retained into the 
clinker and result in an emission much lower than 0.1 % of the metal input. Semi volatile 
metals, like Pb and Cd, are partly to very little retained in the clinker but are precipitated with 
the kiln dust and collected in the filter system. Volatile metals, like Tl and Hg are only 
incorporated into the clinker to a very small extend. Thallium (Tl) is nearly completely 
precipitated in the kiln dust and captured in the filter system, but mercury (Hg) is only partly 
collected in the filter system, which makes that the mercury input with raw materials and fuels 
has to be carefully controlled (CEMBUREAU, 1999a). 

POP's (Persistent Organic Pollutants) 

POP's are unintentionally produced by products which vary in toxicity depending on the 
chemica! structure. Among cement production related POP's are: Dioxins (PCDD's: 
Polychlorinated dibenzo-p-dioxins), Furans (PCDF's: Polychlorinated dibenzo-p-furans), 
PCB's (Polychlorinated Biphenyls), PAH's (Polycyclic Aromatic Hydrocarbons) and HCB 
(Hexachlorobenzene ). 

F ormation of dioxins and furans is the result of many complex chemica! reactions and the 
understanding of the exact reaction chemistry is not complete yet, but dioxins and furans are 
formed when organic material is burnt at low temperatures in the presence of chlorine and 
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oxygen. Burning conditions and process design, like kiln type and feed characteristics, affect 
dioxin and furans formation. Chadbourne shows that test condition averages are highly 
variable, ranging from 0.004 ng TEQ/m3 to nearly 50 ng TEQ/m3 (in Karstensen, 2006). In 
the case of alternative fuels utilization, emissions of dioxins and furans can be monitored 
continuously and industrial experience has shown no increase in these emissions (Bensted and 
Barnes, 2002). 

Experience shows that co-processing of alternative fuels fed into the main burner, kiln inlet or 
precalciner does not seem to influence or change emissions of POP's. Most cement kilns can 
meet emission levels of 0.1 ng TEQ/Nm3 if primary measures are applied (Karstensen, 2006). 

2.6.4 Depletion of non-renewable resources 

The cement industry uses a great deal of fossil energy and raw materials and depends highly 
on the availability of non renewable resources like coal and other raw materials. In general an 
amount of 1.57 tons of raw materials (CEMBUREAU, 1999a) and 1.2 tons of coal 
(CEMBUREAU, 1997) are quarried from the earth and used to produce one ton of clinker. 
Rising cement demand will increase fuel and raw material needs even more for the future and 
put a bigger pressure on the earth's non-renewable resources. 

2.6.5 Quarrying impacts 

The quarrying activities necessary for obtaining the raw materials needed for cement 
production have an impact on landscape aesthetics and biodiversity and determine the local 
environmental quality as well as the quality of life of the communities involved. The quarries 
used by Cementos Pacasmayo are open-pit quarries and in these quarries dust emissions have 
the biggest impact on the environment, followed by water and noise pollution. The quarrying 
is done by blasting technique with all its environmental impacts. The logistics for transporting 
the quarried materials away from the site results in heavy traffic which also counts for a 
significant part of the environmental impact. 

2.6.6 Solid wastes 

The cement production process itself does not result in solid waste emissions, as all the input 
material is lost in the fire or incorporated into the clinker structure. Also the ashes of fossil 
and alternative fuels are incorporated by the clinker product, which leaves no kiln ashes for 
disposal. 

2.6.7 Water discharge 

Water discharge should not be considered as a bigger problem than handling normal domestic 
waste and storm water handling (Bensted and Barnes, 2006). However, attention needs to be 
paid to the aquatic toxicity of stored materials, like fuels and raw materials, including rice 
husk. Leaching from stockpiles should be prevented and rainwater should be collected and 
subsequently treated before drainage to surface water. 
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3. Co-firing alternative fuels 

Keeping the depletion of natura! resources in mind the cement industry needs to become more 
effective on the use of fuels, raw materials and energy. More efficient use of non-renewable 
resources and replacing them by waste or renewable sources are the solution for a sustainable 
future for the cement industry. The cement industry has many opportunities to substitute a 
part of the conventional virgin natura! resources, by waste products from other processes. 
Waste materials used as altemative fuels for co-firing are: animal meal and fat, tires/ rubber, 
used oil, plastics, paper ( sludge ), wood, sewage sludge, solvents, municipal waste and 
agricultural waste. 

The use of biomass as an altemative fuel helps to reduce the carbon footprint of the cement 
industry. Biomass fuels are considered to be C02 neutra! with respect to the greenhouse 

effect, as the C02 released in the combustion process can be compensated by sustainable re

growth. By replacing a part of the fossil fuels with biomass, net C02 emissions as well as 
other emissions relative to fossil fuel and non renewable resource use will reduce. 
Biomass co-firing drives back fossil fuel consumption with a positive effect on the quarrying 
and mining impact as a result. As fuel costs are a significant part of manufacturing costs and 
waste fuels may be less expensive it will also have a positive impact on operation costs. 

The cement industry thanks it potential to recover minerals and energy from altemative fuels 
and raw materials to several favourable cement kiln characteristics. Those characteristics, 
provide the cement industry with the possibility to co-fire a braad variety of altemative fuels. 

3.1 Cement kilo characteristics 

Cement kilns have several favourable characteristics that make them particularly appropriate 
for a safe incineration and valorisation of waste materials as altemative fuels in the clinker 
burning process (CEMBUREAU, 1997): 

High temperatures: The genera! temperatures in the different process parts of the 
kiln are 2,000°C in the flame of the main bumer, 1,450°C in the process material 
and 1,000-1,200 in the precalciner flame 
Long residence time: The residence time of the combustion gasses are 5-10 
seconds at main bumer and > 3 seconds in the precalciner and the residence time 
of the product is 20-30 and up till 60 minutes depending on the length of the kiln. 
Oxidising atmosphere: The oxygen content inside the kiln is 2-3%. 
High thermal inertia: A significant change in kiln temperature in a brief period of 
time is impossible. 
Alkaline environment: Freshly formed lime and other alkaline materials in the kiln 
neutralise the formed acid gasses. 
Continuous fuel supply: There is a continuous need for ( altemative) fuel / energy, 
which can be delivered in the form of waste. 

These kiln characteristics provide the cement industry with the unique ability to safely 
process large amounts of waste in clinker production. The burning conditions: high 
temperature, long residence time, oxidising atmosphere and alkaline environment have the 
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effect that almost all organic and inorganic constituents of fuels and raw materials are 
completely decomposed, neutralised or retained in the clinker, with minimum emissions as a 
result. 

A cement kiln operates according the principle that all mineral input delivered by raw 
materials and fuels is converted into the clinker phases. The clinker burning process in cement 
kilns does not produce residues in the form of ashes which require separate disposal. 
Combustion ashes from natural and altemative fuels as well as raw materials are completely 
incorporated into the clinker structure and provide specific characteristics to the clinker 
product. Additional chemical elements present in raw materials like manganese, phosphorus, 
titanium and heavy metals are also mainly incorporated in the mineral structure of clinker. 
Other elements like alkalis, sulphur and chlorides are volatilized at the high temperatures 
present in the kiln system. Part of these elements will end up in an intemal cycle of 
vaporisation and condensation after which a large part will eventually be incorporated into the 
clinker and leave the kiln and a small part will be carried along with the exhaust gases and 
mainly be captured with the <lust in the de-dusting system (CEMBUREAU, 1999a). 

3.2 Alternative fuel properties 

Altemative fuels must meet quality specifications in the same way as conventional fuels in 
order to be successfully used in a co-firing situation. This means that chemical and physical 
properties of the altemative fuels just as the conventional fuels have to be monitored and 
checked against specifications. 

An analysis of the fuel characteristics in table 3-1 is needed for controlling the co-firing 
process and its emanating emissions. 

Table 3-1: Waste material parameters 

Critica! waste incineration parameters Physical and chemica! properties 

Ultimate analysis C, H, 0, N, H 20, S and ash composition 

Metals Na, K, Cu, V, Ni, Fe, Pb, Hg, Tl, etc. 

Halogens Chlorides, bromides, fluorides 

Heating value MJ or cal/gram 

Solids Size, form and quantity 

Liquids Viscosity, specific gravity and impurities 

Gas es Density and impurities 

Organic portion Percentage 

Special characteristics Corrosiveness, reactivity, flammability 

Toxicity Carcinogenicity, aquatic toxicity, etc. 

(Karstensen, 2006) 
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In order to be useful and justify altemative fuel use, the altemative fuels must add value to the 
product or production process. Among altemative fuel properties there are two main 
characteristics which determine maximum efficiency and usefulness of altemative fuels for 
co-firing (VITO, 2001): 

Heating value (MJ) 
The content of required substitution minerals, which is defined by the CaO, Si02 , 

A/20 3 , Fe20 3 and S03 content 

The European industry is leader in the use of altemative fuels in co-firing situations. A 
number of countries is using altemative fuels for decades and developed a great deal of 
knowledge and experience on the subject. In these countries, altemative fuel co-firing is a 
highly developed and well understood practice. Table 3-2 shows the substitution percentage 
of altemative fuels in different countries in the world, which is an indicator for the level of 
expenence. 

Table 3-2: Genera! alternative fuel substitution percentages by country 

Country or region % Substitution 

N etherlands 83 

Switzerland 47.8 

Austria 46 

Germany 42 

Norway 35 

France 34.1 

Belgium 30 

Sweden 29 

Luxembourg 25 

Czech Republic 24 

EU (prior to expansion in 2004) 12 

Japan 10 

United States 8 

Australia 6 

United Kingdom 6 

(CSL 2005b) 
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With a substitution level of 30%, Belgium belongs to the leading countries in the world in the 
field of co-firing. The Belgian cement industry specifically, has a broad experience of co
firing altemative fuels in cement kilns, and companies substitute 20-50% of the fuel need by 
waste materials (VITO, 2001). In order to prevent product- and process technica! problems 
and control resulting environmental emissions, the following acceptance criteria for 
altemative fuels are applied by the Belgian cement industry: 

Table 3-3: Alternative fuel acceptance criteria 

Cl <6-10% 

s < 3 -10 % 

Halogens < 0.2-2 % 

PCB's < 30 - 50 mg/kg 

Cd < 100 mg/kg 

Hg < 10 mg/kg 

Tl < 100 mg/kg 

Be < 50-100 mg/kg 

As <200mg/kg 

Co < 200 - 400 mg/kg 

Ni < 1.000 - 2.000 mg/kg 

Se < 50-100 mg/kg 

Te < 50 - 100 mg/kg 

Sb < 50-100 mg/kg 

Pb < 1.000-10.000 mg/kg 

Cr < 1.000 - 5 .000 mg/kg 

Cu < 1.000 - 5 .000 mg/kg 

v < 1.000-10.000 mg/kg 

Zn < 5.000-30.000 mg/kg 

(VITO, 2001) 

Input of volatile components such as alkalis, sulphur, chlorine and extreme volatile metals 
such as, mercury and thallium, have to be carefully controlled as they will not be fully 
incorporated in the clinker. These volatile components will end up in an intemal cycle of 
evaporation and condensation, in respectively the hot and relatively colder zones of the kiln 
system. Part of the volatile components will eventually be emitted with the exhaust gasses and 
part will form new compounds like alkali chlorides and alkali sulphates and other 
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intermediate phases like spurrite. Build-up formation of these compounds, in the form of a 
raw meal adhesive, in certain zones of the kiln system affects kiln availability and 
productivity, and gives rise to process operation problems (CEMBUREAU, 1999a). 

