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Abstract: Endogenous pollutants such as cyanobacteria have an essential impact on the global carbon
cycle and climate. Finding a reasonable way to dispose of them has become an urgent task for
current watershed management and ecological restoration. According to the engineering practice of
cyanobacteria treatment by aerobic fermentation, the carbon emissions of three typical cyanobacterial
resource utilization processes, aerobic fermentation without auxiliary materials, aerobic fermentation
with auxiliary materials, and incineration for power generation, are compared in this paper, using the
mandatory guidelines by the Intergovernmental Panel on Climate Change (IPCC). The results show
that the treatment of cyanobacterial mud through aerobic fermentation without auxiliary materials
can realize the goal of the harmless recycling of cyanobacterial resources with less carbon emissions,
at 175.3 kg CO,-t~1. In addition, each link’s impact on the overall carbon emission process was
analyzed. In aerobic fermentation with auxiliary materials, the carbon emissions were significantly
contributed by the auxiliary materials, which was accounted for 46.3% of the carbon emission of the
whole process and 32.77% of the drying-incineration process. In contrast, with the lowest carbon
emission level, aerobic fermentation without auxiliary materials can avoid the production of carbon
emissions caused by auxiliary fermentation materials.

Keywords: cyanobacteria mud; carbon emission; aerobic fermentation; reclamation of cyanobacteria

1. Introduction

In the past few decades, human productive activities have caused an increase in
the amount of exogenous nutrients in lakes, resulting in these lakes” eutrophication and
Cyanophyta bloom. Among them, the outbreak of cyanobacteria in lakes threatens the
survival of aquatic animals [1-3], and it even poses risks to humans [4,5]. In addition, the
rapid growth of cyanobacteria results in a significant increase in the amount of dissolved
organic carbon in water [6,7], which in turn leads to the deposition of organic carbon,
and finally, influences global carbon cycling and climate change [8-10]. Taking Taihu
Lake, Chaohu Lake, and the Dian Lake as examples, the salvage of Cyanophyta water
exceeded 8 million tons in 2020 [11,12]. The salvage, dehydration, landfill, treatment, and
disposal of algal water will lead to different amounts of carbon emissions. Currently, there
is no papers focusing on calculating the carbon emissions of the cyanobacterial recycling
process. Aerobic fermentation is a typical process for cyanobacterial treatment, and this
paper calculates the amount of carbon emission based on the engineering example of
cyanobacteria treated in the aerobic fermentation process. In addition, the carbon emissions
in the dry incineration process are also compared to realize carbon identification and the
carbon assessment of each disposal process.

At present, the outbreak of cyanobacteria in large watersheds in China is still severe.
Taking Taihu Lake as an example, the salvage of cyanobacteria in Taihu Lake in Wuxi
reached 1.6985 million tons in 2020, according to the Jiangsu Provincial Department of
Finance. The cyanobacteria that were not treated in time will release carcinogenic cyanotox-
ins, endanger the underground water sources, and harm the human body and surrounding
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animals and plants [13-18]. Therefore, the timely and effective treatment of salvaged
cyanobacteria is an essential guarantee for realizing the goal of controlling the endogenous
pollution of lakes.

Researchers have completed a lot of work on the treatment and comprehensive uti-
lization of cyanobacteria. Aerobic fermentation, anaerobic fermentation, incineration for
power generation, and the extraction of active substances are effective ways to harmlessly
recycle cyanobacteria, and these methods realize the regeneration and utilization of re-
sources [19-21]. However, some methods still have problems, such as high costs, and there
are only a few engineering applications, which makes it difficult to use them in practical
applications. In recent years, the typical ways to achieve cyanobacteria recycling in China
have been incineration for power generation and aerobic fermentation [22,23].

The dry incineration of cyanobacteria is a recycling method that uses cyanobacteria
to generate electricity. After the cyanobacteria are salvaged, they are separated from the
cyanophyta water and become cyanobacterial mud. When the moisture content is reduced
to 40%, the cyanobacterial mud is transferred to the incinerator to generate electricity. The
dry incineration treatment is a basic and harmless exploration of cyanobacteria recycling.
Studies have shown that the heat loss due to direct incineration is relatively significant.
For each ton of cyanobacterial mud with a moisture content of 80%, the plant needs to
consume an additional 91.4 kg of standard coal [24], so this method is considered to have
the problems of high energy consumption and high carbon emission rates.

