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Figure 1.1: Increase in South African energy production and consumption (Statistics South 
Africa, Statistical release P4141, April 2004) 
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Figure 1.2: Primary energy sources utilized in South Africa (Department of Minerals and 
Energy, 2002) 

With reference to water, South Africa is a water scarce country. At only 500 mm per 

annum, its average national rainfall is less than half of the world average. Current 

trends indicate that availability will not be able to match demand by the year 2030 

(www.dwafgov.za). 

Organic wastes in effluent streams from industrial activities are a major source of 

water pollution. Table 1.1 presents organic water pollution data resulting from 

anthropogenic activity in South Africa. The majority (41.3%) of South Africa's 

industrial contribution to organic waste is as a result of food and beverage production. 
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3.5.2 Suspended Solids Component 

A verage starch, lipid and protein molecular formulae are given in Table 3.5 and were 

used in estimating the composition of the suspended solids pOliion. Furthermore the 

composition of this stream was conservatively estimated by recognizing that the 

majority of suspended solid brewery waste is starch. The larger particulates including 

hops and maize are separated out from the effluent stream so contribute marginally to 

the protein and lipid portion of the effluent. Biomass is not removed from the UASB. 

Anaerobic bacteria generate less biomass than aerobic bacteria and this has been well 

documented and observed in this case. 

Table 3.4: Assumed makeup of the suspended solids component of the effluent stream 

Component Molecular formula Molecular mass Mass fraction 
Starch (C6H 1OOS)n (Mf: 32400) 0.75 
Lipid CSIH9S06 (Mr: 806) 0.05 

Protein (CsH70 2N)n (Mr: 22600) 0.20 

3.5.3 Aqueous Component 
The aqueous component of the model was populated using data collected from the 

SAB Newlands laboratory results log. These data included concentrations of 

phosphate, ammonia nitrogen and sulphate in the effluent stream. Nitrogen was 

modelled as aqueous ammonia and phosphorous was modelled as aqueous phosphate. 

The data are presented as monthly averages in Figure 3.2. 
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Figure 3.3: Monthly averages of aqueous species concentrations in the WTF effluent stream 
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on steady state operation of the plant, that is, calculations were perfonned using data 

from February 2005. Volumetrically, the average flare flow-rate calculated between 

March and August is 4297 Nm3/day, with an average monthly standard deviation of 

661.5 Nm3/month. 
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Figure 3.6: Monthly variation in power rating of flare 

Based on the biogas flow rate determined and composition estimated, the flare power 

rating was calculated and is presented in Figure 3.6. A pure methane flare has a 

calorific value of 55 kJ/g, or 39 MJ/m3
. This value is partially diluted with the 

addition of carbon dioxide with a calorific value of 0 kJ/g. 

As mentioned, it was cautiously estimated that the concentration of H2S in the biogas 

varied between 10 and 20 ppm. Hydrogen concentrations were very small with a 

concentration of less than 1 ppm. 

The average flare power from March to August was calculated as 1800 kW but varied 

between an average monthly maximum of 2315 kW (March) and monthly minimum 

of 1534 kW (June). This tum-down ratio, mirrored by fluctuations in biogas flow­

rates could become problematic with reference to technological design. While it can 

be stabilized by better control of the effluent plant, design for flow variation is 

required to accommodate process upsets and power outages. 

Based on the separation efficiency presented in Table 3.6, the methane content of the 

biogas flare is of the order of 92%. This results in a gas calorific value of 50.6 kJ/g or 

36MJ/m3
. With an average steady state flare flow-rate of 2828 kg/day over the same 

period, the resulting energy available daily is 155.52 OJ (HHV). 

3.6 Sensitivity Analysis 

A sensitivity analyses was performed to prevent an over-estimation of the flare power 

available. The analysis assessed the change in power rating with a change in methane 
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concentration of the biogas to flare. This analysis is then presented from a different 

angle by showing specifically how the calorific value of the flare changes with flare 

methane concentration. This analysis enables any fluctuations in flare composition to 

be taken into account. 

The calculations were completed assummg a constant biogas flow-rate to flare 

regardless of flare CH4 concentration, as apposed to linearly reducing the flow-rate 

with a change in methane concentration. This was done so as to simulate the effect of 

ineffective biogas separation. 

This exercise aims to assess the impact of ineffective biogas separation on the 

calculated methane concentration to flare by quantifying the change in flare power 

rating observed with a change in methane concentration. It further accounts for the 

presence of process fluctuations. 

i. Power rating dependency on methane concentration 

The mass balance was used to evaluate the change in power rating of the flare with a 

change in methane concentration. 

3500 
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~ 
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Figure 3.7: Flare power from the WTF with varying methane concentrations 

• Average Flare poweri 

• Maximum I'. 

