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CURRENT EMISSION SITUATION IN CHINA TIETL:

China Agriculture University

Annual CO2 emissions

Carbon dioxide (CO;) emissions from the burning of fossil fuels for energy and cement production. Land use
change is not included.
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Mote: GO, emissions are measured on a production basis, meaning they do not adjust for emissions embedded in traded goods.

Per capita CO2 emissions

Carbon dioxide (CO,) emissions from the burning of fossil fuels for energy and cement production. Land use
change is not included.
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"Dual Carbon" Goals — Carbon Peaking and Carbon Neutrality ¢@2 4+ %
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Our World

Status of net-zero carbon emissions targets L

The inclusion criteria for net-zero commitments may vary from country to country. For example, the inclusion of

n n
international aviation emissions; or the acceptance of carbon offsets. I ea k C a rbo n e m Iss I O n

To see the year for which countries have pledged to achieve net-zero, hover over the country in the interactive

version of this chart. _
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Source: Net Zero Tracker. Energy and Climate Intelligence Unit, Data-Driven EnviroLab, NewClimate Institute, Oxford Met Zero. Last updated:
2nd November 2021.
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The Key to Implement the “Dual Carbon” Strategy
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The underlying reasons for the evolution of carbon emission patterns lie in the changes in

energy consumption, energy consumption structure, and industrial structure

Analysis of the 'Dual Carbon' practical

Implementing the 'Dual Carbon’ strategy will trigger path tailored to local conditions and Mode of economic
widespread and profound systemic changes, achieving Coordinategtxi(t:utrr;e industrial growth

a comprehensive balance and coordination of all e — « Sustainable
elements between the two critical points of : gglslflila\:ﬁ

maximizing development and minimizing emissions.




B, Sources of greenhouse gas emissions in China

5,7%

In 2010, China’s GHG emissions amounted to 9.551 billion tons of CO,
equivalent, of which CO, accounted for 80.4%, and methane accounted for
12.2%.

CH, emissions from China's agricultural activities amounted to 471 million tons of
CO, equivalent, approximately 66% of which came from the cultivation of

ruminant animals.

China’s GHG emissions in 2010

* China's ruminant animal breeding ranks among the top in the world, with 12.5 million dairy cows (ranked
fourth globally), a stock of 66.18 million beef cattle, and a combined stock of 300 million sheep and goats,
ranking first in the world.

« At the same time, with the continuous development of China's economy and the upgrading and adjustment
of meat consumption structure, the demand for high-quality livestock products (such as beef, mutton, and

milk) and the breeding quantity of ruminant animals will also continue to increase



B China's milk production and dairy cattle inventory situation

700
The global milk production in 2019 was

71,399.4 million tons 650 670 L
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uUsS
9906 million tons 550
14.0%
India 500
9688million tons
12.8% 450

Brazil 400

3564 million tons 2020 2021 2022 2023 2024 2025
5.0% . .
- Estimated Dairy Cattle Inventory in Large-scale Farms

Germany during the 14th Five-Year Plan Period (in thousands)

3310million tons
4.7%
China

320Lmmillion tans v Before 2023, the natural growth rate of dairy cows was at 5%,

4.4% and it has since slowed down.
v During the 14th Five-Year Plan period(2021-2025), the import of
The global milk production in 2019 dairy cows will range from 900,000 to 1,000,000 head.

Source : NDITS
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The Proportion of Large-scale Dairy Farming with stock of Over 100 cows)

In China has increased By Nearly 50 Percentage Points
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Proportion and Forecast of Large-Scale dairy farms
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China's dairy farming is dominated by large-scale intensive .
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The Cost of Feed for Dairy Cattle Farming Continues to Rise :Uéf
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The increase in feed prices has led to a daily rise of 8 yuan per head in dairy feed costs, with the cost of feed per
kilogram of milk increasing by 0.25 yuan.

Based on preliminary research findings, as of August 2023, the cost per kilogram of milk is 3.81 yuan/kg.
Currently, the dairy farming industry is experiencing significant losses.

