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The cement industry in South Africa is becomingéasingly competitive. Established cement
producers have old inefficient production plantatthave to compete with new cement
producers abroad. These new cement companies t@rngrSouth Africa with more energy

efficient production equipment that gives them drasmtage when the current increases in
electricity tariffs are considered. Establishedalocement plants have to investigate new

initiatives to become more competitive.

Replacing old and inefficient equipment with modemergy-efficient equipment is in most
cases not a viable option. This is due to the langeal capital expenditure, long payback
periods and installation downtime. Cement produperst rather aim to decrease their energy
consumption with minimal capital expenditure ancbaefluence on production output, quality

or safety.

Established cement grinding plants are among ithestnies most affected by steep electricity
tariff increases. In most cases the pre-clinkexcesses of marginal plants are already
decommissioned and thus the majority of these dpesa focuses on performing
finishing/cement milling due to the plants geogiaptistribution advantage. These plants
seldom run at full capacity as a result of ine#fiwties. This spare capacity can, therefore, be

utilised by implementing demand-side managemeuwtrgéy savings initiatives.
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Load management was proven a cost-effective mdthragducing energy costs on marginal
cement grinding plants. Load management takes #alyanof Eskom’s time-of-use tariff
structures by shifting the operation of electrigitiensive components from high demand (high
cost) periods to low demand (low cost) periods &/isilill maintaining the same production
output. Effective load management will reduce eleity cost without influencing production
output, quality or safety.

An effective load management method was researahddimplemented on two marginal
cement grinding stations. Previous evaluation etyias have not created a platform on which
the performances of different cement plants coull dompared; therefore, a more
comprehensive method for evaluating load managemest developed. The evaluation
strategy analyses the reduced electricity costantpares it with the electricity cost of a more
modern cement grinding plant to determine whetlher tharginal cement plant remains

competitive.

In this study, the electricity costs of marginaiant plants are lowered by more than 10% by
executing the proposed load management strateg@yeVduation strategy also found that load
management could improve a marginal cement gringlizugt’s electricity cost intensity to such
an extent that the electricity cost differs by odBt when compared with modern cement
grinding plants operating as per normal productsmmedules. Load management was,
therefore, a cost-effective solution to reduce telgty costs on marginal cement grinding
plants and remains competitive with modern cemantlong plants.
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LIST OF ABBREVIATIONS

DSM Demand-Side Management
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NPC Natal Portland Cement
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GLOSSARY OF TERMS

Cement grinding plants — Type of cement plant that only performs finigiiaement milling

due to a geographic distribution advantage.
Electricity cost intensity — The total electricity cost to produce one uhit@ment.

Blaine fineness — The fineness of a powdered material, such aggras determined by the

Blaine apparatus; usually expressed as a surfaedrasquare centimetres per gram.
Calcination — Heat treatment in the presence of oxygen.
Smulation — A virtual replication of a physical system.

Weightometer — Device that automatically weighs and recordstdim@age of ore in transit on

a belt conveyor.

Ceamentitious — Substance that has the characteristics of cement
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CHAPTER 1

Introduction

Chapter 1

Motivates the relevance of the study. The background, objectives and scope of the study are

discussed. A full dissertation overview is also included in the chapter.
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1 INTRODUCTION AND BACKGROUND

Cement production is an energy-intensive proces®e dement industry uses as much as
12-15% of the total industrial electricity consumpt[1]. Cement production in South Africa

is a competitive industry. Some producers were dedras far back as the nineteenth century.
Electricity constraints, rising electricity costsdachallenging economic conditions motivate

existing producers to seek electricity savingsatiites with low capital expenditure.

Cement producers strive to produce high qualityer@mat minimal electricity cost to remain

competitive. This, however, is challenging when alitl inefficient plants contribute to a

cement company’s production capacity. There isealrie reduce electricity cost by methods
that require low capital expenditure. In additian, effective method of evaluating electricity
usage is vital for reducing electricity cost anadanarking performance between plants.

1.1 CEMENT PRODUCTION IN SOUTH AFRICA

Five major cement companies produce cement in S&niba. A sixth cement producer has
started building a new plant; it will be commissdnin 2016. Table 1-1 ([2], [3]) lists the
major cement producers in South Africa with thespective cement-manufacturing plants and

production capacities per annum.

Table 1-1: The production capacity of the South Afrian cement industry

Production capacity

Company Plants in South Africa
[Mt per annum]
Pretoria Portland Cement Jupiter, Hercules, De Hoek, Dwaalboom, 7.5
(PPC) Slurry, Riebeeck
Natal Portland Cement (NPC) Durban, Simuma, New Castle 1.7
Sephaku Delmas, Aganang 2.6
Lafarge Lichtenburg, Randfontein, Richards bay 3.5
Afrisam Roodepoort, Ulco, Vanderbijlpark, 4.2
Dudfield

Mamba (planning phase) Northam 1.0

Total 19 20.5

'PPC, “PPC history,’ 2015. [Online]. Available: hifpww.ppc.co.za/zimbabwe/about-us/our-history/c¢assed: 31-Jan-2015].
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PPC, NPC and the multinational Lafarge and Afrisame well-established cement
manufacturers in South Africa. In 2013, Sephakudihgs Limited opened its Delmas and
Aganang cement plants that added 2.6 Mt per anmaduption capacity to the South African
market! Engineering News announced that the R1.8 billicanMa cement plant would be
opened by Jidong Development Group and the Ching&eaADevelopment Fund. The plant is
expected to be completed early 2016, thus addiathanone million tonne per annum capacity

to the South African cement markét.

South African cement producers experience compaetidn a local and international level.
According to an article published in Business Dayel 1.1 million tonne of cement was
imported from India, Vietham and Pakistan in 20h3orted cement poses a big risk to local
producers as it is sold cheaper than locally predusement. The cheaper price of imported
cement can be attributed to South Africa’s elettyriprice hikes and cement plants that are

energy inefficient?

New analysis from market researcher, Frost & Saitlivpredicts massive growth within the
South African cement industry. The government ptargpend an estimated R4 trillion on rail,
road, energy and water infrastructure upgrades wliatincentivise cement manufacturers
abroad to invest in South AfricaSouth Africa’s cement sale volume amounted to only
12.07 Mt in 2014" The producing capacity is much larger than theateimnthis adds to market

share competition between companies.

Cement companies have both marginal and modernntegnieding plants that contribute to
their production capacities. A marginal plant is aging cement grinding plant utilising
horizontal balls mills that is less efficient thather cement grinding plants utilising modern

vertical roller mills. The demand for cement is awhan the supply, modern grinding plants

"Sephaku Cement, “Projects,” 2015. [Online]. Avaléalinttp://www.sephakucement.co.za/media/pdf/sephiiochure.pdf.

[Accessed: 31-Jan-2015].

n Engineering News, “Mamba cement,” 2015. [OnlinefaAable: http://www.engineeringnews.co.za/articiamba-cement-manufacturing-
plant-project-south-africa-2014-08-22. [Accesseld)an-2015].

VBusinessDay Live, “Cement imports,” 2015. [Onlin&yailable: http://www.bdlive.co.za/business/indieds/2014/04/29/imports-supply-
glut-pressure-cement-sector. [Accessed: 31-Jan}2015

Vsouth Africa Info, “Investment,” 2015. [Online]. Ailable: http://www.southafrica.info/business/intheg/opportunities/cement.
[Accessed: 31-Jan-2015].

Vi Engineering News, “Q4 domestic cement sales up /g% 2015. [Online]. Available: http://www.engieengnews.co.za/article/q4-
domestic-cement-sales-up-17-yy-2015-04-07. [Acakszk-Oct-2015].
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are fully utilised before any production is alloadto marginal plant. Marginal plants are also
first in line to be decommissioned when a compapytsduction capacity becomes too high

for the sales demand.

The South African cement market is becoming indénegg competitive as a result of rapid
increases in local production capacity and cheaports. Manufacturers must lower their
cement production cost, especially on marginal tslda increase profitability and remain

competitive locally and internationally.

Cement production electricity usage

Cement production is electricity intensive. Southidan cement plants use the dry cement
production method, which is more electricity inteeshan the wet cement production process.
A typical modern cement plant uses between 110kV20 of electricity to produce a tonne of
cement. Electrical energy can account for 10-30%taf cement production cost [1], [4], [5].
Electrical energy is mainly used to operate crughequipment, grinding equipment and
supporting auxiliaries such as blowers, small ns#ord compressors [6].

Figure 1-1 shows electricity cost as a percentdigetal operational cost for companies from
various sectors in South Africa. Two of the majouth African cement producers, Lafarge

and Afrisam, are compared with other electricitensive industries.

On average, Lafarge attributed 15% and Afrisam D@%hmeir operational cost to electricity
cost. Electricity usage in the cement industryighar than for most other electricity intensive

industries listed in the Figure 1-1 [7].




NOORDWES-UNIVERSITEIT

Lnu YousesiTi va sokonE sopwrma Evaluation and implementation of DSM strategiesrtprove the profitability of

marginal cement grinding plants

Percentage electricity costs of operational cost
90
80
_ 80
%)
8 70
©
.5 60
S 50
)
o
S 40 34
©
s 30
20 15
10 10 9 9
10 l 6 5 .
. H B B s =
Air Silican Lafarge  Afrisam Petro SA  Safripol Sappi Sappi  Sappi Fine SANS
Products  Tech Tugela Saicor Paper Fibres
SA
Company

Figure 1-1: Electricity cost as a percentage of opational cost

1.2 SOUTH AFRICAN ELECTRICITY CONSTRAINTS

Eskom is the leading power utility in South AfricBhe company generates, transmits and
distributes electricity to South Africa and parts smb-Saharan African. Eskom supplies
electricity to residential, industrial, mining, camercial, agricultural and municipal entities. In

2014, the total nominal capacity of the 27 poweanps operated by Eskom is 41 995 MW. The
type of power generation and the total capacity ¢a@h type contributes are listed in Table
1-2 [8].

Table 1-2: Eskom power generation capacity

Power generating station type Total megawatt
Coal-fired power station 35726
Nuclear power station 1860
Gas-fired power station 2 409
Hydro and pump-storage plants 2 000
Total 41 995
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Increase in Eskom tariffs

The power utility, Eskom, cannot meet the peak-tomesumer demand, thus electricity tariffs
rapidly increase each year. In 2004, the econonsygrmawing faster than expected and with it
the electricity demand. The country experiencetiras power crisis in 2008. Mines, factories,
business and households were left without elettrior extended periods of time [9].

Eskom implemented load shedding that essentiatlyrimpted electricity supply to certain
areas due to insufficient supply. In addition tea#licity constraints, the power utility also
faces a R225 billion funding shortfall for the petiup to March 2018. As a result, Eskom does
not have enough capital to complete new power pldrda remedy the crisis, tariff hikes and

government capital injections were approvéd.

According to Business Day Live, Eskom applied faoat increase of 16% per annum for the
five years. Their proposal was reduced by the MatiEnergy Regulator of South Africa
(Nersa) to only an 8% increase per annum after gippo by business, trade unions and civil
society groups at public hearings. Pressure from financial and electricity supplynis
forced Nersa to approve a 12.69% tariff hike in201

Deloitte conducted a study that assessed the \aldiligy of rising electricity prices on different
sectors in the South African economy. The studyded mainly on employment, output and
profitability of various sectors. The study provett increases in electricity costs have a
negative impact on the growth of employment angbaiubf all sectors except the electricity,

gas and water sectors [7].

Figure 1-2 shows that the rising electricity pritmes not correspond with general inflation in
South Africa. Inflation from 2005 to the 2015 shaavsteady incline compared with the steep
incline of electricity prices from 2008. The ragléctricity tariff increase (as shown by Figure
1-2) supports the notion by the Deloitte study that electricity intensive cement industry is

affected negatively.

V"BusinessDay Live, “Tariff hikes,” 2015. [Online].vAilable: http://www.bdlive.co.za/business/ener@/2/10/06/tariff-hike-for-eskom-
will-be-just-the-start. [Accessed: 31-Jan-2015].

Vil BusinessDay Live, A. Seccombe, “BDlive,” BusinesgD28 February 2013. [Online]. Available: http://wmbdlive.co.za/business/
energy/2013/02/28/nersa-grants-eskom-8-annualaseseover-next-five-years. [Accessed: 04-Jun-2015].
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Figure 1-2: South African electricity cost and infation trend* X

The financial constraints Eskom is experiencing eahtinue to support an upwards electricity
cost trend. The tariff increases will continuetfoe foreseeable future and most likely stay high
to alleviate the power utility’'s accumulated deBement producers should lower their
electricity costs through effective electricity nagement to counteract the effect of tariff
increases. Demand-side management (DSM) is actiganethod for lowering the electricity
cost of a cement plant.

1.3 DEMAND-SIDE MANAGEMENT

The Integrated Demand Management (IDM) programmeg @sablished by Eskom to help
relieve the demand pressure that the power utifitfacing. This initiative focuses on
optimising energy use and balancing electricitydypnd demand. DSM is an initiative under
the IDM programme that modifies major consumerstegicity demand profiles by providing
financial incentives! DSM can be divided into load management, pealpicigpand energy
efficiency. The three methods of DSM are shownigufe 1-3 [10], [11].

X" Eskom Enterprises (Pty) Limited, “Tariffs and chesg 2015. [Online]. Available: http://www.eskom.za/c/article/145/tariffs/.
[Accessed: 23-Jun-2015].

X Statistics South Africa, “Consumer price indexP(;” 2015. [Online]. Available: http://www.statsgav.za/keyindicators/cpi.asp/.
[Accessed: 08-Aug-2015].

Xl Eskom, “About,” 2015. [Online]. Available: httpmivw.eskom.co.za/sites/idm/AboutUs/Pages/About. fssed: 08-Aug-2015].
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Load Shift Peak clipping Energy efficiency

Figure 1-3: DSM strategies

Load management is the effective utilisation of4owst periods presented by the time-of-use
(TOU) tariff structure. A TOU tariff structure agsis high electricity tariffs to periods when a
power utility experiences high demand from conswn&wer tariffs are assigned to low
demand periods. The three main load managemertegkga are load shifting, energy

efficiency improvement and, when combined, pegbpatig [12].

Effective load shifting shifts the use of electiyantensive units from high demand periods to
low demand periods while maintaining the same pcbdn output. The energy consumption
remains the same before and after load managemmeémentation with a reduction in

electricity cost. Energy efficiency lowers eledtjcusage while maintaining the same
production output. This method lowers electricitaely throughout a day and does not give

preference to a specific time period [12].

Peak clipping is achieved when energy efficiencprnowements are combined with load
shifting. The two most common examples of peakpatig are applying energy efficiency
improvement to TOU peak periods or improving prdduccapacity and subsequently using

the excess capacity to reduce production duriny egmand periods.

DSM strategies will be investigated further durihg literature review. Energy efficiency, load
management and peak clipping will be evaluatedviddally and the most cost-effective

solution will be implemented on marginal cemenhding stations.
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1.4 STUDY DESCRIPTION

1.4.1 Problem statement

Electricity prices are rapidly increasing operadiboost in an electricity intensive cement
market. Cement producers abroad enter the conyee@®outh African cement market with

efficient modern plants. Marginal cement grindingnps of existing cement companies must
participate in electricity savings initiatives taprove their overall plant competitiveness. This
study is aimed at reducing electricity cost to ioyw a marginal cement grinding plant’s

profitability.

1.4.2 Hypothesis

Implementing DSM on a marginal cement grinding phaill ensure competitiveness in the

market.

1.4.3 Research objectives

The objectives of the study are as follows:

a) Research load management implementation and ewalustrategies in the cement
industry.

b) Propose an implementation and evaluation strai@gp&d management on a marginal
cement grinding plant.

c) Evaluate the electricity cost intensity of a maagiand modern cement grinding plant.

d) Conclude whether load management can improve tifegiility of a marginal cement

grinding plant when compared with a modern cemantiing plant.
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1.4.4 Scope of study

The focus of the study is to examine the effedt &M strategies have on a marginal cement
grinding plant’s electricity costs. The productiores of cement grinding plants have different
production methods, rates, equipment, capacityymts and tariff structures. Electricity cost
intensity is most commonly associated with the telgty cost of producing one tonne of

cement, hence cost per tonne.

The marginal cement plants considered for DSM ament grinding plants. Cement grinding
plants buy clinker from other cement plants thatpice clinker via kilns. The electricity costs
only represent finishing/cement grinding. No cogteceding the clinker storage and no

processes following the cement silos are considered

Cement grinding plants were specifically chosenahee they mostly use electrical energy
compared with clinker-producing cement plants tist more thermal energy [1], [13]. Since
electricity prices are increasing, DSM will have tjreatest impact on cement grinding plants.
The electricity costs of a cement grinding plamt caly be determined by specific electricity

cost per tonne.