3.3 Rice-husk 

Rice husk is an agricultural waste product from rice production in rice mills. Global rice 
paddy (rough harvested grain) production is approximately 600 million tonnes per year (IRRI, 
2007). On average 20% of the rice paddy is husk, also called a husk-to-paddy ratio (HPR) of 
0.2, which results in an approximate worldwide annual rice husk production of 120 million 
tonnes (Bronzeoak, 2003). Research of Beagle shows that the HPR can vary between 0.14 and 
0.27 depending on rice variety, geographical location and rice processing methods (in Kapur, 
1996). The rice mills in the surroundings of Pacasmayo are experiencing a HPR of 0,2. 

This potential altemative energy and raw material source is one of the most under-utilised 
biomass sources and is nowadays mainly humt or dumped as waste, hut has favourable 
characteristics for fossil fuel substitution. A study in 1999 on the basis of an analysis of the 
waste fraction, availability, and the economie and environmental dis-/advantages, showed that 
rice husk is among the agricultural waste products with the most useful energy potential in 
Peru (Assureira, 2002). 

3.3.1 Rice husk availability 

Husk is a waste product of rice production and availability :firstly depends on rice paddy 
cultivation as this is the input for the rice production process. Husk availability is also liable 
to the seasonal pattems of paddy cultivation. Rice husk will be purchased from rice mills, 
which makes geographical location of rice mills is a logistic factor and determines husk 
availability. A third factor which in:fluences availability of the husk are HPR and husk yield 
from the milling process, which are determined by the production characteristics of the rice 
mills. 

Rice paddy production 

The specie of rice cultivated in Peru is the 'oryza sativa' and national rice paddy production in 
2006 was 2,360,196 tonnes (MINAG, 2006b). Pacasmayo is located in the department La 
Libertad and the neighbouring departments with a significant rice production are 
Lambayeque, Ancash and San Martin. In table 3-4 rice production :figures of the different 
departments can be seen. Rice production in Peru is liable to a cyclical pattem, because of 
seasonal in:fluence. Rice paddy harvesting season starts in March and lasts till June, which 
results in a rice milling high season of four months. 
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Table 3-4: Rice husk availability in surroundings of Pacasmayo in 2006 (HPR=0.2) 

Department Rice paddy (MT) Rice husk (MT) 

La Libertad 258,634 51,727 

Lambeyeque 299,658 59,932 

An cash 20,740 4,148 

San Martin 475,018 95,004 

(MINAG, 2006b) 

Rice mill location and husk yield 

Geographical location of potential rice husk suppliers is important because rice husk is a low 
bulk density product, with an average density of 128 kg/m3 (Kapur, 1996), which results in 
high transport costs and makes rice husk availability geographical dependent. Rice processing 
takes place in 471 rice mills ofwhich 70% are situated in the north of the country. 

At an average distance of 22 km from the cement plant in Pacasmayo between km. 15 and 
km. 29 north of Pacasmayo at the Pan-American highway there are 17 rice mills located with 
a total annual rice husk production of 40.216 MT. 

The monthly production characteristics of potential husk suppliers can be seen in table 3-5. 
The big rice mills neutralize the seasonal character of the rice production by trucking in paddy 
rice from other areas in the north of Peru and provide a stable rice husk supply during the 
whole year. 
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Table 3-5: Information about potential husk suppliers in the Pacasmayo region 

Monthly rice Monthly rice Monthly husk Monthly husk 
production in production off production in production off 

Rice mills season (MT) season (MT) season (MT) season (MT) 
Elimar S.R.L. 1400 350 280 70 
El Cholo 1800 1800 360 360 
El Roble 2100 2100 420 420 
Moliagro Chepen 1400 350 280 70 
Milagritos 1050 350 210 70 
San Juan 1050 140 210 28 
Mi Molino SAC 2450 2450 490 490 
San Luis 1400 350 280 70 
El Campesino 1400 350 280 70 
Don Jorge 1050 140 210 28 
Andres 1050 140 210 28 
Sam an 2100 2100 420 420 
Alexander 1750 210 350 42 
Santa Marina 1400 350 280 70 
Santa Catalina 2100 560 420 112 
Pacasmayo 1400 350 280 70 
San Martin 1050 70 210 14 
Total 25950 12160 5190 2432 

3.3.2 Combustion properties 

Combustion properties are determined by the physical and chemica! composition and 
characteristics of rice husk which can be defined by means of Proximate and Ultimate 
analysis. Rice husk mainly consist of organic compounds (cellulose, hemicellulose, lignin) 
and silica, hut the exact composition differs depending on the rice paddy type and climate 
influence. Proximate analysis, performed by standard published procedures (ASTM D3 l 73, 
ASTM 3174 and ASTM 3175), of 10 rice husk samples from different rice mills in the close 
area of Pacasmayo can be found in table 3-6. Results of ultimate analysis, obtained from 
literature review, can also be seen in the same table. 

An advantage of the rice husk is that the particle size is relatively small in comparison with 
other biomass fuels and stays under the particle size of 6,4 mm, mentioned as un upper limit 
by the U.S. Department ofEnergy. 
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Table 3-6: Proximale and ultimate analysis of Peruvian rice husk 

Proximate Analysis As received (average and st.dev.) 

Volatile matter (%) 55.14 ± 1.09 

Fixed carbon (%) 17.17±0.43 

Ash (%) 18.46 ± 1.15 

Humidity (%) 10.94 ± 0.39 

Calorific value (MJ/kg) 14,387 ± 553 

Ultimate Analysis As received 

Carbon(%) 34.61 

Hydro gen (%) 3.79 

Nitrogen (%) 0.44 

Oxygen (%) 41.58 

Sulphur (%) 0.06 

(Assureira, 2002) 

Moisture content 

The moisture content of rice husk is relatively low in comparison with other biomass because 
the rice paddy needs to be dried before it can be processed and the husk can be removed from 
the rice grain. The moisture content however is still higher than the various coal sorts used 
and together with the high oxygen content in the rice husk this causes a significantly lower 
heating value in comparison to the used coal sorts. The low heating value will only partly 
cause a lower flame temperature. The high moisture value lowers flame temperature but the 
high oxygen content does not influence the flame temperature in a negative way (Demirbas, 
2002). 

Volatile matter 

The high content of volatile matter indicates that the compound is easy to ignite and burn, 
which implies a rapid combustion. Care must be taken to control combustion and prevent 
spontaneous combustion in storage or transport systems. Attention needs to be paid to achieve 
complete combustion of the volatile matter in order to prevent pollutant emissions like CO 
and different sorts of hydrocarbons. 
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Ash content 

The rice husk ash content is with a percentage of about 18%, unusually high in comparison to 
other biomass fuels. In order to be able to pronounce more upon the combustion properties a 
chemical analysis of the rice husk ash has been performed. The results are shown in table 3-7. 

Table 3-7: Chemica! analysis rice husk ash 

Compound Rice husk 

Loss On Ignition (1000°C) (%) 57.27 

Si02 (%) 42.08 

K 20 (%) 0.47 

Cao(%) 0.13 

MgO (%) 0.05 

(I'revifzo and Gómez, 2002) 

The ash consists of approximately 98% silica ( Si02 ), which on its turn determines the 

properties of the compound. Depending on the buming technique the type of ash varies 
considerably, but amorphous and crystalline silica are the main appearances. At 550°C -
800°C amorphous silica is formed and at higher temperatures crystalline silica is formed. The 
melting point of rice husk ash is in general about 1440°C (Bronzeoak, 2003). The absence of 
chlorine and the relatively low alkali content in the rice husk limits corrosion and erosion 
concerns and does not raise problems for co-firing applications. 
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Part 111- Design-
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4. Evaluation criteria 

The TNO model provides a framework for evaluating the feasibility of the (re)design of the 
company processes and integrates the results in a final management advice. In this chapter the 
multidimensional key feasibility criteria are determined and made operational. The objective 
is to formulate a set of criteria that complement each other and cover all the dimensions of the 
feasibility study as described in the TNO model. The set of criteria serve as the input 
parameters for the TNO model and determine the "feasibility" of the project. 

4.1 Technical feasibility 

The criteria used to asses the technica! feasibility of the project are determined by literature 
study and interviews with production managers and personnel. 

Stage of development and reliability of technique 

The development of technology passes through different stages, from idea phase till 
application on industry scale. The current stage of development of the conceming technology 
determines its reliability and feasibility for application. We can distinguish the following 
development life cycle phases oftechnology (Bauwens, 2001): 

• Idea phase 
• Design phase 
• Pilot phase 
• Commercial application phase 
• Application on industry scale 

The technology is feasible when it is proven and successfully applied m commercial 
production situations. 

Reliability rice husk for process control 

Important burning characteristics of rice husk are determined by the chemical characteristics 
of rice husk and for being a proper fuel these characteristics need to be reliable and constant. 
For a feasible application of rice husk the standard deviations of the volatile matter, ash 
content, fixed carbon and calorific value, determined by proximate analysis should not exceed 
the standard deviations of the currently used fuels. 

Maintain clinker quality 

The key indicators for stable operation of the cement kiln and obtaining good quality clinker 
are the operational control parameters LSF, Ar and Sr. It is feasible to use rice husk, when all 
three control parameters can be kept within their acceptation limits. Another complementary 
key parameter for controlling clinker quality is the C3S content. This parameter also needs to 
meet its acceptation criteria in order to make rice husk application feasible. 
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Internal logistics space 

The rice husk needs to be handled by the intemal logistic system, which includes storing, pre
processing, feeding and injecting in the kiln system. There needs to be enough space for the 
intemal logistic system at the production site of Pacasmayo in order to be able to facilitate the 
complete process of co-firing. The project is feasible when there are enough square meters 
available for the intemal logistic installation. 

4.2 Economical Feasibility 

The economie feasibility gives an indication of the financial performance and viability of the 
project. The financial performance indicators applied in this project are the Net Present Value 
(NPV), Intemal Rate of Return (IRR) and the discounted Payback period (PB). The 
combination of these three indicators provides a solid basis for investment decision making. 
NPV and IRR both measure a different aspect of the capital profitability of the project. NPV 
measures the change in the net worth of the firm due to the investment decision, discounted to 
its present value, while IRR measures the periodic rate of return for the project's required 
capital investment (Agnes Cheng, 1994). The discounted Payback period adds to the decision 
making by showing the risk factor involved in the investment decision. An explanation of the 
calculation and its acceptance limits follows: 

NPV 

NPV tallies the present value of the net cashflows of the complete project. It is calculated by 
discounting the annual Net Benefits (revenues minus costs) generated from the initial 
investment during the lifetime of the project. The acceptance limit for considering project 
execution is that the project needs to add value to the company which implies: NPV>O. 