Calculation of the Impact of Feed Price Estimated Distribution of Feed Costs in the
Changes on Milk Production Costs Year 2022 (%)
100%
90%
20213 20223  Rawol
increase 0%
60%
Cost of Ration (yuan/kg) 65.7 73.2 1% s
30%
Cost of Feed per Kilogram of 0 20%
Milk (yuan/kg) A1 ZAY 1% 0%
0%
Total Cost per Kilogram of 2021 2022
Milk (yuan/kg) Gz 3.81 12% " Concentraste ™ Roughages

Source: NDITS; Roughages refers specifically to silage and hay.
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How can we produce more milk with fewer cattle to meet the future market demand for

high-quality dairy products?
 How can we fundamentally address the industry issues of 'three highs and one low' (high
input, high energy consumption, high pollution, and low competitiveness) and revitalize the

dairy industry through a low-carbon development path?
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o Carbon footprint & Food chain
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Greenhouse Gas Inventory and M.R.V. System $® fﬂ;tg,
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Compiling a GHG inventory is a fundamental task in addressing climate change.
Through the inventory, we can identify the primary sources of GHG emissions, understand the emission status of

various sectors, predict future mitigation potential, and thereby assist in formulating response measures

Measurement

Tracking and documentation of data

on GHG emissions and emissions e M - Monitori ng
reductions from the biogas sector

Collect activity level data, compute emission factors, and emission amounts.

@ * R - Reporting

Process of providing greenhouse gas emission results in accordance with
inventory compilation guidelines.

Reporting /o
N RSB * V - Verification
Verification Dissemination of
measured GHG
I el G e SRR ey Sl AT Independent assessment of reported greenhouse gas emissions and
reported GHG emissions and emissions
emissions reductions reduction data

emission reductions.
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Name of the Developing : ” :
Accounting System Applicable Entities Main Contents of the System

[PE1E ZAUE For national governments
and 2019 revised  IPCC al g
.- and organizations
edition
For corporations,

WRI L .
GHG protocol organizations, or emission

"WBCSD reduction projects
S0 1Al ISO ES racn()ig(’c)i;ar:f n(fr’ emission
ISO 14067 g !

reduction projects

For corporations,
PAS 2050 BSI organizations, or emission
Specification reduction projects

Methodologies for greenhouse gas sources
from various sectors "Greenhouse Gas
Accounting Systems"”

Corporate accounting and reporting standards
Corporate accounting and reporting standards
Product lifecycle accounting and reporting
standards

Corporate value chain accounting and
reporting standard

These are non-mandatory standards, relevant to
organizations or emission reduction projects
The requirements of this standard constitute the
minimum basic requirements for organizations
or emission reduction projects

The primary focus is on the emissions of various
greenhouse gases produced throughout the
lifecycle of a company's products



TWO OF THE WORLD BIGGEST DAIRY PROCESSORS ARE CHINESE

Table 1: Global Dairy Top 20, 2022
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2021  Company

Lactalis

Nestlé

Danone

Dairy Farmers of America

>

Fonterra
FrieslandCampina
Arla Foods
Saputo

Unilever
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Savencia

18  Gujarat Cooperative Milk
Marketing Federation Ltd

17 Sodiaal

13 Meiji

16 Agropur

20 Miiller

12 DMK

19  Schreiber Foods
#  Froneri

Country of headquarters

France
Switzerland
France

Us

China

New Zealand
China
Netherlands
Denmark/Sweden
Canada
Netherlands/UK
France

India

France
Japan
Canada
Germany
Germany
us

UK

USD billion

Dairy turnover, 2021*
EUR billion
26.71 22.6t
21.31 18.0f
20.9t 17.7%
19.3 16.3
18.2t 15.4¢
14.8t 12.5
15.7 116
13.6 11.5
13.3 11.2
12.0 96
8.3t 7.0t
6.6 56
6.3 53
5.9t 5.0t
5.9t 5.0t
5.8 4.9
5.7t 4.9
5.2t 4.4¢
5.1t 4.3
5.0 4.2

* Turnover data is predominately dairy sales, based on 2021 financials and M&A transactions completed between January 1 and June

30, 2022. Pending mergers/acquisitions not incorporated include: BMI's Fresh Division and production facility in Wirzburg to Lactalis,

Fonterra's sale of DPA Brazil, Soprole and changes to the Australian business, Miller's acquisitions of FrieslandCampina’s German
plants and ({fresh) brands, FrieslandCampina's disposal of Campina LLC (Russia-based operations), Nutrifeed (animal nutrition) and
the powder plant in Aalter, Belgium, and FrieslandCampina’s acquisition of Nutricima.

