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Abstract

China has a long history and wide practice of applygmall scale anaerobic digestion as
a method to dispose domestic biowaste and prowidegg for rural residents. There are
also variety studies of utilizing anaerobic digestprocess for small scale wastewater
treatment. Despite the cold climate, small scakesawbic digestion could also have a role
to play in Finland for domestic wastewater treatmin dispersed settlements. The
objective of this thesis was to provide an overview small scale biogas plant
applications in rural areas and the studies oftengastewater treatment in China, at the
same time, explore the feasibility of designingnaall scale onsite biogas wastewater
treatment plant in rural Finland. Three differeptions were given based on the function
of the plant and different substrates fed in. Ti@DCremoval of the anaerobic process

could be expected at 80% at the temperature o610-And nutrients could be recovered

by using the sludge as a kind of fertilizer. Dudhe low temperature and small amount

of substrates, methane production would be limited.
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total solids

total suspended solids

up-flow anaerobic sludge blanket
up-flow staged sludge bed
volatile solids

volatile suspended solids



1. Introduction

Anaerobic digestion (AD) process has been well torad for wastewater and biowaste
treatment as well as producing biogas in many prtee world for its efficient organic
removal and simple construction. Also, it produsesgh less sludge than aerobic process
and requires little energy but produces biogas lwisca form of clean and renewable
energy. Meanwhile, the digestate sludge and effluan be utilized as fertilizer in a way

which the nutrients are recovered [1].

On the other hand, the performance of AD procesgpcomises as the temperature drops,
but the inoculum introduction and increasing knalgie have made it possible to operate
reactors under low temperature (abovéC)}0A simple post-treatment is also sufficient

for the removal of pathogens and nutrients in flaent which can not be fully removed

in the AD process.

In China, producing biogas as an energy sourcehtorural residents is the main purpose
of promoting small scale AD in rural areas. Throwglong time period and large scale
practices, China has built up a systematic institufor biogas development including

research, technical support, facilities productéord financial aid system. AD process
plays a key part in the strategy of an environnfieeihdly and sustainable rural society as
it is widely used in small scale domestic wastewatel biowaste treatment plants.

In Finland, there is an opportunity for AD to playole in the decentralized wastewater
treatment plant. In 2004, an obligatory legislationwastewater disposal came into force.
It requires the minimal removal of 97% of biolodiexygen demand (BOL, 85% of
phosphorus and 40% of nitrogen from domestic waaenwDespite the challenge of cold
environment in Finland, several studies carried iauthe laboratory have shown the
possibility of applying AD at household scale undl®v temperature, but still a real

practice is needed to examine the feasibility.

There are two main objectives for this thesis. Tilst object was to provide a general

review on the Chinese experiences on AD utilizateod development, introduce the



institutions and technology research to providefarence for its counterpart in Finland.

The second objective was to provide design optilenduild up a demosite in rural
Finland using AD process for the wastewater andvaste treatment. To achieve this goal,
there were several minor objectives to be reached:

-review of related Finish legislations and cuotremethods of rural domestic
wastewater treatment;

-collection of basic information of the demossgiech as climate, resident number,
water consumption per person per day, hydraulio, ga&;

-collection of wastewater samples from the detecend determination of methane
potentials of the samples;

-proposal of different design options and kegraging data;

-evaluation of the options and post treatment.

2. Background

2.1. Biogas technology

The term biogas in this paper refers to a gaseooduption from the AD process of
organic matters under the work of anaerobic orgasis The composition and

productivity of biogas varies due to different swde and environment but the major
components are still methane (gHnd carbon dioxide (C{(see table 1). The typical

composition of methane in biogas is 50-60% andidlecalorific value of biogas is 22

MJ/m8. Other components include hydrogen sulphide, anemaonoisture, dust particles

and organic silicon componengsg. [2].



Table 1 Methane yield and biogas production ofdgpsubstrates*

Substrate character Methane production Biogas
production
TS VS substrate proportion  per per
inbiogas VS  substrate
(%) (% of VS) (m3ft) (%) (m3t)  (mdhY)
Cow manure 8.0 80.0 185 58.0 320 20.5
Pig manure 6.3 72.0 260 60.5 430 19.4
Barley (ripe) 27.4 93.2 589 64.0 920 234.9
Corn silage 35.0 96.0 366 58.1 630 211.7
Turnip rape silage 15.0 85.0 364 54.0 674 86.0
Bio wastes 52.5 60.0 400.0 57.1 700 220.5
Sugar beet chips
(pressed) 22.0 90.0 380.0 45.2 840 166.3

*Source: RHB GmbH, http://www.rhb-berlin.de/efé¢.html, accessed in June 2009.

There are four basic phases of anaerobic procesgesolysis, acidogenic fermentation,
acetogenic oxidation and methanogenesis. Threerfatitat affect the AD process are pH,
moisture content and temperature.

Different phases have different optimum pH valuasmulti-phase process, pH can be
optimized according to the phase but in single torasystem, pH is normally at 7-8
according to the optimum of methanogenesis.

Water is compulsory for micro-organisms to survawel the reactions to take place after
the hydrolysis of organic components. The optimugnrdater (total solid, TS) content is
between 5-10% for wet AD process and 30% for drygkbcess respectively [3].

There are four types of AD processes based orethpdrature in general: psychrophilic
(12-20°C), mesophilic (30-40°C), thermophilic (58°€) and extreme thermophilic
(70-80°C) [3]. Temperature has a profound influerme the growth rate of the

micro-organisms. The high doubling time of psyclnip micro-organisms is 35 days
comparing with it of 10 and 4 days of mesophiliad ahermopilic micro-organisms [4]

meanwhile, the activity of methanogens is 10-2 sisower at 15°C than activity at
35°C [5].



The utilizations of biogas are various. It can Bedufor cooking, lighting, heating and/or
electricity generation. After desulfurization, arcbe directly used as a fuel in gas boilers
for heating or combined heat and power (CHP) plafier gas purification, biogas could
either be used in fuel cell to provide heat and groar injected into the gas grid. Purified
biogas has a high composition of methane of ove¥ 9%nd can be used as a

transportation fuel for cars [2].

2.2. Small scale biogas utilization in China
In China, household small scale biogas reactornfatly less than 20 # has an

important role in rural sustainable development:

First of all, it is an important energy supply foral residents who have no or limited
access to grid electricity or other forms of enesgyrces. Biogas can be directly
used for cooking and lighting which consists mdsthe energy needs in the rural
side of China;

Secondly, it reduces the deforestation or greerdhogas emissions from the

combustion of fossil fuels;

Thirdly, it helps forming a virtuous cycle of wasteterial flow and has significantly

promoted the hygiene and health for rural residggjts

In the developed world, household small scale @agdization also has environmental
benefits in reducing GHG emissions and disposahafiure, sewage and life biowastes.
If operated properly, it could be part of an indegent energy system, which brings
energy independence and economic benefits.

