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@ ENERGY HISTORY AND FORECAST
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RENEWABLE ENERGY
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Energy derived from natural processes (e.g. sunlight and wind) that are replenished

at a faster rate than they are consumed.

Figure 3: Estimated rate of unit cost reduction for renewable electricity generation
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2. EYIF s H SR
: BE TECHNOLOGIES
e e ke direct combustion

SR BER R stove combustion technology
Bl ket AR boilers/burners
ORI A briquetting
B e R garbage combustion
Ytk 4k 2R physical conversion technology
KT8+ K wood carbonization
PR SALBAR hydrogenation gasification
P H M AR oil making by hydrogenation
A ALE R chemical conversion technology
M H S SHERE landfill and composting
/NEY PR 4R small-scaled biogas fermentation
KA PR AL VRS HAR large/medium scaled anerobic fermentation
ZTEHIEUFA ethanol making technology
YR (BEIEHEYIH AR IO bio-oil (biofuel) technology
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BIOPRODUCTS

S&: APPSR, WES. SHS

Gaseous products: such as biogas, producer gas

WAS: VR, WAV CEE. VSR 2R

Liquid products: biofuels such as bio-ethanol, bio-diesel,

B BRREL VR

Solid products: briquettes, pellets, bio-charcoal

B — IR, G s IR R, WEARURH
Electricity: one-stage conversion such as biomass combustion
power generation, two-stage conversion such as biogas power
generation

2018/5/18 RETT-BE 7
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ot BiG ROLE OF BIOENERGY
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Solar,geoand  Hydro and
ocean energy ~wind power
9%

Modern
BioEnergy
2%

Household
stove fuel
59%

Renewable Energy Structure in China in Recent Years
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Organic wastes from agricultural and industrial sectors: crop residues, animal
dung, waste water or residues from industrial and agricultural processing plants,
such as slaughters, breweries, sugar makers, paper mills etc. Forestry wastes:
wastes from wood processing; municipal solid waste (MSW)

VSN E ] AP REYE
Organic Waste Treatment Energy Generation
2018/5/18 RETT-BE 9
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© COOKING (AND HEATING)

B

Coal stove

ZRNEHRL
Old hi-efficiency bio stove

2018/5/18 RETT-BE 10
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BIOMASS STOVE DEVELOPMENT
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Post-2005

Mid 1990s-2005

Improvement & Promotion

1980- Mid 1990 Phase

Before 198 >
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<= FAMILY SCALE BIOMASS STOVES
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) GHANA/KENYA:
L IMPROVED BIOMASS STOVES
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Photograph of the new
efficient Gyapa Stove

= The cost of the stove is low (about
3 - 10 dollars)

= The stove is so popular that it is
used in over 50% of all urban
homes and about 16% of rural
homesiisKenya. RETT-BE
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@ VILLAGE SCALE
~ BIOMASS SYNGAS STATION
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500 i< M e il £ ¥ Syngas for 500 households cooking
H abFRfE F11.5td, =< fE /1500m3/d. 500m?3/d from 1.5t of biomass

2018/5/18 RETT-BE 17
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@ B10GAS: MLBP AND HBP
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.....

Medium and Large scale Biogas Plants (MLBPs)

2018/5/18
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#% A1 Prof. HUANG He
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@ BIOGAS GREATLY SUPPORTED
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@ HOUSEHOLD BIOGAS PLANTS-HBP
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@ In very ancient time, Chinese ancestors discavere®Pa gas from the marsh thal co Td bu n
and named it as marsh gas. About 1500 ye&s agps biogas pond was constricted i ae | |
mple to digest the rice washing water. c

@1n 1896 it is recorded the first constructed @géﬂbtwawmdﬁﬁ CEEEEEEI

@ In 1920 the first biogas company was set UpSn {ofaina.

