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Abstract: Life cycle assessment (LCA) is a tool to evaluate environmental impacts based on
products of a process. This research is a case study of wastewater treatment facilities of ERTC
(Environmental Resources Training Center), SIUE University, based on available data for two
semi-annual sludge quantities (year 2015) from sludge management report. The aim of this study
is to compare set of possibilities for a wastewater treatment facility at ERTC. The simulation has
been done through SimaPro model. Electricity and methane were considered and the cumulative
weight of their impacts has been investigated. Total solids for two semi-annual sludge has been fed
to the model in kilogram and different production (electricity and methane) configuration were
investigated. The most plausible configuration based on the cumulative environmental impact
proposed as best practical solution.
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1. Introduction:
There are many ways for treating wastewater treatment sludge, amongst them anaerobic digestion is one of the
most efficient and most environmental friendly process, which meets the environmental needs due to
sustainability engineering criteria during different phases. [1, 2]. Sludge management had been considered as a
secondary issue compared to the main wastewater treatment processes, but in last decades it became more
important in terms of pollutant control in the systems due to strong growth of sludge output. Results showed

combination of anaerobic digestion and agricultural land application were most environmental friendly methods
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with less emissions and less consumption of energy. This research is a case study of sludge disposal treatment
by anaerobic digestion method at (ERTC) at SIUE. Life cycle assessment is a tool to assess the environmental
impacts throughout a products life cycle from raw material to waste management phase. Figurel.Shows

different phases of a life cycle assessment project. [3]
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Figure 1. Life cycle assessment different phases.

Figure 2. Shows a schematic in which one kilogram of dry sludge turns into energy to produce a sustainable energy
cycle.
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Figure 2. Schematic for sludge treatment impact and energy produ

93



%TECHNIUM Technium Vol. 2, Issue 5 pp.92-104 (2020)
\ |SSN: 2668-778X

WWW.techni umsci ence.com

Study area

Figure 3. Shows the physical location of ERTC in southern Illinois University of Edwardsville.

Figure 3. Location of Environmental Resources Training Center (ERTC) SIUE.

2. Overview and historical background
2.1. SIUE Sludge Facility

The wastewater plant was built in 1963. The water enters at the “HEADWORK?”, it passes through bar racks to
remove the larger solids holding them from damaging pumps or interfering with downstream process. The sludge

being processed in two anaerobic digesters which consist of a primary and secondary unit that has a combined
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storage of 468000 gallons. The methane produced by the digesters is used as a fuel for a heat exchanger that keeps
the sludge at a constant temperature of around 96 degrees Fahrenheit. Digested sludge is drawn-off from the
secondary digester twice a year by a contractor who applies it to agricultural land owned by university. The sludge is
injected sub-surface into the soil and utilized as a fertilizer. The Environmental Resources Training Center, sludge
report on this paper based on the two-semi-annual set of data. First: Jan to June 2015, Second: July to December
2015.

2.2. Historical background

Historical evidence indicates that the AD process is one of the oldest technologies. Biogas was used for heating bath
water in Assyria during the 10th century BC and in Persia during the 16th century (www.biogasworks.com). AD
advanced with scientific research and, in the 17th century, Jan Baptista Van Helmont established that flammable
gases evolved from decaying organic matter. Also, Count Alessandro Volta in 1776 showed that there was a
relationship between the amount of decaying organic matter and the amount of flammable gas produced. In 1808,
Sir Humphry Davy demonstrated the production of methane production by the anaerobic digestion of cattle
manure.[4] The industrialization of AD began in 1859 with the first digestion plant in Bombay, India. By 1895, AD
had made inroads into England where biogas was recovered from a well-designed sewage treatment facility and
fueled street lamps in Exeter. Further AD advances were due to the development of microbiology. Research led by
Buswell and others in the 1930s identified anaerobic bacteria and the conditions that promote methane production.
2.3. General process description

Generally, the overall AD process can be divided into four stages: pretreatment, waste digestion, gas recovery and

residue treatment. Most digestion systems require pre-treatment of waste to obtain homogeneous feedstock.[5]

3. Scope and goals of this study

The goal of this study is to evaluate the resources consumptions and their consequent environmental impacts by
making a life cycle assessment for different scenarios. The system boundaries of the study are as follow: a single
stage unit of anaerobic digestion has been considered as a process unit, and the effect of input, and outputs
calculated during a life cycle assessment. The environmental impacts related to minor consumable materials and the
construction are not considered because the impacts were negligible than those of the long operate period (more than
30 years). Thermal energy recovered from the anaerobic digestion is used to warm up the input sludge. This is actual
operation conditions at most sites. A distant of one mile (two miles for two-way trip) considered as an average
transport distant for agricultural landfill. The sludge is transported by tanker truck to the application site where it
was injected into the subsoil. Digestate removed from the reactor would likely need to be cured before it could be
considered as a marketable product or a material used to produce a blended soil conditioner. Approximately 40 to 45
percent of the tonnage delivered to an SSO plant would require curing while 30 to 35 percent of all delivered

material to a mixed waste facility would require post reactor aerobic treatment.
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4, Materials and method

4.1. Available data

Input data are methane biogas, electricity transportation energy, emissions to the air including (Nitrogen, Carbon
dioxide, Carbon monoxide) as well as emissions to soil (Chromium, cadmium, copper, nickel, potassium, zinc,
selenium, manganese and molybdenum) which are all include in Table 4. The semi-annual raw sludge is also

provided for year 2015.