2.2.1. Biogas development in rural China
China’s biogas utilization started in the 1920s0 IGuorui was a pioneer of exploiting the

use of biogas in Shantou, south coastal Fujianipcev In 1921, he built an 83meactor



in his house for demonstration and biogas was tmedghting at that time. In 1929, the
first biogas company to spread this technology feasied by Luo in Shantou and later
moved to Shanghai. Meanwhile, he also set up trgiorganizations along the Yangtze

River and in some southern provinces.

In 1958, Mao Zedong called for a development asdatnination of biogas in rural areas
as part of the Great-leap movement. Little reagpesses were made due to the political
campaigns. In 1975, a conference of biogas devedaprwas held in Chengdu, the
capital of southeast Si Chuan province. The Migistf Agriculture (MOA), Chinese
Academy of Science and The State Planning Commmistiee predecessor of National
Development and Reform Committee) were the cofounfithis conference. In 1977, an
office for promoting biogas development was formmdthe MOA, later in 1979, the
Biogas Institute of Ministry of Agriculture (BIOMAyas founded.

During 1973-1978, c.a. 7 million biogas plants wietalled as a Government plan. Most
of them were abandoned later because of the flawshe design, low quality of
constructions and lack of service. This frustratiesulted in a stagnation of biogas plant

installation for almost 10 years (see figure 1).
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Figure 1 Household biogas plants growth in Chirg¥8l— 2004) [7]



China’s biogas utilization finally started to graw the mid 1990s. In 2002, the MOA
finished the editing of the National Biogas Develrgmt Plan 2003-2010 and proposed
that 50 million households should be able to usgds in 2010. In 2007, MOA published

a renewed version and reduced the number to 4@ mill

From 2000-2006, the growth of energy consumptiancagita in rural area was 69.1%,
The average annual growth was 9.15%, which was%4.afgher than the urban growth
[8]. However, the absolute energy consumption iralr@area was just 0.165 fceer

capita, which was 47.6% of the amount for urbaas{e].

In 2007, about three quarters of the energy supplyral China came from straw and
firewood (see figure 2). Most of the energy wasduee cooking and house-heating.

liquefied
petroleum
gas
2%

biogas
2%

electricity
5%

straw
49 %

firewood .
28 %

Figure 2 China’s rural energy composition, 2007 [9]

The growth of biogas plant installation has beeceksrated since the beginning of the
year 2000 (see figure 3). In 2007, China producest 40 billion n¥ biogas from 26.5
million household plants and 26.6 thousand cone&sdrplants [7, 9]. Over 100 million

! tce = Tonne of coal equivalent, 1 tce = 29.3076.0%J



people were benefited from biogas.
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Figure 3 Biogas consumption (left) and number ahdstic biogas plants
in rural China (right) 2000-2007 [7, 9]

In March, 2007, the MOA published the National RiB&gas Project Construction Plan
2006-2010. It declared that by the year of 2016gas would become the major energy
source for c.a. 40 million rural households (160lliam people) with an annual
productivity of 15 billion M. These numbers could be doubled by 2020 (see 2able

Table 2 Rural household biogas development plahima, 2010-2020 [11]

Iltems 2010 2020

Rural households using biogas as primary energglgup 40 m 80m
Beneficial population 160m 300 m

Biogas consumption in rural househoIoGQm 15b 30b
(m = million, b = billion)

To achieve this goal, 23 million new rural househlologas plants have to be constructed
during 2006-2010. Among them, the central goverrtmaeth build 13 million, the local

government will construct other 10 million [11] ésappendix i).

However, there are several constrains that lingtapplication of household biogas plant



in rural areas:

The first one is the climate. In order to produdeghs continuously, the air
temperature has to be above 10°C for most timénefyear. Also there should be
enough water supplies for the digestion. Among ttital rural residents, 5% are

living in unsatisfied areas.

The second factor is availability of biomass supflthough manure is one of the
most productive and common substrate for biogadymtion in China, 23% of the
total rural households do not have enough pig negrlife biowastes and agriculture

residue to feed a reactor.

The third factor is the economics. There are twposfte situations that biogas may
not be a practical solution for rural residents:tlo@ one hand, if there are abundant
other energy sources available, such as grid @#gtrcoal, liquefied petroleum gas,
wind and/or solar energy and the costs are affdeddben biogas may not seem
attractive to them. On the other hand, if the co$tsonstruction and accessories that
have been excluded from the governmental finanaidl are too high for rural
households, then they will not be able to build git@nts either. Because of these
reasons, 17.5% of the total rural households daihéet this criterion [6].

Despite these constraints, there are still 191ioniltural households that could be the

potential users of biogas [6].
According to the government plan, 4.33 billion €uwdll be invested in rural household
biogas construction during 2006-26180% of the total investment comes directly from

the central government and 10 % from local govemtritg.

Table 3 shows the construction cost and subsidies the central government and figure

2 1 Euro = 9.31 Yuan in July, 2009
3 A 324 million euro extra investment was added icD2008 from government economic stimulation
plan.



4 shows the geographic divisions. Local supporicpgesd may vary in different provinces.

Table 3 Financial balance of construction in défgrareas [6]

Area Construction cost of rural Central government
household biogas plant  subsidies per plant

(euro) (euro)
Northeast 345.6 129.6
Northwest 345.6 129.6
Southwest 324 108
Middle 324 108
Others 324 86.4
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Figure 4 Geographic divisions for biogas developnpieh

China’s Rural Household Biogas Project Developnidah targets at those who are still
living in poverty or in a relatively poor economsttuation. There are limited energy
sources in their lives but biogas could be a prattand reliable option for them.
Government financial aids and technical suppomscancial for the success of this plan.
The MOA has built up a central supporting systerd angroup of organizations to
promote the utilization biogas technology (see riegh). At the same time, over 90% of
China’s 2861 towns have set up Rural Energy Offisgpart of the rural administration



agency to spread and support biogas constructiy08 managers and 150,000 qualified
masons and technicians were trained to providectitires and service for local
communities [9]. Service stations are built in tewand villages with the single capacity
of serving 300-500 household biogas plants. Eaatiostis equipped with an inoculum
reactor, vehicles for feedstock and digestate panation that are equipped with
automatic feed-in and pump-out facilities, methasetector and acid-base meter,
maintenance tools, exposure suits and a numbedbiagfas utilization accessories.
Private companies and individuals are encouragaavest in building up service stations
and networks. At the same time, there are now 8®%ecompanies producing 5 million

sets of biogas accessories each year.