T estimate.

CSFAFE - August 12th 2023



Intensity

Unit

Description

Reference

Nestlé

Lactalis

Danone

Arla

Friesland
Campina

Fonterra

2018

2021

2021

2021

2021

2022

Scope 1
Scope 2
Scope 3

Scope 3

1.
Transportation
and
production
2. Member
companies

Scope 1
Scope 2
Scope 3

3.3
2.5
107.3

1.20
1.15

691
12063

1.366
0.565
22.549

Million metric
tons of CO2e

Milk and
whey/kg CO2e
Milk/kg CO2e

kt CO,e

Million metric
tons of CO,e

1. Reduce carbon emissions originating from assets owned or directly controlled
by the group, such as emissions from combustion.

2. Decrease carbon emissions associated with purchased external energy
sources like electricity, by adopting green energy options.

3. Minimize indirect emissions within the production chain, such as emissions
generated during the consumption process.

1. By 2025, achieve a reduction of at least -25% in greenhouse gas emissions
(Scope 1 and 2).

2. By 2033, achieve a reduction of at least -50% in greenhouse gas emissions
(Scope 1 and 2).

3. Achieve carbon neutrality by 2050.

1. Absolute reduction in Scope 1 and Scope 2 CO2 emissions (%) since 2015: -
38.1% (2020) -48.3% (2021); -30% (by 2030).

2. Global reduction in carbon dioxide (%) compared to the previous year: -4.6%
(2020) -3% (2021); -3% (2021).

Scope 1 and Scope 2: The GRI 305 standard does not comprehensively
describe Friesland and its members' current greenhouse gas emissions status.
Friesland has chosen to develop its own system to gain a deeper understanding
of greenhouse gas emissions in milk production (processing) and transportation
processes, as well as emissions from member companies.

Nestlé's Net
Zero Carbon
Emissions
Roadmap
(2020%F12A8)

Lactalis

annual report
(2021)

DANONE
INTEGRATED
ANNUAL
REPORT
(2021)

2021 Annual
Report
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Total - _
Yii 2021 Emissions  1.88 MIII(IQIJOC?C;OQ/T(QC 8‘26 zr};\ii,(s)izo5r;salprzlrnt%r:oo;e§:icr:ye;rr]c?d(jcl:_’ltg to 18347  Sustainability
Product 0.222 3 ' Report 2021
. product kgCO.e.
emissions
Total -
Menaniu 2021 Emissions 1.36 MILII(J(?(;OQ/T( Cgcze Mengniu Group aims to achieve carbon peak Sustainability
9 Product 0.171 9 - duc? by 2030 and carbon neutrality by 2050. Report 2021
emissions P
roizzgin Major emission unit emissions decreased
P Feed g 1.3 Ten thousand metric during the same period: 2022 Mid-Year
Shengmu 2021 L 1.7 2020: Feed processing: 1.4; Feed cultivation: Performance
cultivation tons of CO.,e _ .
Catile 57.0 8.1; Cattle farming: 60.5 Report

farming

(Unit: ten thousand tons of CO.e)




B, Carbon Emissions in the Dairy Industry Span the Entire Supply Chain.
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GHG Emissions in Various Farming Stages
by LCA system

GHG Emission Sources: Feed, Feeding, Housing, Manure
Management, Fertilization, Soil
Types of GHG: Methane, Nitrous Oxide, Nitrogen Oxides

From a life cycle perspective, carbon emissions in the dairy industry traverse the entire supply chain, with
greenhouse gas emissions being generated at every stage of dairy cattle farming.
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Carbon footprint assessment of dairy farms at different