IRR 

IRR is defined as the discount rate that makes the project have a zero NPV by a trial-and-error 
process. It is an indicator which shows the interest rate the project will generate annually for 
the company taking the time value of the money over the complete life time of the project into 
account. In general, a project should be considered when it adds value to the company, which 
implies: IRR >cost of capital to the company, also called "hurdle rate". 

Discounted PB 

The discounted PB is the length of time required to recover the initial investment by the 
discounted annual cash flows generated by the investment. It relates the profitability to a time 
frame, which indicates the implied investment risk. The reason for using the discounted and 
not the normal PB is that the project life time is relatively long, why discounting gives better 
results. There are no strict acceptance limits for project acceptance, but the shorter the PB the 
less risk involved in the project. Normal payback periods for biomass co-firing projects in 
coal burners are between 1-8 years (U.S. Department ofEnergy, 2004). 
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4.3 Social Feasibility 

The social feasibility is determined by the impact of intended and unintended social 
consequences invoked by the project during its lifetime and by the policy & legislation on the 
subject of co-firing altemative fuels. The parameters which determine the social feasibility are 
divided into the two groups, socioeconomic impact and policy & legislation. 

4.3.1 Socioeconomic impact 

The aim and objective of the socioeconomic assessment is to identify and mitigate the impact 
of the project during the construction and operation phase on the social system, taking all 
stakeholders into account. The indicators used to assess the socioeconomic impact of co-firing 
rice husk are partially derived from a Health Impact Assessment (HIA) performed by Cook 
and Kemm (2004) from the public health and epidemiology department of the University of 
Birmingham, and partly from an Environmental Impact Assessment performed by SEGECO 
S.A. in order of Cementos Pacasmayo. In the year 2003 Cook and Kemm performed an 
impact assessment to the consequences of co-firing tyres in a cement plant in a small town in 
England, similar to the situation in Pacasmayo and in 2006 SEGECO performed an EIA for 
the construction of a Zine plant in Pacasmayo. For the evaluation of the socioeconomic 
impact parameters, the methodology of a checklist for verification and validation of the 
possible impact parameters has been used. The methodology used for selection and validation 
of the socioeconomic impact parameters is shown in appendix F and the resulting validated 
parameters are shown below in table 4-1. 

Table 4-1: Socioeconomic parameters 

Parameter 

Health Air emissions Particulates 

NOX 

S02 

Trace metals 

Other factors Catastrophic failure 

Husk contact 

Noise 

Sustainability 

Landfill 

Economie Employment 

For determining the impact of the project on the validated parameters a Leopold cause-effect 
matrix is used, which is one of the most applied techniques for evaluating environmental 
impacts. 
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4.3.2 Policy & legislation 

The aim and objective of these parameters is to evaluate and determine the politie and 
legislative environment in which the project is executed. This aspect of the social feasibility is 
not related to the complete project life cycle but only concerns the implementation phase of 
the project, and is evaluated on a national and international basis. The following parameters 
are determined by interviews with executive personnel from the environment as well as the 
social department of Cementos Pacasmayo. Feasibility is determined by answering the 
corresponding research questions. 

Alternative fuel policy & legislation 

What are the policy and legislation restrictions for authorization and practice of (co )-firing 
alternative fuels and does the project complies with those restrictions? 

Industry emission limits 

What are the industry emission limits and does the project meet those limits? 

4.4 Environmental benefits 

The environmental benefits is one of the input parameters in the TNO decision making model 
and are determined by comparing the project emissions to the baseline emissions and 
calculating the environmental profit. Different researches and tests show that biomass co
firing decreases NOx, S02 , C02 , CO (Kwong, 2004) and VOC and PO P's emissions (Ross, 

2002). The criteria used for assessment of the environmental benefits however, are derived 
from a selection and evaluation procedure in order to obtain the for the cement industry 
relevant and significant environmental performance indicators, which can be seen in appendix 
G. 

Air emissions reduction (NO x, 802, C02 ) 

Analysis tumed out that air emissions and specific NOx, S02 and C02 em1ss1ons are 

responsible for the biggest environmental impact of the cement industry and reductions of 
those specific parameters indicate the environmental benefits. 

Substitution of fossil fuels and raw materials 

Extraction and processing of fossil fuels and raw materials has a significant impact on the 
environment and the substitution percentages of these materials by sustainable alternatives 
like rice husk, give an indication of the environmental benefits of the project. 
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4.5 Corporate specific fit in 

The corporate specific fit in is the ultimate input factor in the TNO decision making model 
and is interpreted and defined as the willingness and the ability of the company to fit the 
sustainable processes into the operational management. The parameters which determine the 
corporate specific fit in are corporate social responsibility and organizational structure. 

Corporate social responsibility (CSR) 

Social responsibility is the factor which shows the willingness of the company to invest in the 
development of programs beyond just complying with the legal responsibility. The research 
question to be answered is: What is the degree of social responsibility in Cementos 
Pacasmayo? Indicators are the presence of social- and environmental programs. 

Organizational structure 

The new (re )designed processes need to be fit into the daily operational management and 
organizational structure of the company. The research question is: Is the organizational 
structure appropriate for facilitating the implementation and execution of the project? 
Altemative fuel handling and stakeholder communication are the indicators within the 
organization. 
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5. Process (re )design 

For fitting the new rice husk waste-material flow into the present cement production process a 
design of the new process steps and redesign of existing process steps has been made. The 
three genera! applied processes for thermal conversion of biomass into energy are 
gasification, pyrolysis and combustion. The indirect techniques gasification and pyrolysis of 
rice husk are more complex and only have been demonstrated in bench scale tests 
(Matsumura et al. 2005), direct combustion in co-firing situations on the other hand has 
already been applied on industry scale for example in Colombia. Combustion is the most 
developed and most frequently applied technique because of low cost and high reliability and 
can be regarded as a proven technology (IEA Bioenergy, 2002). 

Because of the beneficia! properties of cement kilns described in paragraph 3 .1, direct co
firing is the most interesting technique to be applied and a (re)design of the cement 
production process according to this principle is presented below. Figure 5-1 shows an 
overview of the complete processes, using rice husk as an altemative fuel and in the rest of 
this chapter the individual process steps are described into more detail. 
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Figure 5-1: Schematic process (re)design 

5.1 External logistics 

Intemal 
logistics 

"_ - -- - -------- ----------- -- -- - ---- ---- --- - - -- - - - - - -- - - - - - - - - - -" 

The extemal logistics actually consists of densification and transport of the rice husk. 
Although in the new design both of these processes are integrated, they are respectively 
described in the following paragraphs. 

Densification 

The low density characteristic of rice husk creates the need for compression and the purpose 
of the densification technique is to increase the bulk density for transport purpose. Generally 
used densification techniques are baling, briquetting and pelleting in increasing order of 
machine complexity and costs. Briquetting and pelleting techniques are more advanced 
processes, requiring more expensive machinery and energy (Werther et al. 2000). The former 
two techniques result in a product with preferable combustion properties and could be used 
for direct firing without pre-processing. However, in the situation of Cementos Pacasmayo the 
rice husk will be co-fired in its original loose form (as described in paragraph 5.5: injection 
system) which is the reason that briquetting and pelleting techniques don't profit from this 
extra advantage. Because the rice husk is co-fired in its loose form and the relatively short 
distance of transport another technique, of transport in a closed trailer with a compression 
system likewise the garbage collection technique, is considered. 

40 



T u Ie ted1nische universiteit eindi"lcven 

The garbage collection system has several advantages over the other techniques because it 
does not require a statie machine which needs to be installed near the rice mill and occupies 
land, which makes rice husk collection flexible and less rice mill dependent. Another 
advantage is that after transport to the plant of Cementos Pacasmayo it does not require 
special pre-processing equipment for milling or crushing the bales into the rice husks original 
loose form. According to information from a potential supplier, the technique reaches a 
densification ratio of 1,45:1 which results in a bulk density of 186 kg/m3. 

Transport 

The transport of the rice husk needs to take place over an average distance of 22 km along the 
Pan-American Highway for which truck transportation is the optimal means of transport. The 
purpose is to maximize truckload within the maximum permitted legal dimensions of 2.6m 
width, 4.6m height and 20.5m long and a maximum weight of 48 MT (Ministerio de 
Transportes, 2003). The previous mentioned dimensions are the maximum dimensions of the 
complete transport combination consisting of truck, trailer and cargo. For being able to 
achieve maximum transport efficiency and reach maximum truck load a specific, for rice husk 
transport, design for truck and trailer has been made in çoordination with a transport 
engineering agency. Maximizing truckload means maximizing volume capacity, which results 
in a trailer with a capacity of 80 m3 with the before mentioned densification mechanism built
in. With this system the achieved truck load is 15 MT of rice husk. 

5.2 Internal Iogistics 

In the following paragraphs the intemal rice husk handling system will be described of which 
a visualization of the flow diagram is presented in figure 5-2 . 
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Figure 5-2: Design, of the rice husk handling internal logistic system 
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Storage 
Like all incoming materials the quality of the rice husk is analyzed and approved for entering 
in the production process. During this analysis the rice husk is kept in an open air depot next 
to the storage silo. After approval the husk is picked up by a vacuum sweeper and transported 
by a tube system into the actual storage silo. 

In the design of the storage facility attention should be paid to maximum use of scarce space 
on the production site of Cementos Pacasmayo. 

Another issue which has been taken into account in the design of the storage facility are the 
self-heating and spontaneous combustion properties of biomass. Experimental research of 
various biomass sources has proven that moisture level is the most important factor initiating 
self-heating and that self heating does not or only slowly initiates at moisture levels below 
20%, depending on the sort of material. For different types of grass a moisture level of 12.5% 
is needed for self-heating to initiate and other materials like sawdust and woodchips need a 
moisture level of 25% (Loekemeijer, 2004). Moderate self-heating activity will not cause any 
problem if the temperature increase is limited. For self heating to convert into spontaneous 
combustion, specific conditions of temperature, oxygen reactivity, atmospheric humidity, 
homogeneity, particle size and micro organisms need to be met (Gast et al. 2004). There are 
no problems expected concerning self heating or ignition of rice husk as the moisture level is 
below 12,5%. 

Besides material properties, storage conditions play an important role in the prevention of 
self-heating. Aspects which are taken into account in the design of the storage facility in order 
to determine the storage conditions are: geometry of the facility, amount/time of storage, and 
climate control. The objective is to design a storage facility which occupies a minimum of 
space on the production site of Cementos Pacasmayo, delivers an optimal product for the 
production process and reduces risk of spontaneous combustion. Tuis is translated in the 
following criteria: 

• Minimum m2 of production site surface 
• Minimum moisture content of rice husk 
• Safety 

The most efficient way of using the available space is by maximum use of the dimension 
height, which can be achieved by storage in a silo with a minimal diameter and maximal 
height. Short lead-times and continuous husk availability enable a relative low stock level. 
The fact that rice husk is used as a flexible fuel and changes in amount of husk fed into the 
cement kiln can easily be compensated by coal, means that a safety stock in not necessary. 
The arguments mentioned above result in need for a relative small storage volume. A storage 
volume of one production day is sufficient for providing a continuous and reliable kiln 
supply. 