@ 1n 1940 a continuously stirred biogas plant was constrfictid i A us| al a.
D

@ In 1950 the world’s first national biogas program®as fitated iy Chin =+ 1 1 | ||
@ Since then, biogas technologies were developed ar apphed-on-he-wholewerle
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Biogas Tank

AR/ R
Red-mud plastic biogas tank S e
350-1100 Yuan \ WA,

Quoted from Tianren Company % presentation made by its President Dr. CAO Man
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R R EA YR KB SMBAR

BYTAR B =R | HHE1300m3 COD 10 /img/LIIA HLE K, HF=H<37i
md. BEIEPR KR PR AL P 9% 5-6 70, BLAEMI(30-5070, H™{E#£100/7 7T
30,000 m3 biogas from 1,300 m3 wastewater (COD 100,000mg/L) of Molasses-
Ethonal. The wastewater treatment cost is 5-6RMB/m3, now producing value of 30-
50RMB/righg/s/18 RETT-BE 25

I RBRKHECDMIH
MINHE-ELECTRICITY AND CDM
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1. %8 F&Chicken manure: 500 t/d, TS 20%
2. Ji#% volume: 3,200 m3X 8
3. Wit == planned biogas production
30,000 m3/d (1,000/3m3/4F).
4, Wit & i Expected power
60,000 KW-h/d (2,000 5kW-h/4E).
5. S8 HERL = /& GHGs reduction: 67,000 tCO2e/a
6. BEA E SR LAESE A ) (UNFCCO) fit#E, 5
HFER1TCDMAE % 1. Successful CDM with

World Bank
2018/5/18 RETT-BE 26
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B10GAS AS CITY GAS
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HATRERABREA
BP-CARBON NEGTIVE

IE
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. 508

23 39 61 89

[ I

Biogas - CHP Wind energy Hydroelectric  Nuclear power  Photovoltaics Natural gas Hard coal Bown coal
power plant

Specific CO, Emission Associated with Energy Generation

Resource: Poeschl M, S Ward & P Owende. 2010. Prospects for expanded biogas utilization in Germany. Renewable &
Sustainable Energy Reviews: In Review

2018/5/18 RETT-BE 28
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IAA)
@\, IN DIGESTATE
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PO1 IAA=36.6ng/ml ABA=0.0233 ng/ml
_ IAA
IAATE G (1~10 ng/mL )i G MG i, WKL s
A U B SR @\—/,(
1-10 ng/mL IAA has evident activities. Excessive 1AA N
has toxicibyss/1s RETT-BE 29
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@ RENEWABLE ENERGY LAW
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FrEER NRKEREFSFSZAZHHIIRZWT 20 0 5
F2H28HEL, H2006E1H 1 HEEHET,

Approved b| 20074E1H 1H [ 55 g & A on i, 4%
Congress on A FH £ di A1 GRLEURL A 7 A MR

e R R Y
3 B R 4
{REEREYR 22 4%; Enhance energy security

{54385 . Protect environment
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e of People’s
Jan. 1, 2006.
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RELEVANT LAWS AND REGULATIONS

28089180

[F] 445 R 5 Ye 3R 457 167 Law on the Prevention and Control of
Environmental Pollution by Solid Waste

PR Environmental Protection Law

7K¥5 44B1i 72 Prevention and Control of Water Pollution
ki3 Agriculture Law

4y fe % Energy Conservation Law

MV FARAME 1 Popularization of Agricultural Technology

2018/5/18 RETT-BE 31
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BIOGAS ROADMAP IN CHINA

s AIRPEER IR
%ﬁ.*}: 5%‘”? Sustainable
Envir protection and
SHEYATIREUNEISN resourcilization
960 2000 2010
PR R R S HATIRE [ERIZ A
Household reactors, scaled  Scaled

development

number, small industry Biogas plant Commercialization
Petroleum crisis ~ Ground water protection GHGs reduction | >

Single feedstock  Co-fermentation/CHP Commercialization IT control
2018/5/18 RETT-BE 32
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THREE PHASES OF BIOGAS PLANTS IN

© CHINA

B0EuBd0o
=China started to develop biogas since the Socialist government has been established. In
1958, New China Father Chairman MAO Tsetung pointed ‘biogas can be used as fuel of
the lamps and stoves, the digestates can be used as fertilizer. This technology should be

greatly developed and appropriately prompted’.

sPeople in the rural regions were encouraged by the central government’s call, lots of skill
farmers were trained to build the household biogas plants, sometimes with inappropriate
construction materials and management/maintenance means. Together with the situation of
underdeveloped economy in the first 20 years after the against-Japanese war (Il World
War), the biogas developed slowly and at the household scale level. In 1979 the Ministry
of Agriculture summarized several challenges in biogas development and emphasized
again ‘biogas development is one important part of Agricultural Modernization’. A new
strategy of Biogas County was launched in 1985 for the “6™ Five Year Plan” and first

batch of 72 biogas counties were supported by the central government.
2018/5/18 RETT-BE 33
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THREE PHASES OF BIOGAS PLANTS IN