A series of national standards were published idegthe construction of biogas plant
and production of accessories. In 2001, The MOAliphbd Household-scale Biogas &
Integrated Farming System--Specification on Des@mmstruction and Use for Southern
Model NY/T 465-2001 and Northern Model NY/T 466-200In 2002, the State
Administration of Quality Supervision, InspectiondaQuarantine renewed three national
standards regarding to household biogas plant:ddikection of Designs for Household
Anaerobic Digesters GB/T4750-2002; Operation RutesConstruction of Household
Anaerobic Digesters GB/T4752-2002 and StandardCioeck and Acceptance of the
Quality for Household Aerobic Digesters GB/T475120 Hydraulic reactor, floating
cover reactor and other 3 models was presentegpasl reactors in China. Meanwhile,
a number of other national standards regardingeautilization facilities and accessories
such as the biogas stove, devulcanizer, pressuigegand sealing paint were published.
These standards have set up a guidance for therecien and operation of millions

biogas plants.

10
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Figure 5 Supporting system for rural biogas develept [12, 13]

2.2.2. Typical Chinese small biogas unitsand their applications

Based on the differences in climate and various/agtes in different areas, there are two

typical biogas modules that are promoted by the MOA

In southern China, the climate is generally warnd avet which creates a benign

environment for AD. A typical rural household biggalant in southern areas includes the

construction of an 8 fndome reactor and reconstructions of kitchen, tt@ited sty. Such

constructions and modifications provide a cleanngvcondition, at the same time

11



biowastes, sewage and manure were collected anatieiel automatically to the reactor.
The reactor in most cases is built under the styettuce the loss of heat and keep the
temperature suitable for reaction (see figure 6 Andrhe digestate is pumped out and

used as a kind of fertilizer for the garden.

Biogas collection

Removable cover

Figure 6 Typical hydraulic reactor in rural housiehase

Kitchen Toilet
lighting

=4

A i [ ]

J
- Sty

A‘ cooking

Garden

" biogas ||
- f digester

>

e

Figure 7 Typical biogas plant for rural househaolgouthern China

In northern China, most areas have a temperatdosvlmero during winter time. As a
result, it is important to provide insulation andspive heating system to maintain the
optimum temperature for AD. Solar heating belt smeonly used to raise the
temperature of the sty and therefore the reactdewit. In the northeast areas where the
temperature could easily fall below -10°C duringnter, the toilet, sty and reactor are

always built inside the greenhouse (also called 4 isystem, see figure 8) which are

12



widely constructed in villages for vegetable fargitn the northwest provinces where
most areas belong to the arid or semi-arid regiocisern and irrigating system are

connected to the reactor to provide enough watgplgu

Greenhouse

Toilet
& sty

\/

Reactor
A 4 A 4

Vegetable & fruit Heating & lighting

Sludge & effluent Biogas

Figure 8 Typical biogas plant for rural househalahorthern China

The local condition and environment may vary veiffedently in real practice; therefore

the construction of biogas plant is usually adjdgtefit the local situation.

2.3. Chinese studies on AD process for small scale wastewater treatment

2.3.1. General development

Since the 1980s, China started to build biogas emasger treatment tank as part of the
comfort station in cities based on the experierica® the construction of biogas septic
tank and rural biogas dome. The southern Si Chuavirnre has published the General
Engineering Drawing of Biogas Purification Tank fdomestic Wastewater Treatment in
1991 and a new version is due to publish by BIOMAR010. Later in 2003 and 2004, the
southern Zhe Jiang and Jiang Su provinces alsoispebl their similar documents
respectively. These publications gave an explanaifohow to build biogas purification
tank in small scale, but there are also many sfredliand adjusted designs used in
practice. By the end of 2004, there were 137,0D8d8 domestic wastewater treatment
facilities build in China with a total volume of L million n? [14].

13



2.3.2. Sudieson AD processfor wastewater treatment and post treatment

Sudies on Anaerobic process

Xia Bangshouet al (2008) have collected five typical engineering drays of biogas
purification reactors and studied their designs. general, they are based on a
combination of unpowered anaerobic and aerobicga®(see figure 9). The construction
includes two-step anaerobic reactors and an aerehitor (see figure 10 and table 4).
The required standards of the treatment resultseotombined processes vary according
to different designs. In Si Chuan Province, the Ca@ilRhe effluent should be less than
200 mg/L [15] and in Jiang Su and Zhe Jiang praesnit should be less than 120 mg/L
[16]. In practice, the composition of effluent miag very different due to the differences

in influent, construction, operation and managenp&nit

Anaerobic

Black
water
reactor Il
Aerobic
Discharge |:|[ Oxidation ditch <= filtration

Figure 9 Typical process for domestic wastewatstiment in China

Desilting —

Anaerobic
reactor |
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Table 4 Main parameters for five representativgasoreactors [17]

No. of design HRT Combination Effective Desilting Proportion of total volume
of black Capacity well - ) ) - )
& grey water Sedimentation  Anaerobic Anaerobic Post aerobic
(h) (m3) Place reactor | reactor | treatment
(%) (%) (%) (%)
1 72 Separated 100 No 10.2 33.5 31.7 24.6
2 72 Mixed 50 Yes 0 40.0 26.6 334
3 48-72 Mixed 17 Yes 0 35.0 35.0 30.0
4 96 Mixed 90 Yes 0 66.7 27.1 6.20
5 96 Mixed 60 No 12.5 18.8 56.2 12.5

15
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Besides the application of typical biogas wastewadactors, there have been studies on

different reactors.

Hu Qichunet al (1996) in BIOMA studied the performance of a 1il.6p-flow anaerobic
sludge blanket (UASB) reactor with inclined tubdtlee (UASB/ITS) to treat the diluted
distillery wastewater. After 77 days of commissiayi the reactor removed 78.9% of
COD when the hydraulic loading was 2.6/m?/d and the influent COD was 767 mgl/L,

while the temperature was at’@C8 In the second period of the test (half a year)athe

reactor recovered its full capacity just after olag of startup at 2Z6. In the 129 days of
test, average COD removal was 76.1% with influe®DCbetween 660-982 mg/L and
HRT was 12 hours (see figure 11). The UASB/ITS t@acould be operated at the
temperature above 12 and these inclined plates have an obvious effécem@ining
active sludge from the up-flowing water. The sludggs formed into large granulas on
the plates, which provide of habitats for filamerganethanogens. Biogas production was
between 0.57~0.66 kg COD for this process. In general, this techgglovas

considered simple to build, fast to start, easyotatrol and stable in operation [18].

m3/m3/d

100 2.5

COD remowval rate
2

Dy - -
o ot Hydraulic Iumlmg/‘/// [,
o / 405

A i i " A A A " A A
14 25 42 56 0 £ ]
Time(d)

COD removal rate

COD loading

14 ] "2 5 70 94
Time(d}

Figure 11 COD loading, hydraulic loading and CObowal of UASB/ITS test for
diluted distillery wastewater at 18 [18]
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Xiao Liping and Deng Zhiyi (2005) have studied thifect of using up-flow staged
sludge bed (USSB) for domestic wastewater treatmmty separated a 7.6 L reactor
made from polymethyl methacrylate into 6 connecel-reactors. The temperature was
controlled at 3%° +£2°C and the digested effluent flowed into an aeroaiktfor further
treatment. The result showed that the anaerobiovehefficiency of COD, NE-N and
TP were 77%, 53.4% and 51.4% respectively. The eanation of COD in effluent was
less than 100 mg/L, NJ+N was less than 15 mg/L and TP was less than 1 ifsgke
table 5 and figure 12) [19].