From a moisture point of view the optimal solution is to store the rice husk in a half-open silo. 
Hereby, moisture level of rice husk is minimized as condensation fluid can escape, which 
prevents development of local moisture spots within the biomass. 
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Although self-heating is very unlikely to occur, according to the safety guidelines and criteria 
fonnulated by KEMA (2007), it is advised to install a self-heating detection system. 
Temperature as well as gas/smoke detection systems are recommended as well as the 
installation of a fire extinguishing system on the basis of carbon acid or nitrogen. However, 
because these are recommendations, and the analysis showed no in the economical analysis of 
the project these 

Feed system 

Intemal transport of rice husk is done by a pneumatic transport system. Pneumatic transport is 
an efficient manner of transporting volatile granular and powder materials avoiding contact 
with the environment and conclusive environmental emissions, like dust. 
For kiln feeding the rice husk is pneumatically conveyed from the storage silo to the cement 
kiln and blended with the pulverised coal prior to being injected by the existing injection 
points. 

Injection system 

The rice husk will be injected in the precalciner at the beginning of the cement kiln and in the 
main burner. Extensive tests and demonstrations by the U.S. Department of Energy, have 
confinned that biomass co-firing of up to 15% of the energy input with only feed intake 
system and burner modifications. Other tests and practice of biomass co-firing have resulted 
in successful co-firing percentages of 20% (Demirbas, 2002) and even 30% of the energy 
input has been achieved without serious problems (IEA Bioenergy, 2006). Research by 
Werther et al. in 2006 also states that co-firing percentages of 30% of the energy input by 
straw (incl. rice husk) have been achieved without problems. 

On the basis of the presented research, co-firing of the relative dry rice husk in the main 
burner of cement kilns will be possible without problems up to a co-firing percentage of 20% 
of the total heat input. 

Co-firing of biomass in cyclone bumers, which the precalciner is one of, on the other hand 
has been successfully tested in several situations at co-firing percentages of up to 10% of the 
heat input without problems (EPRI, 2001). Ten percent rice husk is therefore seen as a safe 
and feasible substitution percentage for the precalciner injection point which because of the 
relative small particle size of rice husk requires only minor modifications to the burner 
system. 

Because 60% of the energy is fed into the precalciner point and 40% into the main burner, 
total co-firing percentage of the complete cement kiln reaches 14% substitution on energy 
basis by rice husk. For delivering this amount of energy, an average of 1988 MT/month of 
rice husk will be injected into the kiln system. 
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Part IV - Evaluation-
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6. The TNO model 

The redesign is assessed by applying the feasibility criteria to the TNO framework and in this 
chapter all the input factors are evaluated and integrated. 

6.1 Technical feasibility 

The technica! feasibility criteria are so called "hard" criteria, which in this case means that 
there are strict acceptation criteria determined for each parameter. Evaluation of each 
individual parameter results in a binary conclusion; Feasible or Not Feasible. 

6.1.1 Stage of development and reliability of technique 

Co-firing of biomass has been demonstrated technically and is in commercial operation in a 
number oflarge coal-fired boilers in the world. The technology of biomass co-firing has been 
demonstrated at commercial scales in essentially every boiler type, combined with every 
commercially significant major category of biomass (Baxter, 2005). Co-firing of altemative 
fuels in cement kilns is a practice which has been applied by several countries for about 
almost 30 years. Constant development of this practice results in the relatively high 
substitution percentages nowadays, as can be seen in table 3-2. Co-firing of rice husk 
specifically in cement kilns is also successfully applied at commercial scale, in for example 
Colombia. 

Conclusion is that rice husk co-firing is applied on commercial scale (even in cement kilns) 
which makes the practice Feasible for application in Pacasmayo. 

6.1.2 Reliability rice husk for process control 

The standard deviations of the currently used fuels and rice husk are shown in table 6-1 
below. The data from the rice husk are retrieved by samples of 10 different rice mills and the 
data of the coals by the monthly averages of a complete year. 

Table 6-1: Standard deviations of current fuels and rice husk 

Humidity Volatile matter Ash content Fixed carbon calorific value 
Fuel % % % % MJ/Kg 

Bituminous 1,12 2,17 0,35 3,15 946 
Emboscada 0,2 0,16 0,74 0,81 194 
Petcoke 0,45 0,23 0,49 0,51 289 
Anthracite 0,54 0,42 2,67 2,55 1016 
Rice husk 0,39 * 1,09 1,14 0,43 553 
* For evaluation of the humidity of rice husk only the samples directly taken from the 

output of the rice milling process are taken into account in order to eliminate storage 
influences. 

Standard deviations of rice husk conceming humidity, volatile matter, ash content, fixed 
carbon and calorific value are lower than the maximum standard deviations of the recently 
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used coals. This means that the content of rice husk is reliable enough to be used in the 
clinker burning process. 

Concluding from standard deviation analysis shows that rice husk deviation is lower than the 
highest value for the other fuels, which makes rice husk application Feasible. 

6.1.3 Maintain clinker quality 

Results of simulation in Excel® show that the control parameters LSF, Ar and Sr can all be 
kept at their optimal points within the acceptation range of respectively: 

LSF= 102 
Ar= 2.4 
Sr= 1.45 

The same simulation shows only a minor decrease in C3S from the initial value in the 
baseline case of 69.74% to 69.45% in the rice husk project case. The small decrease is rather 
insignificant for meeting the acceptation criteria of C3S ~ 52%. All four of the control 
parameters are kept within acceptation limits without any problem, which guarantees that 
achieving clinker quality is Feasible with the use of rice husk as an altemative fuel. 

6.1.4 Internal logistics space 

The minimum space necessary for the designed husk handling and storage system is 
deterrnined at 200rn2. Consisting of the space for a depot for at least the content of one full 
truck load of rice husk which is in the acceptance and analysis process, and the space for two 
storage silo's of 250m3. Analysis of the floor plan of the cement plant shows a free area of 
about 750 rn2 which could be used for rice husk handling and storage. A visualization of the 
potential location of the rice husk operation and processing can be seen in appendix J, where 
the available space for the rice husk installation is marked with a red rectangle in the plant 
floor plan. 

Conclusion is that there is more than three times the minimum required space available which 
makes rice husk firing Feasible. 

6.1.5 Conclusion technical feasibility 

In order for the project to be feasible, all of the technica! parameters need to comply with the 
acceptation criteria. Co-firing of biomass and rice husk specifically has been demonstrated on 
commercial scale. Analysis shows that rice husk is a reliable product which meets fuel quality 
requirements. Calculation and simulation show that rice husk can be applied as a fuel in 
cement kilns, meeting process and clinker quality requirements. Rice husk co-firing in cement 
kilns is technically a feasible practice. 
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6.2 Economical feasibility 

The financial performance of the rice husk co-firing project is compared with the baseline 
case, which is the operational configuration with the cheapest fuel mix. F or an honest 
economical analysis the rice husk will substitute the cheapest fossil fuel, which is the 
"Emboscada" coal as can be seen in appendix K-3. 

The financial cost estimations are a combination of advice from professionals and indicators 
from literature study. The extensive cost and benefit estimations can be found in appendix K 
and other macroeconomic indicators are shown in table 6-2 below. 

Table 6-2: Predictions of long termfuture macroeconomic indicators 

Inflation 2% /year 
Exchange rate 0,9% /year 

Discount rate 17% /year 
(BCRP, 2007) 

At the moment the price of rice husk is relatively low and in some cases even for free, 
because it is seen as a waste product. Current price is estimated at S/. 7.5 nuevos soles, but it 
is difficult to make predictions about future price developments. In order to give insight in the 
influence of rice husk price on the feasibility of the project, a sensitivity analysis is performed 
in paragraph 6.2.4. 

Processing of the financial information results in the cash flow diagram shown on the next 
page in table 6-3. 

The agreements as stated in the Kyoto protocol and its corresponding mechanisms are valid 
until the year 2012. This implies that revenues from sales of the created CER's are only 
certain until the year 2012 and for the new period after 2012 new agreements still need to be 
made by the participating parties. This is why in the financial analysis of the project, CER 
creation and sales have only been accounted until the year 2012. 
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Table 6-3: Cashflow in project case 

YearO Yearl Year2 Year3 Year4 Year5 Year6 Year7 Year8 Year9 YearlO Yearll 
REVENEUS 
Savings $438.272,45 $451.061,24 $464.223,21 $477.769,24 $491.710,55 $506.058,66 $520.825,46 $536.023, 14 $551.664,30 $567.761,86 $584.329,15 
CER's $262.151 $264.511 $266.891 $269.293 

Subtotal $438.272 $713.213 $728.734 $744.661 $761.004 $506.059 $520.825 $536.023 $551.664 $567.762 $584.329 

COSTS 
Investment costs $846.420 
Registration DOE $15.000 
Validation DOE $17.500 
Verification DOE $20.000 $8.577 $8.654 $8.732 $8.810 $8.889 
Others DOE 
( visits, trips) $10.000 $10.292 $10.592 $10.901 $11.219 $11.547 

Subtotal $908.920 $18.868 $19.246 $19.633 $20.029 $20.436 

Cash flow -$908.920 $419.404 $693.967 $709.101 $724.631 $740.568 $506.059 $520.825 $536.023 $551.664 $567.762 $584.329 
NPV Cash flow -$908.920 $358.465 $506.952 $442.742 $386.699 $337.781 $197.281 $173.537 $152.650 $134.277 $118.116 $103.899 
Cumulated 
cash flow -$908.920 -$550.455 -$43.502 $399.239 $785.939 

~~., 
$1.123.720 $1.321.001 $1.494.538 $1.647.188 $1.781.465 $1.899.581 $2.003.480 
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6.2.1 NPV 

The formula for calculating the NPV runs as follows: 

NPV = I c~ -CF. 
t=I (1 + Ï)1 

O 

t= year of the cash flow 
n= total time of the project in years 
i= discount rate 
c~ = net cash flow at year t 

CF0 = net cash flow at year 0 

Resulting in a NPV of $2.003.480,- which is significantly above the minimal acceptance 
criteria of zero and makes the project Feasible. On the basis of NPV the project should be 
implemented. 

6.2.2 IRR 

The IRR is obtained by putting the formula of the NPV to zero. In an iterative process the IRR 
is now be obtained, resulting in an IRR of 64%. This is far above the hurdle rate of 17% and 
on the basis of IRR the project should definitely be implemented. 

6.2.3 Discounted PB 

The discounted payback period is calculated to be 755 days. This is a relative short period of 
time comparing with general payback periods in similar projects between 1 and 8 years. Also 
the two year payback period is amply within the secure period of CER revenues, which makes 
the project independent of future CER legislation after the year 2012. Hereby risk is minimal 
and on the basis of the discounted PB, the project is feasible. 

6.2.4 Sensitivity analysis 

Price of rice husk will be difficult to control and in order to give insight in the influence of 
rice husk costs on the financial project performance a sensitivity analysis is performed. 
Because of the uncertainty of rice husk prices development in the future, a sensitivity analysis 
is performed in order determine rice husk price variation on the financial performance of the 
project. The financial parameters are calculated according the scenario where rice husk price 
is duplicated from S/. 7.5 to S/.15, - nuevos soles. 