Because of the easy operation and low cost of it, aerobic fermentation is used for
cyanobacteria cycling. After the cyanobacteria mud is transported to the recycling plant, it
will enter a fermentation process that lasts for 7-15 days [25]. According to the fermentation
method and whether supplementary materials are needed or not, aerobic fermentation is
divided into aerobic fermentation with supplementary materials and synergistic aerobic
fermentation without supplementary materials. The greenhouse gases emitted during this
process mainly occur due to the indirect emission of fuel oil in the process of transportation,
the indirect emission of electricity and chemicals during mechanical dehydration, the indi-
rect emission of electricity, and the direct emission of greenhouse gases in the fermentation
process, and the purification carbon emission of the tailwater.

To facilitate the comparison of the carbon emission levels of the cyanobacteria treat-
ment options, this paper uniformly takes cyanobacterial mud (a water content of 85%) as
the research object. Briefly, the process and main carbon emission units of the three harm-
less cyanobacteria resources studied in this paper are shown in the process flowchart in
Figure 1. Notably, other greenhouse gases such as methane and nitrogen oxides generated
during cyanobacteria treatment and disposal are converted into carbon dioxide emission
equivalents according to the 100 year global warming potential.

"{ conditionin }—» mechanical ., aerobic sewage
£ dewatering fermentation treatment
| aerobic Emissions
» material blendin }—» .
‘ £ fermentation Treatment

H{ thermal drying multi-fuel-fired

transportation

combustion

Figure 1. The brief process flowchart and the main carbon emission units.

2. Materials and Methods
2.1. Study Site and Sample Collection
The cyanobacteria used in this study are from initially de-watered cyanobacterial mud

obtained from the waters near Zhangjia Bay (31°08'55.9” N, 120°16’9.3" E) in Taihu Lake,
and the fermentation process was conducted at the plant for the resource utilization of
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cyanobacteria (31°11'25.8” N, 20°39'27.0” E), which is about 50 km away from Zhangjia
Bay. Influenced by the prevailing summer monsoon, many cyanobacteria are trapped
by the emergent plants in the nearshore areas that have extremely large cyanobacteria
accumulations [26], which has frequently occurred Taihu Lake since the 1990s. And the
location is indicated in Figure 2. To obtain cyanobacteria for fermentation experiments,
from May to September 2022, the cyanobacteria were continuously collected using ships
and a nearshore cyanobacteria pipeline that is 15 cm below the water surface on the shore of
Zhangjia Bay. Then, the salvaged cyanobacteria were initially mechanically de-watered in
the algae water separation station, and then transported to the aerobic fermentation plant.

Taihu Lake

Zhangjia Bay:

Figure 2. Position map with sampling point and disposal point.

2.2. Auxin-Free Aerobic Fermentation Experiment
As shown in Figure 3, the auxin-free aerobic fermentation technology route is adopted.

cyanobacterial mud,
Municipal sludge

Discharge | Weighbridge station |
reuse water

| Dilution conditioning tank |
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filtrat
L | Plate and frame filter press |
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Figure 3. Schematic diagram of the process flow of aerobic fermentation without auxiliary materials.
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The conditioning of Cyanobacterial mud. The cyanobacterial mud (with an 85% water
content) was weighed using a weighbridge and transported to the conditioning tank. Firstly,
every 160 kg of PFS solution (15 wt.%) was dispersed into every ton of cyanobacterial mud.
The mixed material was stirred for about 30 min using an agitator blade to ensure the
homogeneous dispersion of the raw materials.

Mechanical de-watering of mixed material. The homogeneous mixture was pumped
into the plate and frame filter press using plunger pumps, and then squeezed continuously
at 1.2 MPa for 75 min, with the filtrate entering the effluent purification unit simultaneously.
The filter cake was transported by conveyor belts to the crusher to be crushed into 1-2 cm
pieces with a moisture content of about 60%.

Aerobic fermentation. The crushed filter cake was fed by a bucket elevator into a
closed compost reactor for aerobic fermentation. During the time, an aerobic bacterium
of one-thousandth of the filter cake mass was added. The closed compost reactor was
fed and discharged daily to ensure continuous production, and the daily feed would be
entirely decomposed after about 10-15 days. The Al program automatically controlled
the aeration volume, aeration duration, and stirring rate during fermentation according
to the fermentation parameters to ensure that the fermentation temperature was in the
range of 50-65 °C. The fermentation products were transported to the aging workshop via
a chain conveyor.