.Minimum 

Figure 3.7 shows the change in flare power with a change in methane concentration in 

the flare. In this particular assessment, data was aggregated monthly and over the 

period from March '05 to August '05. As depicted in Figure 3.6, during the months of 
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Figure 3.8: Change in calorific value of flare with methane concentration 

3.7 Validity of Model 

90 100 

A statistical error analysis was carried out to assess the variability and reliability 

resulting from the assumptions defined in Section 3.2. The overall carbon balance 

error (based on an assumed SS and YF A composition defined by SS and YF A 

concentration measurements) ranged between 1 % and 5% depending on the month 

concerned (see Table 3.7). As mentioned previously, the average COD: methane ratio 

is in agreement with literature (McCarty, 1964). Further iterations were made to 

balance the carbon content in the biogas with the incoming carbon to the effluent 

plant, within the constraints of a stabilized biogas concentration per month. The 

resulting biogas composition and flow-rate was calculated for each month and 

reflected a reliable result. The implication of this result is the effect of a constant 

biogas composition generated each month. Retention time and digester conditions are 

constant with month; hence reaction conditions are not expected to change 

substantially. Accordingly, the extent of the anaerobic reactions is likely to change 

only negligibly. Consequently it was necessary to define a biogas composition that 

satisfied the mass balance on a monthly basis with a negligible fluctuation in biogas 

composition, 
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The treatment scenarios are presented across a range of impact categories thereby 

constructing the environmental profiles used to compare waste water management 

systems. Key results are emphasized, and major contributors to impact categories are 

highlighted and discussed. 

4.4.2 Results 

The envirorunental profiles of the waste water management systems are presented in 

Figure 4.3. Across impact categories, impacts per treatment system are scaled to a 

percentage of the treatment system generating the maximum burden. This provides for 

a relative comparison between impact categories, of which the relative importance is 

open to the interpretation of the LeA practioner (see Section 2.2.4.3). Table 4.6 

presents the characterisation process across impact categories. This table was used to 

generate Figure 4.3. 
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• SAB treatm-ent • SAB ~nd Mu~ip~1 Treatment 0 No Treatrn'ent 0 Municipal treatment ] L- .. _ _ ___ ___ ___ . _ _ _ .. _ _ _ _ __ _ 

Figure 4.3: Characterised LCA results presented as a percentage of the maximum burden per 
impact category 
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An LCA was carried out assessing the sensitivity of results to a change in pumping 

power requirement. The reported figure used (Friedrich et aI., 2006) was multiplied by 

2, so as to estimate the influence which a sizable error in this number, would have on 

the results. Figure 4.4 highlights the change in impacts comparing the current 

treatment configuration against itself encompassing an inflated figure for power 

consumed for pumping. 

120% 

• SAB and Municipal Treatment . SAB and Municipal Treatment - conservative pumping 
L.. _ _ __ _ __ _ _ __ _ _ _ _J 

Figure 4.4: Sensitivity of results to estimated pumping power for effluent transfer to Athlone 

As expected, an increase in power consumed results in an inflated burden profile. A 

100% error in the power consumption from pumping between facilities results in an 

average increase of 15% across impact categories, with a standard deviation of 8.5%. 

In light of the original burden profile of the municipal treatment facility, qualitative 

conclusions originating from Section 4.4.2 would remain the same. 

Being a key contributor, the influence of the power generating mix (fuel source) was 

also investigated. The LCA was carried out under the assumption of the national 

power mix generated from 90% coal, 4% nuclear and 6% hydro power. This is 

representative of the generating capacity of South Africa. The comparative study 

presented below was performed using an estimated regional (W estern Cape) power 

generated mix of 50% coal and 50% nuclear power so as to assess the influence of a 

change in fuel type for power generation. A comparative LCA was undertaken, and 

the same waste water management system (SAB treatment followed by municipal 
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treatment) was compared using the two generating mixes as described above. The 

results from this analysis are presented in Figure 4.5. 

120% 

• SAB and Municipal Treatment - Altemate power mix. SAB and Municipal Treatment 
"----- --------- --- _. . -_._-------------

Figure 4.5: Effect of a change in power mix on LeA results 

The results indicate an average burden reduction of 25.0% across impact categories 

with a standard deviation of 15.16%. The largest deviation is observed in the impact 

category marine aquatic ecotoxicity (43.5%). The smallest deviation is observed in the 

impact category eutrophication (3.3%) Significantly incorrect assumptions concerning 

power mix could give rise to incorrect conclusions concerning product or process 

alternatives, dependant on the impact category assessed. Hence, a study should 

consider, in light of the goal and scope, the likely impact of an incorrect power mix 

assumption across the heavily weighted impact categories investigated. This study 

assumed an accurate South Africa power mix, in an effort to generalise the study 

across South African provincial regions and in an attempt to remain generic in nature 

(in line with the goal of this thesis), whilst still applicable to the SABMilier Newlands 

Brewery. 