1.5 DISSERTATION OVERVIEW

1.5.1 Chapter 1: Introduction

In Chapter 1, the study is motivated by discussimmshe cement industry in South Africa.
The degree of competitiveness, electricity usage @ing electricity prices in the South
African cement industry are outlined. Electricignstraints in South Africa and the impact it
has on the cement industry are addressed. A solutithe form of DSM is proposed and
motivated. In addition, the study research goalshlem statement, a hypothesis and the scope

of the study are given.

10
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1.5.2 Chapter 2: Literature review

The literature review starts by researching cemaantufacturing to understand the process.
Building on the knowledge of cement manufacturiegergy usage on a typical cement
grinding plant is identified. Thereafter, electtycintensive components are selected for DSM.
Load management, energy efficiency and peak clgppne research and evaluated. Evaluation

strategies are researched.

1.5.3 Chapter 3: Methodology

Chapter 3 presents a methodology for implementi®MOoad management on a cement
grinding plant. A comprehensive DSM load managenesauation strategy is developed,
which is the focus of the methodology. The evabratstrategy attempts to derive a true
reflection of plant operations and electricity usaly also presents a method for evaluating

DSM load management effectiveness and benchmagksielty usage on different plants.

1.5.4 Chapter 4: Case studies

Chapter 4 implements DSM load management on twgimarcement grinding stations. The
data gathered from the pre- and post-DSM implentiemtas analysed using the evaluation
strategy developed in Chapter 3. The results frdrap@er 4 determine whether DSM load
management can lower the electricity cost requmexperate a marginal cement grinding plant

in order to compete with modern cement grindingnfga
1.5.5 Chapter 5: Conclusion
Chapter 5 summarises each chapter in the stubightights important findings, methods and

achievements. Chapter 5 also evaluates the studgroes to determine if the study goals were
reached. Further research recommendations arenpedse

11
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1.6 CONCLUSION

The cement industry in South Africa is facing caafjing circumstances. Additionally, new
cement producers such as Sephaku and Mamba incnealket saturation. Imported cement is

often cheaper than locally produced cement, thagdfhg the market further.

Rapid increases in electricity prices influencedleztricity intensive cement industry in South
Africa negatively. It is vital for industry to reda operational costs to remain competitive.

DSM is an effective method for minimising electtyctosts.

This study focuses on some of the current issursifay the South African cement industry.
The findings in the dissertation will determine wWier implementing load management

strategies can improve the production profitabitifya marginal cement plant.

12
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CHAPTER 2

Literature review

Chapter 2

This chapter reviewsthe cement-making process together with electricity consumption on cement
grinding plants. DSM strategies are researched to determine the most cost-effective strategy for
reducing electricity consumption. Once the most cost effective DSM strategy is identified, the

implementation and evaluation of the identified strategy are researched.

13
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2 ENERGY MANAGEMENT ON CEMENT PLANTS

2.1 PREAMBLE

Since the first power crisis in 2008, energy manag& and optimisation have become popular
topics in South Africa. Industry is prioritising @mgy management and optimisation in an
attempt to counter electricity tariff hikes. Esk@ub-contracts energy services companies
(ESCOs) to implement energy management and optimrisatrategies. These strategies are
designed to balance the electricity supply withdeemand. Strong technical knowledge of the
industry is required to implement energy savingsiatives and to evaluate the savings

accurately.

Cement production

B Encrgy demand of a typical cement plant

Cement/finishing mills

=
=
>
0
(a2
5
=
=
S
S
3}
=
—

Demand-side-management

Evaluating electricity cost intensity

Figure 2-1: Literature review outline

The energy consumption of a typical plant is ressaa to determine the possibility of energy
savings. Types of DSM strategy and their applicabm a cement plant are researched to
identify an appropriate implementation strategy.c©rthe appropriate strategy has been
determined, electricity intensive components oncltihe strategy will be implemented are

identified. Previous evaluations of DSM savingd Wwé researched.

14
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2.2 CEMENT PRODUCTION

Cement production is a complex and integrated po&®m mining to end product. In order

to identify energy savings opportunities, it is ongant to understand the cement production

process and the flow of operations on a typicahliast. The following section explains the

cement production process in detail.

Cement making limestone rock rough ground limestone fine ground limestone

dump truck

limestone quarry
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Figure 2-2: The cement-making proces$

Mining — The cement production process begins at largeslone quarries. Holes

drilled with compressed air are packed with explesiand detonated to break up

limestone deposits. Excavators load the limeston® @ump trucks or conveyor belts

to be transported to crushers [14], [15].

Crushing — The raw limestone is fed into the primary crusiaw crushers reduce the

limestone rock to rough ground limestone. Thereattee rough ground limestone

passes through a secondary cone crusher. The sggamathe crusher crushes the rough

limestone to a fine ground limestone [14], [15].

X picture retrieved from Britannica Encyclopaedial20[Online]. Available: http://kids.britannica.cécomptons/art-114024/To-make-
cement-limestone-is-crushed-mixed-with-other-matsriAccessed: 31-Jan-2015].
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Raw milling — The fine ground limestone along with other gegrraw material are
stored in feed hoppers. The raw material is fed ihé raw mill using weigh feeders at
the required proportions. Vertical roller mills loorizontal ball mills can be used for
raw milling. The raw material is grinded into avlable powder called raw meal before
being fed to the kiln [14], [15].

Coal milling — In most cases, the kiln is heated using pulvercs®l. Before coal is
fed to the kiln, it passes from the stockpiles tiglo a coal mill to be dried and
pulverised. The coal is dried in the coal mill @simot air from the clinker cooler or
pre-heater. A ball mill or a vertical roller millan be used to pulverise the coal
[14], [15].

Pyroprocessing -Clinker is produced by the kiln. The kiln conve@taCQ into CaO
that reacts with aluminium oxide, ferric oxide asilicon oxide with free limestone to
produce clinker. Heat is generated in the kilnrdyaducing the pulverised coal at the

lower end in a counter-current manner [14], [15].

In addition to coal, other fuels such as oil, gad petroleum coke can also be used as
fuels. The kiln slowly rotates as raw materialad into the kiln at the elevated end.
The rotation of the kiln helps the raw meal to mdweavn the kiln. As the raw material
flows down the kiln, the heat moves up and everdgt the raw meal to induce

pyroprocessing [14], [15]. The detailed procesthakiln is as follows:

1. Remaining moisture in the raw meal evaporates asnthterial heats up to
100 °C.

2. Temperatures approaching 430 °C stimulate iron eyxsllicon oxide and
aluminium oxide formation [16].

3. Carbon dioxide (Cg) separates from CaCO3 to form CaO at roughly @00 °
This process is called calcination [16].

4. CaO reacts with the oxides at approximately 1 £1@°form cement clinker
[16].
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VI.

VII.

VIII.

Pre-heater and pre-calciner— A pre-heater or pre-calciner is a series of Jssse
stacked in a vertical tower called a pre-heateretoWhe hot exhaust gases generated
by burning fuel flow up the kiln and into the predter vessels. Raw meal flows from
the top of the pre-heater tower downwards intokile As the hot gases flow up and
the raw meal flows down, more effective heat transfetween the gases and solids
occur than in the kiln [14], [15].

Heating raw meal before it enters the kiln redutesoverall length of the kiln and
improves production. In most cement plants, furtheat transfer optimisation is
achieved by diverting some of the kiln fuel to dcoeer vessel. The increased heat

transfer in the calciner vessel speeds up therzlon process [14], [15], [17].

Clinker cooler — Hot clinker flowing out of the kiln must be cedl rapidly from
1 100 °C to 90 °C to ensure maximum yield and blateemperatures for downstream
equipment. A clinker cooler uses a number of fangit-cool the clinker. During air-

cooling, the clinker absorbs heat from the hotkdimand feeds it back into the process.

As much as 30% of the thermal energy from the hoker can be reverted back into
the process. The hot air is mainly used as prarmmlduel and main burning air.
A planetary cooler and reciprocating grate cooterrmost commonly used for clinker
cooling [14], [15].

Finishing milling — Clinker, along with additives such as fly ashpgym and slag are
fed into proportioning equipment where a spec#icipe is mixed. Additives determine
specific characteristics such as strength and hgdraates of the cement. Different
recipes will produce different types of cement [14p].

The mixed materials are fed into the finishing/catmaill to be grinded to a predefined
fineness. The fineness of cement is measured initacalled Blaine [cri{g]. High
Blaine values specify a finer cement. Mills genlgrase more energy to make finer
cement. Ball mills and vertical roller mills are st@ommonly used in finishing milling
[14], [15].
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2.3 ENERGY DEMAND OF A TYPICAL CEMENT PLANT

Section 2.2 provided a good basis for understaniiagement-manufacturing process. With
knowledge of the production process and components,gy usage can now be researched.
Cement plants are energy intensive with the cem@msector consuming 12—-15% of the total
industrial energy usage. Studies show that 50-60¢6tal production costs are allocated to
energy. Energy cost reduction can, therefore, Bagmtly increase the overall cement

production profitability [1], [2].

In the cement-manufacturing process, there isa distinction between energy obtained from
fuels and energy obtained by using electricity.|&wan include coal, natural gas, petroleum
coke, diesel and paraffin that are mostly convetbettiermal energy. Electrical energy is used
to power the motors of compressors, fans, pumpshers, conveyor belts, separators and

mills. Table 2-1 shows the energy sources usedbly stage of production [1].

Table 2-1: Energy source allocation to process

Stage Energy Source Description
Limestone milling Fuel Diesel for earthmovers.
Electricity Electricity/fuel for compressors.
Transport Fuel Diesel for dump trucks.
Electricity Electricity for conveyor belts.
Crushing Electricity Electricity for crushers.
Raw milling Electricity Electricity for mill motodrive, fans and auxiliaries.
Pre-calcination Fuel Fuel to generate heat energy.
Coal milling Electricity Electricity for mill motor drive and fans.
Fuel Fuel to generate heat energy.
Pyroprocessing Electricity Electricity for kiln drive and fans.
Fuel Fuel to generate heat energy.
Clinker cooling Electricity Electricity for clinkeloreaker, drive and fans.
Cement grinding Electricity Electricity for mill motor drive, fans and auxilias.
Fuel Fuel for heating vertical roller mills.
Packaging and dispatch  Electricity Electricity for packing plant and
Fuel Fuel for transport.

This study focuses on reducing electricity costgririding plants. From this point onwards,

the literature review will focus on electricity uss processes after clinker production.
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Figure 1-1 showed that two of the largest cemendlycers in South Africa accredit 10-15%
of their total operational cost to electricity [G@rinding plants attribute the majority of their

energy usage to electrical energy because theypdaese fuel-intensive pyroprocessing.

Table 2-2 ([1], [18], [19]) shows the specific dkgmal energy consumption for different
sections and components on a typical cement primstutihe. When considering grinding
plants, the major electricity users are finishiegient mills, transport (conveyor belt motors),

packing plants, plant lighting, pumps and servegsh as compressors.

Table 2-2: Electrical energy distribution on a typicd cement plant

Electrical energy distribution on a typical cementplant

Section/components Electrical energy consumption Share
[KWh(t] [%0]
Mine, crusher and stacking 1.50 2.0
Reclaimer, raw meal grinding and transport 18.0 24.0
Kiln feed, kiln and cooler 22.0 29.3
Coal mill 5.0 6.7
Cement grinding and transport 23.0 30.7
Packing 15 2.0
Lighting, pumps and services 4.0 5.3
Total 75.0 100.0

Full clinker and cement-producing plants allocdiewt 61.4% of their electricity consumption
to raw meal grinding, coal milling and cement gmgd Approximately 80% of the electricity
on grinding plants is consumed by the cement/fingimills. The high electricity consumption
of grinding plants is because the largest companar cement mills that primarily consume
electrical energy. The cement mills are, theref&ey, components when reducing electricity

cost on grinding plants [13].
2.4 CEMENT/FINISHING MILLS
In section 2.3, cement mills were identified asmegor electricity-consuming component of

cement grinding plants. It is thus necessary teare$ cement mills further to understand their

features, operational characteristics and energings potential fully. In addition, a grinding
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station’s classification as a modern or marginanplis directly dependent on the type of
cement milling equipment it uses since 80% of aclplant’s electricity is consumed by the

cement/finishing mills [13].

South Africa’s cement producers predominantly usaventional ball mills for cement
grinding since most cement plants in South Africaravconstructed when ball mills were
considered the most modern and proven cement gidomponent [20], [21]. Figure 2-3
shows a picture of a conventional ball mill. A lballl is a large rotating steel tube with
grinding media. The grinding media are mostly stegls. Depending on the type of cement
that is being produced, clinker and other additemescrushed by the steel balls when the steel
tube rotates [14], [22].

Figure 2-3: Photo of a conventional ball miff"

The tube is normally divided into two or more comipeents containing different sizes of steel
balls. As the raw material passes through the imal grinded down by continuously smaller
steel balls in the second and third chambers. Taler grinding media greatly improve the

grinding efficiency as the raw material particleesreduces [14], [22].

Xl Photo taken by author on a marginal grinding plaais.
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The vertical roller mill shown in Figure 2-4 is neocomplex. Raw material is introduced into
the mill. The raw material falls onto a rotatingngr table and centrifugal force from the
rotation grind table moves the material outwardsenneath grinding rollers pressing down on
the grinding table by means of hydraulic pressWater conditions the grinding bed between

rollers.

A hot gas generator produces hot gas by burning fach in turn drives the fine ground
material to the classifier located above the midl.the finished material dries, it conveys with
the hot gas to the classifier. The classifier returversized material back to the grinding bed
for another grinding cycle. The finished materiadahot gas mixture passes through the
classifier to a downstream filter. Hot gases araawed from the finished material and are
returned to the cycle [23], [24].

Figure 2-4: Photo of a modern Loesche vertical rollemill XV

XV Photo taken by the author on a modern grindingpsta2015.
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Ball mills are less efficient than more modern waidtroller mills in terms of electrical energy

consumption. Compared with other milling equipméyal] mills have the highest electricity

consumption. Ball mills consume approximately 35H{¥¥o grind cement to a Blaine fineness
of 3 500 cnd/g. Vertical roller mills use 20-25% less electrigaergy than ball mills [25], [26].

During a Loesche symposium held in Disseldorf, ricad roller mill was compared with a
ball mill. Decision criteria were formulated consithg total cost investment, operational cost,
product quality and production flexibility of indliag either a vertical roller mill or a ball mill.
The total investment of installing a vertical rollill is slightly higher than installing a ball
mill. The operational cost of a vertical roller mis 25% lower than a ball mill when

considering specific energy consumption [27].

Product flexibility is better when using verticaller mills because all cement types can be
produced. The same product quality can be achietweth using a vertical roller mill. Vertical
roller mills are more maintenance intensive. Coragarith a ball mill, a vertical roller mill

has more mechanical moving parts resulting in nfreguent breakdowns [27].

Stable operation is more difficult to achieve aserational parameters such as
separator/classifier rotor speed, airflow rate,raytic grinding pressure and dam ring heights
need to be carefully adjusted to maintain produelity. Vertical roller mills need to be heated
up before grinding can commence. Burners use tukkat air flowing into the vertical roller
mill. Ball mills operate without heating, which necks cost [28].

Sephaku recently built the Delmas cement grindtagan and the Aganang cement plant. In
both plants, vertical roller mills were installed raw milling, coal milling and cement
grindings [3]. This clearly shows that South Aficegement producers prefer the vertical roller
mill. It also proves that a grinding station fittedth a vertical roller mill is modern.

In conclusion, vertical roller mills and ball millre the cement milling equipment used by
South African cement producers. Ball mills are meletricity intensive than vertical roller
mills. Ball mills have a more stable operation anelless maintenance intensive. Vertical roller

mills need hot process gases generated by a hdiugasr that consumes fuel. A grinding
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station is classified as modern when using verticder mills and marginal when using

conventional ball mills [28].

The next section will identify DSM opportunities gninding plants. The most effective and
viable DSM solution will be researched extensivelgderive an implementation and evaluation
strategy.

2.5 DEMAND-SIDE MANAGEMENT

DSM consists of load management and energy effigieboad management primarily uses
load shifting to optimise electricity costs. Enemgfficiency reduces electricity consumption,
which translates into electricity cost reductioRgak clipping is a combination of energy
efficiency and load management. Peak clipping cedelectricity use during peak periods
without shifting the peak period load. Energy efficy improvements recover production lost

as a result of peak clipping [10], [29].