Data acquisition. An oven drying method was employed to investigate the water con-
tent of materials at 105 °C on a Halogen Moisture Analyzer. The consumption data of diesel,
agentia, electricity, and auxiliary materials were obtained from the production records.

2.3. Data Analysis

Carbon emission from the salvage dehydration process. The cyanobacteria were sal-
vaged ashore and initially de-watered to cyanobacterial mud with an 85% water content in
the algae water separation station. This process mainly indirectly releases carbon emissions,
which come from the fuel carbon emissions of the transport ships, the indirect carbon emis-
sion from the use of reagents, and the carbon emission from the electricity consumption of
equipment, such as stirring and filter pressing, during the separation of the algae water.

(1) Fuel consumption: the carbon emission produced by the consumption of diesel fuel
when the ship collects cyanobacteria.

Eco, ship= Gtex

where Eco, ship is the CO, emission of fuel oil when the vessel further collects cyanobacte-
ria, kg; Gt; is the fuel consumption of the vessel per 1 ton of cyanobacterial mud collection,
L/t; acis the CO, emission factor of diesel. The emission factor was 3.10 kg-L~! in this study.

(2)  Electricity consumption: the carbon emission generated by electricity consumption
when we were salvaging the cyanobacteria:

Eg, co,= WE, x XEFg

where Eg, co, is amount of carbon emissions due to electricity consumption, kg; Wg 4 is
the amount of power consumption of different process links, kWh, including the amount
of power consumption due to the cyanobacteria pipeline salvage and transportation, belt
filter pressing, and deodorization. EFg is the power carbon emission factor. According to
the data published in the “2019 Baseline Emission Factors for Regional Power Grids in China”,
the power carbon emission factor in China ranges from 0.7921 to 1.0826 kg-kWh~!, and in
this study, it was 0.921 kg-(kWh) 1.

(3) Drug consumption: the carbon emission from drug consumption.

Em-co,= Wwm, x XEFym
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Em-_co, is the carbon emissions released by drug consumption, kg; Wy,  is the
amount of drug consumption in different links, kg, including the Cyanophyta watering
conditioning, the tail water treatment, and the deodorization dosage. EFy; is the carbon
emission factor of the chemical. The factor of PFS is 1.61 tCO, /tPFS, and that of NaOH is
1.602 tCO, /tNaOH.

The carbon emission during the collection and transportation process. The carbon
emissions during the collection and transportation processes are mainly from the transfer of
the cyanobacterial mud collected by heavy trucks from each Cyanophyta water separation
station to the recycling plant and the cyanobacterial mud in the recycling plant. The carbon
emissions in this process are released indirectly, mainly from fuel combustion, including
transport vehicles and forklifts that are fueled by diesel.

4
Ecozftransport = Wo XS X & X Cesel

where Eco, —transport 18 the carbon emissions released during transportation, kg; W is the
total amount of cyanobacteria mud collected and transported, kg; Wy is the load of the
transporter; S represents the distance, and in this study, S is 92 km; Cgjese; is the units of
diesel consumption by the trucks, which is 0.17 kg/km; o is the CO, emission factor of
diesel, which is 3.10 kg-L~! in this study.

Carbon emissions released during the aerobic fermentation process. The carbon emis-
sions are mainly released during the fermentation process due to the consumption of power
by the equipment and other greenhouse gas emissions. The centralized composting process
must be equipped with power-consuming equipment such as fermentation tanks, forced
ventilation, and deodorization equipment. The CO; emissions caused by the equipment
consuming power are:

EC02 —aerobic ™ WCelectricity p

Eco,—aerobic 18 the CO; emissions produced by electricity consumption during the
aerobic fermentation of cyanobacteria, kg; Celectricity is the unit power consumption of
the aerobic fermentation process. Currently, the number of cyanobacterial aerobic fer-
mentation projects in actual domestic operations is limited. Based on the field inves-
tigation of cyanobacterial aerobic fermentation in Suzhou (20 tons/day), the amount
of power consumed is 28.4 kWh-t~!, which is slightly lower than that of sludge com-
posting (40~80 kWh-t~1); B is the CO, emission factor of electricity, which is taken
as 0.921 kg (kWh) 1.