4.5 Interim conclusion 

The LeA results presented in Section 4.4 highlight the importance of adequate waste 

water management systems in light of the emission profiles of alternate waste water 

treatment options. A comparative assessment was made between four alternative 

treatment methodologies, and conclusions based on the relative impact of each 

treatment configuration could be drawn from results. 
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important bearing on CHP efficiency as the individual efficiencies of power 

generation and heat generation are appreciably different as illustrated in Figure 5.1, 

where 40% electric efficiency and 80% thermal generation efficiency is assumed. The 

CHP curve is based on using 5% less fuel. The overall efficiency here is based on the 

higher heating value of the fuel. Overall efficiency is a SHP measure of efficiency, 

but can be used to provide a comparative basis for the improvements in efficiency 

attributable to CHP. Overall efficiency is the ratio of the sum of the power and useful 

heat generated to the sum of the fuel consumed to produce each. The higher heating 

value (HHV) of combustion expresses the energy content or efficiency of energy 

generation assuming the water vapour in the combustion gases is condensed. In other 

words, HHV assumes the latent heat in the water vapour is used in energy generation. 

The LHV of a fuel is the analogous value assuming the water vapour generated on 

combustion of the fuel is not returned to its liquid state. In other words, LHV assumes 

the latent heat in the water vapour is not used in energy generation. 

80 

Efficiency % 

75 + -

70 ; 

65 

60 +--~ 

55 ; ~-

50 : 

45 + 
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. __ - - SHP-ove~al-I efflc.iency I 

L- CHP o~era~ ~ff~ien~ 

Figure 5.1: Efficiencies in equivalent power generation comparing CHP with SHP, based on a 

varying power: heat ratio (reproduced from US EPA, 2002) 

The following is a summary of the above formula, as presented in the US EPA report 

of2002 on CHP technologies, with notation used as follows: 

Q: Net useful thermal output from CHP 

P: Net electric power output from CHP 
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chemical kraft pulp to a recovery boiler which facilitates both chemical recovery and 

energy generation. Gasification presents itself as an alternative method to the 

conventional process as it also offers the advantage of dual functionality. Using pinch 

analysis, the research identified systems to maximise power and heat yields from an 

integrated gasification cogeneration system. They claimed that gas reheat improves 

the electric efficiency of the system by up to 6%, but leads to a small decrease in total 

CHP efficiency. 

In a paper by Demirbas, 2004, gasification is presented as the latest generation of 

biomass energy conversion processes, reducing the investment costs of biomass 

electricity. He cites downstream CHP technology as the recovery process required to 

achieve high efficiencies by way of heat recovery and steam production. 

As illustrated by the citations above, some of the most suitable industries for CHP 

technology include pulp and paper, chemicals manufacturing, food processing and 

recycled energy from landfill. Figure 5.2 presents the highest potential for CHP by 

building type (Midwest CHP application centre, 2003). 

1 2 ,000 ~----------------------------., 

10 .000 

8 ,000 

. ,000 

2 ,000 

Figure 5.2: CHP applicability by location 

• Cooling and Hmrillg 

Hm/illg Oll!r 

Research indicates the viability of sustainable energy generation from bio-fuels and 

refers to the effectiveness of CHP technology in bio-fuelled energy generating plants 

in a wide variety of industries and applications. What follows in Sections 5.4 to 5.6 is 

a technically orientated review of mainstream CHP technologies and key 

considerations for their employment. 
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A CHP system is designed according to the thermal needs of the plant being powered 

hence the more power that is generated by the gas turbine, the less energy is available 

for steam generation. This power to heat ratio gives the operator some flexibility 

based on the requirements of the plant at any given time. It should be noted that 

higher steam pressures are obtained with lower overall efficiencies. 

Berta et aI., (2006) emphasised that although CHP plants need to be designed 

according to the thermal needs to the end-user, plant configurations must be flexible 

in that the two outputs of the plant (Wand Q) can be changed swiftly as required. 

Gas turbines in various set-ups including combined cycle, with supplementary firing 

and with possibility of steam injection, meet this requirement and cover a wide 

operational field (Berta et aI., 2006). 