@ CHINA

aa 80

= The second phase of biogas development in China started from the 1990s when the
biogas technologies became mature. Biogas development was well integrated into regional
and agricultural development. Two farmer family based biogas/agriculture integration
modules were very successful: ‘animal-biogas-orchard’ in South China and ‘four in
one’(vegetable-animal-biogas-greenhouse) in North China. Biogas becomes one of the
main driving factors for rural economy development.

aThe third phase started since 2010s. Two national projects ‘biogas-based Ecohome
project’ and ‘treasury bond project for biogas development” were applied at the beginning
of this phase through the whole country except Hong Kong, Marco and Taiwan regions.
Several other new financial support policies and tools were developed for stronger biogas
promotion.

2018/5/18 RETT-BE 34



FERSR R EEBUR
MAIN POLICIES FOR BIOGAS IN
@ CHINA

[ | Ministry) Plan and Poli  Contet |
MoA Eco-home Project Policy and technology support
Financial ~support for biogas, biomass

Public welfare facility construction

MoA " gasification, solar energy, mini-power, biomass
subsidy —rural energy ;
and coal saving stoves
MoA Management measures for rural bi
! ogas projects supported by Biogas construction and subsidy
NDRC
government debt
Renewable energy law General support law
Applying to wind power, biomass power
NDRC Measures for renewable power generation. The subsidy is 0.25 Yuan/kWh

generation pricing and cost share  (higher than coal power price in 2005) for
continuous 15 years.
Aiming for 40min households to have biogas,
which is 30% of the biogas-potential
MoA Rural biogas development plan households, for scale biogas plants on 4700
livestock farms, which is 39% of the biogas-
potential farms
The national rural biogas service
MoA !
system construction plan

ZUl0/97 10 nL-oe SN

3 HEBAIK R FEEBR
MAIN POLICIES FOR BIOGAS IN CHINA

aas

B0

development plan
Middle and long term
NDRC development plan for renewable ~ General plan
energy

Encourage the biogas development in a better

Instructions on further and faster way; encourage biogas plants

MoA, NS S - construction on livestock farms; support
NDRC 9 develc? emnt 9 development of biogas technical service
P system; emphasize the subsidized projects
inspection and verification
. : Central government subsidy for biogas
MoA, Rural biogas development projects S . .
NDRC application development is increased since 2009, slowing
shifting to support the scale biogas plants
Cera] 12t five-year Renewable Energy
governm General plan
Plan
ent
Rural biogas transformation and  Biogas shifting slowly from household scale to
MoA h .
upgrading work plan in 2015 large scale
2018/5/18 RETT-BE 36
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Household
biogas plant

Small scale

biogas plants

Biogas plants

“replace
subsidies with
awards”

Village service

)

4

T E SR RRIANEBUR

One biogas plant construction for
upgrading of kitchen, toilet, and
animal residence

Biogas plants volume is
5*household number. If exceeded
50 m3, a gas storage tank of biogas
plants volume * 0.2 is added
Feedsock pretreatment, AD, gas
storage tank, post treatment,
digestates application facilities

Biogas plants on farms with more
than 3000 pigs sold per year

Machines, testing and inspection
facilities, plants  maintenance,
technician training, office

BSIDY FOR BIOGAS PLANTS IN CHINA

1000 Yuan in 2008, 1000- Biogas stoves,
1200 Yuan in 2009, 1200- desulfuration,pipes,
1500 Yuan since 2010 pressure meter
Household number * subsidy As above

per household * 1.2

Subsidy is 35% of

construction cost, but not

exceeding 1.5min Yuan; in

West region, 45% of

construction cost, but not

exceeding 2min Yuan

400-700Yuan *  (plants+ Provincial  financial

storage volume), plus 50% * support

power generator and

digestates truck cost

15k yuan by 2009; 35k-45k Facilities purchased

yuan since 2009 and supplied by
government

1 EHESHAMEBUR KRR

FUTURE SUBSIDY POLICY

([ 1Y Jo)

policy makers are getting united to have a more functional political tool; Policy is more
and more reflecting the rural practical needs; policy making is shifting from faster and
better to better and faster.