Due to the limitations such as those during the process and equipment, in aerobic com-
posting, a local anaerobic environment is easily formed, so a small number of greenhouse
gases, such as methane and N,O are generated, which are not easy to collect. The carbon
emissions due to CHy and N,O are:

Qec,= Wo-Qgr;-Ai

Qkc, is the total amount of carbon emissions of CHy and N>O, kg; Wy is the mass of
dehydrated cyanobacterial mud used for aerobic fermentation, kg; Qgg, is related to the
emission factors for aerobic fermentation treatment. Referring to the IPCC database, com-
bined with the engineering practice, the emission factor of CHy is 2.00 g-kg ~! cyanobacterial
mud, and the emission factor of NO is 0.10 g-kg~! algae mud; A; is the CO, conversion
coefficients of CHy or N,O, which are taken as 21 and 310 in this study, respectively.

Carbon emission of cyanobacterial mud during mechanical dehydration, deodoriza-
tion, and tail water treatment processes. Taking Suzhou’s 20 tons/day cyanobacteria
aerobic fermentation project as an example, there is sets of deodorization equipment and
tail water treatment equipment in the fermentation workshop, which can ensure that the
air quality near the factory area meets the standard and the sewage discharged from the
factory area meets the relevant national standard. Carbon emissions from deodorization
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and tail water treatment processes mainly include the indirectly released carbon emissions
from chemicals and the indirectly released carbon emission from electricity consumption.

(1) Drug consumption: the carbon emission from drug consumption

EmM-—co,= W, i xEFum

where Eyi_co, is the carbon emissions caused by drug consumption, kg; Wy, ; is the
amount of drug consumption in different links, kg; EFy; is the carbon emission factor of the
chemical. The factor of PFS is 1.61 tCO, /tPFS, and that of NaOH is 1.602 tCO, /tNaOH.

(2) Electricity consumption

Eg, co,= WE, x xEFg

where Eg, co, is carbon emission caused by electricity consumption, kg; WE , is the amount
of power consumption of the deodorization and tail water treatments, kWh. EFg is the
power carbon emission factor; this study uses 0.921 kg (kWh)~ 1.,

3. Controlled Studies

To horizontally compare the carbon emission levels of the three cyanobacteria resource
recovery processes, data models are based on the accounting guidelines given in the 2006
IPCC Guidelines for National Greenhouse Gas Inventories [27] regarding the whole life
cycle assessment concept.

3.1. Carbon Emission Calculation of Aerobic Fermentation Process with Auxiliary Materials

The process flow of the aerobic fermentation with auxiliary materials is shown in the
Figure 4. The aerobic fermentation process with auxiliary materials involves mechanically
crushing the dry organic matter with a moisture content of about 10~20%, such as straw,
sawdust, and mushroom residue, and adding them to the algae mud with a moisture
content of 85%. After mechanically mixing them, the carbon-nitrogen ratio and the moisture
content of the material are adjusted, and then the material is transported to the fermentation
equipment to complete the aerobic fermentation process. The primary carbon emissions
are mainly caused by transportation and fermentation. However, due to the addition of
auxiliary materials, the consumption of power during the aerobic fermentation of algal
slime and the amount of methane and N,O directly emitted during the fermentation process
increase proportionally. The total proportion of auxiliary materials, such as straw and
sawdust, is 45-55%. In this study, the proportion of auxiliary materials added is 50%, and
the main compositions of the auxiliary materials and their ratios by weight are shown
in Table 1.

Table 1. Ingredient lists.

. Cyanobacterial Spent Mushroom . Liquid Compound
Materials Mud Compost Crops Straw Livestock Manure Bacterium Agent
ratios l;};/ weight 1.0 0.4 0.3 0.3 0.002
moisture content 85 25 20 80 99

/%

In particular, the carbon emissions of the auxiliary materials added during the aero-
bic fermentation process during transportation should be calculated separately, and the
calculation method is the same as that for the transportation of cyanobacteria algae mud.
Aerobic fermentation with auxiliary materials mainly adjusts the moisture content of the
materials by adding auxiliary materials, which is usually the mechanical dehydration of
algal mud without sewage treatment equipment. This study adopts the scheme of a no tail
water treatment for the measurement.
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Figure 4. Process flowchart of aerobic fermentation with auxiliary materials.