Sizes i n C h i n a China Agriculture University

Farm 1
Location: Shandong cows: 600 heads
Type: Family-run Farm

Farm 2
Location: Jiangsu cows: 3000 heads
Type: Large-scale Farm under a Certain Group

Farm 3
Location: Hebei cows: 9000 heads
Type: Large-scale Farm

Farm 4
Location: Tianjin cows: 3000 heads
Type: Large-scale Farm under a Group

Farm 5
Location: Shandong cows: 10,000+ heads
Type: Large-scale Farm under a Group

Farm 6
Location: Shandong cows: 2500 heads
Type: Large-scale Farm under a Group

Farm 7
Location: Ningxia cows: 4500 heads
Type: Large-scale Farm




Accounting for herd size and kilograms of milk GHG
emissions from farms (2021)

Annual GHG Emissions (2021) China Agriculture University
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Based on the overall comparison of carbon emission data from the 7 farms, it can be observed that as the size of
cattle herds in a farm increases, the total GHG emissions produced also tend to be higher.
However, different regions and livestock farming methods do not exhibit a significant correlation with emissions per

kilogram of milk.
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Emission from the largest dairy farming group in China TBETRS
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Cattle farming: 1 million
tons of CO,e v

1) 2} 3 )
. albn,
G
Enteric fermentation

Manure management

Energy utilization

570,000 tons of CO,e 190,000 tons of CO,e 240,000 tons of CO.,e
(57% of the total) (19% of the total) (24% of the total)

Source: Modern Animal Husbandry public information
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‘ Intestinal Fermentation Emission Reduction Measures

YEEERYS

Enteric Methane Mitigatiﬂn Optiﬂns China Agriculture University

O Dietary control technology can

Rumen manipulation and ecology Breeding Management N o
contribute to emission
Inhibiting Enhancing non- itati —  Stock numbers i Y
methanogens methanogens ngzgi?glsve — reduction by over 70%.
Defaunation; o= T ST T - raF::pt?::}l:)cftfi:id O Dietary control technology can
e.g. Terics manipulation Probiotics, incl. : - : - . .
— enterprise mix
Antioblotics. acetogens Genomics P be divided into various
eg. . . .
L ionopﬁo,es el - Grazing techniques, among which feed
bacteriocins m qfual'w’ Plant management
d orage ) — ang .
viruses process[ng genetICS leshingm COmpOSItlon and nUtrlent
Feed feedlots imi i
additives Rumen optimization are the most
= conditions, e.g. .
et effective and commonly used.

= Fats and oils

Synthetic chemicals, e.g.
= nitrate, halogenated

compounds ( \I

i Methane emissions from dairy cattle farming can be regulated through feed |

Natural co.mpm_u}ds, : I
eg. tannins, nisin I management, breeding, pasture management, and manure treatment. :
! I

A /

—  Vaccination



‘ 1- Proudcing low-carbon milk by regulating
cow’ s dietary fatty acid profile

The ratio of propionic to
acetate acid mcrease

COy+CH, |t~ I

Biohydrogenation
process

\/

L

H, decrease

l

Hg.ﬁ' C'Og= CH4 |

Toxic to protozoa
and methanogens

[In.hibit CH, emuission

& frontiers | Frontiers in
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OPEN ACCESS

Kai Wang,
Chinese Academy of Agricultural
Sciences (CAAS), China

Qian Jiang,

Hunan Agricultural University, China
Kang Zhan,

Yangzhou University, China

Wei Wang
wei.wang@cau.edu.cn

This article was submitted to
Nutrition and Microbes,

a section of the journal
Frontiers in Nutrition
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Review
19 October 2022
10.3385/fnut.2022.955846

Producing natural functional
and low-carbon milk by
regulating the diet of the
cattle—The fatty acid associated
rumen fermentation,
biohydrogenation, and
microorganism response