5.4.4 External Influencing Parameters 

5.4.4.1 Part Load: 
Figure 5.3 presents a typical part -load de-rating curve to illustrate the relationship 

between efficiency and load. There is also a strong correlation reported between an 

increase in emissions and a reduction in turbine load. There is an appreciable change 

in electrical efficiency at part load. This decrease results in a relative increase in heat 

available for steam generation. This can represent an operating advantage for 

installations with a high thermal requirement. 
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Figure 5.3: The effect of part-load on turbine de-rating (US EPA, 2002) 
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5.4.4.2 Effect of Ambient Temperature: 

Ambient temperature has an indirect effect on efficiency and power output of a gas 

turbine through air density. A temperature increase, with resultant density decrease, 

results in a decrease in air mass flow-rate through the system, hence a net decrease in 

power output. Further, the decrease in density requires an increase in required power 

to compress the inlet air, hence a net decrease in power efficiency. Figure 5.4 

illustrates the dependence of power and efficiency on ambient air temperature. The 

power is related to the rated power of the system at the International Organization for 

Standards (ISO) reference state of sea level and 15° C. It is clearly seen that inlet air 

cooling becomes advantageous for CHP operation owing to higher densities at lower 

tern pera tures. 

Supplementary firing is a technique that can be used to counter this reduction in 

power resulting from a change in ambient temperature (Arrieta and Lora, 2005). This 

is revisited in Section 5.4.5 b. 
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Figure 5.4: The effect of ambient temperature on power and efficiency of a gas turbine (US EPA, 
2002) 
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minimum HSRG stack temperature is 1500 C. This is well above the due point of 

sulphUlic acid formation. Figure 5.6 shows the change in total efficiency with HSRG 

exhaust temperature. 
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Figure 5.6: Effect of HSRG exhaust temperature on total efficiency (US EPA. 2002) 

5.4.5.2 Overall Efficiency enhancement: 
1. Supplementary Firing Teclmiques: 

The un-combusted oxygen present in the combustion gases can be utilized by making 

use of supplementary firing teclmiques at combustion conditions. Less fuel IS 

consumed in this step than in the combustion turbine for equivalent quantities of 

oxygen. The exhaust gas temperature entering the HRSG can be as high as 9820 C, 

potentially doubling steam production. The HHV efficiency of such an operation is 

usually 85% or more. Supplementary firing enables plant operators to trade steam 

production for power generation depending on plant demand. 

2. Intercooling: 

Intercooling increases the net power draw of the turbine by reducing the power 

requirement of the compression stage. By sub-dividing the compression stage into two 

stages and intercooling between the 2 stages the power requirement of the 2nd stage is 

reduced and net power delivered by the gas turbine is increased. This does result in an 

increased combustion fuel requirement as a result of the lower temperature feeding 

the combustor. 
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5.5.4 External Influencing Parameters 

5.4.5.1 Part Load: 
Reductions in compressor speeds (resulting in a decreased mass flow rate) and 

reductions in turbine inlet temperature reduce the power output of the micro turbine. 

A step change from no load to full load takes the microturbine less than 15 seconds, 

making it very versatile in this respect. 

Commonly when load changes, the turbine has still to run at design rotating speed. 

The micro turbine is susceptible to machine breakdown with repeated downloading, 

as the blades have a tendency to over speed due to an accumulation of stored energy 

in the unit. Kaikko et ai, 2004, further investigated the influence of turbine inlet 

temperature and shaft rotational speed on part-load operation. Wang et ai, 2004 

proposed that part-load performance can be improved by variable speed operation as 

constant frequency of electricity can be assured through the control of the electronic 

equipment. 

Figure 5.8, a typical part load de-rate curve, illustrates how power efficiencies change 

with micro turbine loading. 
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Figure 5.8: The effect of part-load on microturbine de-rating (US EPA, 2002) 

5.4.5.2 Effect of Ambient Temperature: 
Figure 5.9 illustrates the change in power and efficiency with an increase in ambient 

air temperature. Power is presented relative to the rated power of the system at the 
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International Organisation for Standards (ISO) reference state of sea level and 15° C. 

It is clear from Figure 5.9 that rate of decrease in power delivered with temperature 

increases with an increase in turbine rating. Efficiency decreases at a rate independent 

of turbine rating. 
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Figure 5.9: The effect of ambient temperature on power and efficiency of a microturbine (US 
EPA,2002) 

5.5.5 Performance Enhancement 

5.5.5.1 CHP enhancement: 
Recuperator addition lowers fuel requirements but can introduce additional pressure 

losses negatively effecting efficiency and performance. Microturbine perfOImance is 

highly sensitive to even small fluctuations in internal pressure loses. 