Due to the addition of auxiliary materials, the amount of waste gas generated during
aerobic fermentation increases, and so does the amount of greenhouse gases such as CHy
and NO. The carbon emissions released due to CH, and N> O during fermentation can be
calculated by:

QEC; — Excipient= W0-QEE, -Ai

where QECi—Excipient is the total amount of carbon emissions of CHy and N»O, kg; Wy is
the mass of the added excipients, kg; Qgg, is related to emission factors for the aerobic
fermentation treatment. Referring to the IPCC database, combined with the engineering
practice, the emission factor of CHy is 6.00 g-kg ! cyanobacterial mud, and the emission
factor of N,O is 0.40 g-kg~! algae mud; A; is the CO, conversion coefficients of CH, or
N,O, which are taken as 21 and 310 in this study, respectively.

3.2. Calculation of Carbon Emission in the Process of Cyanobacteria Drying and Incineration

As shown in Figure 5, the primary process of cyanobacteria drying and incineration is
that after the cyanobacteria is salvaged, the algae water is separated into cyanobacterial
mud (water content 80~85%). The cyanobacterial mud will be transported to the thermal
power plant by a particular transport vehicle, and the cyanobacterial mud is dried into
dry cyanobacterial mud (moisture content of 9.49%), and then sent to the incinerator for
incineration to generate electricity.

Currently, the number of cyanobacterial drying and incineration projects that are in ac-
tual domestic operation is small. Since the properties of cyanobacterial mud and municipal
sludge are similar, and the sludge composting process is similar to that of cyanobacterial
mud composting, the carbon emission of the dry incineration of municipal sludge can
be approximated. In 2022, according to the accounting guidelines given by the United
Nations Intergovernmental Panel on Climate Change (IPCC), combined with the life cycle
assessment, Wang Lin et al. [28] published in “Environmental Science in China.” It conducted
a comprehensive review of the direct emissions, indirect emissions, and carbon emission
reductions and analyzed the impact of the sensitive factor sludge organic matter con-
tent. Coupled with the current situation of cyanobacteria dry incineration projects mostly
being integrated with coal-fired power plants for thermal dry incineration, the power
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consumption parameter of dry incineration of cyanobacterial mud was 150 kWh/(tDS) in
this study.

Combustion accessories |

‘ cyanobacterial mud :
!

I Weighbridge station |
|

I Storehouse |

Condensate water [ 1
1 Dryer
!
I Conveyor feeder }
- 1 high temperature primary wind
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| High temperature air preheater }7
|
|

Condensate tank

!

|' Heat boiler

'
I Electrostatic precipitator
!

I Bag dust removal

1
I Scrubber

water supply

!
Discharge

Figure 5. Process flowchart of cyanobacteria drying and incineration.

Carbon emission of material transportation. The main transportation carbon emis-
sion links are cyanobacterial mud and combustion ash transportation. The calculation
method is as follows:

W
Eco, —transport = WO XS X & X Cesel

where Eco, - transport 1S the carbon emission during transportation, kg; W is the total amount
of materials, kg; Wy is the load of the transporter; S represents the distance (50 km); Cgjesel
is the unit diesel consumption of trucks, which is 0.17 kg/km; « is the CO, emission factor
of diesel, which is 3.10 1<g~L_1 in this study.

Carbon emission of cyanobacteria drying. The cyanobacterial mud transported to the
thermal power plant possesses a high water content, and it cannot be directly used for
combustion and power generation. It is necessary to transport the cyanobacterial mud to
the drying furnace to use the heat of fuel combustion to dry it into dry cyanobacterial mud
before it can be used for combustion power generation. The carbon emission of this process
is mainly caused by heat consumption:

_ -1 1
EH, co,= WH, i X9gandard coal X1 < EFstandard coal

where Ey, co, is the carbon emissions due to heat consumption, kg; Wy, ; is the heat
consumption of cyanobacterial mud drying, which is calculated as standard coal, kJ;
qs_t;n dard coal 18 the low calorific value of standard coal, 29,300 k] /kg; 17;=80%, EFstandard coal
is the standard coal carbon emission factor.
The consumption of power in the drying process of cyanobacterial mud is calculated
as follows:
Eg, co,= WE, i XxEFg

where Eg, co, is carbon emission caused by electricity consumption, kg; Wg ; is the con-
sumption of power during drying, kWh. EFg is the power carbon emission factor, and we
used 0.921 kg - (kWh)~! in this study.
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Carbon emission of sewage treatment. The sewage generated during the treatment
process needs to be returned to the sewage treatment plant for treatment, and the car-
bon emission generated in this part should be calculated independently from the carbon
emission of the sewage treatment unit of the sewage treatment plant.