Doubling of rice husk price results in the following financial project performance: 

NPV= $1.598.064,
IRR= 55% 
Discounted PB= 871 days 
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6.2.5 Conclusion Economie Feasibility 

The individual economie parameters NPV and IRR meet their acceptance criteria by far, and 
the Discounted Payback period also gives a feasible outcome. Looking at the combination of 
the financial performance indicators it can be concluded that the project is financially very 
attractive and definitely feasible, with a good return on the investment and relatively low risk. 
The sensitivity analysis shows that the project is rather insensitive to a rice husk price raise 
and still shows very good financial indicators. A duplication of the rice husk price still shows 
a very healthy financial situation and without doubt it is advised to implement the project as it 
adequately satisfies the stated acceptance criteria. Conclusion is that the project consists of a 
solid financial basis and rice husk price changes can be absorbed without problems. 

6.3 Social feasibility 

6.3.1 Socioeconomic impact 

The socioeconomic impact parameters are the direct result from the change in the fuel 
composition. The impacts on the individual parameters are described below, after which the 
individual parameters are applied in the Leopold matrix. 

Particulates 

Research by K wong et al. (2004) shows that particulate emissions from rice husk co-firing are 
expected to decrease. At the point of 14% energy substitution the particulate emission 
reduction is around 5%. This change is rather insignificant because of the existing particulate 
emission control techniques like the bag-house. Particulate emissions from rice husk handling 
and transport are minimal because of the process design with its pneumatic transport system. 
Total fuel handling emissions will decrease thanks to reduced coal milling activities. 

Estimations on NOx emissions are expected to decrease with 15% as argued in paragraph 

6.5.3, resulting in health benefit. 

Estimations on S02 emissions are expected to decrease between 10 and 15% as argued in 
paragraph 6.5.2, resulting in health benefit. 

Trace metals 

An indication of the role of trace metals is given by combining trace metal analysis of rice 
husk (Cuiping, 2002), coal in genera! (Theunis, 2003) and the acceptation criteria applied by 
the Belgium cement industry (VITO, 2001) in table 6-4, which can be seen below. 
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Table 6-4: Trace metal content of rice husk and coal 

Rice husk Co al Acceptation criteria 
Trace elements mg/kg mg/kg mg/kg 
As 5.327 ± 4.900 1.4 - 18.5 <200 
Ba 72.1946 ± 36.9716 
Cd 0.9206 ± 1.0268 0.05 - 0.73 <100 
Co 0.750 ± 0.242 3.2 - 8 <200-400 
Cr 7.20 ± 4.30 7.4 - 40 <1000-5000 
Cu 15.792 ± 9.510 8.8 - 16.9 <1000-5000 
Mn 1051.4858 ± 394.1487 19 - 200 
Mo 2.147 ± 1.360 
Ni 6.737 ± 9.841 7.3 - 40.5 <1000-2000 
Pb 25.01±23.68 4.8 - 32 <1000-10000 
Ti 38.61±20.93 
v 1.786 ± 0.909 14.8 - 43 <1000-10000 
Zn 96.998 ± 96.417 3.2 - 85 <5000-30000 

The difference between trace metal content of rice husk and coal is relatively insignificant 
when comparing them with the acceptation criteria as stated by the Belgium cement industry. 
All of the elements present in coal and rice husk are non-volatile and semi-volatile trace 
metals and from previous research it can be seen that those groups of metals do not affect kiln 
emissions. On the basis of the insignificant change of trace metals in the fuels and the absence 
of volatile metals it can be concluded that health effects are unlikely. 

Catastrophic failure 

The plant of Cementos Pacasmayo is a modem operated plant, complying with all safety 
regulations. There is no change expected in threat for fire, explosion or any other catastrophic 
failure when using rice husk in the cement production process. Rice husk is easier to ignite 
than coal but proper and adequate measures are taken to diminish and prevent accidents, like 
spontaneous combustion. There is no significant safety threat influencing the assessment. 

Husk contact 

Direct contact of the skin with rice husk can give a light allergie reaction, but proper measures 
like gloves and protective clothing can prevent this irritation. However, in rice mills workers 
are working without this protection and no health problems are observed. Direct contact with 
rice husk will be minimal because of the design of the new production system and transport 
by a pneumatic system. 

Noise 

The rice husk intemal transport system and especially the blowers will generate a new source 
of noise on the production site. However this will be compensated by a reduced noise from 
coal movement and coal milling. Noise levels have not been thoroughly investigated, but 
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when noise pollution turns out to be a problem, adequate measurements like isolation can be 
taken at the source of the problem. Another source of noise pollution will be the around 250 
truck movements per month (around 9 a day) from rice mill to cement plant and vice versa, 
however in relation with the enormous traffic at the Pan-American highway this is a rather 
insignificant amount. Resulting in the expectation that noise effects hardly in:fluence the 
assessment. 

Sustainability 

The use of the energetic value of rice husk, which is a waste product, as a replacement of coal 
is a sustainable practice. Rice husk (biomass) is supposed to be C02 neutral which means that 

the C02 released by its combustion is withdrawn from the ecosystem during the life of the 
crops. This sustainable cycle prevents other disposal methods like landfill and field burning, 
which are a loss of energy. By replacing rice husk by coal, fossil C02 emissions are 
prevented by closing material/waste cycles. The rice husk transport on the other hand id not 
sustainable for its direct surrounding, but because distance between rice husk source and 
application area can be kept relatively small (average 22km) impact is minimized. 

Employment 

The new production system requires a workforce of nine operators for twenty-four hours 
material handling. This results in a minor increase of 1.65% employment in relation with the 
complete workforce of workmen and employees. 

6.3.2 Conclusion from Leopold matrix 

Evaluation and analysis of the relevant socioeconomic impact parameters integrated in the 
Leopold matrix, which can be seen in appendix F-3, results in a overall positive 
socioeconomic impact. Although the sum of the number of negative impacts (#9) is higher 
then the sum of the number of positive impacts (#7), the overall result of the Leopold matrix 
is positive (#19). Explanation for these results is that the combustion of the rice husk itself 
compensates for the little negative impacts of the other processes like rice husk handling and 
transport. 

6.3.3 Policy & legislation 

In this paragraph distinction is made between national and international policy & legislation 
on the field of alternative fuel use and industry emission limits (national and international), 
which are treated subsequently below. 

National policy & legislation 

For co-firing alternative fuels in Peru, authorization from DIGESA (General Health and 
Environment Directive) is needed. The law for solid residues (Law No. 27314), regulates 
under regulation D.S. No. 057-2004-PCM, safe and environmental friendly waste 
management and attributes to sustainable development (DIGESA, 2004). Co-firing rice husk 
attributes to the objective of this law by minimizing environmental and health impacts and 
there are no problems expected concerning authorization of the developed practice. CONAM 
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(National Council of the Environment) is the supervising authority and needs to be involved 
and informed about the co-firing practice. The actual control will be done by an EPS-RS, 
which is a by the ministry of health recognized service provider, whose task it is to control 
and take responsibility for the co-firing process. 

International policy & legislation 

The creation of CER' s according to the Clean Development Mechanism is an important part 
of the financial viability of the project and is bound to strict rules and procedures. The project 
complies with the restrictions as stated by the ACM0003 (see appendix H), which is a 
methodology for accreditation of CER's when co-firing alternative fuels in cement kilns. The 
policy of verification, validation and accreditation will be done according to this model and a 
simplified process path for generation of the CER's is described in figure 6-1. 

Project 
develOJ?l!ll~; 

(P.CtDlj.J' 
ValidatiorJ.; 

Figure 6-1: Accreditation methodology 

Follow up 
evaluatlon /.>>-/,, 

CERrelease 

After development of the Project Design Document (P.D.D.) by the participants, the process 
of validation, verification and certification needs be done by one or more Designated 
Operational Entity's (DOE's). A DOE is an authorized organization which monitors and 
guides the accreditation process and is responsible for reporting to the Executive Board, 
which on its turn will decide for accreditation and recommend this to the COP/MOP where 
the accreditation policy comes to an end by the actual release of the CER's. 

Conclusion is that the only international policy and legislation concerning this project is the 
CER accreditation, which can be done according an established methodology with determined 
restrictions, which are all satisfied by the rice husk firing project. Apart from the time frame 
for the accreditation process, which is estimated at 10 months, there are no problems expected 
for feasibility of rice husk co-firing respective international policy and legislation. 

Emission limits (national and international) 

There are neither international nor national determined industry emission limits with the 
exception of the national emission limit for Particulate Matters (PM), of which the PM-10 
emission limit for existing plants is established at 250 mg/m3. Particulate emissions do not 
form any problem in rice husk combustion as was stated already in paragraph 6.3.1.1. 

In Peru however, air quality is guaranteed in the national regulation of air quality (D.S. No. 
074-2001-PCM). In this document air quality standards are determined which apply to the air 
in the environment in general and thus also in the air surrounding the cement plant. In practice 
this results in measurements of the air in the wind before the cement plant, and after the 
cement plant. In this way pollution is calculated and air quality is guaranteed. There are no 
pro blems expected as research has shown that all relevant emissions decrease. 

An overview of the policy and legislative parameters is shown in table 6-5. 
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Table 6-5: Policy and /egislative parameters 

Parameter National International 
Altemative fuel policy - Co-firing authorization required - CER accreditation 
& legislation from DIGESA (Feasible) ACM0003 restrictions 

- Regulation for solid residues (D.S. (Feasible) 
No. 057-2004-PCM) (Feasible) 

lndustry emission - Emission limit: PM-10 < 250 mg/m3 
limits (Feasible) 

- Regulation for quality air standards 
(D.S. No. 074-2001-PCM) (Feasible) 

6.3.4 Conclusion social feasibility 

Analysis of the Leopold matrix shows clearly the socioeconomic advantages of the project 
assigned to the different project processes, resulting in an overall positive result conceming 
all stakeholders. Analysis of the policy and legislative parameters show no problem for 
application of the co-firing process, except for the time involved in the process. However, the 
time factor is taken into account in the financial feasibility study and therefore is not 
considered a problem. Rice husk co-firing complies with all the policy and legislative criteria, 
and the project will be executed according to certain protocols. Conclusion is that rice husk 
co-firing is socially feasible in Peru. 

6.4 Realizability 

The realizability of the rice husk co-firing project is determined by the technical, economical 
and social feasibility as can be seen in the TNO model. The project is considered to be 
realizable if all three input parameters, technical, economical and social feasibility score 
positive on their evaluation criteria. Analysis and evaluation performed in paragraphs 6.1 - 6.3 
show that those criteria are met and the project is technical, economical and social feasible. lt 
can be concluded that rice husk co-firing is definitely realizable. 