Recuperator performance is measured by the extent to which recuperator effectiveness 

increases cycle efficiency and the extent to which the pressure drop decreases cycle 

power. Effectiveness is defined as the ratio of actual heat transferred to the maximum 

achievable and is largely determined by recuperator surface area. Larger surface areas 

results in significant pressure losses, hence there is a design trade-off between cycle 

efficiency and cycle power. Traverso and Massardo (2005) reported that the two most 

well designed recuperators are the furnace-blazed plate fin type and the welded 

primary surface type. Furthermore, micro turbine CHP system efficiency is also a 

function of the exhaust heat temperature, and the exhaust heat temperature is a 

function of recuperator effectiveness. 
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An effective recuperator (90%) is essential to the viability of a CHP system. Figure 

5.10 highlights the relationship between recuperator effectiveness and microturbine 

electrical efficiency. A recuperator of high effectiveness can reduce fuel requirements 

by up to 40% in some cases (Pilavachi, 2002). 
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Figure 5.10: Relationship between recuperator effectiveness and microturbine efficiency (US 
EPA,2002) 
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5.5.5.2 Overall Efficiency Enhancement: 

1. Electrical efficiency: 

The effect of pressure ratio on electrical efficiency as a function of temperature is 

illustrated in Figure 5.11. Each curve is at a constant turbine firing temperature. The 

most favourable pressure ratio is between ratios of 3 and 4. 
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Figure 5.11: Effect of pressure ratio on electrical efficiency of a microturbine (US EPA, 2002) 

Specific power is defined as the electric power produced by the machine per unit mass 

flow through the machine. Figure 5.12 presents the relationship between specific 

power and pressure ratio over the same range of firing temperatures as discussed 

before. Centrifugal forces on compressor blades limit compressor pressure ratios to 

between 3.5 and 5. 
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Figure 5.12: Effect of pressure ratio on specific power of microturbine (US EPA, 2002) 

Electrical efficiency increases with turbine rating resulting in an increasing power to 

heat ratio. The result is less available thermal energy per unit of power produced. 

2. Firing Temperature: 

Higher firing temperatures result in higher efficiency. Larger turbines have become 

equipped with internal cooling systems so as to allow firing temperatures that exceed 

the limitations imposed by the materials of construction. These advancements 

however have yet to be incorporated into micro turbine systems. 

3. Inlet air cooling: 

By reducing the inlet air temperatures, compresslOn power requirements can be 

reduced. The technology for achieving lower inlet temperatures is well established for 

larger turbines, and micro turbines are now incorporating inlet air cooling systems. 

5.5.6 Maintenance 

Micro turbines are characterised by few moving parts. Overhauls are required every 

20,000-40,000 hours. Manufacturers target availabilities of between 98 and 99%. In 

addition, the general backup or parallel configuration of micro-turbines further 

ensures high availability of the system. 
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Diesel engines exhibit almost no reduction in efficiency for loads of between 50-

100%. Figure 5.13 shows the part load performance of natural gas engines. In 

comparison to the part load curves of turbine prime movers, gas engines handle 

reductions in efficiency at part load much more effectively. 
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Figure 5.13: Effect of part-load on gas engine de-rating (US EPA, 2002) 

5.6.4.2 Ambient Conditions: 

100 110 

SI engines are less affected by ambient conditions than turbines . It has been correlated 

that efficiency and power are reduced only 4% per every 300 meters starting 300 

meters above sea level and 1 % for every 5 degrees F above 77 degrees F. 

5.6.5 Performance Enhancement 

5.6.5.1 CHP enhancement: 
60-70% of the total fuel energy input can be recovered from the exhaust heat and 

cooling systems. There are additional thermal recovery opportunities from the engine 

jacket coolant, lube oil and turbocharger cooler. Energy from an engine jacket cooling 

system can account for up to 30% of the input fuel, and is capable of producing hot 

water at temperatures of 1000 C. Exhaust gases account for between 30-50% of the 

input fuel and reach temperatures of between 454-648°C. This can be used to generate 

low pressure steam of up to lObar effectively. By reclaiming energy from the exhaust 

118 



Univ
ers

ity
 of

 C
ap

e T
ow

n

set 

5.14: Schematic of a energy recovery 

IS 

1. 

IS 

on 

an 

i1U.c"":U to a gas 

most common 

a 

as to 

a nOlerltHli 

121 

119 



Univ
ers

ity
 of

 C
ap

e T
ow

n

cost is 

burn 

IS 

7 

to 

a 3: 1 or 4: 1 

over 

converters. 

across 

IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

6: 

1 

6 knowledge 111 5 to most 

for "'YI,~""u'r1 at 

most 

producing capacity a 

to 

companson across of 

IS a common 

steam 

(Maritz, 2005). was motivated 111 costs 

below. 

at 10 (l 

rate 

vapour at 10 

It is 

IS 

IS to by 

15% 15. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

over 

a 

IS 

use 

1. 

2. 

runs 1 

3 

two 

an 

user. 

case. 

is not as 

costs. 

to meet 

IS 

to 

IS 

IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

not sufficient to sustain turbine operation (see Section 5.4.1). Hence the technology 

options considered for power generation from biogas in the context of Newlands 

brewery are gas engines, diesel engines or microturbines. 
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Figure 6.1: Change in flare rating with Month 
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Based on a steam usage of 230 tonnes per day at 2777.9 J/g, the equivalent power of 

steam usage is 7.39 MW, equating to a weekly requirement of 1242 MWh. The on­

site power to heat ratio is readily calculated as 0.580. Comparison of this power to 

heat ratio with the selection matrix presented in Table 5.4 clearly indicates that 

microturbines and gas and diesel engines are suitable for this facility based on a range 

of operations with respect to power: heat ratio. 