Xiaoge Sun?, Yue Wang?, Xiaoyan Ma?, Shengli Li* and
Wei Wang™



Experimental Design

Selecting cattle

* 10 Holstein dairy cows
« Lactation days (209.6£9.96 d)

PEEERY
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Feeding management

o e 7-day adaptation period + 15-day pre-feeding period
+ 5-day respiration chamber sampling period

* Feeding TMR twice daily (7:00/14:00) with free

° . i
| Same parity 9 access to water
| - LUFA/HUFA 1 I : :
| JFA/HU | * Milking three times daily (7:00, 14:00, 19:00)
. ) 0O O) 'a
\J S’ \J \
o ¢
' Sample collection
Ration . and data recording
P

€ Dietary fat content around 6%

LUFA: Low Unsaturated Fatty Acids .
HUFA: High Unsaturated Fatty Acids

Feed samples collected twice a week, daily recording of dry matter
intake (DMI) and milk yield

Milk samples collected during the experimental period for milk
composition analysis

Methane production measured using respiration chambers




EXPERIMENTAL RESULTS - PRODUCTION PERFORMANCE P ﬁq—u@
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EXPERIMENTAL RESULTS - GAS PRODUCTION

A B C D
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CONCLUSION OF THE UFA TRIAL TBERERS

1. Increasing the content of unsaturated fatty acids (UFA) significantly reduced methane
production in dairy cows without affecting milk yield, while maintaining consistent fat content.

However, higher UFA content led to a decrease in milk fat percentage.

2. Under a dietary fat content of 6%, we tried to maximize the UFA ratio difference between the
two treatment groups (LUFA and HUFA). Therefore, further research is needed to investigate
whether a moderate reduction in UFA ratio in the HUFA group, without affecting milk fat and

yield, can lead to reduced methane production.



n 2- Increasing the proportion of high-quality
whole-plant corn silage

Effect of feeding different proportions of corn silage in the China Agriculture University

diet on methane production in lactating dairy cows
b O Smoe studies have explored the impact of
value replacing grass silage with corn silage in dairy

Proportion of corn silage
Parameters replacement
100% cow diets on enteric methane production.
399 414 411 387 12.8

Methane production, g/d 0.028 O The results indicate that replacing grass silage
- with corn silage leads to a reduction in

Methane productionDMI. o) 6 250 245 220 038 0010 . .

a/kg methane production, particularly when

Methane measured per unit of FPCM.

oroduction/FPCM, g/kg 16.6 17.0 16.2 15.3 0.50 <0.001

Source : Van Gastelen et al. 2015. Effect of different silage levels in the diet on milk composition

in dairy cows

Team research: When the inclusion level of whole- The !:;ropc?rtitc;‘n ?jf ctom

- : o F : : silage In the die
plant corn silage in the diet is 30 kg (wet basis), it Parameters L P value
reduces dairy cows' dry matter intake and consequently

lowers milk yield. However, feed conversion efficiency, DMI, kg/d 2490 2440 20.78 2.86 <0.01
nitrogen utilization efficiency, and economic benefits are
higher compared to the other two groups.

Milk production, kg/d 24.09 22,65 22.66 1.84 <0.01
Feed conversion rate 1.09 1.04 1.15 0.15 <0.01

Data source: Liu Jianying. China Agricultural University, 2020.



_ K} Application of low-protein diets

40

35

30

25

20

15

10

3,6
a
3,5 ab
3,4
3,3 abc be
32 +—°C
3,1 -
3 -
T 2,9 A
1 2,8 -
6,5 17.9 19,4 13,5 15 16,5 17,9 19,4
Dietary crude protein level (%) Dietary crude protein level (%)
mDMI (kg/d) m Milk production (kg/d) m: Milk fat rate m . Milk protein rate (%)
(%)
High protein diet doesn't necessarily There is no statistically significant
result in higher milk yield difference in milk protein content

250

200

150

100

50

(Significant difference between groups)

m Urinary nitrogen excretion (%) 2081

1284 I E

16,5 17,9
Dletary crude protein level (%)

Urinary nitrogen excretion
increases.