6.5 Environmental benefits 

lnfluence of rice husk co-firing on pollutant em1ss1ons are kiln specific and co-firing 
environment dependent. For determining the environmental benefits only direct emissions 
from fuel combustion are taken into account. Different tests all result in a decrease of 
pollutant emissions, including S02 , NOx and C02 • Reductions of S02 and NOx emission 

are estimated by analysis and evaluation of test results described in literature and C02 

reduction is calculated according the CER accreditation calculations required by the CDM of 
the UNFCCC (United Nations Framework Convention on Climate Change). 
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Carbon dioxide ( C02 ) 

Biomass is seen as a C02 neutral fuel as C02 emissions from combustion are accumulated 

during the life of the crops. Reduction of C02 emissions are calculated according the Clean 
Development Mechanism of the UNFCCC as described in CDM (2006), taking only the direct 
emissions into account. The applied emission factor for C02 reduction from energy savings 

by replacement of bituminous coal is 94.6 kg C02 /GJ, which is the default emission factor 
from IPCC (Intergovernmental Panel on Climate Change). This is an organization who 
publishes reports related to the implementation of UNFCCC projects. Result of the 
calculations is a reduction in C02 emissions of 32,477 MT C02 per year. 

Sulphur dioxide ( S02 ) 

The relatively low sulphur content of rice husk in comparison with the different coal sorts 
( approximately 10% of the sulphur of coal), lowers S02 emissions. Research by K wong et al. 
(2004) on rice husk co-firing in a test facility shows that co-firing 14% of the total energy 
input by rice husk results in an estimated reduction of 15% of the S02 emissions per energy 
output as can be seen in appendix I-1.. 

Nitrogen oxides ( NOx) 

NOx emissions are reduced by a lower fuel nitrogen content and lower raw material nitrogen 

content. Impact on thermal NOx production is minimal as rice husk impact on flame 
temperature will be minimal. 

Fuel nitrogen is the main reason why NOx emissions are reduced as rice husk contains 

approximately 50% of the nitrogen of coal and hereby reducing total nitrogen input. The 
research of K wong et al. (2004) shows at 15% rice husk co-firing of the total energy input a 
reduction of approximately 15% NOx reduction, as can be seen in appendix I-2. 

Reduction of NOx emissions by reducing raw material nitrogen content is difficult to estimate 

because of the lack of data on raw material nitrogen content, and is not implied in this report. 

Fossil foei substitution 

Substitution of 14% of total energy input results in an average yearly saving of 14,496 MT of 
coal (Emboscada) which represents a saving of 17% coal on mass base. 

Raw material substitution 

Raw material substitution is determined with the use of a mathematica! computer model 
designed for determining the composition of the crude. Input for the model is the chemical 
composition of the raw materials and fuels. The composition of the crude in the baseline and 
project situation is shown in table 6-6. 
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Table 6-6: Crude composition in baseline and project case 

Raw material Baseline (%) Rice husk project(%) Difference (%) 
Limestone 85.81 85.84 +0.03 
Clay 6.4 7.92 +1.52 
Sand 6.03 4.62 -1.41 
Iron ore 1.76 1.61 -0.15 

Total raw material savings (%) -0.01 

Results show that there is no significant saving in raw materials, which implies that the 
environmental impact of raw material extraction is unchanged. 

6.5.1 Conclusion environmental benefits 

All of the environmental parameters show an improvement through reduction of emissions or 
substitution of finite raw materials and fuels. The reductions of all of the gaseous emissions 
seem to be linear with the energy substitution percentage but this is only true for the C02 

emissions. However, the emission reductions of S02 and NO x both can be found near the 

optimum point of the emission curves as presented in the research of K wong et al. (2004 ), 
which means that further improvement by increased substitution percentages is rather 
impossible. 

Indirect benefits of savings on fossil fuels of 1 7% on mass base dominate the effect on raw 
material substitution of 0.01 %, which in comparison is rather insignificant. The effect of 17% 
saving on fossil fuels is an indirect benefit which provides significant environmental benefits, 
like reduction on quarrying activity and fuel transport reduction. 

6.6 Desirability 

As the TNO model defines is the desirability determined by the two parameters realizability 
and environmental benefits. Both input factors represent a different dimension on which the 
project is evaluated. The realizability is the 'hard' dimension of the input, which states that 
the project is realizable on hard criteria and it is possible to execute the project on these 
criteria. 

In the other dimension of the environmental benefits are the 'softer' kind of parameters 
represented, which determine the ecological impact of the project, and here by functions like a 
motivator for implementation of the project. Evaluation shows that three out of four 
environmental parameters show a significant improvement and the last parameter shows a 
slight improvement. 

Conclusion is that the 'hard' criteria say that the project is definitely realizable and the 'soft' 
criteria also reinforce execution of the project because of the environmental benefits. 
Combination ofthose dimensions make the project strongly desirable to be executed. 
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6. 7 Corpora te specific fit in 

The parameters which determine the ability and willingness of the company to adapt to the 
new processes are evaluated in paragraph 6.7.1 and 6.7.2. 

6. 7.1 Corporate social responsibility (CSR) 

Cementos Pacasmayo is one of the leading companies on the field of social responsibility in a 
country where this is still an underdeveloped topic. Cementos Pacasmayo is conscious of the 
environment, with all its stakeholders, the company is operating in. Stakeholders identified by 
Cementos Pacasmayo are employees, regional and national governmental organizations, 
media, communities, customers, suppliers, NGO's, religious groups, environmental 
organizations and youth and women's groups. Communication with these stakeholders is 
described in paragraph 6. 7 .2. The social responsibility of Cementos Pacasmayo expresses 
itself in the broad number of social responsibility programs, which the company develops in 
the field of Health, Education, Social development and Sustainable development. These areas 
are incorporated in the company's operations as can be read in paragraph 6.7.2. 

The rice husk co-firing project complements the goal of social and sustainable development of 
the before mentioned areas. The incentives for CRS are present in Cementos Pacasmayo, 
which support development of rice husk co-firing. 

6.7.2 Organizational structure 

The presence of stakeholder communication and altemative material in the organizational 
structure determine feasibility of implementation and execution of the rice husk co-firing 
process. 

Stakeholder communication 

Cementos Pacasmayo has a good relationship with the local community and contact is 
maintained because of structural attention to communication with stakeholders. 
Social responsibility is integrated in the organization in the department for public relations 
which is divided in four areas of practice; Health, Education, Social development and 
Sustainable development. Cementos Pacasmayo structurally has good contact with its 
stakeholders through various communication channels among: lectures, events, trips and local 
media. Cementos Pacasmayo is also present in the community by support and sponsoring of 
events. 

The rice husk project will be able to profit from the professional stakeholder communication 
and involvement present in the organization. 

Alternative material handling 

Nowadays there are no altemative materials (fuels nor raw materials) used in the production 
process of Cementos Pacasmayo and as a result the area of altemative fuels can not be found 
in the organization structure of the company. Responsibility for research on altemative fuels 
for possible future application is under the charge of the production manager. Development of 
altemative fuel practices is proceeding relatively slow because daily production issues have 
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priority and demand full attention and time of the responsible manager. At this moment the 
structure and labour force for implementation and execution of rice husk co-firing is not 
present in Cementos Pacasmayo. Also purchasing and commercialisation of rice husk needs 
attention in order to contr-01 rice husk market and price and is questionably if this practice can 
be handled by the current responsible department. 

6.7.3 Conclusion corporate specific fit in 

The drive for developing projects under the pretext of CSR is present in Cementos 
Pacasmayo. The company is conscious of its social responsibility and biomass co-firing fits 
perfectly in the ambition for sustainable development. The professional communication 
channels integrated in daily operations and the organization structure provide support for 
initiation and implementation of the rice husk co-firing project. Conclusion is that Cementos 
Pacasmayo possesses the adequate tools for guiding implementation and operation of the new 
production processes. 

Attention needs to be paid to the design of the organization structure and responsibilities 
concerning the new business of altemative fuel use. At the moment the altemative fuel 
practices are not sufficient for execution of the project and processing altemative fuels. 

1 can be concluded that the practice of using altemative fuels fits perfectly in the ambition for 
sustainable development and that the instruments and structure for support of the project is 
present. However, there is a lack of structure and responsibilities for managing the operational 
processes concerning altemative fuel use. 
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7. Conclusions and recommendations 
In this chapter the final conclusions of the multidimensional feasibility study performed in 
this report (paragraph 7 .1) is presented and some recommendations are made to Cementos 
Pacasmayo (paragraph 7 .2). 

7.1 Conclusions 

Evaluation of the individual feasibility parameters results in the following conclusions: 

• Technica! feasibility 
All process-technical and quality criteria are met and rice husk co-firing is already applied 
on commercial scale in cement plants, which results in a technica! feasible project. 

• Economical f easibility 
The financial indicators show a very attractive and definitely feasible picture with a NPV 
of$2.003.480,-, an IRR of 64% and a discounted payback period of755days. 

• Social f easibility 
The socioeconomic indicators show a clear positive result and also the policy and 
legislative parameters are considered feasible. 

• Environmental benefits 
All of the environmental parameters show an improvement through reduction of emissions 
or substitution of finite raw materials and fuels as follows: 

- Reduction of C02 emissions by 14% resulting in a reduction of 32,4 77 MT C02 /year 

- Reduction of S02 emissions by 15% 

- Reduction of NOx emissions by 15% 

- Substitution of fossil fuels by 17% on mass base 
- Substitution of raw materials by 0. 01 % on mass base 

• Corporate specific fit in 
Looking at the corporate specific parameters we see that the project lies completely in line 
with company ambition and strategy concerning sustainable development. However, the 
current organizational structure and division of responsibilities conceming altemative fuel 
handling are not adequate for the rice husk co-firing project. 

Processing these individual parameters in the TNO decision making model results in a strong 
general desire (desirability) for project execution. This is a result from the positive scores of 
all evaluation parameters which directly or indirectly determine desirability, respectively the 
technical, economical, social and environmental dimensions. Looking at the corporate specific 
parameters can be seen that the project lies completely in line with company ambition and 
strategy concerning sustainable development, hut can also be concluded that attention needs 
to be paid to the deviation of responsibility for developing altemative fuel practices. 

59 



T u / e li?Cfmische universiteit eindhoven 

Concluding result of the complete multidimensional feasibility study to rice husk co-firing is 
that it is strongly recommended to the management of Cementos Pacasmayo to initiate the 
project as soon as possible. Rice husk co-firing is an excellent way of achieving the primary 
business goals of Cementos Pacasmayo through sustainable development. 

7.2 Recommendations 

The following recommendations are presented to Cementos Pacasmayo: 

• Start up the project as soon as possible considering the limited secure time frame of the 
CER market and thus CER sales. Agreements according the Kyoto protocol about C02 

reduction are established until the year 2012 and future agreements are unsure. 

• Conduct further research on the use of altemative fuels. Rice husk co-firing is at the 
time the best altemative fuel option considering the phase Cementos Pacasmayo finds 
itself. Research needs to be done to othèr altemative fuel options in order to extend the 
beneficia! co-firing practice and be less dependent of one single biomass stream. 
Potential altemative fuel sources are: sugar cane, used oil and domestic waste. 

• Conduct research to the feasibility of the constitution of a subsidiary company for 
altemative fuel handling and commercialisation of rice husk and future altemative fuel 
streams. 
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Glossary of terms 

Standard cement chemistry notation is used for the following compositions: 

CDM 

CER 

CPSAA 

CSR 

GDP 

IRR 

NPV 

OPC 

PB 

POP 

RAS 

UNFCCC 

C= cao 

Clean Development Mechanism 

Certified Emission Reduction 

Cementos Pacasmayo S.A.A. 