A direct comparison between microturbine and gas/diesel engIne operation IS 

presented in Table 6.1. Gas/diesel engine power efficiencies exceed microturbine 

efficiencies. Overall CHP efficiencies exceed that of microturbines by between 5-

10%. Furthermore, microturbine costs exceed gas/diesel engine costs, and the 

specified operating range of the microturbine limits the power recoverable to a 

maximum of 350kW, unless more than one turbine is installed (see Section 5.5.1). 

Although more expensive, the multi unit facility does allow for better control when 

taking into account fluctuating biogas flow-rates from the effluent plant. 

Microturbines can be installed in parallel to enable the system to follow the power 

requirements of the facility as they increase or decrease. 
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The assumption of 100% combustion is not inconceivable, as premature combustion 

is more likely to occur than incomplete combustion resulting in knocking (see Section 

5.6.2). Furthermore, gaseous emissions comprised of CH4 from the municipal 

treatment facility and SABMiller WTF (CH4 which was processed through biofilter), 

CO2 , H20, H2 and H2S (from both the municipal treatment facility and the WTF). 

Aqueous and organic emissions remain the same as those modelled in Chapter 4. The 

Simapro ™ data base was used to generate the burdens attributable to plant operation 

and the functional unit remained 1 kg COD processed as defined in Section 5. 

Table 7.4 presents the life cycle inventory collated for the LCA on the basis of a 

functional unit of 1 kg COD processed to effluent management system. The 

calculations presented in Table 7.2 (and 7.3) were also performed assuming the re­

routing of methane to a boiler operating at 95% thermal efficiency, and the data 

pertaining to the LCI of that alternative is also presented as indicated in Table 7.4. 

Table 7.4 Life Cycle Inventory 

Inputs 
COD (kglkg COD) 

P (kg! kg COD) 
S04 (kg! kg COD) 
N (kg! kg COD) 
SS (kg! kg COD) 

SAB and 
Municipal 

1 
0.0244 
0.1904 
0.2149 
0.1904 

SAB and SAB and 
Municipal with Municipal with 
re-integration re-integration 

(CHP) (boiler) 

1 
0.0244 0.0244 
0.1904 0.1904 
0.2149 0.2 I 49 
0.1904 0.1904 

Energy (kWh,' kg COD) 0.2464 -2.4923 -3 .0147 
NaOH (kg! kg COD) 0.1 008 0.1 008 0.1008 

Outputs 
COD (kg! kg COD) 0.0090 0.0090 0.0090 

P (kg! kg COD) 0.0004 0.0004 0.0004 
S04 (kg! kg COD) 0.0232 0.0232 0.0232 
N (kg! kg COD) 0.0005 0.0005 0.0005 
SS (kg! kg COD) 0.0018 0.0018 0.0018 

CH4 (kg! kg COD) 0.0272 0.0272 0.0272 
CO2 (kg! kg COD) 1.0603 1.0603 1.0603 
H2 (kg! kg COD) 0.0002 0.0002 0.0002 

H2S (kg! kg COD) 0.0075 0.0075 0.0075 
Water Vapour (kg! kg COD) 0.5944 0.5944 0.5944 

NaOH (kg! kg COD) 0.1008 0.1008 0.1008 
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7.3 LeA Interpretation 
Figure 7.1 presents a graphical representation of the benefits incurred as a result of 

energy reclamation in comparing the effluent treatment scenario of SAB treatment 

followed by municipal treatment. Across impact categories, impacts per treatment 

system are scaled to a percentage of the treatment system generating the maximum 

burden (as per Section 4.4). Table 7.5 presents the data used to construct Figure 7.1. 

100.0% 

60.0% 

20.0% 

-20.0% 

-60.0% 

-100.0% 

• SAB and Mmicipal Treatment - CHP re·integration 

• SAB and Mmicipal Trealment 

Figure 7.1: Characterized Life Cycle Assessment results presented as a percentage of maximum 
impact 