Table 5 Domestic wastewater characters for USSH16%

cop ss pH NH "N TP
(mg/L) (mg/L) (mg/L) (mg/L)
100~580 10.1~68.9 6.8~9.4 13.4~33.6 1.9~11.8
L
700 o 100%
600 80
i% COD of influent 60
300 40
200
lm COD of efffluent 3‘0
N
0 ] U zﬂ 3“ HET I}
gl
6
14
12
l‘“ concentration of influent
i
L
4
1 P concentration of effluent
1] 5 10 15 20 25  Time (@)

MH3 soncentration of efffuent

Titne (d}

0 5 10 15 20

Figure 12 COD, P and NH3 removal of the anaeradmactor in the USSB test [20]
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Chen Junjie (2008) did an experimental researcharmmaerobic baffled reactor (ABR)
treatment of rural domestic wastewater. It was shtvat ABR has a good adaptability to
the changes of HRT and COD loading, and the CODovainstayed between 65-75%

when the temperature was between 2%:32s the temperature was decreased from 30

C to 10C, the COD removal dropped from 75.2 to 67.2% [20].

Fu Jiayuan and Dong Fakai (2003) tested the pedoca of anaerobic baffled reaction
filter (ABRF) for domestic sewage treatment at aenbitemperature (c.a. 5. The
results showed that there was a negative linearledion between OLRs and COD

removal (see table 6) [21].

Table 6 Performance of ABRF for different domestastewater treatment [21]

Flow (m3/d) 28 33 41 55 82
HRT (h) 17 14.5 11.7 8.7 5.8
OLR (kg COD/n#/d) 0.37 0.41 0.53 0.62 0.8
COD influent (mg/L) 250 235 246 213 187
effluent (mg/L) 68 76 87 88 84
removal (%) 73 68 65 59 55

Sudies on combined anaerobic and aerobic process

Li Xiaohui et al (2006) have done feasibility study of removingammigs and nitrogen
from sewage water in the UASB/Bio-filter (BF) systeThe temperature of the system
was controlled between 27-80 The HRTs employed were 12, 10, 8, and 5 h. ThROL
were 1.0, 1.2, 1.5, and 2.0 g COD/L/d and the totabgen loading were 62.5, 75.3, 82.8,
and 159.3 mg/L/d. More than 92% of influent COD weasoved at all loadings tested.
The removal of total nitrogen was about 83, 80aii@ 68 % respectively [22].

Wang Conglianget al (2001) studied the treatment of domestic sewage by
hydrolytic-aerobic system. Given the retention timmk 16 h and average influent

temperature at 23, 80% of COD, 90% of BOD 85% of SS and 87% of NHN were

removed [23].
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Wang Cuilanet al (2005) developed a process using ABR acidificatonl two-stage
constructed wetlands for domestic sewage treatniéet.results showed that the average
removal and effluent leftover of COD, BQDIKN and TP were 92%<{100mg/L) , 98%

(<30mg/L) , 29% &15mg/L) and 64%<0.5mg/L) respectively [24].

Peng Zongyin (1999) has developed a small househaddewater treatment system with
UASB and aeration system integrated in a stairdessd tube. At the temperature ofQ0
and HRT of 7 h, the removal of BQand NH*-N could reach to 90% and 78.3%
respectively [25].

Qi Yao et al (2008) have investigated 62 decentralized wastwatatment plant
(reactor volume <1*10™4 #fd) built from 1996 to 2008 and get the distribataf usage
of technologies (see figure 14) [26].

Traditional Activated Anaerobic/Ancxic/Oxidation

2

Sludge 5% o, STy, Oxidation Ditch

) I

s B -y

Biofilm process G < i
atet » \:
15% 34 s Man-made Wetland
3 )
8%

1 ;"' Rapid Infiltration System
\ i 17%
N

Contact Oxidation

23%
Figure 14 Usage of technologies for deceredlisewage processing in China [26]

Digestate disposal and utilization

Guo Qianget al (2005) gave a comprehensive review of differeitizations of digested
effluent using substrate from food industry. It viasnd that the effluent has obvious and
positive effects in various agriculture sectors;luding animal feeding, fish farming,
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mushroom farming, seed soakirgj¢. Using pathogen removed effluent as additive of
feedstock for pig farming has reduced the breegiagod for 1-2 month and increased
the weight of 8.2 kg per pig. Using pathogen rendogtluent instead of water to mix the
feedstock for chicken farming has increased thepggduction by 7.8 % and reduced the
broken rate. Using effluent and digestate with otfegtilizers for maize farming has
increased the production from 12-21%. Wheat seedkesl with effluent has increased
the sprout of 100.000/ha and raised the productiafb0 kg/ha [27].

Zhang Quanguo (2005) also has generated varioudiestiand experiments on the
utilization of AD digestate (sludge) including coméd fertilization to improve soil
guality, feedstuff for animal breeding (pigs, fisishworm,etc.), substrate for mushroom
farming and so on. Using digestate to substitugé b5 the feedstock in pig farming has
sharply reduced the disease of digestive tractiacre@ased the meat content by 1.25%
[28]. Table 7 shows the change of soil charactesraivo years fertilization by AD
digestate with different loading per hectare foclreaample. The raise of organic matters

and nitrogen content in the soil showed a poskgibect.

Table 7 Change of soil character after two yeatdife by AD digestate of different
loadings [28]

Loading of Organic matters Nitrogen content
digestate in soil in soil
before after before after
(t/ha) (%) (%) (%) (%)
15 1,61 1,92 0,084 0,092
45 1,57 2,06 0,076 0,113
90 1,91 2,43 0,092 0,123

2.4. Finnish legislation and technologies regarding to domestic wastewater
treatment

Finland has a low population density of 16q@khowever, 62% of the total 5.2 million
population live on 4% of the urban territory [2B],another word, 48% of the population,

I.e. about 2.5 million people, live in small towns atidpersed settlements.
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About 20% of the population lives in 350,000 pergrarhouses that are not connected to
centralized sewage systems, besides there ards05000 summer houses in rural areas

which are used mainly during May to September [30].