Corporate Social Responsibility 

Gross Domestic Product 

Intemal Rate of Return 

Net Present Value 

Ordinary Portland Cement 

Payback period 

Persistent Organic Pollutant 

Ratio Alkali Sulphur 

United Nations Framework Convention on Climate Change 

Currency equivalents 

Nuevo Sol 1 0.32 American dollar American dollar 1 3.17 Nuevo Sol 
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APPENDIX A: PERUVIAN CEMENT-MARKET SEGMENTATION AND TYPES OF 

CEMENT 

Figure A-1: Peruvian cement-market segmentation 

( Córdova, 2005) 

Table A-2: Types and classes of cement 

Companies 
Portland Cement 

I 

Cementos Andino Jcl) 

Cementos Lima J 
Cementos Pacasmayo ' Cementos Selva 1(1) 

Cementos Sur J 
Yura J 

(1) Low content of alkalis 
(2) On demand 

( Asocem,2006) 

II v 
Jc1) J(l) 
./(1) 

J ' J 1(1)(2) (1 )(2) 

1(2) 1(2) 

Jc2) 1(2) 

C. Portland Additives 

IP I(PM) MS I Co 

J 
J 
J J J 
1 J 

J 1 

J ./ 
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APPENDIX B: TECHNICAL DATA CEMENT KILN CPSAA 

Table B-1: Technica! data of cement kiln nr.3 Cementos Pacasmayo 

Equipment Specifications 

Rotary kiln Capacity 2500 TPD, 04.1 lm x 57.9m, 3.5° inclination, 3 bases 

Pre-heater 5 stages, calciner in line with 3 coal injectors 

Ventilator 264000 ft 3 /min, 1190 rpm 

Bumer 3 way 

Fuel feed balance Pfister Type DR W 1.2 

Main bumer Capacity 5 .5 TPH nominal 

Calc in er Capacity 8.5 TPH nominal 

Cooler Grid: 5 chambers 

Filters Reverse air cleaning cycle 
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APPENDIX C: CONVERSION FACTORS 

Table C-1: Conversionfactors 

To convertfrom To Multiplyby 

grams (g) metric tons (t) 1x10 .a 

kilograms (kg) metric tons (t) 1x10 .a 

megagrams metric tons (t) 1 

gigagrams metric tons (t) 1x10 3 

poonds(lb) metric tons {t) 4.5359x 10 ...t 

tons Oong) metric tons (t) 1.016 

tons (short) me,tric tons (t) 0.9072 

barrels (petroleum, US) cubic metres (m 3
) 0.15898 

cubic feet (ft 3) cubic metres (m 3) 0.028317 

litres cl.bic metres {m 3
) 1x10 .a 

cubicyards cl.bic meters {m 3
) 0.76455 

galons (liquid, US) cubic meters {m 3
) 3. 7854x10 -3 

imperial gallon cl.bic meters {m 3
) 4.54626 x 10 .a 

joule gigajoules {GJ) 1x10-il 

kilojoule gigajoules {GJ) 1x10 .a 

megajoule gigajoules {GJ) 1x10 .a 

terajoule {T J) gigajoules {GJ) 1x10 3 

Btu gigajoules {GJ) 1.05506x10 .a 

calories, kg {mean) gigajoules {GJ) 4.187x10 .a 

tonne oi equivalent {too) gigajoules {GJ) 41.86 

kWh gigajoules {GJ) 3.6x10-3 

Btu/ft 3 GJ/m 3 3.72589x10 ·5 

Btu/b GJ I metric tons 2.326x10 .a 

lb /ft 3 metric toos I m 3 1.60185x10 -t 

psi bar 0.0089476 

kgf I cm 3 (tech atm) bar 0.9&665 

atm bar 1.01325 

mile (statue) klometer 1.6093 

ton CH" ton C01 equivalent 21 

ton N10 ton 002 equivalent 310 

ton carbon tonC02 3.664 

(CSL 2005a) 
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APPENDIX D: GAS AND MATERIAL PROFILES INA CYCLONE PREHEATER/ 
PRECALCINER KILN SYSTEM 

Figure D-1: Material and gas temperature graph with retention time 
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APPENDIX E: CLINKER PROPERTIES 

Figure E-1: The ternary phase diagram Ca0-Al203-Si02 showing the three binary phase 

diagrams Ca0-Si02, CaO-A/203 and Al203-Si02 
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Table E-2: CS in cement and their properties 

Cbcmistry M111t~r41/ Mdling SfJ.ICè l.ittic<' fkir.itrwlcrs (,.\) JCPDS-No Occurre11ce ,md f1r<>/1erties 
llJme l'rii11t xmup 

b~, f3 "''(.~ c~, Q 1' 

Para CaO · SiO ! Wallastonitc-1 A • 1126 Cl IO,Hl 11,05 7,JO 99,53 Hl0,56 8.'\,44 42-547 not oc<.:urring in 
~emt:ntitious sy~tcms 

<x-CaO·SiO, Wolla~tonitc-2:0.1 1545 1'21/a 15,4.'\ 7,07 '15,38 43-1460 
3Ca0·2Si0~ Rankinitc 1465 1'21/a Hl,fll 8,91 7,85 120,00 22-.n\1 mainiy knoum 

from slap; 
''r2C-a0- Si02 lkcJig;ire 21JO f'mnn I0,904 18,38 11,75 .'\6-399 

((:11w\lg(SiO.JR) 
650 

~-2Ca() · Si02 l.amite' !'11/n 9,.H 6,76 5 •. 'il '14,46 33-.102 hdite-pha"' 
odite·phaS<'. 

-y-2Caü · Si01 Skannonitc Pcmn 5,()8 6,76 ll,22 .H-297 dusriniz, not hyJraulic 
-.3CaO·'ii02 Il Ha rtruntc 2070 R.1m 7,H 25,56 16-406 aJitc rna'l' În Ci: mmt 
-3CaO·SiO, •·Mm J()ii() 

->CaO·Sio; "Mn l(lj() p 12,2.3 7.01 24,% '10,to 42-.'iSI 
-.1CaO·Si02 'M1 'l\lll 
-JC30 · SK» *Tm 980 PI 14,0ll 14.21 2.UO 90.10 9(}.22 120.00 31-.>0I 
-1Ca0 · Sio: •Tn 920 
·3< :a< > • SiO; •T1 600 

ll" Pha~c rransi:rion. 

(Bensted and Barnes, 2002) 

Table E-3: Simple oxides and elements occurring in cements 

CfJ('misrry Miner.z/ Afrlting Spanr J .rtticc pµr,mwtcr; rAi )C/'1)$.No (kcurre11rn .zntf f1rnpcrties 
n~11ne l'nint >t grnup dzy 

in •c b~, (,) a [3 y 

cao Lîmc 2'70 Fm3m 4,811 37-14'.17 fr<'C !imc 
MgO Pcridasc 2RUO F1n3m 4.211 45~!->46 frt-e rcridasc 
<,i02 (•·(~uartz* S7.~ 1'322 4,'JB 5,405 46-J04S ""~uarsc qu~1rtz in ra\v m·till~ 

insuffü:icm homllgcnizarion 
Si01 Trid)·mirc• !! 1 87!! 1'6ifmm2 S,046 8,236 ll!-llri'.I HAC From rntary ki!n 

anJ o!her~ produ(lÎon 

Si01 ( :ristohalire~ 1470 P4 14i2 4,973 6,.914 39-1425 high alumina ü'mems 
17Z3 

Tt01 Rurile liGO J'4,/nmm 4,593 2,%9 21-1276 
Al;03 CoruoJum 2072 1cf, 4,75') 12,99 46-1212 Al-rid1 HAC 
Fe!01 Hmmrire 1'6S Rk ~.rn6 U.7.5 D--664 
FeO Wuscitc H6\I FmJrn 4,29.l 46-H12 HAC from rotary L.iln 
l'e104 \.fag1writc 15'.14 FJ3m 11396 19-{;2\I proJu.-rion 
MgAlz04 ~f'ind" 21115 hBm 8,()8J 21-1152 rcdudng kiln .:onJition> 
Mgfez04 Magncsio- 17\0 Fd.'m R.J7S 17-464 

forrttc"!> rt·a.:tions with rcfra.-lories 
fc ~ativ.-, iron l5.H Jm.\m 8,S66 6-(,'}fi stroog redudng condition 

"'Tran~fvrrnatiun point. 
S~ = Solid >«•lutimi; 2.11 = R3m"MI 'Tmhok 

(Bensted and Barnes, 2002) 
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Table E-4: Calcium aluminates in cement and their properties 

(Jmnistry 

JCaO·A140 1 

C;iO·Al!OJ 

Ca0·2Al201 

C;i0·6Ah0_, 

(Ci 1Ao·C1(0H}i) 

JCaO·Al10.i 
(J.8'V., Na20! 

JCaO·AlzO.i 
(.'Lï1:Yu Nn;:()) 

.~CaO·Al103 

(4% Na10) 

Miner.d 11ame Me/ting Sf1dce 
JIOÏllf J;TllU/1 

1540 l'a.l 

1600 1'22'2 
Grossitc 17')() C2fc 

Hihunitc·.'iA ll\60 P61/Jnmc 

Maycnitc 04011) 14.kl 
l'lxa 10.875 

1'2if;i 'I0.1'77 

10.851 

(Bensted and Barnes, 2002) 

15.26 

lL70 8.()\l LUI 90.14 

12.44 &.91 5.45 107.0 

.L~6 21.\ll 

11.98 

1\1.859 lUOS 

Jl!Ji54 IS.US 90.1 

15.lOY 

/CPDS-Nn ( >uurre11e<' and 

-y ;•m/wrties 

]8-1429 OPC 

B-1036 HAC 
46-1475 HAC 
3l!-4711 1-l . .\C 
'1-413 HAC 

Ol'C 

Ol'C 

high-tempcramrc 

(T>45ll0 C) phasc 

Table E-5: Calciumferrites and calcium aluminiumferrites occurring in cement 

Chemistry 

C4Af 
Ca1Alu~F0"10, 
C,F 
ei~ 
U'2 
C4 AMJ\ 

Mina.il name .~frlti11g Sj•ace 

brnwnmillcrite 

srehroJnlskiw 

l'oint • gmup 
r•cJ 

14l0 l'i;mn 
lbm2 

1450 l'nma 
12.rn wrr. 
12115 C2 

( Bensted and Barnes, 2002) 

S.57 
S.Sl 
5.42 
S . .13 

Hl.41 
5.465 

J •• 1ttic<> /1arametcrs ( Ä) 

1452 U5 
14.48 .'i.31 
14.75 5,6() 

7.58 
!)_{IJ 31.65 %5 

14.9{)4 5.244 

}CPDS-Nn OcatrffnCf:.' mul /•mf1mies 

.10-226 
42-146~ 
:;µon 
41-7'-1 
:N-JO:B 
42-tHS 

m('mb(,rs of ~s..scrit's 
frrrirc pha;;ç in Ol'C 
end mcmbcr of ss ><:rics 
minor phasi: 
in HAC 
synthctiç laboratory 

11mdu.;r 
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APPENDIX F: METHODOLOGY EVALUATION SOCIOECONOMIC 

PARAMETERS 

For applying the checklists first an analysis of the possible socioeconomic impacts and of the 
project phases is done. 