2.5.1 Energy efficiency improvements

Table 2-3 shows energy efficiency improvements dypp&cal cement grinding station. The
energy efficiency improvements identified are daddnto processes found on a typical cement
grinding plant. Respective electricity and therraakrgy savings for each energy efficiency

improvement are shown with corresponding paybaciogs.

Finishing grinding

Table 2-3 [1], [22], [17]) confirms that energy efficiency improvements omeat plants are
both diverse and abundant. Replacing traditiondll rhdls with variations of high-pressure
roller mills delivers substantial savings. Butyoéitting old mills are expensive, have lengthy

payback periods of up to 10 years and installatsults in prolonged plant downtime.

High-efficiency classifiers can also be installedexisting mills, but are expensive with the

payback period estimated at 10 years. Utilising rompd grinding media can deliver
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substantial savings at an estimated payback pefi@ight years. Advanced process control
improves mill throughput and has lower paybackqusibut remain expensive.

General

A less expensive energy efficiency measure is pdace all motors and drives with high-
efficiency motors and drives. The payback periogsismated to be less than a year and could
deliver substantial savings. In addition, variabjeeed drives (VSDs) can be installed on
electric motors to reduce speed, torque or rotatiforce to the minimum required set points.

This will produce substantial savings with accelggdayback periods of up to three years.

Compressed air system

The compressed air system is mainly used for t@tisg raw material and finished product.
Reducing air leaks and sizing the pipes in thaetwork correctly will reduce electricity usage
by 20%. Further savings on the compressed air mktean be achieved by reducing the

temperature of the inlet air and applying compressontrol.

Lighting
Lighting control by means of day/night and sensuaitches can reduce lighting cost by up to
20%. Metal-halide and high-pressure sodium lightdrgstically improve the electricity

efficiency of lighting cost by as much as 60%.

Energy efficiency is an effective method of savalgctrical and thermal energy on cement
plants. However, long payback periods, installatbowntime and large initial capital
expenditures limit a cement producer’s ability taprove the energy efficiency of marginal
plants. Table 2-2 confirmed that close to 80% efdlectricity on grinding plants is consumed
by the cement/finishing mills. Energy efficiencytiserefore, not a viable solution for a cement
DSM project as the project would have to replaeerttills to have a significant impact on

electricity consumption.
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Table 2-3: Energy efficiency improvements

Process/component Energy efficiency opportunity Thermal saving  Elety saving  Payback period Reference
[GJit] [kWh(t] Year
Finishing grinding Process control and management .04-@.05 3.2-4.2 < 1-2 years [30], [[ii]] [[?éé]] [33],
Vertical roller mill 0.02-0.29 10.0-25.9 - [30], [31[27[?2]' [36],
o - ~ _ [17], [30], [31], [32],
High-pressure hydraulic roller press 0.03-0.31 3300 > 10 years [38], [32], [39],
Horizontal roller mill 0.10-0.30 - - [17], [38]
High-efficiency classifiers 0.01-0.03 1.6-7.0 >yHEars [13], [[?gg]] [[i%]] [35],
Improved grinding media 0.02-0.10 1.8-6.1 8 years [30], [31[]41[?2]’ [38],
General High-efficiency motors and drives 0.02-0.31 3.0-25.0 <1 year [30], [[fé]] [[3;2»,]] [38],
VSDs 0.03-0.10 0.1-9.2 2-3 years [30], [31], [38]
Compressed air Reduce leaks - 20% - [44]
system Compressor controls - 3.5-12% - [44], [pE]
Reduce inlet air temperature - 1% 2-5 years [45]
Size pipe diameter correctly - 20% - [44]
Lighting Control for plantwide lighting - 10-20% Xyears [47]
Repl lights with metal-halid
eplace mercury lights with metal-halide ] 50-60% ] (18]

or high-pressure sodium lights
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2.5.2 Peak clipping

Peak clipping can only be achieved on producti@misl by improving production efficiency.

The energy efficiency section (section 2.5.1) deieed that energy efficiency is not a viable
DSM solution. Peak clipping is also not a suitadgkition for a DSM project as it has the same
limitations as energy efficiency, namely, long pagk periods, installation downtime and large

initial capital expenditures.

2.5.3 Load management

Load management, also known a load shifting, isetiactive DSM strategy to reduce
electricity cost on a cement plant. This was provghidbetter when she implemented a pilot
DSM load management project on a South African cgrmpkant in 2010 [48], [49]. Lidbetter
followed a simple approach by prioritising prodoatduring specific times of a day to achieve

electricity cost reductions.

The method is as follows (refer to Figure 2-5 ([48B))):

= Operate mills primarily in off-peak periods (greéetween 21:00-06:00.

= Use the standard periods (yellow) as secondaryatipaal periods.

= Stop operation during evening peak periods if leil@ls are acceptable.

= Perform a second load shift during morning peakoplerif silo levels are acceptable.
Consider silo levels so that pending evening-peall khifting can still be performed.

Ensure the silos are full enough to be shut

Primary operation down during evemng peak Primary operation
Morning peak Evening peak
B EEEEC ][] E] ][] E!I
If silos are close to maximum capacity the No operation

mills can be turned off

Figure 2-5: Lidbetter’'s load management method
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Lidbetter's study proved that the cement producpoocess presents opportunities for load
management with high production rates, moderateenésales and sufficient buffer capacity.
Building on Lidbetter’s previous findings and otlpevious studies, Swanepoel proposed an
energy management system (EMS) [12], [50], [512][$53].

An EMS collects data and uses an integrated omiois model to create an operational
plan/production schedule for the considered cemptantt. The objective of the optimisation

model is to create an operational plan with minimelectricity use and cost. The production
schedule is created by a third-party optimisatingime that uses mathematical modelling to
incorporate multiple plant constraints [54].

Maneschijn incorporated Swanepoel’s model into aiwraated computer system using the

following [54]:

Automatic data collection from various sources;
Process input data and information;

Processed data integration with Swanepoel’s model;
Application of optimisation engine to the model,

a kw0 nNE

Record and communication optimised running schedule

The automated operations modelling system enablkedavidespread implementation of load
management on multiple cement plants across SofiitbaA The results of the widespread
implementation were evaluated and showed a suldtaieicrease in electricity costs. The

impact of the savings on the production profitapitif a plant is investigated further.

2.6 EVALUATING ELECTRICITY COST INTENSITY

Electricity cost intensity refers to the electryottost per tonne of cement produced. Reducing
the electricity cost intensity contributes sigrafintly to a marginal plant’s profitability.

Evaluating the electricity consumption of cemergnt$ is vital when savings measures are
implemented. This allows companies to assess tfeeteeness of the savings measure

implemented and benchmarks performance betweets@ad previous performances.
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Load management requires a change in behaviouatitdde of managers and employees
towards the consumption and cost of electricityniWatudies show that positive behaviour
and attitudes of managers and employees towardgyes&ving initiatives will result in energy

cost reductions[55]. Interest and support towamsrgy management and optimisation from
plant personnel is key to the successful implentemtand sustainability of load management.

Currently, some South African cement producersuatal a plant’s production cost intensity
when considering electricity consumption by caltolp the cost of electricity per tonne
[21], [56]. Previous studies focused on implemagpioad management and did not evaluate
the implication of reduced production costs ondbmpetitiveness of marginal cement plants

further.

Venter described the potential for load managenmatventions on South African cement
plants. He showed that by considering the adjduetfiér levels, large electric equipment such
as mills could be used to manage peak loads. Th¥egker identified and outlined possible
savings on cement plants, these possible savingsneécompared with more energy-efficient
and more modern equipment. Additionally, Venteresuits were theoretical and did not

describe implementation [57].

Jordaan furthered the research conducted by Vemdridentified possible hurdles and
parameters that need to be considered during #utigal implementation of load management
interventions. These parameters included equipfaéigue, silo capacity, production targets
and product quality. The study by Jordaan descniblyant evaluation criteria better, but did

not, however, compare real-world implementatioroparational cement plants [58].

Lidbetter used the potential that was identifiedManter and the evaluation criteria identified
by Jordaan to implement a load management tri@ South African cement plant. The study
showed electricity cost savings. Lidbetter devetbpehorough cost evaluation technique to

evaluate the success of load management [48].
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Lidbetter presented the first real-world impleméiotaof DSM load shifting on South African
cement plants. Lidbetter focused on working wegkdand eliminated weekends, public
holidays and operational outliers. The study dtsmused on the main drive motors of the

grinding mills and excluded other electric equiptda].

The study calculated average operating electrmtysumption on the grinding mills using
supervisory control and data acquisition (SCADAJ}ada Stoppage records were used to
identify when mills were operating and when theyeweot. These stoppage records were used
to calculate an average usage of the mills for damlr of the working weekday. These
operating averages were multiplied with the milegiing electricity consumption to obtain

an average weekday baseline [48].

Lidbetter also calculated the total mill usagedentify the possibility for load shifting. By
implementing a pilot study, the study results shbtat a load-shifting strategy is feasible on
cement grinding equipment. The baselines calculaged) the operating electrical demand and

the total stoppages were compared with the loafilgsmbtained during the pilot study [48].

However, the baselines were not scaled to repressimilar production scenario. The effect
and total savings that these load-shifting intetiems would generate were also not

investigated. A load-shifting intervention wasaaiet compared with normal operation [48].

Swanepoel’s and Maneschijn developed a modelliognigue and automated computerised
system to evaluate multiple components and prooiictonstraints to identify load
management potential on cement plants. This EMSinvplemented on various South African

cement plants.[22]

The integrated EMS enabled plant personnel to densnultiple variables, which allowed a
wide focus that included load management for el@ttrcost savings. The EMS showed
widespread electricity cost improvements. Theistidsed an evaluation method to quantify

the achieved savings during the implementatiomefdaperations modelling system.
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The evaluation method used electricity data fdirag¢-month period to compile an electricity
consumption baseline. The baseline representeatking week rather than the daily cycle as
was represented by Lidbetter. By using an operatioveek, load shifting from weekdays to

weekends could also be accounted for.

The electrical demand after the implementation ais® recorded and represented on an
average working-week profile. The recorded bassliwere scaled to represent a similar
production scenario as was present during the mmgxgation. The weekly load-shifting

representation is shown in Figure 2-6 (Adapted ffbgj).

Plant A power consumption during operation scheduling intervention

Sunday Weekday Weekday Weekday Weekday Weekday Saturday

mmm Achieved ——ScaledBaseline ——Baseline

Figure 2-6: Weekly electrical demand load shifts reults profile presented by Swanepoel

Swanepoel also evaluated the load shifted from degk to weekends and the load shifted
between the peak-, standard- and off-peak peribdswmrking week [12]. An example of the
evaluation method is shown in Figure 2-7 (Adaptednf[12]). Swanepoel used the plant
characteristics to generate an optimal cumulativedyction cost with utilisation
representation. The cumulative production costesgntation is shown in Figure 2-8 (Adapted
from [12]).
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Average weekly power consumption at Plant A Average hourly power consumption at Plant A
120000 4500

4000

100000

3500 -

80000 3000 T

2500 -

60000
2000 -

40000 - 1500 -

Daily power consumption (kWh)

1000 -
20000

Hourly power consumption (kwWh)

500 1

o0 -
Weekday Saturday Sunday OoP S P

B Scaled Baseline M Actual B Scaled Baseline ®Actual

Figure 2-7: Average weekly and hourly evaluation pesented by Swanepoel

Cumulative electricity cost for Plant 1
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Figure 2-8: Optimal cumulative electricity cost wit utilisation as presented by Swanepoel

The weekday baseline profile represents load-sigiftesults more accurately than the daily
baseline profile generated by Lidbetter. The weakld peak/standard/off-peak representation
also indicate the impact of the load-shifting int@rtion on the specific cement plant more
clearly. The studies, however, did not evaluatd eompare the cost savings with more

efficient equipment to identify the profitabilityf smarginal cement plants.

The optimal cumulative production cost graph shdhe perfect load-shifting scenario,

however, it does not show how close the interventame to being optimal. A clearer
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comparison of plant cost improvement when considea competitive environment between

cement plants is required.

A study by Spangenberg evaluated the effects andgsincurred by DSM load management
interventions on the South African cement indug28}. Five concerns and evaluation criteria
were identified and evaluated by considering mldtiouth African cement production plants.
The evaluation criteria included energy and cosingg; effect on production; impact on

cement-manufacturing equipment; effect on the ceémeality and; increased awareness.

The study calculated the energy cost savings bgidering the electricity costs for an entire
year. A weekly electricity demand profile and bemewere used to calculate the electricity
cost savings incurred by implementing the loadtstgfintervention on the specific cement

plant. The electricity cost evaluation methodhewn in Figure 2-10 (Adapted from [22]).

Spangenberg considered the total production outpthie cement plant before and after the
load-shifting interventions to evaluate the eff@etproduction [22]. Production volumes were
considered for the storage silos. The level ofstioeage silos were evaluated at the start and
at the end of the working week to determine th&etehce in stock levels. The storage levels

are shown in Figure 2-9 (Adapted from [22]).
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Figure 2-9: Storage level evaluation presented byp&ngenberg
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Actual profile energy cost [R]

Hour

Weekday | Saturday

8714.62

7120.73

6995.49

7623.00

7830.82

7854.28

779722

7885.73

8433.80

255832.53| 156486.20| 124513.00

Proposed profile energy cost [R]
Hour | Weekday | Saturday

8979.34

771232
11:00f 771232
12:00f 771232
13:00f 771232
14:00f 771232
15:00f 771232
16:00f  8373.38

8373.38

250684.59| 156923.20| 126268.80

l J
R 5,147.94 X 5
+ R (437.00)
+ R (1,755.80)
=R 23,546.89
Summer electricity cost saving Winter electricity cost saving |
Weekday Saturday Sunday Weekday Saturda Sundab/
ITotaI R 1,149.4p -R310.42 -R1,522|66 |T0ta| 5,147.94 -437.00 —1,755.{30
Avg Daily Savings R 559.1 Avg Dally Savings R 3,363.84
Summer Savings R 152,638.2p Winter Savings R 309,473.3p
Clasified as Saturday Sunday Clasified as Saturday Sunday
Public Holiday 5 6 Public Holiday 2 0
|Total Summer Savingd R 141,938.1p [Total Winter Savings| R 308,597.3p
R 450,535.5¢1

Figure 2-10: Electrical cost calculation method asnesented by Spangenberg
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Spangenberg’s study used data acquired from meiltigadd management interventions over
extended periods of time [22]. The study concluithedl DSM load management interventions
generated substantial electricity cost savings.e $avings are produced without affecting
production negatively or increasing wear on promuncéquipment. The quality of the cement

produced also showed an improvement.

The study, however, did not compare the savingduymed by DSM interventions with more
modern cement production facilities. The costrsgsiwere not compared with the operational
electrical cost of other more effective cement fgdariProduction rates and production volumes
of competing cement plants were also not considered

From literate on cement plant load management,as Wound that thorough evaluation
techniques were compiled by different authors. @&wauation techniques, however, did not
adequately describe how the interventions improtherl cement plant cost savings when

compared with the competitive cement productionrenvnent that is found in South Africa.

A thorough comparison of electricity cost is reqdito assess the impact that load management
has on marginal cement plants. Furthermore, thesealts must be compared with more
modern and more energy-efficient equipment to iifletite effectiveness of load management
interventions. Load management interventions orgmal cement plants are redundant if they

cannot compete with more modern plants.

2.6.1 Results verification

It is necessary to compare the results obtained tay new methodology with a published
method to verify the cost savings calculations. beiter derived a simple method for
calculating energy efficiency and load-shifting tteavings. Using Lidbetter's method, the
accuracy of the case study results can be evalastagercentage difference [49].
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The method uses weighted averages of the TOUgdoiffjuantify the cost savings during peak
period reduction. In Equation 2-1, the method degithe total energy usage [Q kWh] for the
considered period into peak [Q1 kWh], off-peak [R&h] and standard [Q3 kWh] energy

usage.

Equation 2-1:
Q=01+Q2+0Q3

Using Equation 2-2 and Equation 2-3, the consumpdio during peak periods [S1] and off-

peak periods [S2] are determined.

Equation 2-2:

S1 = %
Equation 2-3

S2 = %

The weighted averages [W] of the tariffs are caltad by Equation 2-4. Tariffs during peak,

off-peak and standard periods are represented byw&and w3 respectively.

Equation 2-4:
W =S1wl+S2w2+ (1 —S1 —S2)w3

The load-shifting cost savings [C] are calculatethg Equation 2-5 by multiplying the total
energy usage [Q kWh] with the difference in pred anst-DSM weighted averages.