In 1961, Finland has published The Water Act whittiated a comprehensive process of
wastewater treatment plant construction in townd awven in villages. By 1985 every

town and village with more than 200 inhabitants haceatment plant [31].

From 1976, every 10 years, the government publidtettbnal Water Protection Targets.
The reduction of water pollutant discharged fronrgéa industrial sources and
municipalities were succeeded and then the wastevelsposal effect from dispersed
settlements without sewage network became obviauk998, the government set a goal
for at least reducing BODby 60%, phosphorus by 30% compared with the 1990s
national level. In order to meet this goal, a mowenprehensive and restricted regulation

was needed.

A new Environmental Protection Act came into forc000. It allows the government to
issue more strict regulation of onsite wastewateatinent. Later that year, the Ministry
of Environment started the preparation of the decrExperts from legislation,

environment and engineering came together withrépeesentatives of main stake holder
groups to form the proposal. After revisions anditigpal debate, in 2003, based on the
proposal, the Finnish government issued Governniatree on Treating Domestic
Wastewater in Areas Outside Sewerage Networks (O8I it came into force on

Jan.1.2004. The Decree sets minimum standards &mtewater treatment and the
planning, construction, use and maintenance ofrreat systems. The requirements in
the Decree apply immediately to all new buildingkile wastewater treatment systems
of buildings completed before Jan.1.2004 must irstntases are upgraded to fulfill the
new standards by 1.1.2014. Nearly one fifth of thepulation living in dispersed

settlements were affected and hundreds of thousahdsimmer houses have to be

equipped with proper wastewater treatment facdlitie
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The decree gives an important definition of persquoivalent load for dispersed

settlements (see table 8) as a reference for theideration of design of wastewater
treatment if primary data is difficult to get. Bdsen this person-equivalent load, the
decree sets the reduction requirements for domeststewater treatment which is 90%
removal of BOD, 85% removal of phosphorus and 40% removal obgén. Therefore,

the maximum leftover could be calculated in tabldm@some less sensitive places the
reduction could be lower as a reduction of 80% BOIM% total phosphors and 30% of

total nitrogen.

Table 8 Composition of the person-equivalent load dispersed settlements; origin of
loading and the amounts of different types of lagdas grams/person/day (g/p/d) and

their percentages (%) [31]

Origin of loading BOL Total phosphorus Total nitrogen
(9/p/d) (%) (9/p/d) (%) (9/p/d) (%)
Feces 15 30 0.6 30 15 10
Urine 5 10 1.2 50 11.5 80
Other 30 60 0.4 20 1.0 10
Person equivalent load 50 100 2.2 100 14 100

Table 9 Required reductions of components in Fmd@smestic wastewater [31]

Load parameter Load of untreated waterLeftover Required reduction

(g/p/d) (g/p/d) (%)
BODy 50 5 90
TP 2.2 0.33 85
TKN 14 8.4 40

The emphasis of this decree is on the effect dufait removal, not on the choosing of
specific technology or the concentration of treagftlent. However, it is clear that by

using certain technology procedures such as drgttoihe loading of wastewater

components would be much less and it is also etssi@ach the requirement according to
the person-equivalent load.
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The equal requirement set by the decree encouthgegeveloping of different kinds of

technology process and equipment. However, effecand economic prefabricated
systems are still needed to take over the roleepfis tank and soil absorption system.
The following table shows the current options fmpérsed settlements.
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Table 10 Common optional technology for wastewhaittan summer house by the Finnish Environment lattit

Standard of equipment Appropriate treatment method Remarks
Dry toilet . , .
+ Such small amounts of wastewater can: Be sure that the washings don't run directly ddava water body

on’t discharged washings on the ground neantela

se environment-friendly detergents

- Food scraps belong to the compost bin. If you dbave a composter, use
waste container.

Water carried in and odischargedlirectly onto the ground, e.g._ U
(buckets and a flower bed
washbasins)

-- Self-made treatment systems are possible bte #ire also factory-made systems

Permeable ground (e.g. gravel, sand). appropriate for use at a summer house.

. Small settling tank (200-300 liters) +
Dry toilet simple soil infiltration system (e ipes

+ withpholes or infiltrationy throu 'hgéh%p - Empty the tank once every summer. Don't burydluelge into the ground,
Water carried or g compost it.

pumped in manually Pottom of a specially made tank)

+

Washings conducted
out through a sewer
(kitchen sink,
washbowl)

Aquifer areas or non-permeable ground

(e.9. bedrock); . Grey water filters can be obtained from consuls wndors and from municipal
Factory-made device, e.g. a grey water__": L
. environmental authorities.
filter planned for use at a summer housé

Permeable ground (e.g. gravel, sand):
Primary settling in a double skatg tank +

Dry toilet soil infiltration - Subsurface wastewater disposal systems (infdtradr filtration plants) require a

+ or - -
Tap water Primary settling in a double settling taniSufficient ground area (20—302m sufficiently far away from wells and shores.

sand filtration
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Groundwater aquifer area or

non-permeable ground (e.g. bedrock); - In order to function as they should, treatmeahfd require regular maintenance
and service. In several plants, the treatment atemiust be added regularly.

Treatment without infiltration into the soil

(e.g. sequencing batch reactor plant or- Long absence from the summer house may weakeretitenent efficiency.

biofilter) Several treatment plants work normally in regulse anly.

or

Primary settling in a double settling tank- If the summer house is far away from populatienter, the service costs may be

sand filtration (NOT soll infiltration) high due to long distances.

Water closet
+

Tap water

The wastewater treatment system shouldf the summer house is far away from populatienter, the service costs may be
be selected together with an expert. Thhigh due to long distances.

choice may be restricted by the regulati- The road to the summer house must be accessibtedvy transport equipment.
of town plans and municipal

environmental authorities

* http://www.environment.fi/default.asp?contentid@249&lan=EN&clan=en#a0, accessed in July 2009.
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3. Materialsand methods

3.1. Description of the site

The proposed onsite AD plant for domestic wastewatel biowaste treatment is at

Mr. H' s farm which locates near Kouvola (N 67.334£8) in southern Finland. The mean
annual temperature of southern Finland where tieel@tates is about 5.5 °C. From June
to August, the average temperature is 15 °C armd December to February, the average
temperature is -4 °C; the lowest temperature imfr85 °C to -45 °C and the highest is

from 32 °C to 35 °C [36]. The diurnal temperatuitfedence is about 8 °C [32]. Table 11

shows the monthly average earth skin temperatuce the temperature under the

periodically frozen layer (more than 100 cm in ¢@ptould be somewhere between 0 °C

and 6 °C throughout the year.