Table 7.5: Life Cycle Assessment impact scores across impact categories 

Impact No Boiler re-
category Unit reclamation integration 
abiotic 

depletion kg Sb 0.0027 -0.0224 
global warming 

(GWPI00) kg CO2 2.020 -0.8830 
ozone layer 
depletion 

(OOP) kg CFC-11 2.72E-08 -4.42E-08 
human toxicity kg 1,4-0B 0.0784 -0.820 

fresh water 
aquatic ecotox. kg 1,4-0B 0.0115 -0.]]70 
marine aquatic 

ecotoxicity kg 1,4-0B 312.0 -3,770 
terrestrial 

ecotoxicity kg 1,4-DB 0.0012 -0.0135 
photochemical 

oxidation kg C2H2 0.0003 -0.0009 
acidification kg S02 0.0041 -0.0291 

eutrophication kg P04 3- 0.0015 -2.40E-05 

CHP re-­
integration 

-0.0184 

-0.4170 

-3.27E-08 
-0.6760 

-0.0965 

-3,120 

-0.0112 

-0.0007 
-0.0238 
0.0002 
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University of Cape Town

Units Jul October November December Januarv Februarv March Aoril Mav June Jul 
Volume to AD 

per 3188.50 2306.00 3221 3 3038.18 3787.93 3781.86 3524.33 3715.95 2757.00 2785 2212 1825 2415 2847 

Volume to flare 3161.67 1560.81 3385.28 3228.61 2232.29 3688.71 4335.46 441 4100.00 4275 3846 3669 4369 5535 

COD treated 8531.48 4211.71 8829.21 8712.12 6023.63 9953.67 12234 1906 11063 1536 10377 10171 11791 14935 

C'asulie 1532.14 920.00 21 2763.33 2953.33 3289.66 2493 1844 472 1725 1875 1352 1718 984 
VFA into 

methane reactor 535.40 .13 467.59 426.71 483.84 414.59 409.32 448.65 351.00 346 656 605 454 650 
VFA out methane 

reactor rna/litre 0 0 0 0 0.00 0 a 0 0 0 0 0 

6.12 5.97 6.48 5.42 5.35 5.32 5.71 5.37 5.14 5.55 5.26 5.17 5.47 5.39 

7.90 8.12 7.22 8.05 7.46 8.14 7.45 6.72 6.67 6.88 6.44 5.77 6.12 6.06 

6.89 6.78 6.81 6.86 6.88 6.82 6.76 6.72 6.69 6.7 6.73 6.77 6.73 6.71 

2369.32 2134.40 2368.91 3004.39 3214,61 3018.62 2450.55 2402.24 1702.75 2299 2668 2764 2561 2916 

218.54 277.97 449.22 853.61 843.74 669.00 349.38 240.76 3.00 282 358 271 310 507 

771.04 668.25 844.50 901.84 911.84 976.33 841.83 822.34 469.25 870 865 860 983 

135.29 152.53 330.89 761.89 822.25 688.50 391.86 181.50 90.00 85 132 238 474 

no data no data no data no data no data no data 841 822 0 803 870 865 860 983 

S04 to s\:wcr no data no data no data no data no data no data 334.25 127.13 152 185 237 1 238 474 

NH3 to 34.488 30,267 33.575 14.800 32.800 40.640 32.525 31.225 21.740 18065 45.200 53.033 

1'04 to rna/litre 7.738 4.678 6.775 5.800 22.538 8.083 9.075 8.462 9.810 11.633 2,533 
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A. Treatment Data Units Minimum Maximum 
Raw Wastewater Flow 50 90A 48 148.1 

Raw Wastewater Final Effluent 
DWAF Effluent 

Maximum Minimum Maximum Guideline 
51 320 32 492 52 9 2 28 25 

18 250 02 375 0 0 0 0 
Dissolved Solids 0 0 0 0 5 677 435 761 
Settable Solids mill 51 13 4 35 0 0 0 0 

COD 51 786 251 1084 52 80 51 25 30 
COD 0 0 0 0 36 74 39 102 

TKN as N 45 57.2 19.3 76.9 45 5.3 2.7 17.3 
Ammonia as N 51 34.7 14.2 57.6 52 2 0.2 1 10 

Nitrate Nitrite as N 0 0 0 0 51 7 0.1 12.3 
Total Phosohorus as P 46 8.7 3 13 44 .1 0.2 8.7 

as P 51 4.8 0.9 8.2 52 0.9 0.1 8.5 
H 51 7.3 6.3 8 52 7.2 6.7 7.6 5.5-9.5 

Feb-OS 59872 
Mar-05 66356 

66083 
67544 

Jun-05 65997 
67839 
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SAB and 
SAB No 

No treatment Treatment Treatment treatment 
1 Raw 0.114 0,159 0,0366 0.0604 
2 Raw 9 17 17.5 0,357 0.59 
3 Raw kJ 122 47 20.3 33.5 
4 Raw I ,06 1.6 0.43 0.709 
5 Raw I 12.1 12. x x 
6 Raw mg 46.4 46.4 x x 
7 Raw 9 1.06 1.06 x x 
8 Raw 9 9.02 9,65 0.507 0.837 
9 Raw mg 20.2 20.2 x x 