Equation 2-5:
C=0Qx AW
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Lidbetter's method for calculating load-shiftingvsays is simple and provides a good means
for verifying results. TOU tariffs usually differudng winter and summer months. When
considering annual savings, separate cost savimysics be calculated during summer and

winter months and thereafter added together toveléhie annual cost savings [48], [49].

2.7 CONCLUSION

Financial and operational implications make enegfiiciency improvements unattractive to
cement plants because of the high cost of repldeargware and the installation downtime
thereof. Peak clipping incorporates energy efficieand shares the same limitations. The most
viable load management strategy for reducing etgtgtrcost on a marginal cement plant is
load shifting. This method of electricity cost retlan will be further investigated and applied
to improve the profitability of a marginal cemertdut.

Previous DSM load management studies focused priednity on implementation and not on
evaluating the effect of DSM load management onlpetion cost intensity when considering
electricity consumption. A need exists for a compresive evaluation strategy with which the
effectiveness of DSM load management can be askess® different plants’ electricity
consumption can be compared. The evaluation strangly be crucial in answering the

research question.
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CHAPTER 3
Methodology

Chapter 3
Discusses the load management implementation strategy and presents the devel oped evaluation

strategy. This chapter also states the assumptions that are necessary for the study.
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3 PROPOSED LOAD MANAGEMENT IMPLEMENTATION AND
EVALUATION STRATEGY

3.1 PREAMBLE

The methodology presents both a generic DSM loadagement strategy and an effective
evaluation strategy. The main objective of thedgtis to determine the effect of load

management on the electricity costs of a margieahent grinding plant. Therefore, the
methodology will mostly focus on the method for leraing the proposed DSM load

management strategy effectively and not on its @mantation. The diagram in Figure 3-1
shows the outline of the methodology.

Implementation DSM load management implementation

Electrical load analysis

Production load analysis

Methodology

Specific energy consumption analysis

Figure 3-1: Methodology outline

Cost analysis

The cement plants selected for the study are cegramding plants. Grinding plants are
normally located at more favourable locations fodl product distribution and only incorporate
finishing/cement mills in their production linesw® marginal grinding plants from two

different companies will participate in the stuBpth of these plants use horizontal ball mills.

A generic load management strategy will be idezdifand implemented. Once the electrical

costs have been reduced on a marginal cement ggin@ant, it will be compared with a
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modern cement grinding plant using the evaluatimategy. The evaluation strategy will
determine whether load management is effectiveegpkhg marginal cement grinding plants

competitive.

3.2 ASSUMPTIONS
The following assumptions were necessary for thdyst

Assumption 1
The analysis boundary represents only finishingk®ngrinding. No costs preceding the

clinker storage and no processes following the cermsios are considered. Figure 3-2 shows

the analysis boundary.

Grinding plants

AN T |

Clinker

I
cooler I_

—

Figure 3-2: Analysis boundary

Raw storage  Raw grinding Pre-heater/calciner Kiln

The two respective grinding plants receive clinkad other raw materials from the same
sources and are located similar distances fronsdloece. It is assumed that all the energy

costs associated with clinker production and trartsgre equal for the different plants.

Packing and dispatch represent a relatively snmatiuat of electricity when compared with
finishing grinding. Additionally, most packing améspatch components are similar between
the different plants. It is thus assumed thatadits associated with packing and dispatch for

the respective grinding plants are equal.
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Assumption 2

Both the finishing mills characterise one mode jpémtion, i.e. the mills are either on or off.
Most of the mills at cement grinding plants havepacific internal load set point. Since the
mill feed consists of materials with consistentdmass and abrasiveness, it remains stable
when the mill is operational. The plants understd@ration do not include variable feed mills
or VSD controlled mills.

Assumption 3

Both the participating plants are on TOU tarifustures. The analysis will assume that both
plants have the same tariff costs. When assumiiffjdasts to be equal, the load management
results will be emphasised. Subsequently, the arsatan effectively determine whether load
management can improve the profitability of a maagcement grinding plant when compared

with a modern grinding plant.

Assumption 4

Table 2-2 shows that cement grinding uses about@Q¥g@rinding station’s electrical energy.
Lighting, packing plants and other auxiliaries tresame electricity as grinding plants. These
auxiliaries will not be subjected to load managemdierefore, only the mills and the

associated auxiliaries will be considered when caning the plants.

3.3 DSM LOAD MANAGEMENT IMPLEMENTATION

3.3.1 Load management strategy

The main focus of the dissertation is evaluatiregefiect that DSM strategies have on cement
grinding stations. Previous studies have extengikedearched and implemented DSM load
management on cement plants. These studies depooen generic DSM load management
implementation strategies that can be appliedeartarginal grinding plants. A generic DSM
load-shifting implementation strategy will be idiéied and applied to the marginal cement

grinding plant in each case study.
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3.3.2 Energy management system

An EMS is a computer-based system that has autom®rdata acquisition, processing,
optimisation and reporting capabilities. The EM®disn this study was developed by the
ESCO to manage energy consumption actively andednice costs. The EMS has been
implemented and proven to reduce electricity cost@ment plants across South Africa [22].

It will be applied to the marginal cement grindstgtions in this study.

Cement plants receive weekly sales forecasts. Toéduption manager evaluates the current
stocks available in silos, considers the plannethi@@ance on production equipment for the
coming week and manually creates a weekly prodagtidling schedule. The control room
operators run the mills according to the schedeteived from the production manager. Very
often, the production managers do not prioritise-tmst tariff periods in their production

schedules.

Load management is achieved by using the ProdutMmmagement Tool (PMT) that is built
into the EMS. It was developed by Swanepoel to toorind optimise the weekly production
schedules.[52] The PMT uses a series of algoritorasalyse current silo levels, sales forecast
and planned maintenance. An optimised productibedule is automatically generated by the
PMT, which is used to allocate production to thesteexpensive timeslots available. Figure

3-3 shows the process [12].
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Figure 3-3: Production management tool

A virtual server is installed in the control roorh thbe marginal cement plant. The server
connects to the SCADA via an OPC connection. Accegsanted to the EMS to acquire the
relevant data necessary for the PMT. The data jgacisasent via the Internet to the ESCO’s
local modelling server at which point the PMT gextes an optimised weekly production

schedule.

The local modelling server sends the optimised Wgaloduction schedule back to the on-site
server. The on-site server displays the optimisedkly production schedule via the schedule
viewer on the computer monitor. The control roonmerapor runs the milling equipment

according to the optimised schedule received.

Figure 3-4 shows an example of a schedule vievepialy. The schedule viewer display allows
control room operators to view key production pagters necessary for load management. It
also ensures clear communication of the runningedale, especially when control room

operators change shifts.
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Status: APC Schedule: APC Next: Switch Cement Mill 5 to Off by 18:00

Cement Mill 6

—————————————————————

Schedule: APC

Figure 3-4: Example of the schedule viewer

Figure 3-5 shows an example of the EMS platformalia$e installed on the virtual server. The
EMS platform links, displays and logs SCADA tagspast of the EMS data acquisition
capabilities. The logged data is sent directly frtwa platform to the ESCO’s local modelling

servers where it is processed by the PMT.

Figure 3-5: Example of EMS database platform
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3.4 ELECTRICAL LOAD ANALYSIS

Since grinding plants consume energy primarilyhie form of electricity, an electrical load
analysis is a universal starting point. The outcoifrtee electricity load analysis is to determine
an average operational profile and to identify lsadting potential.

3.4.1 Baseline analysis

An electrical load baseline analysis is used temeine the operational trend of the grinding
facilities. Electrical load/power (kW or MW) is ed instead of electrical energy (kWh or
MWh) to ensure that different data intervals orlgsia periods do not influence or affect the

accuracy of the calculated results.

It is essential for an electrical load baselingdpresent the operation of a component or a
system of components accurately. An analysis genmst be chosen that will reflect a
comparable trend for a full operational cycle aately. The operational cycles for most
industries can be reflected accurately using &/ deikeline. The large components in these
systems do not regularly cycle (switch on and offre frequently than once an hour. This

shows that using hourly intervals for these comptes suitable.

The operational profile for cement production, amate specifically, cement finishing, follows

a weekly trend (due to the large storage buffedsdamand trends). These components also
cycle on an hourly basis. Deductively, a weeklgdbae, with hourly intervals reflects the
operational trend of a cement plant accuratelye Wbekly baseline is divided into weekdays,
Saturdays and Sundays. Sales dispatch for weekdagisto remain constant with a sharp

decline in weekend dispatch trends.

To obtain an accurate trend and exclude abnormalrostances, data for an extended period
is used to compile the weekly baseline. Data foer@od representing at least four operational
cycles is required to ensure that all unforeseamogpresentative circumstances are excluded

from the baseline representation. For a weeklyessgmntation, this means data for a minimum
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period of four weeks is required. The electricam@nd is averaged for each hour of the
operational cycle. This is represented by Equadiin

Equation 3-1
pyy, = 2t Puata
l
With:
Pg - Baseline power value for intenigkW]
Piata - Power value from extracted data [KW]
i - Baseline profile time interval

3.4.2 Operational maximum and minimum profiles

An operational maximum power profile is requireddaculate the amount of operational
variance that can be applied, i.e. the amountad ibat can be shifted to other periods of the
operational cycle. The installed capacities of th#ling components are combined to

determine the plant's maximum operational profile.

Unforeseen maintenance (breakdown maintenance) pradentative maintenance can,
however, reduce the statistical maximum operaticaglcity of the equipment. To ensure
that the maximum operational demand of the milliequipment represents actual
circumstances more accurately, an availabilitydaigt used to scale the maximum operational

demand profile. The availability factor can becca#hted using Equation 3-2.

Equation 3-2

Ay =1— tgpm t tpm

ttotal

With
Ao - Availability factor [%]
tepm - Time allocated to breakdown/unplanned maantea [hrs]
tpm - Time allocated to preventative/routine/plahn@intenance [hrs]
trotal - Total interval length [hrs]
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The actual operational load profile is calculatgdrultiplying the maximum operational load
profile with the availability factor. As a resulhe influence of maintenance downtime is
incorporated into the power profiles. The actuatragional electrical demand is calculated

using Equation 3-3.

Equation 3-3
Poy = Py X Ap
With:
Poy - Operational electrical demand [kW]
Py - Operational maximum electrical demand [kW]
Ao - Availability factor [%]

In the case of forecasting possible load managemeahe form of load shifting, the load can
only be reduced to a set minimum or so-called loaskl A baseload represents components
that cannot be shut down with the mill during adkshifting event. The components might

include mill auxiliaries but not lighting, transpopacking plants and services (Assumption 4).

The following example clarifies the method usedctdculate the baseline. The example
represents a plant with a baseload of 200 kW, amax operational loa@P,,) of 9 000 kW
and an availabilitf4,) of 85%. The actual operational maximum Ig&g,,) is calculated as

7 650 kW. Figure 3-6 shows an example for theaddfit concepts.
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Example of a baseline calculation
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Figure 3-6: Example of baseline calculation

3.4.3 Baseline scaling

A pre-implementation baseline is used to analyse dfiect of load management on the
electricity demand profile of a specific cementnpla The post-implementation profile is
compared with the pre-implementation baseline tduate the changes in operational profiles

for the different times of the week (i.e. peak retchn or off-peak electricity demand increase).

The cement industry’s demand fluctuates throughtivaityear. During periods of fluctuating
demand, the average baseline will not be repretentaf the specific operational conditions
of the plant. Consequently, the baseline is scaledrepresent similar operational
circumstances. Once the baseline has been stadealctual profile can be compared with the

baseline profile to analyse the effect of the ofi@na management strategies.

Since the milling components have only two modesp#ration (Assumption 2), scaling the
baselineenergy neutral to the actual profile will be accurate. A smadvéhtion might occur
when including the operational baseload (the baskel@mains constant in spite of the

demand); however, this deviation is small when m®gg the entire operational profile.

The baseline is scaled on a weekly basis sinceahgidered operational cycle is weekly. The

baseline is divided into weekdays, Saturdays amitl&®ys. Subsequently, the baseline is scaled
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using five times the weekday energy consumptiom wite Saturday and one Sunday. The
scaled baseline is calculated by multiplying thigioal baseline with a scaling factor. This

calculation is represented in Equation 3-4.

Equation 3-4
Psppi = SF X Ppgp;
With:
Psp i - Demand for the scaled baseline for inteival
SF - Scaling factor
Py - Demand for the original baseline for interival

The scaling factor for weekly energy neutral analisshown in Equation 3-5.

Equation 3-5

SF = (5Ew,sL + Esat,pL + EsunpL)

(5Ew,act + Esat,act + Esun.act)

With:
SF - Scaling factor
Ew b1 - Total energy consumed in the baseline dusiegkdays [kKW]
EsatBL - Total energy consumed in the baseline duretgr8ays [kW]
EsunsL - Total energy consumed in the baseline durung8ys [KW]
Ew ace - Total energy consumed in the actual profilerdy weekdays [kKW]
Esat act - Total energy consumed in the actual profilerduSaturdays [KW]
Esun act - Total energy consumed in the actual profilerduSundays [kW]

An example of a weekly scaled baseline and actddil@ is shown in Figure 3-7. From the

example, it is clear that the plant production atiglecreased as indicated by a lower scaled
baseline. The total load shifted is calculated giglre energy neutral scaled baseline. The
scaled Saturday and Sunday profiles are not disglay the graph, because no load shifting

occurs on weekends. The calculations in Equatiéni®wever, consider these effects.
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Figure 3-7: Example of a weekly scaled baseline

3.5 PRODUCTION LOAD ANALYSIS

Production rate is another common factor when eglg cement plants. All grinding mills

consume electricity; the feed rate determinesabe at which cement plants consume energy.

The production load analysis will link the mean qurotion rate to the mean power

consumption for each mill.

3.5.1 Feed rate frequency

During the analysis of any cement plant, the edficy of the grinding mills is not only

dependent on the electrical demand of the diffemghs, but also on the production rate of the

mentioned mills. The production rate of the diffdgremills is measured by the belt

weightometer on the feed conveyor to the cemeas.shnalysing the feed rate of this feed

conveyor will generate an accurate account of eeage operation of the mill.

The feed rate of a mill is analysed by considethng percentage of incidences of a specific

feed rate that occur in comparison with other valigthe feed rate. The feed rates are divided

into intervals of the frequency with which a specifeed occurs in a data set. Intervals

represent the data set clearly and they can bea@apvith other mills at different plants.
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As an example, consider a dataset where the maxifeedrate recorded was 200 t/h. If the
data is divided into intervals of 5% of the maximtead rate, the intervals will show the total
number of data points between 0 t/h and 10 t/h.nexe interval will show the number of data
points between 10 t/h and 20 t/h etc.

This distribution is then normalised/non-dimensim®a by calculating a percentage of the
total data points for different analysis period$ie results then, for example, show the specific
percentage of the total time the mill operates betwa feed rate éfando. An example of

the feed rate analysis is shown in Figure 3-8.
3.5.2 Mean feed rate

The production rate distribution provides a souesldiption of the mill control and production

stability. For the purpose of further analysissiagle characteristic feed rate is required.
A mean feed rate is calculated from the data $&is means that feed rate is used in further
analysis to calculate the specific energy conswnind the production capacity of the entire

grinding plant. The mean feed rate for the exarg#hown in Figure 3-8.

Feed rate analysis
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Figure 3-8: Feed rate analysis
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The mean feed rate is compared with the feed ratelulition to better characterise the normal
operation of the considered mill. Figure 3-8,ggample, shows that the mean feed rate moves
towards the lower end of the feed rate distribuspike. This might indicate that the control
of the mill is poor or that start-up mill is lengttthus taking an extended period to reach stable
operating conditions. The mean might also indith#t the mill experienced a great number

of stops in the considered dataset.

3.5.3 Mean power consumption

A similar analysis technique is repeated on thegga@nsumption of the different mills. This
will generate an accurate mean power consumptianekcludes data logging irregularities
recorded by the SCADA systems. The mean producétaof the mill is linked to the mean
power consumption of the mill. These means willused to generate a specific energy

consumption ratio for each mill considered in the tase studies.

3.6 SPECIFIC ENERGY CONSUMPTION ANALYSIS

The electrical load analysis and production loadlysis for the considered mills provide
thorough building blocks to generate the specifiergy consumption of a plant. The mean
production rate and power consumption are combioggnerate a benchmark against which

different plants can be analysed.