Table 11 Monthly average earth skin temperaturg ¢f&ouvola*

Jan -5.46 Apr 1.88 Jul 15.93 Oct 6.60
Feb -7.16  May 7.43 Aug 15.42 Nov 1.61
Mar -3.91 Jun 1245  Sep 11.47 Dec -2.73

*Atmospheric Data Center, NASA.

The demosite is also considered to treat wasteVitfater nearby neighbors Mr. J and Mr.
S’s houses. Normally, there are 3 persons live atH place, 2 persons live at Mr. J's
place and 3 persons live at Mr. S’s place. Mr. sbdilas been breeding 6 horses on his
farm (see figure 16).
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Figure 16 Airscape and hydraulic plan of the deaosi
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3.2. Data collection and sampling methods

Considering the practical conditions and avail&pilfive representative samples of
wastewater were taken from the demosite (see figute The current wastewater
treatment system at Mr. H's farm is an over 900arsetong open oxidation ditch. The
ditch connects the mixed grey and black water fldmH’s distilling well (sample 1) and
grey water from Mr. J's house (sample 3). Blackexah J's place (sample 2) was saved
in a septic tank and periodically transported tonioipal wastewater treatment plant.
Because of the penetration and vaporization, tvaseno water flowing in the last 200 m
of the oxidation ditch; therefore, the water santplehich represented the characters of
discharging water was taken from point 5. The blac#l grey water were also mixed in
the Mr. S's house and it was taken as a referesamle 4); horse manure (sample 6)
from Mr. H’s place was also taken to analyse theemial influence of biogas production.

Together, there were 6 samples taken once at the Sme.
Two duplicates of each sample were collected dydmm the desilting wells and ditch

into two 1 liter volume PVC buckets. These bucketse sealed and stored into two ice

boxes for transportation.

29



Mr. H's house Mr. I's house Mr. 8's house

(3 persons) @ (2 persons) (3 persons)
G B G B G B
Oxidation Ditch
Desilting well idaton G @ Desilting well @

@ Oxidation Ditch

G grey water
@ B black water

I mixed wastewater from desilting well in
Hannu Haimi's place
grey water from Joni Haimi's place
black water from Joni Haimi's place

RS

mixed wastewater from desilting well in
Seppo Ahtola's place

5 wastewater from the oxidation ditch

6 horse manure

Figure 17 Samples taken from the demosite
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3.3. Analysis

3.3.1. Wastewater and manure

The two duplications of these 6 samples were setite biogas laboratory of Department
of biological and environmental science and Envimental research center of University
of Jyvaskyla (YMTK, Jyvaskylan Yliopisto Ymparistikimuskeskus) respectively.

Immediately after the samples were taken on tlee it temperature was measured by a
thermal meter and pH values were tested by Whatpthri-14 Reel Traditional Test
Paper. TS, VS, TSS, VSS tests were operated falpwhe standard methods [33].
Soluble COD (COF) and total COD (CO#b of wastewater were measured according to
the SFS 5504 standard [34]. Wastewater and maaunples for COband NH;*-N were

filtered using GF 50 glass fibre filter papers (®ather & Schhuell) before analyses.
NH,*-N and total nitrogen (TKN) were analysed by Tecapplication Note [35] with

Kjeltec system 1002 distilling unit. The BORnd phosphorus were tested in YMTK

based on the methods of SFS-EN 1899-1:1998 and A@fRiakem) respectively.
Methane volume was analyzed with a Perkin EImen8ystem XL gas chromatography

through a flame-ionization detector.

The removal of certain indicator (CQO'KN and P) was calculated by the number after

treatment subtracted the number before treatmehtheam multiplied by 100%.

3.3.2. Batch experiment

Methane potential of wastewater, manure and thetumdg of them were assayed in
duplicated 120 ml glass bottles which have a liqeagacity of 112 ml. For each bottle,
70 ml of wastewater as substrate was added innglomure test, it was 69 ml distilled
water and 1 g of manure and for the mixture testais 69 ml of all equal volume mixed
wastewater samples and 1 g of manure). Also, 26frnrioculum which was collected

from the Nenainniemi wastewater treatment plant agded into the bottle together with
each sample. Meanwhile, three bottles with 20 minottulum and 70 ml of distilled

water without substrate were prepared for the dssh control. After sealed with butyl
rubber stoppers, the content of these bottles s lushed by nitrogen (98.8%) with
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needles snapped through the stoppers for 3 mintitesse samples were incubated in
35°C constant temperature room for fermentation. Befeenpling the methane

production, these bottles were gently manually shaknd then 0.1 ml biogas was taken
by a pressure locked syringe to the flame ioniratietector of the gas chromatography
for analysis. The methane test was taken 3 tinvesek in the first 2 weeks and with less

frequency later.

3.3.3. Design methods

The design of the reactor type and key factors h&f demosite are based on the
investigation and experiment results and relevédatature. The reactor type will be
chosen considering the reliability and performaimci®rmer studies. Main considerations
include substrate’s property (water consumptioad$tock, COD and VS), operation data
(temperature, OLR and HRT), performance expectafimethane production, CQD
removal), post treatment (digestate property andgd disposal) and nutrient recovery

methods.

4. Results

4.1. Wastewater and biowaste loads and characteristics

4.1.1. Loads

The water consumption in Mr. H s house (3 persassp35 L/ d and black water
production is 210 L/ d (see table 12). Based oratlezage water consumption per person,
then the annual total production of wastes of laise 3 houses was calculated. The
annual black water production is 40808 and grey water production is 2048 (see
table 13). Meanwhile, there are also 14 kg horseume and 1.6 kg kitchen waste

produced every day.
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Table 12 Total waste production of Mr. H’s house*

Source Effluent temperature Volume Frequency Sabtot
(C) (L/time) (times/day) (L)

Kitchen 15 10 5 50

Dishwasher 40 20 1 20

Toilet 10 8 6 48*3person

Shower 30 80 1 80*3person

Hand

washing 20 5 5 25*3person

Clothes

washing 30 40 1 40

* Based on investigation and estimatiorthim/residents.

Table 13 Waste production of the demosite (8 pesjson

Daily production of black water (L/d) 384
Yearly production of black water (md/a) 140.2
Daily production of grey water (L/d) 1200
Yearly production of grey water (m3/a) 408.8
Daily production of kitchen waste (kg/d) 1.6
Yearly production of biowaste (kg/a) 584
Daily production of manure per horse* (kg/a) 14
Horse number 6
Daily production of manure (kg/d) 84
Yearly production of manure (kg/a) 30,660

*Only manure without soiled bedding andhar

4.1.2. Characteristics

In general, all the tested parameters were highrelolack water and lower for the treated
water from the ditch. The CQDevels of all these wastewater samples were b&i@dv
mg/L. There were slight differences between theetiwastewater from Mr. H and Mr.
S’s place, but obvious differences between blackewand grey water from Mr. J' s

place.