Table 1 and 2 Below show the raw sludge quantity for year 2015, from sludge management report.

Table 1: Quantity of raw sludge First semi-annual

Month Gallons to Digester %TS

Jan 54400

Feb 78200

May 67300

Apr 81700 Ave=2.76
May 60950

June 28900
Total 371450

Table 2: Quantity of raw sludge Second semi-annual

Month Gallons to Digester %TS
July 54000

Aug 35600

Sept 82100
Oct 85200 Ave=3.43
Nov 79000
Dec 85900

Total 421800

4.2. Functional unit definition
Functional unit defined as the base unit of assessment in the (LCA) and, here considered to be one ton of sludge in
dry basis (one tDM) Dry Mass. [6-12] The reason of this selection was based on the essential feed of the digester

which was feeding sludge, 1500 to 3000 gallons per day. Sludge was pumped to the digester. In table.2 percentages
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of total solid (%TS) is equal to 3.43, hence calculating of dry mass of sludge is: dry mass of sludge = (weight of
every gallon of water) *(%TS). Other inputs and outputs must be changed to functional unit, for example electricity
amount for processing one dry ton of sludge must be calculated. [13-17], all emissions to air and soil, and even
transportation of the hauled sludge to the land farm must be converted to mass per dry ton of sludge. for example,
the distant of land farm to the treatment is one mile for two-way trip considered 3.21869 ton.km as a distant*dry
ton of sludge, for instance the potassium amount in emissions to soil is 5310 mgr./kg equal to 5310 gr/ton.
Functional unit for sludge treatment considered as ton per dry mass of sludge as explained earlier. Every gallon of
water weights around 8.34 Ibs., and 1 ton= 2000 Ibs. Table.3 was used as estimation of amount of energy produced
by the methane biogas considering the capacity of digester tanks of SIUE, input energy used from methane
evaluated as 167 MJ/D.TON. [5].

Table 3: Methane energy produced estimation

Methane 55-70% by vol.
Carbone dioxide 30-45% by volume.
Hydrogen sulphide 200-4000 PPm by vol.
Energy content of AD has product 20-25 MJ/Standard m?®
Energy content ofCH4 per ton MSW 167-373 MJ/Yon MSW

4.3. Procedure

Life cycle assessment has been done based on three elements in this study which are energy, raw material and,
emission. (a) Energy: the amount of electricity and methane (biogas) calculated for heating one ton of dry sludge
based on functional unit, also the percentage of each resource allocated due to possible degree for recovery of
biogas. (b) Raw material: the sludge category determined due to its characters and region, whether municipal or
industrial sludge is feed as an input. (¢) Emissions: the amount of air and soil emissions considered. Air emissions
are CO2 and CHy4, and the land emissions almost related to the soil which sludge has been injected there. The amount

of nitrate, phosphate and Ammonia also determined in the soil sample of land farm.
4.4. Input Data to Simapro

This research is a case study of wastewater treatment facilities of ERTC (Environmental Resources Training Center)
of SIUE University, hence all the data used belong to that organization. Data available for two semi-annual sludge
quantity for year 2015, from sludge management report.

Table 4: Input Data to SimaPro

From techno sphere:

Methane, biogas: 167 MJ, Electricity: 144 kwh, Transport: truck 16B250=3.21869 tkm
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Emissions to air:

Nitrogen total: 96900 gr, Carbon dioxide, biogenic: 1200 kg, carbon monoxide, biogenic: 50000 gr
Methane.

Emissions to soil:

Chromium: 143.8 gr, cadmium: 0.79 gr, copper: 1170 gr, nickel: 24.8 gr, potassium: 5310 gr, zinc: 928 gr, selenium:
5.94 gr, Manganese: 433 gr, Molybdenum: 28.5 gr.

5. Results

SimaPro model has been used in this study to evaluate the environmental impact of this process based on life cycle
assessment. [18-21]. Figures 4 and 5 show the energy path attributed to each semi-annual process. By applying the

unit function to the result of tables 1 and 2 the amount of sludge is calculated in the top box of figures 4 and 5.
From table 1: Dry Mass of Sludge = (weight of every gallon of water) *(%TS)

= (371450) * (2.57/100) *8.34/2 = 4.28*10%kg Sludge.