The specific energy consumption analysis will téke utilisation of more and less efficient
mills into account and create a specific energysaamption trend. This creates a platform with
which different plants can be compared. The eneansumption trend is a key indicator of
plant efficiency. The specific energy consumptisrsimply defined as the amount of energy

required to produce one unit of cement. In basimf this is represented by Equation 3-6.
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Equation 3-6
P
Eg = RL:
With:
Es - Specific energy consumption [KWh/t]
Poy - Operational electrical demand [kW]
R, — Mean feed rate [t/h]

The average specific energy consumption is caledlassing the mean production rate and
power consumption in Equation 3-6. This, howeveesnot provide enough information to
compare different production plants accurately.other factor that needs to be considered is

the combined specific energy consumption betweantphills.

Consider a plant with two mills as an example. ©héhe two mills is less efficient when
considering specific energy consumption. The naptmal control strategy (when only
energy consumption is considered) is to operatentbe efficient mill at maximum production
capacity before using the second mill. Though ncestent plants do not follow this control
strategy, the use of different mills has to be aered when calculating the total plant-specific

energy consumption.

Using the total daily plant energy consumption,p&cfic energy consumption figure is
calculated that accurately the energy consumptiarganding plant reflects when considering
electrical demand. The total daily energy consumnpts plotted against the total daily
production for the considered analysis period toegate specific plant energy consumption.

Figure 3-9 shows an example.
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When considering the calculated mean productioa eatd power consumption, the two
respective mills may have different specific enezggsumptions. When combining these two
mills to calculate the plant-specific energy usage, mill usage must be considered. Load
management does not influence energy usage artigret can be a difference between the

pre- and post-plant energy efficiencies due tced#ihices in mill efficiencies.

In the example shown in Figure 3-9, the majorityhef production was allocated to the more
efficient mill during the pre-DSM period. By usitige efficient mill more, the overall specific

energy usage of the plant was improved. The spesiiergy usage of a plant is thus influenced
by using more and less efficient mills. Althougldomanagement does not influence specific

energy, its effect will influence the cost analysil, therefore, have to be analysed using this

method.

Load management uses TOU tariff structure to ghigruction with the cheapest combination
of time periods to achieve target production. &hergy analysis ensures that the energy usage

is reflected accurately. The TOU tariffs can nowablecated to the energy usage to calculate

Figure 3-9: Specific energy analysis

the electricity cost of production.
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3.7 COST ANALYSIS

Since different cement plants operate during dffiérelectricity tariff cost periods, it is
necessary to include cost in the comparison. @lestdetermines the profitability of a cement
plant. The specific energy consumption of theedl#ht cement plants and the tariffs charged
for electrical energy are combined to generateegifip cost curve that is used to analyse the
final electricity cost intensities of the differezgment grinding plants.

A cost analysis that uses the specific energy copson analysis is compiled. The cost
analysis incorporates the specific timeous costelactrical energy with the energy

consumption graph to calculate the actual cospefation when considering electrical energy
consumption. An optimal cost operation line willatyate the effectiveness of the load
management. To revise the Eskom TOU tariff stregtéigure 3-10 shows the price period
allocation [59].

-
Wee kdays Standard
B off-reak

Saturday

h Sunday

Figure 3-10: TOU price period allocation

The cost allocation will be assumed the same tquaticipating plants (Assumption 3). The
Johannesburg City Power TOU tariff structure isduge an example to describe the cost of
operation. The analysis period is divided into thigerent time periods of the TOU tariff
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structure. The different costs are allocated &sé¢htime periods and the cost of production is
calculated.

The most cost-effective scenario will be to opetatemills during the off-peak periods first.
Should production targets require more operatibnals, the mills will be operated during the
standard periods, and finally during the peak pkrioUsing the weekly analysis method, the
total hours per week is used to calculate the atafiuinme available for production in each of

the tariff periods. The total hours for the di#fet tariff periods are shown in Table 3-1 [59].

Table 3-1: TOU available hours

Weekday Saturday Sunday Week

Peak 5 0 0 25
Standard 11 7 0 62
Off-peak 8 17 24 81
Total 24 24 24 168

In Figure 3-11, the black line shows the optimat¢mpional cost for a plant. The optimal line
is calculated using the mean production rates; povemsumption is identified by the
distribution graphs. The optimal cost line shows best possible operation of the marginal

plant when implementing load management.
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Weekday cost analysis
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Figure 3-11: Example of a weekday cost analysis

As with the energy analysis, the cost analysiswragtthe total cost of electricity in daily data
points. The data points of the plant will get clotethe optimal line as load management
becomes more effective. Linear trend lines inditiadeaverage cost per tonne produced for the
combined data points. The slope of the linear tigmed’ equations is the cost per tonne value.
A solid line is drawn through the post-DSM implertegion data points to show how cost

efficient the plant was during load management.

A similar cost analysis has to be done for the wadk (as shown in Figure 3-12). The
weekends do not have an optimal line, as the plaifitee run at full capacity to catch up with
lost production because of load management dureekday peak periods. Linear trend lines
show the average cost per tonne.
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Figure 3-12: Example of weekend cost analysis

The different cost per tonne for weekdays and wedg&ean now be quantified to simulate the
average cost per tonne for a year. To calculatavbeage cost per tonne that includes summer
and winter tariffs, the averages from the weekday weekend graphs are substituted into
Equation 3-7. Equation 3-7 allocates the correctiguo of weight to the average yearly cost

when considering summer, winter, weekday and weskkamiff differences.

Table 3-2 shows how all the averages are groupeel tdble summarises the performances of
the marginal plant before and after load managemastimplemented and compares them to
the modern plant’'s performance. The cost effectgsrof the plants is shown on a weekday,
weekend, summer, winter and yearly basis. Produatan be allocated to different plants
depending on the effectiveness of the load managestategies.

57



NOORDWES-UNIVERSITEIT

Lnu YousesiTi va sokonE sopwrma Evaluation and implementation of DSM strategiesrtprove the profitability of

marginal cement grinding plants

Table 3-2: Results summary table

Summer tariffs Winter tariffs
Year
Nine months Three months
Weekday Weekend Total | Weekday Weekend Total
Marginal plant: Pre-DSM Cswp Cswi Cs Cwwp Cwwe Cy Cyear
Marginal plant: Post-DSM  Csyp Cswe Cs Cwwp Cwwe Cy Cyear
Modern plant Cswp Cswe Cs Cwwp Cwwe Cw Cyear
Equation 3-7
3

Cyear = ECS + E Cw

5 2 5 2
Cs = | Cswp X - + Cswe X 7]CW: [CWWDX7 + Cwwe X -

CS WD -
CS WE -
CWWD -

CWWE -

The average annual cost presents a universal bemkhhat can be used to compare different
plants. The quantified cost per tonne will detenivhether DSM load management strategies
can lower the electricity cost to compete with modalants. Using the energy cost analysis,

the present energy consumption of the plant cacobgared with the optimal energy cost to

Quantified yearly average rand per tonne

Quantified summer average rand per tonne

Quantified winter average rand per tonne

Summer tariff weekday average rand per tonne

Summer tariff weekend average rand per tonne

Winter tariff weekday average rand per tonne

Winter tariff weekend average rand per tonne

illustrate the effectiveness of load managemenmil&ly, the electricity cost per tonne for

two different grinding plants can be compared tioudate which of the two plants operates at

the lower cost.
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3.8 CONCLUSION

A proven DSM load-shifting implementation strategys identified and discussed. A
methodology for developing a benchmark to evaleataeent grinding plants was developed.
The aim of the methodology was to develop a spedéscription of electricity cost of
production between different plants. This methodwlis required in order to display the effect
that load management has on a cement grinding atanirately and how the new operational
strategy compares to other more efficient grindenglities. The development was divided
into four steps.

The first step — baseline development — described &n electricity demand baseline is
compiled and how the developed baseline is scalegidluate the effect of load management.
The second step — production load analysis — litkednean production rate and mean power

consumption. It also identified variances that barexpected during normal operation.

The third step — specific energy consumption — tigesl a profile that evaluates the actual
plant energy consumption when considering diffeesna mill efficiency and utilisation. The

results from the first three steps were combinedeieelop an optimal energy cost curve that
is used to evaluate the effectiveness of presant plperation and to compare the operation of

different plants with each other.

The methodology developed a complete frameworkatuate the production cost intensity of
a marginal grinding cement plant when consideriegtacal energy. Using actual data from
real-world sites, this analysis method can be edplio measure the influence of load
management interventions on cement grinding eneogggumption. The new methodology
can also assist in evaluating the cost effectivenégpresent control strategies for the grinding

plants.
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CHAPTER 4

Results

Chapter 4
Implements the identified load management strategy on the marginal cement grinding
plants. The data collected before and after implementation is evaluated using the devel oped

evaluation strategy. This chapter delivers resultsthat will answer the research question.
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4 MARGINAL CEMENT PLANT IMPLEMENTATION AND
COMPARISON

41 PREAMBLE

Load management will be implemented on marginahding plants in two separate case
studies. The case studies share the same chasticteaind validate each other’s results. The
implementation and analysis methods will determvhether load management strategies can
improve the profitability of a marginal cement gting plant when considering more efficient
cement grinding plants.

_)
4.2 DSM load-shifting implementation
_) 4.3 Electrical load analysis

4.4 Production load analysis

_) 4.5 | Specific energy consumption analysis
4.6 Cost analysis
—> Plant D

Figure 4-1: Implementation and evaluation outline

Case Study 1

Case Study 2

Research question

The plant characteristics are as follows:

* Both cement plants are grinding plants and aretdéocéhe same distance from the
clinker-producing plants. The costs preceding tivker silos are equal, thus making
the grinding plants comparable to clinker-produaegient plants.

* The plants are on a TOU tariff structure but reeelectricity from different service
providers with different costs. One tariff cosusture will, however, be applied to the
grinding plants to identify the effect of load mgeaent.
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» The marginal cement grinding plants use ball naiisl the modern cement plants use
vertical roller mills for cement grinding.
* The cement products in each case study are theaasneancel out any differences in

electricity usage the product type may cause.

4.2 DSM LOAD-SHIFTING IMPLEMENTATION

4.2.1 Plant description

DSM load-shifting implementation and evaluation ibegith investigating the considered
plants. It is important to gather critical plantaies and preferences as they affect the load-
shifting implementation and subsequently the plawaluation method. All required

information is gathered either from plant persorordtom installed computer systems.

Production flow, buffer capacities and milling eguient specifications are summarised in
different plant layouts. The layout will also beogrammed into the EMS and linked to
SCADA tags. The data retrieved from the tags wellused by the EMS to generate optimal

production schedules. The plant layouts will beadssed in detail with other influential factors.

Case Study 1

Company 1 — Plant A (marginal)

Plant A consists of two identical horizontal balllmin a parallel configuration. The mills are
used exclusively for finishing grinding. Plant Aoduces two cementitious products; the
volumes depend on the sales demand. One of theqisod high-strength cement (52.5 MPa)
and the other is medium-strength cement (42.5 MPia¢. high-strength cement contains a
greater proportion of clinker than the medium-sgtencement, which uses more electrical
energy to be ground to a Blaine fineness of 48kgnas required by the company.

The company classifies the plant as a “swing” planswing plant is perceived to be less

efficient than other cement plants. The plantrsted in the amount of cement it can grind and
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store in silos. When more efficient cement plamésak down, the lost production is recovered
by ramping up production at the swing plant.

Plant A is considered marginal because it is pretethat production takes place at more
efficient plants. Running at a lower production @apy creates ample idle time, which makes
the implementation of DSM load shifting possibléeTlarge silos are sufficient buffers to

supplement cement sales during scheduled loadrghétents.

The PMT will generate an optimal schedule thatiagd the large cement storage silos to
supplement cement sales when production is shiftetbss expensive time periods. The
optimal schedule is only a proposed running scleediie production manager has the ability
to change the schedule according to productiomaaidtenance requirements. The simplified
plant layout is given in Figure 4-2:

Bulk loading cement silos
1-8

Clinker store

Main motor — 1 800 kW Auxiliaries — 500 kW

Finishing mill 4 .7 Cement silos

Production capacity — 50 t/h

20000t

Min

Fly ash silo
Main motor — 1 800 kW Auxiliaries — 500 kW
13-14
Finishing mill 5 .7
Max 20000t .
Large cement silos

Production capacity — 50 t/h 15-16

Min

18000t

Figure 4-2: Plant A layout

63



NOORDWES-UNIVERSITEIT

Lnu YousesiTi va sokonE sopwrma Evaluation and implementation of DSM strategiesrtprove the profitability of

marginal cement grinding plants

Company 1 — Plant B (modern)

Plant B is classified as a grinding station asitydas one vertical roller mill, which is used
for finishing grinding. The plant was built aftetaRt A to supplement the growing sales
demand. A vertical roller mill was installed insdieaf ball mills to reduce energy consumption.
Plant B is, therefore, classified as a modern pie@atiuse it uses modern vertical roller mill
technology instead of traditional ball mill techagy.

Similarly to Plant A, Plant B also produces highfesgth cement (52.5 MPa). The vertical
roller mill is used exclusively for high-strengteroent production, which is the only product
the plant produces. Plant A and Plant B are conppeuas they receive clinker from the same

clinker-producing plant and use the same recipeth#ohigh-strength cement product.

Plant B personnel perceive DSM load managemenheértical roller mill to carry a high
risk of failure. The plant raised concerns regagdijjuality, fuel costs, equipment wear and
production output that might be affected negatilsiyhe frequent stops because of DSM load
shifting. Plant B, therefore, does not allow DSMdeshifting interventions on the vertical

roller mill.

Cement silo #1

Cement silo #2

Clinker silo
Production capacity — 105 t/h

—
Max T /T

10000t

Vertical roller mill

Min

a _ B

Total mill =5 000 kW

Figure 4-3: Plant B layout
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Plant A and Plant B are two grinding stations dbaoting to the same cement company’s
production capacity. The plants follow oppositeduction strategies, which are linked to the
type of milling equipment available. Plant B is m@&fficient than Plant A. DSM load shifting
will be implemented to improve the competitiveneg$lant A when compared with B. The
results will determine whether DSM strategies aaprove the profitability of a marginal

cement plant.

Case Study 2

Company 2 — Plant C (Marginal)

Plant C incorporates two ball mills in its prodoctiline — Cement Mill 1 and Cement Mill 2.
Cement Mill 1 is a medium-sized ball mill with aggiuction rate capacity of 65 t/h and a power
demand of 2.2 MW. Cement Mill 2 is larger with aguction capacity of 125 t/h and power

demand of 5.2 MW. The two mills are used exclugifet cement grinding.

Two types of cement product are produced at Plar®& of the products is high-strength
cement (52.5 MPa) and the other is all-purpose oe(B2.5 MPa). The volume of each product
produced in a month is dependent on the sales derRéant C is deemed marginal because it
uses traditional ball mills instead of modern \eatiroller mills. The simplified layout is given
by Figure 4-4.

Plant C has large buffer capacities that can Hesedi effectively by the PMT to maintain
process flow during load-shifting events. Productidemand is acceptable for load
management to be implemented. Plant personnel meldbe implementation of DSM load

management.
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Clinker store

Cementsilo 1

—

Max 30000t 20000t

Min 10000t
Mill power —2 200 kW

. Cement mill 1 Cement silo 2
Clinker store

- Production capacity — 65 t/h

Max | 30000t 20000t

Mill power —5 200 kW

Min 10000t Cement mill 2

Production capacity — 125 t/h Cement silo 3

Fly ash silo -

Max 20000t

Max 20000t

Min 5000t

Min

Figure 4-4: Plant C layout

Company 2 — Plant D (modern)
Plant B consists of a modern vertical roller miidaa horizontal ball mill. The horizontal ball
mill was decommissioned since all production tasgatuld be met by the more efficient

vertical roller mill. The simplified layout is giveby Figure 4-5.

The vertical roller mill produces high-strength @ (52.5 MPa) and medium-strength

cement (42.5 MPa). The volume of each productithptoduced is dependent on month-to-

month sales demands. The high-strength cementeisdime product that is produced by

Plant C. Plant C and Plant D receive clinker frdva $ame clinker-producing plant, making

electricity cost preceding the clinker stores nghle.
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Clinker silo 1

Clinker silo 2

S

Max 10000t

Min 0t

As with Plant B in Case Study 1, Plant D is alspaged to DSM load management. The main
reason for the opposition is possible equipmentatdganfuel cost and product quality concerns.

Plant D management, therefore, does not allow D&\ management on the vertical roller

Cementsilo 1

Max 15000 t

Production capacity — 150 t/h
| Min ot

Max

Min

Cement silo 2

Vertical roller mill

Cementsilo 3

Max 1100t
Main motor —4 000 kW  Fan —2 000 kW
Separator —1 000 kW

Min ot

Decommissioned

Cementsilo 4

Ball mill

Cementsilo 5

Max 400 t

Min 0t

Cement silo 6

Figure 4-5: Plant D layout

mill. Plant particulars were collected from plaergonnel and the SCADA system.