The bedding for the horse stable was straw antidihgee manure was collected by human

labor. Due to practical reasons, biowaste fromkitehen were not taken for test and its
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production and characters were estimated fromaliiee. The analyse results are shown
in tables 14, 19 and figures 18, 19.

Table 14 Characteristics of wastewater samples

Mixed Black Grey Mixed black Water from Manure
Sample  black& grey water in waterin & grey water the ditch

Factor Water in H's J's house J's house inS’'s house

house
pH 7 8 7 8 6 n.d.
Temperature*  (C) 15 14 15 15 15 n.d.
NH4-N (mg/L) 34.3 315.7 14.9 81.8 3.2 6.8
TKN (mg/L) 140 500 30 140 30 330
CODs (mg/L) 170 180 140 130 120 red.
CODx (mg/L) 220 360 180 170 130 n.d.
BOD;, (mg/L) 180 140 110 140 12 n.d.
TS (%) 0.02 0.09 0.06 0.07 0.08 24.2
VS (%) 0.01 0.05 0.06 0.05 0.05 20.8
TSS (%) 0.01 0.02 0.01 0.01 0.04 n.d.
VSS (%) 0.01 0.02 0.01 0.01 0.01 n.d.
P (mg/L) 7.4 41 4 12 3.2 n.d.

*Ambient temperature was at T8

** n.d. = not detected.

Table 15 Methane potential of selected samples

Sample Cumulative methane yield Methane yields
(mL) (mL/ g COD)

Mixed waste water from desilting well 7.79 (1.87) 375.8 (113.2)

Black water 8.34 (8.34) 251.7 (52.6)

Grey water 5.14 (5.14) 320.4 27)

Mixed black+grey water 6.11 (6.11) 345.2 (72.6)

Mixed waste water from oxidation ditch 1.88 (0.37) 0

Manure 51.14 (4.26) n.d.

Mixed wastewater + manure 71 (0.85) n.d.

« Samples are triplicate. Standard deviations apaienthesis.
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Figure 18 Cumulative methane productions of setkstanple (a is the cumulative
methane vyield of different wastewater and manunepdes; b is the cumulative

methane yield of mixtures of wastewater samplesmaadure)

4.2. AD and post treatment
Based on literature and educated guess, therd@e suggested options considering the
different feedstock to the reactor (s). Table 20vehthe details of the all the three options

in feedstock, reactor design, operating data, Aop@mance and post treatment.
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Table 20 Options for onsite AD plant based on d#fife feedstock

Option | Option Il Option Il
Feedstock wastewater wastewater wastewater
+ biowaste +biowaste
+manure
Influent volume
Black water (kg/d) 384 384 384
Grey water (kg/d) 1120 1120 1120
CODt
CODt of black water (g/d) 138 138 138
CODx of grey water (g/d) 224 224 224
Solid waste
Kitchen waste (kg/d) N/A 1.6 1.6
Manure (kg/d) N/A N/A 8.7
VS
Black water (kg/d) 0.2 0.2 0.2
Grey water (kg/d) 0.56 0.56 0.56
Kitchen waste (kg/d) N/A 0.43 0.43
Manure (kg/d) N/A N/A 1.81
Total VS (kg/d) 0.76 1.19 3
Reactor design
Reactor type single-phased two-phased CSTR
UASB UASB
Working volume (md) 7.5 7.5%2 45
Reactor volume (md) 10 10*2 56
Operating data
OLR 0.23 kg 0.76 kg 2 kg
(CODx /m3/d) (VS/m3/d) (VS/m3/d)
Operating temperature (‘C) 10 (Winter) 10(Winter) 10(Winter)
15 (Summer) 15(Summer)  15(Summer)
HRT (d) 5 5 30
Performance of AD process
CODx removal (%) 80 80 80
TKN removal (%) 40 30 30
Phosphorus removal (%) 80 70 70
Methane yield 15C (m3/d) 0.09 0.46 0.9
10C 0.03 0.15 0.3
Methane yield per 15C (m3/ md) 0.009 0.05 0.02
reactor volume 10C 0.003 0.02 0.007
Energy production 15C (MJ/d) 3 16 30
10C 1 5 10

Post treatment
Effluent treatment

open oxidation open oxidation open oxidation

ditch ditch ditch
Sludge
Sludge treatment fertilization fertilization fiditation
Desludging period once a year every 6 month  e@anpnth
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4.2.1. Option 1: Single-phased UASB reactor for wastewater treatment
A single-phased UASB reactor is proposed for thesndsite. The daily wastewater
production is 384 kg/d of black water and 1120 kof/drey water which provide 0.07 kg
and 0.17 kg COB/d respectively. Given the 5 d HRT time, the wogkivolume of the
reactor needs to be c.a. 7.8 which takes 80% of the 103mwhole reactor volume. The
outflow of the wastewater from the houses is ald&f during summer and'@ during
winter. The temperature of soil under the periotiickozen layer is about &, if the
reactor and the pipeline are well insulated unaengd, the working temperature can be

expected at & during summer and 10 during winter.

Since the OLR from the wastewater is 0.23 kg €@&/d, the methane yield is expected
to be 0.09 rf/d at 15C or 0.03 ni/d at 10C.

4.2.2. Option 2: Two-phased UASB reactor for wastewater and kitchen waste
treatment

A two-phased UASB system will be used for the treatt of kitchen waste and
wastewater. The mixed kitchen waste and black waikhbe used for phase | and grey
water will be transported to phase Il to build ghar substrate level of the influent in
phase | (see figure 19). On this demosite, theydaithen waste production is c.a. 1.6
kg/d, the VS of the influent in phase | will be .cla5 kg VS/M/d and methane vyield is
expected to be 0.463%d at 15C. Working temperature and HRT are the same asrmoptio

Kitchen
waste

T
T
< e

Phase |
Phase Il
Influent: 384L/d
Influent: 1500L
Vs 0.58 kg/d > | Jauent 108 <

OLR:  15kgVS/ '
Volume: 3 m3 OLR q4% kg VS/ th

&/\_//

Figure 19 Different OLRs of two-phased UASB reactor
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4.2.3. Option 3: CSTR for biogas production based on the wastewater,

kitchen waste and manure treatment

The OLR of the reactor is set to be 2 kg VS/dnBecause the wastewater production is
1.5 n®, the VS load needs to be 3 kg VS/d. Consideriegv8 load from wastewater and
kitchen waste, the manure added into the reactibbei8.7 kg/d. HRT needs to be 30 d
and the operating temperature will be the samemser options. Based on the methane

potential from the assay, the methane yield is ebgokto be around 0.93d at 15C.