The subsidies wll come from four sectors:

(1) waste treatment

(2) biogas plants construction

(3)Biogas-based energy,

(4) Digestates returning to crop field

2018/5/18
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6. AV RETR AT Fe B HIBIA
TRANSFERABLE
TECHNOLOGIES

MR EI R BROT SERI BV RN A -T52150-100% A4S, ARIFFRAR

L Simple, Affordable, Suitable biomass cookstoves- save 50-100% wood fuel

Sl RO STAHRREESRE. R, MAKE
SlSimple, Affordable, Suitable household biogas-cooking, lighting,tiny-power

EIRFERB R FARESTRE-RKEER (BR? ) -FIEFERHEAE
il M olasses-based biogas-power self-sufficient, (or possible feeding the grid)
BSTORABLE power

2 | BRZB-VER (Voluntary or Verified Emission Reduction). CER
<11 Carbon trade- VER/CER (Certified Emission Reduction)

RIGHT #img #o fake AGTION

2018/5/18 RETT-BE 39
@ AFRICA EXAMPLE-KENYA
BoE=@0
» Daudi M Nyaanga,

O Total number: 20063 Egerton University

| 2
O Including 70 with capacity >1000 m3 » dmnyaanga@gmail.com
» Mo: +254721285231

. Mixing tank with inlet pipe and sand trap. ) Gas collecter,
. Digester. Biogas fixed dome

. Compensation and removal tank.

. Gasholder.

. Gas pipe.

. Entry hatch, with gastight seal
. Accumulation of thick sludge.

. Outlet pipe

. Reference level

0.Supernatant scum, broken up by varying level

automatic
overflow

HOONOOTULTA, WN -

2018/5/18 RETT-BE 40
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FEAR KIS B R ER R LA
CHINA IS NOT DEVELOPED YET BUT THE
BEST BROTHER

N

i

2018/5/18
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GREAT CYCLE: INTEGRATION OF
TOWN AND COUNTRYSIDE

@

w1 o)

B HER
RENEEL] [

energy
SR Ak 3
Waste

treatment
A E
Sustainable
recycling of
nutrients

2018/5/18

CHINA-GHANA RENEWABLE ENERGY
TECHNOLOGY TRANSFER COOPERATION
CENTER, BIOENERGY

[+ [SI8Y' [o
O Focus on Renewable Energy Technology Transfer (RETT)
O Linking Ghana with UNDP and China

O Explore appropriate RETT models _
Setting up models
and duplicating to
Implementation and the SSCs in other
monitoring of RET developing
projects countries
.Seeking and
matching the

demands and
appropriate

‘Building networks  technologies

among
stakeholders

O Analyzing the local demands of daily energy use
O Educate people to use more clean energy
O Win-win results for end-users and industry

© Etaptishment

2018/5/18 RETT-BE 44
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YOU WILL BE THE HEROES WHEN

YOU TOUCH THE GREAT WALL
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JEM-PE : BHRRIRITFINS

ChinAfirca: Best Opportunity for the Planet

AFRICA

FIERIER S !

LLong live the China-Africa friendshipl
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http://news.cau.edu.cn/upload/2007/quyue_20071105150303.jpg
mailto:rjdong@cau.edu.cn

@ BARTERNEARRE

FUNDAMENTALS
08280
LIQUEFACTION GASIFICATION
PHASE PHASE
SIMPLE ACETATE
.} ORGANICS H,/CO,
ACIDOGENS METHANOGENS

2018/5/18 RETT-BE 49
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@ BIOGAS POTENTISAL

2089180

Type of waste  Iethane vield (Uke wol. Solids)  Methane concentration in bingas (%)

Cow manure 180-250 60-70
Pig marre 210-300 58-60
Poultry marnre 350-400 38-65
Rurencontent 160-300 60-65
Green plants 250-450 55-62
Straw 150-180 60-62
Potato pulp 270-300 58-60
Fruit press cake 300-450 60-65
2018/5/18 RETT-BE 50
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SMALL BIOGAS BENEFIT

MNo retu.t;n to soil

_ AD process 2 sraw— 305 Combustion

60%% Combustion efficiency

1m? Methane/day 3 Persons daily cooking

\ 50% Combustion efficiency
Equal to 0.8 kg SC ¥ 2 Coal Combustion

“Waste mineral resource
Pollute the environment

In /—J— Out
Gas —
—_— L == Household Underground
?3 2 Anaerobic Digester 6-
10n?°

l 90% Plant diseases and pests are killed

Equalto 240 kg NH,HCO,
1500 kg SCused
If: Chemical industry

10-20 ton Organic fertilizer

2018/5/18 RETT-BE 51
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DAIRY POWER STATION