ECOZ —Sewage treatment™— WSewage XMcop X EFcop

where Eco, - sewage treatment 1S carbon emission caused by the sewage treatment, kg; Wsewage
is the total mass of the sewage treatment, kg; Mcop is the COD content in the dried sewage
(2000 mg/L); EFcop is the carbon emission factor for removing the COD in the sewage
(0.63 kgCO, /kg).

Carbon emission of cyanobacteria combustion. The heat generated by the incinera-
tion of cyanobacteria can be recovered to offset the heat required by other links. Among
them, the comprehensive heat loss caused by unburned gases and solids, the heat loss from
incinerators, and the heat loss through flue gas and ash are calculated as 15% of the input
heat, and the carbon emission reduction of heat recovery is replaced by standard coal [29].
In a coal-fired power plant, the carbon emissions caused by the cyanobacteria incineration
process are calculated as follows:

Q:4Q.) x (1 —15%
ECO = ( = e) ( )XEFcoal

/3
Yeoal

QS: Mcoal X(g
Qe: MAuxiliary Xcoal

where Eco, is the carbon emissions caused by cyanobacterial incineration, kg; Qg is the
incineration heat of dry cyanobacterial mud; Q, is the combustion heat of auxiliary fuel,
which is calculated as standard coal in this study; Mgehydration 1S the incineration amount
of dry cyanobacterial mud, kg; M, is the incineration amount of auxiliary fuel, kg, and
in this study, it equals 50% of the incineration amount of dry cyanobacterial mud; qgq is
the calorific value of dry cyanobacterial mud (2090 Kcal/kg); q is the calorific value of
standard coal.

The heat generated by the incineration cyanobacterial mud in coal-fired power plants
can be recovered to generate electricity. The carbon reduction calculation method is
as follows:

_ Qs XA

X EFstandard coal
9standard coal

Eco, =
where A; is the comprehensive heat utilization efficiency, which is 36~41% in coal-fired
power plants.

4. Results and Discussion
4.1. Total Carbon Emission Calculation Results

As shown in Figure 6, from the perspective of net emission, the dry incineration process
possesses the highest carbon dioxide equivalent (CDE for short) among the three treatment
processes, reaching 281.7 kg CO,-t~!. The amount of carbon dioxide emissions caused by
the aerobic fermentation process is the lowest: it is only 175.3 kg CO,-t~!. Among the three
treatment processes, since the auxiliary materials contain a large amount of volatile organic
carbon, the organic carbon in the aerobic fermentation process produces the unorganized
escape of CH, and N;O, so the amount of carbon emissions of the aerobic fermentation
process with auxiliary materials is greater than that of the aerobic fermentation process
without auxiliary materials. Cyanobacterial mud’s drying and incineration process require
thermal drying, which consumes a large amount of heat and fossil energy auxiliary fuel
during the incineration process, leading to lots of carbon being emitted.
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Figure 6. Effects of different cyanobacterial treatments on carbon emission.

4.2. Comparison of Carbon Emission by Cyanobacteria Recycling

(1) Comparison of aerobic fermentation without excipients and aerobic fermentation

with excipients

According to Figure 7, the following results can be obtained from the analysis. Using
the same collection procedure of cyanobacterial mud, the advantage of carbon emission
reduction using aerobic fermentation technology without auxiliary materials is more evi-
dent than that of aerobic fermentation technology with auxiliary materials in treating the
unit weight of cyanobacterial mud. In aerobic fermentation without excipients, there is
no need to transport the fermentation excipients with a low moisture content. The fuel
carbon emission caused by the transportation of excipients is reduced. However, the aero-
bic fermentation technology without excipients requires more chemicals than the aerobic
fermentation with auxiliary materials does to dry and dehydrate the cyanobacteria mud,
thus increasing the amount of indirect carbon emissions from the reagents, and at the same
time, when the materials are pretreated in the aerobic fermentation process with auxiliary
materials, they need to be entirely crushed and blended, and the power consumption is
significant, and thus more carbon is indirectly emitted. During the fermentation process,
auxiliary materials are decomposed into small molecules by the fermented bacteria, caus-
ing more greenhouse gas emissions. In addition, due to the limitations of the equipment
and technology, the aerobic fermentation process will inevitably cause a local anaerobic
environment, producing CH, and N,O, which are non-negligible and challenging to collect.
In the aerobic fermentation process with auxiliary materials, adding additional materials
will produce more CH4 and N,O than those that would be created in aerobic fermentation
without auxiliary materials, so each ton of cyanobacterial mud treatment will lead to more

carbon emissions.
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Figure 7. Carbon emission in each link of the aerobic fermentation process.