J J Olmos Colmenero,2006

Excessively high dietary protein levels do not improve production performance and can actually

increase nitrogen excretion in manure, indirectly leading to greenhouse gas emissions (such as N,0).


https://pubmed.ncbi.nlm.nih.gov/?term=Colmenero+JJ&cauthor_id=16606741

‘ 3-Application of low-protein diets

According to research in 2020, there were approximately 5.2 million Holstein dairy cows in China. The dietary protein

content for high-yielding cows ranged from 17% to 18%, while for mid-yielding cows, it ranged from 16% to 17%.

D

(X 10,000 tons)

Protein level corrected milk ¢ tg
m Weeks 17-44|  (FCM) CONEEN 0,63 -
Dietary crude protein (% DMbasis) kg/entire lactation period 061 -
Low/Low 15.4 16 10714b 127¢
0, 59
Moderate/Low 17.4 16 116552 141b m
Modeer;thod 17.4 17.9 118282 1632 0.57 THigh-producing cattles Moderate producing cattle
High/Moderate 19.3 17.9 115822 1622 Note: High and moderate-yielding cows are calculated for
' ' every 1 million cows; dietary crude protein (CP) reduced by
0.5%.
Suggested protein content for newly calved cows Through dietary amino acid balancing technology, it is
is 17% to 17.5%, for high-yielding cows it is possible to reduce nitrogen excretion from lactating dairy

16.8% to 17.4%, and for late lactation it is 16%. cows by 12,200 tons per year.



‘4-Eva|uation of additives—in vitro

The effects of methane inhibitors
and certain yeast cultures on rumen
fermentation gas composition
(especially methane) were validated
through in vitro fermentation.
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Effects of different methane inhibitors on in vitro rumen
fermentation gas composition in dairy cows (mmol/L)
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B, 5- Biomass utilization in China's large-scale dairy farms

ey —— - PBAERY
| O Average daily biogas production: 2 9000 m? !
I
I O Maximum designed biogas power generation capacity: 50-60 I
: MW-h/day l
I Actual biogas power generation capacity: 30-40 MW-h/day :

The average emission factor of the national grid in 2022 as 0.5703 tCO,e/MW:-h;
The agricultural electricity price is 0.50 yuan/KW-h; the carbon trading price is
estimated at 50 yuan/t CO.e :

Cowshed Washing manure ditch 'Natugel Intermediate

manure flow tank v" Utilizing biogas for power generation on the ranch can reduce
TS ot AR d'i’:]"ekit';gﬁon the carbon emissions generated from purchased electricity:
Frontseparator S8 " iank ™ tank 35x365%0.5703=7285.58 ( t CO,e)
Eqie;i:’t"i"on o T v" Utilizing biogas for power generation on the ranch can
ek MIYN9 Biogas dome decrease external grid electricity expenses:
Transfe} Pumping v 35000x365x0.50=6.3875 (million Yuan)
L B SRl _l v' The biogas power generation project can participate in carbon
igbid offset trading: 7285.58x50 =0.3643 (million Yuan)

Natural Secondary ) Solid organic

Oxidation pond . .
P flow separation fertilizer
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Some thoughts for GHG mitigation in the dairy value chain
-take home message '

Comprehensive improvement in production efficiency is needed across T lﬁ;
the entire dairy value chain!

Fh & & v o w @

Some countries and dairy companies have already initiated cattle emission reduction plans;
There are no ready-to-use technology yet;

ey

ar

Priorizing cost-effective emission reduction strategies;

The applicability of emission reduction measures depends on farm types and attitudes (technical
requirements, time, and financial investment);

Most existing monitoring tools do not encompass all emission reduction strategies;

Balancing implementation efforts with the completeness (and accuracy of measurement) of emission
reduction plans is essential;

A comprehensive approach is needed to assess the combined emissions reduction of all categories of
mitigation measures

Integrating various emission reduction measures can enhance efficiency; however, compatibility should be
considered when using a combination of methods;

Downstream stakeholders in the industry should initiate incentive mechanisms for low-emission farms;

In addition to greenhouse gas emissions, farms also face other sustainability challenges.
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