4.28E4 kg
Treatment of SIUE
sludge 1

2.22E4 M) 7.15E3 MJ 5.9E3 tkm
Electricity UCPTE Heat, digester sludge,| Truck 16t B250
B250 at incineration plant,
future, allocation
price/CH S
1.17% L] 0.147% 1.36%
| 1
3.86E3 MJ 1.64E3 MJ 3.64E3 MJ 1.73E3 M 8.94E3 MJ 2.37E3 MJ 1.7E4 MJ
Electricity from coal Electricity from gas Electricity from Electricity from lignitg Electricity from Electricity from oil Heat diesel B250
B250 B250 hydropwr B250 B250 uranium B250 B250
0.41% | | 0.156% 0% | | 0.175% 0.0104% L 0.424% 1.36%

Figure 4. Life cycle assessment results for first semi-annual raw sludge (2015), Environmental Resources Training

Center (ERTC) SIUE.
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From table 2: Dry Mass of Sludge = (weight of every gallon of water) *(%TS)

= (421800) * (3.43/100) *8.34/2 = 6.03*10* kg Sludge.

6.03E4 kg
Treatment of SIUE
sludge 2

1.01E4 M) 3.13E4 M)
Heat, digester sludge, Electricity UCPTE
at incineration plant, B250
future, allocation
price/CH S
0.15% 1.2%
1
5.44E3 M) 2.31E3 M) 5.13E3 M) 2.44E3 M) 1.26E4 M) 3.34E3 M)
Electricity from coal Electricity from gas Electricity from Electricity from lignite| Electricity from Electricity from oil
B250 B250 hydropwr B250 B250 uranium B250 B250
0.42% 0.159% 0% 0.179% 0.0107% 0.434%

WWW.techni umsci ence.com

8.31E3 tkm
Truck 16t B250

2.39E4 M)
Heat diesel B250

Figure 5. Life cycle assessment results for second semi-annual raw sludge (2015), Environmental Resources
Training Center (ERTC) SIUE.
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Different scenarios for energy configuration has been studied based on life cycle assessment and the results
presented throughout figures 6 to 8. These scenarios include a comparison between six set of combinations of

electricity and methane configurations and best solution considered as the most sustainable and practical approach

based on minimum negative environmental effect. (Table.5)

Carcinogens  Resp. Organics Resp.Inorganics Climate change Radiation  Qzone Layer [Ecotoxicity — Acidification  Land use Mineral
mmm 90%Electricity + 10% Methane
mmm 10% Electricity + 90% Methane

Fossil fuels

Figure 6. Comparison of 90% Electricity+10% Methane vs. 90% Methane +10% Electricity
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Carcinogens ~Resp. Organics Resp.Inorganics Climate change Radiation OzoneLayer  Ecotoxicity  Acidification Landuse Mineral  Fossil fuels

I 70% Electricity+ 30% Methane
mmmm  30% Electricity + 70% Methane

Figure 7. Comparison of 70% Electricity+30% Methane vs. 70% Methane +30% Electricity
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Carcinogens ~ Resp. Organics Resp.Inorganics Climate change Radiation  Ozone Layer [Ecotoxicity Acidification Landuse — Mineral Fossil fuels

mmm 60% Electricity + 40% Methane
mmmn  40%Electricity + 60% Methane

Figure 8. Comparison of 60% Electricity+40% Methane vs. 60% Methane +40% Electricity

6. Conclusion

To evaluate the impact of most dominant parameters we should apply sensitivity analysis, by changing the amount
of energy resources or amount of entered sludge or outcome biogas we can investigate the change and their
environmental impact due to LCA assessment.

Due to literature reviews biogas of methane considered as an essential parameter, hence three different scenarios
defined:

First: 90% Methane+10% Electricity vs. 10% Methane+90% Electricity

Second: 70 Methane+30% Electricity vs. 30% Methane+70% Electricity

Third: 60% Methane+40% Electricity vs. 40% Methane+60% Electricity

Due to the result based on Table 5. first and last columns came with the minimum negative environmental impacts
(720, 811 respectively) but because they are both located in one side of the extreme energy production either
electricity or methane they might need higher technology and may not be applicable for most of anaerobic facilities.
Considering the rest four configurations, combination of 70% Methane +30% Electricity has the minimum negative

impact (860) in comparison to the rest hence considered as the most pragmatic solution.
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Energy Production

Elements 90% 70% 60% 40% 30% 10%
Elec Elec Elec Elec Elec Elec
Carcinogens 44 100 100 82 67 100
Resp.Organics 100 100 100 100 100 100
Resp. Inorganics 17 100 100 69 46 100
Climate Change 100 100 100 100 100 100
Radiation 100 44 67 100 100 11
Ozone Layer 17 100 100 70 47 100
Ecotoxicity 100 100 100 100 100 100
Acidification 22 100 100 72 51 100
Land use 100 42 66 100 100 0
Mineral 100 43 67 100 100 0
Fossil Fuels 20 100 100 70 49 100
Sum 720 929 1000 963 860 811

600

8

Weight of Impact
g

N
8

100

0

it

Elements

m 40% Elec + 60 Methane

W 60% Elec + 40 % Methane
m 70%Elec + 30% Methane

m 10% Elec + 50% Methane

B 90% elec + 10% Methane

Figure 9. Best proposed solution based on LCA analysis
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