(2) Analysis of carbon emission in each link of cyanobacterial mud drying and
incineration process

In the cyanobacteria drying incineration process, except for the moisture content of the
cyanobacterial mud, some process parameters (such as the drying energy consumption and
the type and amount of auxiliary combustion materials) will also have a significant effect
on the amount of carbon emissions producing during the cyanobacterial mud drying and
incineration processes. In this study, the drying process needs to consume a lot of electricity
and heat, resulting in more net carbon emissions. In addition, since the cyanobacterial mud
is not easy to burn, a large amount of auxiliary fuel must be added, further aggravating
the carbon emission during the treatment process. After drying, the cyanobacteria are
burned as fuel for power generation. The higher the total heat utilization rate is, then the
more significant the carbon emission reduction of Cyanophyta slime combustion for power
generation is.

Through the above research, we have only analyzed the carbon emission equivalent of
the processing unit weight of cyanobacterial mud from the perspective of carbon emissions.
And the results are shown in the Figure 8. Cyanobacteria drying and incineration treatments
have caused the emission of lots of carbon. In actual production, the reasonable use of waste
heat resources such as coal-fired power plants and incineration plants can reduce the energy
consumption of the cyanobacterial mud drying process, thereby reducing the treatment of
this path. For the aerobic fermentation process of Cyanophyta, the electricity consumption
required for stirring and aeration during the aerobic fermentation process is the primary
source of carbon emission of nitrogen. However, the compost after fermentation contains a
high content, which can replace chemical fertilizers and return to the land. According to
the current results, this route is a low-level carbon emission process.
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Figure 8. Carbon emission in each link of the cyanobacteria drying incineration process.

5. Conclusions and Challenges

In conclusion, among the three cyanobacterial mud treating processes discussed in
this paper, the carbon emission per unit of cyanobacterial mud treated by aerobic fer-
mentation without auxiliary materials is the lowest, but this treating method is highly
affected by seasonal fluctuations in cyanobacteria, which may lead to a shortage of raw
materials [30,31]. The carbon emission of aerobic fermentation with auxiliary materials is
at an intermediate level. Compared with aerobic fermentation without auxiliary materials,
the increase in the amount of carbon emissions was significantly caused by the auxiliary
materials. This method can dispose of a variety of organic solid wastes at the same time,
and the fermentation products can be used as fertilizer, but this method slower than the
other two methods used to disposal cyanobacterial mud are, and they require more floor
space, and they emit more bad smells [32,33]. The carbon emission level of dry incineration
is the highest, and it will emit flue gas pollutants at the same time, but it is also the
most thorough way to dispose of cyanobacterial mud, which can minimize the volume of
cyanobacterial mud [34].

Because of factors such as process maturity, this paper has not studied the carbon
emission of new cyanobacteria and resource-recycling processes using cyanobacteria as
raw materials, such as the production of biofuel and alcohols, isoprenoids, biopolymers,
recombinant proteins by cyanobacteria. However, the innovative exploration of new
technologies for understanding cyanobacteria’s harmlessness and resource utilization is
still worthy of encouragement.

Under the threat of global warming, the increasingly severe eutrophication of waters
in China, and the “carbon neutrality” target required at present, the carbon emissions
caused by the treatment of cyanobacterial mud will be included in the comprehensive
evaluation as an essential indicator. In future research work, it is an urgent research interest
how to improve the technological process and parameters, while ensuring a low carbon
emission level, to effectively reduce the loss of nitrogen in the cyanobacterial composting
process, thereby further increasing the degradation rate of microcystin in the cyanobacterial
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composting process and eliminating the environmental impact. However, it still needs to
be explained that carbon emissions are not the only evaluation index, and decision makers
should take measures according to local conditions and fully consider the various factors,
such as local economic development and water eutrophication. We need to introduce
cyanobacterial drying and incineration technology and utilize waste heat resources such as
coal-fired power plants, cement kilns, and incineration plants to reasonably achieve the dry
incineration of cyanobacterial mud.
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