1. Possible socioeconomic impacts: 
Health 
Air emissions: 

Particulates 

NOX 

S02 

Trace metals 
PO P's 

Other factors: 
Catastrophic failure 
Husk contact 
Noise 
Smell 
Psychological distress 
Amenity 
Sustainability 
Landfill 

Economie 
Employment 

2. Activities of the project 
Installation 

Construction and installation equipment 

Operation 
Husk handling 
Husk transport 
Husk combustion 

Product use 
Cement use 

In table F-1 follows the result of application of the former study to the checklist. 
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Table F-1: Checklist for validating possible socioeconomic impact 

1 mpact F actors 

Health Air emissions 

Other factors 

Economie 

Parameter 
Particulates 

NOX 

S02 
Trace metals 
PO P's 
Catastrophic failure 
Husk contact 
Noise 
Smell 
Psychological distress 
Amenity 
Sustainability 
Landfill 
Employment 

Project 
h p. ases 

Construction 

x 

Operation Use 
x 
x 
x 
x x 

x 
x 
x 

x 

x 

Now the relevant socioeconomic parameters are validated in relation to the project phases, the 
next step is to identify and qualify the evaluation parameters to be able to give weights to the 
different parameters. Therefore a matrix for identifying the parameters is made as can be seen 
in table F-2. 

Table F-2: Qualification and identification matrix 

Socioeconomic 
impacts Impact attributes 

Cause-eff ect 
Parameter Health quality Intensity relation 

Health Air emissions Particulates Positive High Direct 

NOX Positive High Direct 

S02 Positive High Direct 

Trace metals Neutral Low Direct 

Other factors Catastrophic failure Negative Low Direct 

Husk contact Negative Low Direct 

Noise Negative Low Direct 

Sustainability Positive Medium Direct 

Economie Employment Positive Low Direct 
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After this a Leopold cause and effect matrix is made where the interactions and effects of the 
different process steps on the environmental parameters is identified. The Leopold matrix is 
the most widely applied technique for correlating cause and effect. First step in the use of the 
Leopold matrix is to determine and identify the correlations between actions in the project 
processes (the columns in the matrix) and the socioeconomic impact (the rows in the matrix). 
After this a magnitude and importance factor is given to the concerning intersections 
according to the following principle: 

Magnitude, on a scale from 1 to 10, where 10 represents the maximum socioeconomic 
impact and 1 the minimum. The sign of the magnitude can be ( +) a positive effect or (
) a negative effect. 
Importance, gives a relative weight factor which represents the importance within the 
project or the probability an effect is likely to occur. On a scale from 1 to 10, where 10 
is the highest weight. 

A visualisation is made by counting the number of positive effects and the number of negative 
effects. However to show how beneficiary an action is the arithmetic result is calculated by 
summing the product of the magnitude and the importance for each column. The same is done 
for the rows to visualize the impact per socioeconomic parameter. 
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Table F-3: Leopold matrix 

Socioeconomic impacts 

Project phases 

Construction Operation Use 
Construction Husk Husk Husk Cement Sum # of positive Sum # ofnegative Arithmetic 

Parameter and installation handling transport combustion use impacts impacts result 
Health Air emissions Particulates 2,1 1 0 2 

NOx 3,4 1 0 12 

S02 3,5 1 0 15 

Trace metals 8,0 5,0 0 0 0 
Other factors Catastrophic failure 10,0 -1,2 -1,2 0 2 -4 

Husk contact -1, 1 -1,1 0 2 -2 

Noise -2,1 -1,2 0 2 -6 
Sustainability -1,1 -2,2 -2,4 2,5 1 3 9 

Economie Emplovment 1,1 1,1 1, 1 3 0 3 

Sum # ofpositive 
impacts 1 1 1 4 0 
Sum # of negative 
impacts 1 3 4 1 0 
Arithmetic result 0 -6 -12 37 0 

77 



T u Ie technische universiteit eindrmven 

APPENDIX G: SELECTION AND VALIDATION OF THE ENVIRONMEN 

BENEFIT PARAMETERS 

A selection of the relevant environrnental benefits of co-firing rice husk in the cement 
industry is made according to the following selection process: 

1. First, all the environrnental impacts of the cement industry as determined in paragraph 
2.6 of this research are listed. 

2. The impact of firing rice husk on these environrnental impacts has been rated by a 
factor from 1 to 5; in which 1 is a low and 5 is high impact. 

3. The next step is to attribute a weight factor to the magnitude of the impact of the 
cement industry on the environrnental impact. 

4. Last step is to multiply the impact factor with the weight factor to determine the total 
score of each environrnental impact. The total score is an indicator for the relevance of 
investigating the environrnental impacts. 

Table G-1: Scorecardfor environmental benefits 

Rice husk Cement industry 
Environrnental impacts impact factor weight factor Total score 

Particulates 4 1 4 
C02 4 5 20 
NOx 4 4 16 
S02 4 4 16 
co 1 3 3 
voc 2 2 4 
Trace metals 1 3 3 
PO P's 2 3 6 
Depletion of non renewable resources 3 4 12 
Quarrying impacts 3 4 12 
Solid waste 1 1 1 
Water discharge 1 1 1 

The results show a clear distinction in two groups, a group with a score above 10 ( C02 , NOx, 

S02 , Depletion of resources, and quarrying impacts) and the rest with a score of 6 and lower. 
The group with the high score is relevant and has the biggest impact on the environrnental 
benefits. 

Indicators for the depletion of non renewable resources and the quarrying impacts are the 
percentage of substitution of fossil fuels and raw materials. 

The resulting parameters which will determine the environrnental benefits are: 
C02 

NOX 

S02 

Substitution of fossil fuels 
Substitution of raw materials 
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APPENDIX H: CRITERIA FOR ACM0003 METHODOLOGY 

The methodology is applicable to the cement industry with the following conditions: 

1. Fossil fuel(s) used in cement manufacture are partially replaced by the following 
alternative fuels: 
(a) Wastes originating from fossil sources, such as tires, plastics, textiles from 
polymers, or rubber; 
(b) Biomass residuesl where they are available in surplus and would in the absence of 
the project activity be dumped or left to decay or burned in an uncontrolled manner 
without utilizing them for energy purposes; 

2. In case of project activities using biomass residues, any preparation of the biomass, 
occurring before use in the project activity, does neither require significant energy 
quantities (e.g. esterification of waste oils), except from transportation and/or drying 
of the biomass, nor does it cause significant GHG emissions (such as, for example, 
methane emissions from anaerobic treatment or char coal production). 

3. C02 emissions reduction relates to C02 emissions generated from fuel burning 

requirements only and is unrelated to the C02 emissions from decarbonisation of raw 

materials (i.e. CaC03 and MgC03 hearing minerals); 

4. The methodology is applicable only for installed capacity ( expressed m tonnes 
clinker/year) that exists by the time of validation of the project activity; 

5. The amount of alternative fuels available for the project is at least 1.5 times the 
amount required to meet the consumption of all users consuming the same alternative 
fuels, i.e. the project and other alternative fuel users. 

This baseline methodology shall be used in conjunction with the approved monitoring 
methodology ACM0003 ("Monitoring methodology for emissions reduction through partial 
substitution of fossil fuels with alternative fuels in cement manufacture"). 

(Source: CDM, 2006) 
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APPENDIX 1: EFFECT OF RICE HUSK CO-FIRING ON S02 AND NOx EM 

Figure 1-1: S02 emissions per energy output from co-firing of coat and rice husk by mass 

percentage 
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( Kwong et al., 2004) 

Figure 1-2: NOx emissions per energy output from co-firing of coat and rice husk by mass 

percentage 
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Converting the mass co-firing percentage into heat input substitution % results m the 
following table: 

Co-firing percentage on mass base Co-firing percentage on energy base 
0% 0% 
10% 6% 
20% 13% 
30% 20% 
40% 28% 
50% 37% 
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APPENDIX J: AVAILABLE SPACE FOR RICE HUSK INSTALLATION 0 
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APPENDIX K: COST STRUCTURE RICE HUSK CO-FIRING 

Table K-1: Investment cost estimation 

Mechanic investment costs Unit cost Quantity Total 
Vacuum sweeper (blower) $20.000,00 1 $20.000 
Truck $100.000,00 1 $100.000 

Trailer with compactation system $50.000,00 1 $50.000 

Vacuum sweeper (blower) $20.000 1 $20.000 

Venturi pump $2.000 1 $2.000 

Tube system between blower and silos $3.000 1 $3.000 
Fluidizer $1.000 2 $2.000 
Bag filter silo $12.000 2 $24.000 

Ventilator bag filter $2.500 2 $5.000 
Fluidization compressor $10.000 2 $20.000 
Silo Capacity 250 m3 $55.000 2 $110.000 
Collecting screw conveyer $3.000 2 $6.000 
Hopper $2.000 2 $4.000 
Rotary airlock feeder $6.000 2 $12.000 
Blower (pressure) $20.000 2 $40.000 
Venturi pump $3.000 2 $6.000 
Tube system from venturi till burner $14.000 2 $28.000 
Modification burners $30.000 2 $60.000 

Controls and electrics $100.000 1 $100.000 
Subtotal $612.000 
Contingency (30%) $183.600 
Subtotal $795.600 

Civil work Unit cost Quantity Total 
Topog;raphy and planning $1.000 1 $1.000 
Paving (m2) $36 200 $7.200 
Groundwork (m3) $13 200 $2.600 
Founding (m3) $266 100 $26.600 
Base and anchor silo columns (m3) $282 6 $1.692 
Total $39.092 
Contingency (30%) $11.728 
Total $50.820 

Total investment costs 
Mechanic investment casts $795.600 
Civil work $50.820 
Total $846.420 

82 



T u Ie technisch.e Ufi iversiteît ein dhcrven 

Table K-2: Rice husk cost estimation 

Rice husk costs Per month PerMT 
Labour SI. 5.742,54 SI. 2,89 
Rice husk SI. 14.910,00 SI. 7,50 
Transport SI. 5.447,12 SI. 2,74 
Electricity SI. 10.000,00 SI. 5,03 
Maintenance SI. 26.416,67 SI. 13,29 
Subtotal SI. 62.516,33 SI. 31,45 
Contingency (30%) SI. 18.754,90 SI. 9,43 
Total SI. 81.271,23 SI. 40,88 
Total US$ $25.637,61 $12,90 

Savin2s 
Savings on coal $61.124,80 $50,60 
Total monthlv savin2s $35.487,19 

Table K-3: Fuel casts 

Cost Calorific Cost 
(US$/10A6 value (US$/ 

kcal) (kcal/MT) MT) 

Bituminous $13,47 6918000 $93,19 

Petcoke $9,15 7884000 $72,14 

Emboscada $8,95 5654000 $50,60 

Anthracite $7,94 6376000 $50,63 

Rice husk $3,75 3436000 $12,90 

Table K-4: Predictions of long termfuture macroeconomic indicators 

Inflation 2% /year 
Exchange rate 0,9% /year 

Discount rate 17% /year 
( BCRP, 2007) 
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