4.2.2 DSM load shift implementation

A virtual server was placed on each of the margieahent plants. The EMSs were loaded on
the servers and connected to the plants’ SCADARE connections. The EMSs have the

data acquisition capabilities developed by Mangscand retrieve relevant data from the
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respective SCADA systems. Once the data has bepnred, it is sent to the ESCO'’s local
server to be processed by the PMT containing theleting algorithms developed by

Swanepoel.

Marginal Plant A’s data communication with the ESE€@odelling servers was done via a
mobile device connection as the company did na the ESCO Internet access to its domains.
Marginal Plant B gave Internet access and dataseatand received through their secured

Internet domain.

Once approved by the production managers, the gadrschedules were sent back to the
plant and displayed on the Process Toolbox (PTByers. The plants for the most part ran
the cement mills according to the milling schedeeived. A performance report was also
sent to the plant on a daily and monthly basis fiaduent meetings with relevant plant

personnel were held to ensure continuous motivatr@hsupport.

Figure 4-6: Picture of virtual server installed onmarginal Plant A

Figure 4-6 and Figure 4-7 show pictures of thauarservers installed on the marginal cement
plants. In addition, EMS screenshots are addegppeAdix A. The implementation strategy is

generic and autonomous. It proved to be successfille two marginal cement grinding plants.
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The results obtained from implementing the DSMtstyg will be analysed by the evaluation
strategy in the following sections.

Figure 4-7: Picture of virtual server installed onmarginal Plant C

4.3 ELECTRICAL LOAD ANALYSIS

Firstly, the cement grinding plants’ load profiles calculated. Plant load profiles will show
the plants’ operational trends. Cement plants redah production cycle in a week. The power
profile comprise one month’s data to ensure thati@mum of four production cycles are

captured. The analysis will be done on both theenodnd marginal plants.

In addition to the load profile, a simulation isngoto determine the maximum load shifting
possible on the marginal plants. The simulatioreeines the amount of power the ESCO
agrees to shift on the plant. Once the ESCO detesrthe maximum load-shifting potential
and Eskom agrees to the funding, the ESCO will ta#le the project in order to achieve that

load-shifting potential or higher.
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4.3.1 Case Study 1

Company 1 — Plant A (pre-DSM/baseline)

Figure 4-8 shows the load profile of Plant A befthe ESCO implemented DSM load
management. The maximum operation is determingtdogiverage power consumption when
the mill is at full operation. Plant A plans eighdurs of maintenance during weekdays.
Production is maximised during weekends to berfedin the lower tariffs. Additionally,

unforeseen maintenance accounts for an averageiohburs a week.

The availability factor is determined by comparthg total available production hours to the
scheduled and unplanned maintenance hours. Multgplhe operational maximum power
usage by the availability gives an actual maximyos@ration as shown in Figure 4-8. Knowing
the actual maximum operation is important when &tmg maximum load shifting. As a

result, realistic amounts of operation can be stiiftom peak to standard and off-peak periods.

The weekday baseline shows the actual operatidtiasit A between Mondays and Fridays.
The drop in power demand between 06:00 and 20:0eaccredited to maintenance that is
conducted in standard and peak time periods. Thed&y and Sunday baselines are close to
the maximum operation indicating that the plamheximising production during the weekend
low-cost time periods. The plant also operates alibbg actual maximum operation indicating

that breakdowns occurred on weekends during thelibageriod.
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Plant A - Pre-DSM implementation electrical load analysis
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Figure 4-8: Plant A pre-DSM electrical load analyss

Company 1 — Plant A (simulated load shifting)

The simulated load-shifting profile is determingdusing the actual maximum operation as a
limit to the shiftable load. The simulated loadfshg profile is scaled energy neutral with the
baseline profile, as the load is only shifted tbedent time periods and not reduced. Weekend
production is fully utilised. Therefore, the weekddandard periods will be fully used along

with the off-peak periods.

No baseload should exist as the mill auxiliaries ba switched off with the mills. Eskom
experiences the highest demand during the everial period. The ESCO is, therefore, only
contracted to shift load from the evening peak. Sineulations show a maximum achievable
evening load shift of 2.1 MW.

Peak-time load is shifted to all available standard off-peak periods as shown in Figure 4-9.
The maximum achievable load-shifting value will fadomitted to Eskom as the contractual

load-shifting target. The ESCO will attempt to ast@ the simulated load-shifting target.

71



NOORDWES-UNIVERSITEIT

Lnu YousesiTi va sokonE sopwrma Evaluation and implementation of DSM strategiesrtprove the profitability of

marginal cement grinding plants

Plant A - Simulated load shift
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Figure 4-9: Plant A simulated load shift

Company 1 — Plant A (post-DSM)

Figure 4-10 shows a definite decline in produciiothe post-DSM production month. As a
result, the scaled baseline dropped significargipgared with the baseline profile. The PMT
used the reduced production demand to shift loaofftpeak and standard periods. Plant A

was very effective in reducing load during peakiguas with no use during peak periods.

The weekend production declined as well due tadtio@ in production demand. An evening
load shift of 2.3 MW was achieved on an Eskom @mitral target of 2.1 MW. The results
show that a decrease in production can lower aease the amount of shiftable load. High
production demand, as seen in the pre-DSM datayedumce the maximum shiftable load
because idle standard and off-peak periods aréahlai

Low production demand will also decrease the amotishiftable load. If production is low,
the baseline decreases. The baseline reductioeasss the demand for peak-time load shifting
which poses a threat to the Eskom contractual tahgehis case study, production declined
sufficiently to influence the shiftable load posdly. Good load-shifting executions by the
plant resulted in an overperformance of 0.2 MW @¥lof the contractual target.
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The simulated load shifting is accurate within 16f4he contractual target. This verifies the
results derived from the simulation model and psoW&t it has an acceptable accuracy when

production remains constant.

Plant A - Post-DSM implementation electrical load analysis
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Time of day
Power profile - — = - Maxoperation = =:=:= Actual max operation Saturday baseli
Sunday baseline Scaled baseline Baseline profile

Figure 4-10: Plant A post-DSM electrical load analgis

Company 2 — Plant B (modern)

The vertical roller mill is fully utilised during ekend production. During some weekends,
the silos were filled to their maximum and the rhdd to be stopped. Stops caused the volatility
that can be seen in the average weekend powelgsrdiither factors such as breakdowns and
poor control added to the volatility as cab be sedfigure 4-11 . The weekday baseline was

lower than the weekends as a full day of mainteeavars scheduled once a week.
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Plant B - Modern plant electrical load analysis
6000
5000 = - T LT I LTI Tt TTIT I T ITTITIT
— 4000
x 7
' 3000 L
()
% 2000
o
1000
Ooooooooooooooooooooooooo
©O O O & © © O © O © O O O O © O O O 6 © © o o o
S 4 A O B O KN O OO O 4 & M I 0 O~ ©0 60 O 4 N m
©O O O O O © O 0O O © d «d d d a4 d d +d4 d <4 N N N «
Time of day
Weekly baseline = = = = Max operation == - Actual max operation Saturday baseli Sunday baseline

Figure 4-11: Plant B electrical load analysis

Case Study 1's marginal cement plant executed lextdbad management as seen in Figure
4-10. The simulated load shifting gave a good iatiion of the available shiftable load. Using
weekly scaling, the total evening load shift walswalated as 2.3 MW. Further evaluation will
take cost and production into account.

4.3.2 Case Study 2

Company 2 — Plant C (pre-DSM/baseline)

The pre-DSM implementation electrical load analysisplayed in Figure 4-12) shows no
production being allocated to less expensive tpdaffods. The Saturday baseline drops slightly
after 11:00 and stays low throughout the Sundafilerd@he drop indicates lower production
during the end of the weekends as silos are filetdeir maximum level. The weekday baseline

profile also runs lower because planned maintendaceeases the daily average.
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Plant C - Pre-DSM implementation electrical load analysis
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Figure 4-12: Plant C pre-DSM electrical load analyis

Company 2 — Plant C (simulated load shift)
The optimal load-shifting profile is displayed ingEre 4-13. All of the production is shifted
out of the peak periods and reallocated to thedst@hand off-peak periods. The maximum

evening peak load shifting is calculated at 5 MWewlproduction demand stays the same.

Plant C - Simulated load shifting
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Figure 4-13: Plant C simulated load shift
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Company 2 — Plant C (post-DSM)

During the post-implementation period, a large ofidm in production occurred. Low
production volumes created opportunity to shift mafsthe peak load to off-peak periods,
which are substantially cheaper than standard g®ribhe power profile does not drop all the

way to zero during peak periods, indicating somssed load-shifting opportunities.

Plant C - Post-DSM implementation electrical load analysis
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Figure 4-14: Plant C post-DSM electrical load analyis

An evening load shift of 3 MW was achieved for gest-DSM implementation month. The
plant underperformed by 2 MW on the Eskom conti@ctarget because of a significant
baseline drop and missed load-shifting opportusnitdthough the achieved target was below

the contractual target, substantial cost savinge w&ll achieved.

The simulation model in this case study did notpice an accurate (within 10%) load-shifting
potential. This, however, does not mean that timeilsition model is inaccurate. The simulation
model’s accuracy is greatly influenced by totaldarction or utilisation of the mills. It is

impossible to know exactly what the production dedchaf a plant may be, thus it makes it

difficult to predict an accurate load-shifting patiel.
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Company 2 — Plant D (modern)

Plant D - Modern plant electrical load analysis
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Figure 4-15: Plant D electrical load analysis

The vertical roller mill on Plant D operates wellder its capacity due to a decrease in cement
sales largely influenced by the recent weak ecoogusition of South Africa. Unforeseen
breakdowns cause dips in the weekend profiles.chrdein power usage between 10:00 and

20:00 during the weekday profile can be attributedcheduled maintenance.

The vertical roller mill at Plant B shows unstapleduction trends, which are evident in the
volatility shown in Figure 4-11 and Figure 4-15.€Bk can be attributed to poor control and
frequent breakdowns. Unstable production is onthefreasons why plant personnel do not
allow DSM load management on the vertical rolleltisnGood load management was achieved

by marginal Plant C. The results will be analysadihfer in the production load analysis.

4.4 PRODUCTION LOAD ANALYSIS

The production load analysis will determine a statally sound average production rate and
corresponding power consumption for each mill coeid in Case Study 1 and Case Study 2.
The production rate and power consumption will buenced by the type of mill, mill

efficiency and type of product being produced.
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A statistical average production rate is derivedchpturing feed rate data in distribution
graphs. The distribution graph highlights the picithn rate and power consumption that occur
most often on a particular mill when producing atipalar product. Deriving the mean

production rates and power consumptions from thstiton graphs eliminates outliers and

reflects a trustworthy normal mill operation.

4.4.1 Case Study 1

Plant A — Finishing Mill 4 and Finishing Mill 5

Plant A produces high-strength (52.5 MPa) and nmaeitrength cement (42.5 MPa). Products
with different strengths contain different ratidscbnker, fly ash, gypsum and slag. Clinker is
harder than the other additives and requires mia@rieal energy to grind to a particular

fineness [28]. Products with higher volumes ohlkdir tend to have more strength and

subsequently mill at lower production rates.

Mills producing more than one product will show tweaks in the power consumption and
production rate of each product in distributiongdra. Figure 4-16 and Figure 4-17 show the
power and production distribution rate for FinighiMill 4. The high-strength means are
indicated on the distribution graphs by the greftatblines; the medium-strength means by
the dark red dotted lines.

The high-strength product has a production distidiourate of between 30 t/h and 46 t/h and a
power distribution of 1 910 kW to 1 980 kW. As indied by the peaks on the graphs, the mean
production of high-strength cement on FinishinglMils 40.5 t/h and demands 1 947 kW of

electrical power.

78



NOORDWES-UNIVERSITEIT

Lnu YousesiTi va sokonE sopwrma Evaluation and implementation of DSM strategiesrtprove the profitability of

marginal cement grinding plants

Finishin Mill 4 - Power consumption distrubution
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Figure 4-16: Finishing Mill 4 mean power analysis

Medium-strength cement contains smaller amountdimifer, thus making the product easier
to grind. The medium-strength product shows a pectda distribution rate of 46 t/h to 62 t/h
and a power distribution of 1 980 kW to 2 080 kiAhishing Mill 4 produces medium-strength

cement at an average of 52.5 t/h while demandi@g62kW of power.

Finishing Mill 4 - Production feed rate distrubution
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Figure 4-17: Finishing Mill 4 mean production rateanalysis
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Finishing Mill 5 also produces the high- and medistmength products as indicated by the two
peaks in Figure 4-18 and Figure 4-19. The peakheneft contains the bulk of the production

occurrences, which is an indicator that more meestnength than high-strength cement was
produced.

Finishing Mill 5 - Power consumption distribution
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Figure 4-18: Finishing Mill 5 mean power analysis

The high-strength cement was produced at a meaugtion rate of 44.1 t/h at a corresponding
2 088 kW power consumption. The medium-strengthere was produced at a much higher
production rate of 53 t/h and averaged at 2 135ddwer demand.
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Finishing Mill 5 - Production feed rate distribution
25% I
= I
= 20% |
S I
) 1
2 15% ,
5 1
o 10% I
E I
2
0,
a 5%
5
a
0%
q;\, a,)b‘ P\)b ng b‘Q @, b‘b‘ b‘b }‘QO c)Q g;» g}b‘ ;}‘o ggb (OQ @/
O AR R SR S AN N N S SR SR\
Production rate [t/h]
EPlant A - Production rate

Figure 4-19: Finishing Mill 5 mean production rateanalysis

Plant B — Vertical roller mill
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Figure 4-20: Plant B vertical roller mill mean powe analysis

The vertical roller mill on Plant B only producesglttstrength cement. The mill has a wider
production rate and corresponding power consumptiisiribution than the ball mill in

Plant A. This is an indication of lengthy start-ugesl poor control by control room operators.
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Vertical roller mill - Production feed rate distribution
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Figure 4-21: Plant B vertical roller mill mean production rate analysis

The vertical roller mill produces high-strength @rhat a mean production rate of 112 t/h and
4 570 kW power demand. The mean data gatheredtfiermills in Case Study 1 is listed in

Table 4-1. The specific mean energy is also caledlto determine the efficiency of the mills.

Table 4-1: Case Study 1 production load analysis sumary

Case Study 1 Plant A Plant B
Finishing Mill Finishing Mill 4 Finishing Mill 5 Vertical roller mill
Product [MPa] 52.5 42.5 52.5 42.5 52.5
Power [kW] 1947 2016 2088 2135 4570
Production rate [t/h] 40.5 52.5 44.1 53.0 112.0
Specific energy [kWh/] 48.1 38.4 47.3 40.3 40.8

Finishing Mill 4 and Finishing Mill 5 produce bokiigh- and medium-strength cement at close
to the same specific energy consumption. The \&@rtmler mill of Plant B is roughly 12%
more efficient when considering electricity usaggtthe ball mills of Plant A when producing
high-strength cement. The fact that the verticler mill on Plant B only produces high-
strength cement limits the analysis to simulate timé effect of DSM load management on the

plants when producing high-strength cement. Medstrength cement cannot be compared
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with Plant B as there is no data available to a®lye vertical roller mill's response to the
product type.

The primary objective of the study is to determivieether DSM strategies can improve the
profitability of a marginal cement plant when comgzhwith a modern plant. The goal can
still be achieved by assuming all production onglaat was high-strength cement. The high-
strength cement production will be simulated bytiplying the power data with the inverse

of the mean specific energy. An accurate high-gttenement production can be derived using
this method.

4.4.2 Case Study 2

Plant C — Finishing Mills 1 and Finishing Mill 2

Plant C produces high-strength and low-strengthecenirhe production load analysis will
only be done on the high-strength product as thésonly product produced by the vertical
roller mill of Plant D as well, keeping in mind ththe two mills can only be compared

accurately when producing the same product. Hetheeg is no need for analysing the low-
strength product on Plant C’s ball mills.

Finishing Mill 1 - Production feed rate distribution
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Figure 4-22: Finishing Mill 1 mean production rateanalysis
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Finishing Mill 1 produces high-strength cement ahaan production rate of 47 t/h while
demanding an average of 1992 kW of power as shawsgure 4-23 and Figure 4-24. The
power distribution varies from 1 880 to 2 080 kW dhe production rate from 32 t/h to 54 t/h.