5. Discussion

5.1. Comparison of different options

Option | was designed for the on-site wastewatatinent, therefore the major concern
was the organic and nitrogen removal. With a lowDCl@ading of the influent and the

modest temperature, the removal was presumed 80%e

Option 1l was much the same as the Chinese tygiealage purification biogas reactor
(see figure 10). The major function of option llsM®@ dispose kitchen waste and produce
biogas, hence the black and grey waste water vegrarated to increase the COD level
and kitchen waste was added into black water tmpte the methane yield. The second
phase was to enhance the COD removal and recoweangpotential of the effluent of
phase | and the grey water. The COD removal oAfbgrocess was expected to be 80%
as study shows that using a two-phased UASB caaldir 90% removals for black water
mixed with kitchen waste at X0 with the OLR of 0.56-0.62 kg COD/m3/d and HRT of
3-5d [37].

Option 1l is an attempt to utilize the horse manyroduced from the demosite. The
major constraint of the biogas production from nranwas the limited production of
waste water which is used to dilute the manure.rviddle the 30 d HRT time made the

methane yield per volume very low and thereforeconemical.

5.2. Post treatment and nutrientsrecovery
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The effluent of the anaerobic process is plandoetdischarged to the existing oxidation
ditch which is to utilize the aerobic environmeat the further removal of nitrogen and

organics. Currently, the oxidation ditch could te&ac the removal of 93% of BOand
78% of TKN. After the combined aerobic process, ro96% of the CODand total

nitrogen will be removed.

Because of the slower process of hydrolysis andradiegion of solids at a lower
temperature, sedimentation and the formation ofilgduare concerns for the reactor
operation, especially when kitchen waste and maware added in. Desludging has to

be exercised regularly for the reactors.

During the AD process, part of the nitrogen and npb®sphorus are trapped in the form

of struvite (NHMgPQ,) and part of the nitrogen is in the form of amnuoninitrogen

[38]. Because low temperature has a negative infleeon ammonification, most of the
removed nitrogen in the AD process is in the fornstouvite, therefore, it is an optimal
choice to apply the removed sludge in the eartld f&s a useful fertilizer that not only
increase the nitrogen content but also improvestieexture.

5.3. Energy issues and use of biogas

As a none-energy-driven system, the whole AD pr&desUASB reactors are running
without any energy input used to increase the teatpee for the reaction or stir. In order
to reduce the loss of heat of influent and prowdeugh insulation, the reactors are better
to be built inside the horse stable and undergrotiogvever, if the CSTR system is used,

some external energy will be needed to drive tine st

In general, the biogas produced on the demositéd dmei used for heating and lighting.

The production is limited but continuously and unidev pressure, therefore a gas tank is
needed for gas collection. Meanwhile, desulfurtatiis also necessary before

combustion.

5.4. Uncertainties
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Present research has shown the feasibility of ublagk water and kitchen waste for
biogas production at low temperature under laboyatonditions, however, the result of
application in reality may differ. The major un@enty comes from the fluctuation of the
COD loading of the influent and the irregularity thfe substrate feeding. Meanwhile,
ambient temperature change could also influencéetig@erature of incoming wastewater
thus change the operation temperature of the ne&atioer factors such as inhibition from
unwanted feedstocletc. could also affect the performance of the reacfbe need to

build a demonstration plant to observe more infdromeof the system is in practice.

6. Conclusions

China has abundant experiences in practicing ssedle AD process for biogas
production. In spite of the various disadvantagesnf harsh environment including
drought and frost, adjusted designs in differeetaarshow profound results in different
climate regions. AD reactors are playing a key rolethe improvement of rural

environment and providing energy for local residemeanwhile, studies of small scale
wastewater AD process and the combined post tredtmeChina have revealed the

possibility of various onsite organic waste disposathods.

Despite the cold climate in Finland, it is possilbbeapply AD process for domestic
wastewater and kitchen waste treatment if propsulation methods were employed.
Two UASBs and one CSTR reactors are proposed &etphtans based on the different
feedstock and functions of the plant. For all thenp, the operating temperature of the
reactor is set at 10-15 which is the temperature of the influent in winggrd summer

time, but there are significant differences betwtdenthree options in their functions and
capacities. Organic loading rate and ambient teatpex are the most influential factors
for all of them. Due to the low temperature and lsramount of substrate added in,
methane yields in all the options are limited alifjo the COD removal of the AD process
can be expected to 80%. The existed open oxidatitai is proposed to be used to
remove the nutrients left in the effluent and thalge from the reactors is utilized as

fertilizer to recover the nitrogen and phosphonug @nprove the soil texture.
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Appendix i Financial plan for biogas developmenCinina
Subareas' By the end of 2005 2006-2010 By the end of 2010
Total Targeted Constructed | Total Central  Gov. Total Dissemination Installation
Rural Group units units Financial units Rate in Rural Rate Among
Household Aided Household Targeted Group
Number Household
(million) | (million) (million) (million) (million) (million) (%) (%)
Total 249.72 148.00 18.00 23.18 13.175 41.18 17.45 29.63
Subtotal 77.62 57.08 8.71 11.32 6.40 20.03 26.51 36.18
Southwest 50.97 40.50 7.90 6.63 3.75 14.53 29.25 37.16
West
o Northwest 18.13 10.2(¢ 0.6p 3.54 2.00 4.14 23.42 41.40
Minority
) 8.52 6.38 0.21 1.15 0.65 1.36 16.37 21.73
Region
Subtotal 101.24 64.42 6.70 9.56 5.40 16.26 17.20 2751
Southeast
Hilliness 25.46 20.92 3.72 3.1 1.75 6.82 28.69 36.63
Middle & Regions
Northeast River Plain
of Huang 64.56 37.60 2.58 5.22 2.95 7.80 12.94 22.13
Huai Hai
Northeast 11.22 5.9 0.4p 1.24 0.70 1.64 15.65 31.24
East 70.86 26.5( 1.59 2.30 1.375 3.89 5.91 15.85

' West includes: Southwest (Guang Xi, Chongging;ian, Gui Zhou, Yun Nan, Tibet), Northwest (ShdarGan Su, Qing Hai, Ning Xia, Xinjiang and Inner
Mongolia) and 11 minority autonomous regions (Enshilubei Province, Xiangxi in Hunan Province, Yarbin Jilin Province and 8 towns in Hainan). Mield|

& Northeast include: Southeast Hilliness Regioms(di Xi,Hubei, Hu Nan, Hai Nan), River Plain of HgalHuai Hai (He Bei, Shan Xi, An Hui, He Nan)and
Northeast (Jilin, Liao Ning, Hei Longjiang). Eastludes: Beijing, Tianjin, Shanghai, Jiang Su, dieng, Fujian, Shan Dong, Guang Dong.
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