Urinary
N
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@ COMPOSTING AND EFFLUENT STORAGE

(Cl» IR Je]

2018/5/18

KESER
ELECTRICITY GENERATION AND NET

@ SELL

: m fm Procuced onFarm mvﬂ /\L\/
AN g \

1000
W

r/\ Difia?ie = Energy Used O}m]tm
500 A \w/q{
I// \’,\ // Net sold to the grid \ M

-50 point moving average

kWhr/day

-500 T T T T T T T T
6/8/98 12/25/98 7113/99 1/29/00 8/16/00 3/4/01 9/20/01 4/8/02 10/25/02 5/13/03
2018/5/18 REFT-BE 54

27



' HEBFHIN

/4
L NITROGEN IN BIOGAS EFFLUENT
28080180
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Food-based Manure-based Pig slurry Cattle slurry
digestates (c.4% dm) digestate (c.8% dm) (4% dm) (6% dm)

rypical’ slurry values taken from “Fertiliser Manual (RB209)”

Fertiliser Manual (RB209) Defra June 2010 (http://archive.defra.gov.uk/foodfarm/landmanage/land-
soil/nutrient/documents/rb209-rev-100609.pdf)
2018/5/18 RETT-BE 55

B HKIP MK

P205 AND K20 IN DIGESTATE AND MANURE

20@89.0

Total phosphate and potash in
s, digestate and livestock slurries
|Phosphate (P,0;)

14
Fertiliser Manual (RB209) . I l
Defra June 2010 0 74-

(http://archive.defra.gov.uk/f
oodfarm/landmanage/land-

soil/nutrient/documents/rb20 5 | Potash (K,0)
9-rev-100609.pdf)

5 ]

14

o4

Food based Manure-based Pig slurry Cattle slurry
digestate digestate

kgt

kgt

‘Typical’ slurry values taken frcigt;i.'rlhﬁﬁertiliser Manual (RB209)”

2018/5/18 56
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EFFICIENT LAND USE

(w1 Je)
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5) BEANTER
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Table 2: Major substrates (biomass sources or feed stocks for hio-digesters) for hiogas
roduction and their estimated percent prevalence in Kenya

Biomass source Percent Remarks and Examples
Prevalence
Cow dung 90.0 Small scale household hiogas units
Molasses waste from 50 Mainly Industrial Large plants (such as AgroChemicals
distilleries & Spectre Ltd)
Waste from 25 Mainly Industrial Large plants (KBL, Kilifi plantations,
agricultural processing VegPro, Bixa)
Human waste 15 Medium biogas plants (prisons & schools)
Sewage 0.2 Some hospitals & schools (Kinangop & Nyeri)
Pig manure 05 Household plants (combined with cow dung)
Poultry manure 0.1 Household plants (combined with cow dung)
Slaughter house waste 0.2 Slaughter houses
Totdl018/5/18 100 RETT-BE 60
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Table 3: Estimated cumulative number of biogas systems in Kenya between 1957 and 2014
Type of hiogas Year
system 1957 | 1986 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 |2014
Kendbip*
Household (6-12m’) -l -] 7] 10] 8474093 7,603 | 12,433 | 15933
Other Household
(3-60m°) 1| 200 1,050 | 2,150 | 2,350 | 2,600 | 2,960 | 3,460 | 4,010
Institutional
(100-1000 m°) 10 |20 |25 |30 35 40| %0
Industrial (>1000m’)

3] 10| 20| 30| 40| 50| 6] 70
Total 1] 203 | 1,077 | 2,200 3,252 | 6,763 | 10,648 | 15,993 | 20,063

*Kendhypsy¢enya domestic biogas programme  rerr-ge
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Tahle 4: Estimated biogas conversion coeffcient

Tyne of biogas system | Average (Avg) | Avg biogas produced | Avy Gas Production
Digester vol (1) | mifof Dy constant (e number

of digester)
Kendhip Household B 023 1Y
Other Housefol U 020 440
Inftutona v 028 Y
Industri 440 035 £, 54000

2018/5/18 RETT-BE

62

31