Finishing Mill 1 - Power consumption distribution
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Figure 4-23: Finishing Mill 1 mean power analysis

Finishing Mill 2 - Production feed rate distribution
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Figure 4-24: Finishing Mill 2 mean production rateanalysis
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Finishing Mill 2 is larger than Finishing Mill 1.ikishing Mill 2 produces high-strength cement
at a mean production rate of 98 t/h while demandimgverage of 4 330 kW of power as seen

in Figure 4-24 and Figure 4-25. The power distitruvvaries from 4 260 to 4 410 kW and the
production rate between 86 t/h and 104 t/h.

Finishing Mill 2 - Power consumption distribution
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Figure 4-25: Finishing Mill 2 mean power analysis

Plant D — Vertical roller mill

Plant D produces high- and medium-strength cenidrg.production load analysis will only
consider the high-strength cement as the same grradproduced at Plant C. Plant C does not
produce the medium-strength cement, thereforggribduct cannot be compared on both mills.
The vertical roller mill produces high-strength @athat a mean production rate of 143 t/h

while consuming power at 5 550 kW as shown in Fegi26 and Figure 4-27.
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Vertical roller mill - Power consumption distribution
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Figure 4-26: Plant D vertical roller mill mean production rate analysis
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Figure 4-27: Plant D vertical roller mill mean powe analysis
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Table 4-2: Case Study 2 production load analysis sumary

Case Study 2 Plant C Plant D
Mill Finishing Mill 1 Finishing Mill 2 Vertical roller mill
Product High-strength cement  High-strength cement High-strength cement
Power [kKW] 1992 4 330 5550
Production rate [t/h] 47.0 98.0 143.0
Specific energy [KWh/t] 42.4 44.2 38.8

Finishing Mill 1 and Finishing Mill 2 produce higstrength cement at close to the same
efficiency, with Finishing Mill 1 being slightly me efficient for the considered dataset.
Plant D’s vertical roller mill is approximately 10Prore efficient when considering electricity

usage than the ball mills of Plant B when produdimg-strength cement.

Deriving mean power consumptions and productiogsrate accurate methods for determining
a mill’'s specific energy consumption. The speafnergy consumption analysis will determine

the plant-specific energy by taking the utilisatafmmills into account.

4.5 SPECIFIC ENERGY CONSUMPTION ANALYSIS

4.5.1 Case Study 1

The specific energy is defined as the amount ofggneequired to produce one unit of cement.

The power and production rate distribution graphghie production load analysis derived

sound averages to generate plant-specific enengguooption. The graph displayed in Figure

4-28 shows the mill energy consumption plotted mgjahe corresponding tonnes produced by
the plant.

One month of data was used to compile the plartHspenergy consumption graph. The data
points capture four operational cycles and proddeomprehensive reflection of the plant-
specific energy usage. Plant A (pre-DSM and podtiD®&plementation) and Plant B are

shown in the specific energy graph.
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Case Study 1 - Specific energy analysis
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Figure 4-28: Case Study 1 specific energy analysis

The linear trend lines drawn through the respectiaga points show a perfect regression
(R%=1). This occurs when using the simulated ratigvéerfrom the production load analysis.
The hourly power data is multiplied by the calcethproduction ratio resulting in the perfect
regression. The specific energy consumption is &hsisulated representation based on sound

averages derived from the detailed mill productiod electrical load analysis.

DSM load management does not reduce the energyeg®n of a plant. The load is only

shifted to different time periods of a day. The-pi@M and post-DSM data for Plant A show
the respective average specific energy consumptieY.488 kWh/t and 47.635 kWh/t. The

slight difference can be accredited to Finishingl Mbeing more efficient and being used more
frequently during the pre-DSM implementation peridtie average daily production during
the post-DSM implementation period decreased saamfly from a maximum of between

2 100 and 1 600 tonne per day.

The reduction in average daily production is du¢ht® classification of Plant A as a swing

plant and the production limits that were imposgd aesult. The vertical roller mill on Plant B

88



NOORDWES-UNIVERSITEIT

Lnu YousesiTi va sokonE sopwrma Evaluation and implementation of DSM strategiesrtprove the profitability of

marginal cement grinding plants

produces high-strength cement at an average 004&®/h/t. The company in Case Study 1,
therefore, prefers maximum production at Plant B.

The difficulty in stabilising the vertical roller ithand frequent maintenance stops cause the
scatter in daily production between 1 500 and 2 #fithe. The specific energy analysis
confirms that the vertical roller mill is more elecity-efficient than the conventional ball mills
of Plant A. A cost analysis will be done to quantifie cost savings of DSM load-shifting

interventions.

4.5.2 Case Study 2

The production load analysis indicated that Cerivightl is more efficient than Cement Mill 2.
The analysis will calculate and display Plant Gisafic energy consumption by considering
the usage of efficient mills. Plant D’s efficieneyll be then be the same as shown in Table

4-2, because it is the only mill running.

Case Study 2 - Specific energy analysis
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Figure 4-29: Case Study 2 specific energy analysis
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During the post-DSM period, Plant C was less edfiti The difference between pre-DSM and
post-DSM specific energy consumption is small. Auion in energy efficiency can be
attributed to Cement Mill 1 being used more tham€&et Mill 2. Inadequate maintenance also

contributed to the drop in plant energy efficiency.

Figure 4-29 shows that the vertical roller millagproximately 11% more efficient than the
marginal cement plant. The energy efficiency rasate in line with literature and also prove
that vertical roller mills are more efficient thhall mills. The cost analysis will quantify the

effect of DSM load management on the marginal cerplamt.

4.6 COST ANALYSIS

The cost analysis determines the cost of elegtrictproduce one unit (tonne) of cement.
Cement products use different recipes that sigmtiy influence the amount of energy
required to grind. The increase or decrease inimedjlenergy affects the cost. It is thus
important to note that electrical cost can onlycbmpared when two mills produce the same
product.

4.6.1 Case Study 1

Cost analysis is the final analysis that determitmeseffect of DSM load management on
marginal cement plants. The cost analysis shovaguare 4-30 depicts the weekday total daily
electricity cost compared with the total daily tesrnproduced for the analysis period. Data
points deviate from a perfect regression becaugbeoflifferent tariffs charged at different

times. Table 4-3 [59] shows the cost billed torspective periods.

Table 4-3: Tariff structure cost

TOU tariff structure cost [c/kWh]

Period Off-peak Standard Peak
Summer 60.74 79.02 101.67
Winter 65.62 96.49 251.74
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Let us consider a day where Plant B only needsddyze 500 tonne. Compared with a daily
capacity of about 2 100 tonne, 500 tonne is a spmatluction target. The most cost-effective
way to produce the 500 tonne is by using off-pgak#ods only. The data point will align with
500 tonne on the x-axis and a very low cost orythgis.

Consider a scenario with the same production tatgeng which the plant broke down in the
off-peak period and only standard or peak timesuaesl to produce the required 500 tonne of
cement. The data point will now align with 500 teron the x-axis and a very high cost on the

y-axis. The efficiency in load management, themfoauses the scatter of data points.

The black optimal line in Figure 4-30 shows the tredfective running schedule for Plant B
during weekdays. The optimal line simply indicatfes production at minimum cost by using
inexpensive timeslots effectively. The optimalelins a benchmark from which the
effectiveness of the post-DSM profile can be mezdand predicts the amounts of cement that

can be produced per day to stay more efficient thhgust as efficient as the modern plant.

Weekday - High-strength cement cost simulation (Winter tariff)
160000
140000 .
y = 54.41x o
R2 = 0.9753 o 9%
o .%o y=48504x

120000 e T R2=0.9797
.100000 -
1%
o
o
2 80000
S =
8 60000 e
L T y = 39.653x

R2 = 0.9927
40000
20000
0
0 500 1000 1500 2000 2500 3000
Tonnes produced per day [t]
Plant A: Optimal ——e—— Plant A: Post DSM . Plant A: Pre DSM
. Plant B: Modern e Linear (Plant A: PostDSM )  «eeeeeeeeneens Linear (Plant A: Pre DSM)
-------------- Linear (Plant B: Modern)

Figure 4-30: Case Study 1 weekday cost analysis mgiwinter tariffs
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Figure 4-30 shows that when Plant A executes loadagement perfectly, up to 1 900 tonne
of high-strength cement can be produced at a lemwesimilar electricity cost as the more
modern Plant B. A trend line with the best possiblgression specifies the average electricity

cost per tonne of cement produced.

The post-DSM results show a reduction in cost pené cement produced as production was
allocated to less expensive timeslots. Producigg-sirength cement at Plant A without DSM
interventions costs on average R5.90 per tonne thareat modern Plant B during weekdays.
The electricity cost of producing high-strength esmtnon weekdays is 10.9% higher for
Plant A than for Plant B.

After DSM implementation, the average electricibgtof Plant A was reduced to R39.65 per
tonne for weekdays. This amounts to a R14.76 pereelectricity cost reduction. The cost of
producing high-strength cement was reduced by 24.1@ompared with pre-DSM

implementation and 18.25% compared with Plant BesEhvalues are only applicable to the

current situation as it is an analysis of histdrdzta.
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Weekend - High-strength cement cost simulation (Winter tariff)
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Figure 4-31: Case Study 1 weekend cost analysis ngiwinter tariffs

Figure 4-31 shows the daily electricity cost durimgekends using winter tariffs. The post-
DSM cost is higher than the pre-DSM cost during keeels. This can be attributed to load
being shifted from weekday peak periods to weekeesidting in more standard periods being
used. The modern plant produces high-strength ceatesn average of R28.45 per tonne,

which is roughly 14.9% cheaper.

The same data is simulated using summer tariffpurBi4-32 shows the effect that summer
tariffs have on load management cost savings. Coedpeith the modern plant, the post-DSM
plant is less feasible than simulating winter farifThe plant, when executing optimal load
management, can produce approximately 1 100 toheement and still maintain the same
electricity cost as the modern plant. This is auotidn of 800 tonne compared with winter

tariffs.
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Weekday - High-strength cement cost simulation (Summer tariff)
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Figure 4-32: Case Study 1 weekday cost analysis mgisummer tariffs

Load management resulted in R2.70 weekday saving3lant A, which translate to a 7.6%
cost reduction between the pre-DSM and post-DSM. ddee modern plant produces high-
strength cement at R32.03 per tonne. Figure 4-83vshthe cost of weekend production

decreases proportionally when using summer tariffs.
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Weekend - High-strength cement cost simulation (Winter tariff)
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Figure 4-33: Case Study 1 weekend cost analysis ngisummer tariffs

The average derived from the regression lines ith lsommer and winter simulated cost

analysis are described in Table 4-4. Using Equa&i@nthe summer, winter and yearly average
electricity cost per tonne are quantified for pr8ND Plant A, post-DSM Plant A and modern

Plant B.

Table 4-4: Case Study 1 summary table

Case Study 1 Summer tariffs Winter tariffs Year

Weekday Weekend  Total Weekday Weekend Total Total
Marginal plant: Pre-DSM  R3g41  R3023 R34.76 R54.41 R33.44 R48.82 R38.28
Marginal plant: Post-DSM 3364  R30.26 R32.66 R39.65 R34.18 R38.06 R34.00

Modern plant R32.03 R26.19 R30.47 R48.50 R28.45 R43.15 R33.64
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Summer tariffs

The peak charge ratio of summer tariffs is muchelothan winter tariffs. Reducing load in
peak periods subsequently has less impact ont@sitinter periods. During summer periods,
Plant A saves R2.11 per tonne of high-strength cém@duced. The reduction in cost closes
the gap between the marginal and the modern phbarttdoes not make the marginal plant as
efficient as the modern plant.

The modern plant remains 6.7% more electricityeedfit than the marginal plant. Load
management, therefore, increases the competitigari¢ise marginal plant, but not to the same

degree during summer periods.

Winter tariffs

During winter months, load management has a sutistanpact on the cost efficiency of the
marginal cement plant. The post-DSM saving is RA@&r tonne which translates to a 22%
cost reduction. Load management made the margaraknt plant R5.09 or 11.7% more
electricity cost efficient than the modern planuridg winter months, load management is an
effective method of increasing the profitabilityafnarginal cement plant and will surpass the
profitability of a modern plant when considering@ticity cost.

Annual quantification

The analysis concludes that load management isffeattive during summer months and that
it is extremely effective during winter months. Q@tieying the findings to a yearly average
will ultimately answer the research question. Omanual basis, load management is expected
to reduce the cost per tonne by R4.27 or 11.19%nfnginal plants. The annual cost intensity

of the modern plant, however, remained more efiiciy 1%.

Load management will thus dramatically improve agimal plant’s profitability to close to
the same efficiency as a modern plant when consmgl@lectrical cost. The modern plant,
however, remains slightly more efficient than tharginal plant. The specific cost comparison

for Case Study 1 is summarised in Figure 4-34.
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Case Study 1: Specific cost results
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Figure 4-34: Specific electricity cost results foCase Study 1

Results verification
Lidbetter's DSM savings calculator will be usedvierify the cost savings found [49]. The
calculations are completed in Appendix B with tesult shown in Table 4-5. The average cost

per tonne savings for summer, winter and annuakyraultiplied by the tonnes produced
during the post-DSM period.

The results are compared with Lidbetter's calcualatesults and the accuracy of the
calculations is determined. The results derivethftbe cost analysis are accurate within 1.5%
when compared with Lidbetter's method. The accura@cceptable and proves that the cost
analysis shows credible results.

Table 4-5: Case Study 1 results verification table

Case Study 1 Tonnes produced Summer tariffs ~ Winter tariffs Year
Savings per tonne R2.11 R10.75 R4.27
Total savings R902 784.60 R1 533 165.00 R2 435 949.60
Lidbetter savings 47540 R886 124.80 R1511078.39 R2 397 203.19
Results accuracy 1.9% 1.5% 1.6%
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4.6.2 Case Study 2

Figure 4-35 shows the cost analysis of Case StuBying the baseline period, Plant C mostly
produced cement at maximum capacity as is evideattumber of data points in the 3 400—
3 500 tonne region. The modern Plant D, which igemefficient, produced high-strength

cement much cheaper than pre-DSM implemented Elant

Post-DSM implementation Plant C experienced a dnagement sales with daily production

rarely reaching maximum capacity. The plant levedaiipe lower production and shifted most
of the production to low-priced tariff periods. Thee drawn through the scatter data of post-
DSM Plant C shows the operational trend for a mainét matches the optimal plant running

profile closely.

Weekday - High-strength cement cost simulation (Winter tariff)
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Figure 4-35: Case Study 2 weekday cost analysis mgiwinter tariffs
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Deviations occur on days when the plant used pedistandard periods when off-peak periods
were still available. The cost rapidly increasedtfie same amount of tonnes that could have
been produced during off-peak periods. The trameslindicate that Plant C was more cost
efficient than the modern plant during winter pdsoafter DSM load management was

implemented.

Plant C, when executing load management perfecaly,produce up to 2 950 tonne of high-
strength cement at less or the same electricityaosnodern Plant D. The load management
during weekdays resulted in a 22.7% cost reduckost-DSM Plant C is 14.9% more feasible
than the modern Plant D when considering electdoat.

Figure 4-36 shows the cost analysis during weekashg) winter or high demand tariffs. The
pre-DSM cost is slightly more than the post-DSMutess The differences in cost can be
attributed to the utilisation of different mills dng the pre- and post-DSM periods. Modern

Plant D is roughly 10.8% more electricity-efficightatn marginal Plant C during weekends.

Weekend - High-strength cement cost simulation (Winter tariff)
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Figure 4-36: Case Study 2 weekend cost analysis ngiwinter tariffs
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The winter tariffs prove to be very effective whemplementing load management. Figure 4-38
shows the weekday analysis when considering surtariéfs. The effect of summer tariffs on
cost savings display the same characteristics &s iseCase Study 1. The most noticeable
effect is the decrease in load management effexts@® The modern plant remains more
electricity cost effective than the marginal cemplant after the implementation of load
management.

Also, the maximum competitive tonnes that can loelpced is reduced to 2 250 tonne per day
when executing optimal load shifting. A total cpstr tonne reduction of R2.37 or 7% was
achieved after the implementation of load managéniadern Plant D, however, remains

4.9% more efficient than the marginal cement ptamtng weekdays.

Weekends benefit from lower tariff charges and shawduction in cost per tonne. There are
no peak periods during weekends, thus no costgaeaire achieved. Modern Plant D is roughly
11.9% cheaper than marginal Plant C as seen ind-i337.

Weekend - High-strength cement cost simulation (Summer tariff)
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Figure 4-37: Case Study 2 weekend cost analysis ngisummer tariffs
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Weekday - High-strenght cement cost simulation (Summer tariff)
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Figure 4-38: Case Study 2 weekday cost analysis mgisummer tariffs

Table 4-6 contains the average cost per tonnetsedettived from the cost analysis graphs. As
with Case Study 1, the summer, winter and averagaal cost per tonne are quantified using
Equation 3-7.