10 Raw 9 59.5 59.5 x x 
1 Raw mg 1.56 1.69 0.102 0.168 
2 natural Raw cm3 534 534 x 

13 Raw 9 0.878 1.32 0,354 0,585 
4 Ammonia Air mg 0.864 1,3 0.349 0.576 
5 Benzene Air IJg 140 150 7.88 
6 Cadmium Air IJg .9 2.24 0.278 0.46 
7 Carbon dioxide Air 1.26 1.37 1,96 0.588 
8 Carbon monoxide Air mg 89.1 98.3 7.47 1 
9 Air mg .45 1.9 0.362 0.598 

20 Air mg 2.5 3.46 0.77 1.27 
21 Air ng 6.56 9.85 2.65 4.38 
22 Air ng 40.3 40.3 x x 
23 Air mg 203 241 x 425 
24 Air mg 59.4 81.7 17.9 29.6 
25 Air mg 4.71 7.08 1.9 3.14 
26 Air 9 6.86 7.49 x 7.18 
27 Lead Air IJg 38.1 51.7 10.9 18 
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28 Air 1-19 21.3 29.6 6.62 10.9 
29 Air 1-19 7.71 10.6 2.3 3.79 
30 Air mg 11.8 17.6 4.71 7.78 
31 Methane Air 9 8.73 28.4 0.254 219 
32 Halon 1301 Air 1-19 2.1 2.26 0.121 0.2 
33 Nickel Air mg 0.44 0.179 0.0277 0.0457 
34 Nitroaen oxides Air 9 1.26 1.53 0.215 0.356 

35 Air mg 428 436 5.99 9.9 
36 Air I-Ig 3.74 4.76 0.819 1.35 
37 Particulates Air 9 0.568 0.696 0.103 0.171 
38 Radioactive Air 133 8.84 4.6 
39 Sulfur oxides Air 9 2.18 2.76 0.472 0.779 
40 water Air 0.584 0.594 1.17 O. 19 
41 Zinc Air 1-19 71.9 97.9 20.9 34.5 
42 Aluminum Water 9 0.176 0.249 0.0582 0.0961 
43 Water mg 1.08 1.2 0.096 0.159 
44 as CI Water I-Ig 1.64 1.75 0.0909 0.15 
45 Water mg 0.356 0.502 0.118 0.194 
46 Barium Water mg 15.2 21.1 4.72 7.79 
47 Demand Water I-Ig 323 333 8.36 13.8 
48 Water 1-19 9.62 13.4 3.03 5.01 
49 Chloride Water 9 3.85 4.32 0.376 0.621 
50 Water mg 1.77 2.49 0.583 0.963 
51 Demand Water 0.0885 0.00901 1 0.102 
52 Water mg 0.884 1.25 0.292 0.482 
53 Water I-Ig 3.15 3.61 0.375 0.619 
54 Carbon Water I-Ig 85 186 1.35 2.23 
55 aromatic Water IJg 397 423 21.7 35.9 
56 chlorinated Water ng 597 634 29.5 48.7 
57 Water 9 42.8 42.8 x x 
58 Iron Water mg 78.1 101 18.1 29.9 
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59 Water IJg 100 105 4.22 6.97 
60 Lead Water mg 0.909 1.27 0.294 0.485 
61 Water IJg 0.28 0.383 0.083 0.137 

62 Metallic Water mg 22.1 29.7 6.09 0.1 
63 ion Water mg 0.89 1 0.294 0.486 
64 Nitrate Water 9 9.4 0.547 215 12.4 
65 Water IJg 675 716 32.5 53.7 

66 Water mg 11.8 2.6 0.676 1.12 
67 Water IJg 5.76 6.17 0.331 0.546 
68 Water J,Jg 64.2 69.2 3.96 6.54 
69 Water mg 10.6 4.9 3.49 5.76 
70 Water 9 2.77 0.351 24.4 3.09 
71 Rad ioactive Water .21 E+03 1.31 E+03 81.2 134 
72 Sodium. ion Water 9 58.4 58.4 x x 
73 Solved Water 9 0.535 0.787 0.203 0.335 
74 Sulfate Water 9 66.7 24.6 191 67.9 
75 Sulfide Water 1J9 14.2 15.2 0.842 .39 
76 Water 9 65.6 .85 190 5.35 
77 Water mg 127 130 2.38 3.93 
78 Water mg 16.9 7.3 0.303 0.5 
79 Toluene Water 1J9 54.8 58.6 3.02 4.98 
80 ion Water mg 1.77 2.5 0.586 0.968 
81 Mineral from Waste 9 5.54 5.54 x x 
82 Waste in bioactive landfill Waste 9 1.92 1.92 x x 
83 Waste in incineration Waste ma 30.2 30.2 x x 