Table 4-6: Case Study 2 summary table

Case Study 2 Summer tariffs Winter tariffs Year

Weekday Weekend  Total Weekday Weekend Total Total

Marginal plant: Pre-DSM  p3381  R27.63 R32.16 R51.52 R3054 R4592 R35.60

Marginal plant: Post-
DSM R31.44 R27.50 R30.30 R39.78 R30.43 R37.06 R31.99

Modern plant R29.88 R24.23 R28.37 R46.79 R27.14 R4155 R31.67
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Summer tariffs

Load management effectiveness declines when congpatmmer tariffs with winter tariffs.
Although load management does not reduce the castgh to be as efficient as a modern
plant, it still delivers substantial savings. Hoe summer period, a 5.78% cost reduction was

achieved. The modern plant remained 6.4% morei@ffithan the marginal plant.

Winter tariffs

The inflated cost of peak period winter tariffsuks in significant cost savings when peak
periods are reduced. Case Study 2 also showsaadtrhanagement can reduce a marginal
plant’s electricity cost so that it is more effictethan a modern plant. Load management
delivered substantial savings of 19.3% on margiiaht C. The post-DSM Plant C cost per
tonne is 10.8% lower than modern Plant D.

Annual quantification

Annul load management produces a 10.1% cost restuétir the marginal cement plant.

Compared with the modern plant, post-DSM costs 1&@e higher. Load management is
extremely effective in reducing electricity costsmarginal plants. The modern plant remains
slightly more efficient than the post-DSM margipdnt. The specific cost comparison for

Case Study 2 is summarised in Figure 4-39.

Case Study 2: Specific cost results

R60
R55
R50
R45
R40
R35
R30 -
R25
R20 -
R15 -
R10 -
R5
RO

Specific electricity cost [R/t]

Total Total Total

Summer Winter Year

®m Marginal plant: Pre DSM m Marginal plant: Post DSM mModern plant

Figure 4-39: Specific electricity cost results foCase Study 2
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Results verification

The calculated cost per tonne savings will nowdx#fied using Lidbetter’s savings calculator.
Lidbetter’'s detailed calculations can be found ppAndix B. Table 4-7 shows the calculated
Lidbetter results and compares it with the costyammasavings. The results derived from the
cost analysis are accurate within 0.08% when coetpaith Lidbetter's method. The accuracy

is very good and proves that the cost analysiveeirustworthy results.

Table 4-7: Case Study 2 results verification table

Case Study 2 Tonnes produced Summer tariffs ~ Winter tariffs Year
Savings per tonne R1.86 R8.86 R3.61
Total savings 73 449 R1 229 536.26 R1 952 274.42 R3 181 810.68
Lidbetter savings R1 232 857.87 R1946 252.41 R3 179 110.28
Results accuracy 0.27% 0.31% 0.08%

4.7 CONCLUSION

The load management implementation investigates péngicipating plants and delivers
substantial savings. The implementation on theouarisites is documented and corresponds
with peer-reviewed research. In the electrical laaadlysis, the baseline development evaluates
operating profiles and predicts the effect of loa@hagement implementation.

The production load analysis successfully derivieel inean production rates and power
consumptions expected during normal operationrofllaIn further analysis, it also identified
products produced by both plants to be compatitiie. specific energy consumption analysis
considered mill efficiencies and utilisation. Thdlrafficiencies and utilisation successfully

identify plant-specific energy usage.

The cost analysis predicted the maximum amountmigs a marginal plant can produce to
remain competitive when compared with a modern tplaitimately, the cost analysis
determined that load management could only makeaayimal plant more electricity cost

efficient during winter periods and cost compeétte within 1% on an annual basis.
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CHAPTER 5

Conclusions

Chapter 5
This chapter lists important findings of the study and also evaluates whether the goal statement

has been reached.
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5 CONCLUSION

5.1 INTRODUCTION AND BACKGROUND

Cement production is an energy, and specificalgteicity intensive process. A low cement
demand compared with production capacity in SouthicA and rapid electricity price

increases have also contributed to a competitivekehaamongst South African cement
producers. Additionally, increasing internationampetition is adding to the present market

pressure due to low price imports of cementitiowslpcts.

Older cement producers with outdated productionipggent produce cement at lower
efficiencies, in turn increasing the productiontsodue to the high energy intensity of the
production process. These factors have forcedhSAfrican cement producers to explore

energy-related savings during cement production.

Rapid growth of the South African electricity derddras reduced Eskom’s electricity supply
reserve margin to alarming levels in recent yedis.increase the possible reliability of aging
electricity production infrastructure and supporhigh-pressure electricity market, Eskom
increased electricity tariffs at a rapid rate. Tiapid electricity tariff hikes have placed
considerable pressure on the profitability of egergensive industries in South Africa.

For South African industries, DSM is a means te\adlte pressure caused by rapidly increasing
electricity prices. DSM strategies include loadftsiy, peak clipping and energy efficiency
improvement. Load shifting is the primary methaed to implement DSM on the South

African cement industry.

Literature thoroughly investigates and describes tiotential for DSM load-shifting
interventions on the South African cement industryliterature also describes the
implementation of load management strategies teeaehthe identified DSM load-shifting
potential. The studies describe savings achiehesjever, the achieved results are not

compared with more modern or higher efficiency pmqment.
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This study focused on comparing DSM interventidresgang cement production facilities with
more modern and more energy-efficient producti@mid. The aim was to evaluate the savings
achieved by the DSM interventions and determirtbef aging, marginal cement plants cost
effectiveness can become more competitive whenidemsg modern cement production

facilities.

5.2 ENERGY MANAGEMENT ON CEMENT PLANTS

Two major milling stages are used in cement pradactThe largest of these milling stages is
finishing milling. Different mill configurationsra used in the finishing process. Older mills
include roller mills and horizontal ball mills. M® modern mills have proven to be more
energy efficient. These mills include verticalleolmills. Vertical roller mills have been

proven to be 20-25% more energy efficient thanzoortal ball mills and are used in most

modern cement plants.

Since DSM in South Africa focuses on electricitpsomption, the grinding circuits in cement
production forms the primary focus of these intati@ns. Most of the energy efficiency
interventions require large initial capital expand® and present extended payback periods. In
the very competitive cement market in South Afritéis extended payback period often

discourages cement producers from implementingetltage interventions.

Peak clipping also entails energy efficiency imgnoents or production rate improvements,
which also require the installation of physicakastructure. Peak clipping is, therefore, also

not considered by South African cement producersdace production costs.

Load shifting has been widely implemented in theitBoAfrican cement industry. Load
shifting is implemented by improved load and prdaguctmanagement with focus on electricity
consumption trends and buffer management. A stugy Libetter described the

implementation of a trial study implementing loduifttng on cement plants.

Her study was followed by Swanepoel and Manesafiijo implemented various load-shifting

interventions on South African cement plants usimgomated computerised EMSs and
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integrated modelling techniques. These systemd aperational management to integrate
multiple cement production constraints and propasédnded production schedules to reduce

average peak period and weekday demand.

Various authors identified and quantified possibi8M intervention savings in the South
African cement industry. Lidbetter used a loadtsig trial to quantify electricity savings that
can be achieved by implementing load managememian&poel also described savings

achieved during the widespread implementation adl lmanagement.

Spangenberg identified five areas that were evadliagénergy and cost savings; effect on
production; impact on cement-manufacturing equigmefiect on the cement quality; and
increased awareness. The study evaluated inflseara savings thoroughly, thereby proving

that DSM interventions are highly feasible.

The various studies and literature identified cemtings; however, these studies did not
compare the achieved savings to more modern SadiutteA cement plants. To evaluate the
influence of load management interventions effetyivthe saving results must be compared
to modern cement plant production costs to detegrttie profitability of aging cement plants

in a competitive market.

5.3 PROPOSED LOAD MANAGEMENT IMPLEMENTATION AND
EVALUATION STRATEGY

Load-shifting interventions were implemented usarg automated EMS and an integrated
optimisation model. The automated computer systmgrised an on-site database server, a
central data processing, modelling and optimisateerver and different forms of

communication, depending on the site requirements.

Data was acquired directly from the plant SCADAtegsand sent to the centralised modelling
server. The modelling server simulated the spes#t of conditions that was extracted from
the plant SCADA system and the sales forecastsi@chfniom planning personnel. The server

optimised a production schedule for the operatibmaling components. The optimised
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schedule was sent back to the on-site server, apgrand displayed to the plant operators in

the control room.

The data that was extracted from the SCADA systeas also compared with previously
optimised schedules to evaluate the effectivenéskeoplant operations. The results were
compiled into an automated report that reportssthengs achieved and missed savings to the
plant operations and management personnel on y @&l monthly basis. The continuous

reporting improved the sustainability of the impkarted DSM load-shifting intervention.

The study focused on the evaluation of previousiglemented load management strategies as
was described by Swanepoel. The different impleptemterventions were evaluated in a
four-step approach including: electrical load as@yproduction load analysis; specific energy

consumption analysis; and cost analysis.

The electrical load analysis calculated the staibiverage for normal operation at the cement
plants. The average was calculated by compilinglectrical demand baseline setting out the
average load profile during a normal operationaley The operational and sales trends for
cement plants formed weekly cycles. The baselias thus compiled to depict the average

weekly load profiles for normal operation accunatel

In addition to the weekly baseline, a maximum andimmum operational demand was also
calculated. The maximum operational load represemhe operational demand from the
milling components when the circuits experience@%0Outilisation. The minimum load
represented the components that remained operbtubies the milling circuit was offline or
experienced 0% utilisation. The minimum and maxmriaad profiles indicate the amount of

load that could be shifted between the differentftperiods in a working week.

Since the operation of the cement plants varieoh fraonth to month, the operational baseline
was scaled to represent similar production volumEse single mode of operation allowed a
linear, energy neutral scaling of the baseline if@of The scaled baseline enabled the
comparison between the pre-implementation operakitvands and the post-implementation
operational trend.
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To evaluate the production rate of the milling camgnts, the mill feed rate was recorded over
an extended period. The feed rate of the millrdtl vary dramatically due to the constant
hardness and abrasiveness of the clinker and eliffedditives. The feed rate data that was
collected was represented in a frequency graple ffBguency graph indicated how often the
mill operated at a specific feed rate. The fregyedistribution gave an accurate visual

indication of how well the mill was controlled.

The feed rate data was then used to calculate #am rieed rate for the baseline period. The
mean feed rate was then also depicted on the finegudistribution to give a better description
of the start-up conditions and general operatianauracy of the mill. In addition to the mean

feed rate values, the mean power consumption gasaalalyses in frequency graphs.

The mean federate distribution and mean power copsan values that were calculated in the
feed rate analysis were used to compile a speeifErgy consumption distribution. The
specific energy consumption distribution indicatieel amount of energy consumed to produce
a unit of cement. The specific energy consumpiias plotted against increasing production.
Since mean power usage and production rate werktasealculate the mill-specific energy

consumption, the distribution was a linear correfat

The specific energy consumption correlation wasduse calculate the specific cost of
production during different tariff periods. Thetiopal production distribution was also
calculated according to the tariff periods and kadé production hours of the plant. The
specific cost correlation formed a sound basis witlich the profitability in the form of

operational costs between different plants coulddrepared.

5.4 MARGINAL CEMENT PLANT IMPLEMENTATION AND
COMPARISON

Four different plants were used to evaluate theachpf DSM load management interventions
on the profitability of marginal cement plants. dwdifferent South African cement producers

were selected for the study. One marginal cementligg plant and one modern cement
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grinding plant were selected from each of the camesducers to ensure that the operational
procedures of the different cement producers dicskew the results that were obtained.

The modern cement plants from the two cement prrdunade use of vertical roller mills and
did not participate in DSM load management intetiogrs. The two marginal cement plants
made use of older horizontal ball mills and acinveblplemented load management strategies
to reduce electricity costs. The two marginal cenhpgants made use of the automated energy

management and modelling system to implement amapbperational schedule.

The marginal cement plants showed an altered loatllgp due to the load management
interventions. A clear reduction in peak demand waident and reduced the specific
operational costs during production. The achielsadi shifting compared well with the
maximum simulated load shift, which showed that ierginal cement plants implemented
and maintained the load management strategiedigéic

The modern cement plants did not implement loadagament due to various concerns that
were raised by the plant personnel. The load aisaghowed a flat baseline that reduced
slightly during certain periods of the day as ailtesf routine maintenance. Additionally, the

modern cement plants also showed no preferencecekday or weekend operations, and

produced constantly throughout the week.

The production load analysis showed that if a pfaotuced more than one product it would
show as two saturation points on the feed rateufreqy distributions. It was necessary to
compare plants when producing the same produtiegsroduct type had a large influence on
the specific energy usage. The analysis isolatedyats, which were produced by the marginal
and modern plants, to depict the specific prodnctiosts more accurately.

The production and load frequency distribution dlsticated lengthy start-up times on the
more modern cement plants. This indicated pootrobaof the equipment. The feed rate and
load distributions showed that the vertical rolieills at the more modern cement plants
produced cement at much higher rates than thedradk ball mills at the marginal cement

plants.
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The specific energy analysis showed that the margemn cement plants produced cement at
a lower energy consumption than the marginal cemplamts. This was to be expected as the
more modern cement plants used vertical mills Aedriarginal cement plants used horizontal
ball mills. The marginal cement plants also shovdehtical specific energy consumption
before and after the implementation of the load ag@ment intervention. This proved that no
major energy efficiency improving equipment wadatied during the load shift interventions.
However, the effect of the specific demand proéited load shifting on the specific cost,

remained the most important criterion for evalugtime marginal plant’s profitability.

The specific cost analysis showed that the moreemodement plants operated at a lower
production cost than the marginal cement plantsreahe load management intervention was
implemented. The post-implementation results, h@aneshowed that the marginal cement
plants produced at a more competitive specific.cdstough the specific cost of the marginal
cement plant were still higher during lower costhsuer periods, the marginal cement plants
produced at a lower specific cost during winter then The specific cost savings are

summarised in Figure 5-1.

Specific electricity cost results
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R5 A
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Specific electricity cost (R/t)

Annual Annual

Case study 1 Case study 2
® Marginal plant: Pre DSM ®m Marginal plant: Post DSM = Modern plant

Figure 5-1: Specific annual electricity cost resutt

The annual averages of the different cement plsindsved that the marginal cement plants
produced cement at similar specific costs (witli) s the modern cement plants, verifying
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that when load management interventions are impléede marginal cement plants will
become more feasible when compared with modern miephents. The results were compared
with the cost calculation as proposed by Lidbedigd proved accurate. These results served

to validate the methodology.

5.5 VERIFICATION AND VALIDATION

5.5.1 Verification

The cost savings calculated from the evaluaticatetyy were verified using Lidbetter’s savings
calculator. The results from Case Study 1 and Gasey 2 differed by only 1.6% and 0.08%
respectively. This shows that the evaluation meth@s$ accurate in showing the load
management savings that were achieved. The stgditseand conclusion derived from the
results could therefore be trusted.

5.5.2 Validation

The methodology was repeated on a second case Jtndysecond case study implemented
the load management strategy on a different margi@aent grinding plant owned by a

different company. The evaluation strategy compated reduced electrical costs with a
modern grinding plant, also owned by the same compand showed similar results as Case
Study 1. Both case studies proved that the loacagement strategy would deliver more than
10% electricity cost reduction and make the matgiament grinding plant competitive. Case

Study 1 and Case Study 2 validated each otherdnigs by delivering similar results.

5.6 CONCLUSION AND RECOMMENDATIONS

The results showed that for the first cement predutie marginal cement plant still produced
at a higher specific cost than the modern cememtplHowever, the differences between the
annual averages were small. The marginal cememt @t the second cement producer,

however, produced at the same specific cost thamibdern plant. These results indicated
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that the load-shifting intervention made the masboement plants competitive with the more

modern cement plants.

Plant personnel at modern grinding plants shouldctevinced to implement the load
management strategy on vertical roller mills. Thaleation strategy can be expanded to
include all other cost associated with producing tumne of cement. When including all costs,
for example labour and material, a true reflectmna plant’s competitiveness can be

determined.
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7 APPENDICES

7.1 APPENDIX A

Figure 7-1 and Figure 7-2 shows screenshots takére&MS installed on Marginal Plant A
and C.
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Figure 7-1: Marginal Plant A EMS screenshot
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Figure 7-2: Marginal Plant C EMS screenshot
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