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Development Status of Chinese Pharmaceutical Enterprises

L5155

FEREKRE—AUFENAEZE, MERTEALSEEK80%™HA . China is the world’s largest producer of chemical

APIs, and its antibiotic production accounts for approximately 80% of the global market.

HZATIEREPENESLZRAVEEE = . The pharmaceutical industry is China's key development strategic industry.

S¥MEHAR “T=1" AT+ KELE#H =W Z—. Biomedicine is one of the ten key promotion industries for the

“Thirteenth Five-Year Plan”.
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| . Development Status of Chinese Pharmaceutical Enterprises

EAEUSHELE29NE, 2016FPEEATIFELL EEI82463R.
Pharmaceutical companies are located in 29 provinces across the country. In 2016, there are 8, 246 large—

scale enterprises in China's pharmaceutical industry.

+

> WEERIERCEGEIFIE k24155 .
2,415 chemical AIPs and chemico—
pharmaceutical preparations manufacturers

> PEHIRR PR EEEW27775R.

2,777 Chinese herbal medicine and Chinese
patent medicine manufacturers

> HE (EHIR) 969

969 biological medicine (biochemicals)
15.89% manufacturers
>  DBEMREEET7755.

775 hygienic materials manufacturers

29.29% > EFTSEMAE 413103,

1,310 medical device manufacturers

11.75%

LFRNBIETFHPMEMN  Chemical AIPs and chemico-pharmaceuticgl preparations
PR o kes Chinese herbal medicine and Chinese patent medicine
1O (HHLES) Biological medicine (biochemicals)
PEHH Hygienic materials

- Errau Medical device
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| . Development Status of Chinese Pharmaceutical Enterprises

1% SRR 24 NV HES R
Characteristics of Sewage Disposal of Chemical APIs Manufacturers
> UEHRBERGHISEKX, SRPMAL, FHEX.

Large pollution discharge, many types of pollutants, high toxicity.
> ERZEERR. ZFERS, £F1IZE%R, REPRE.

High energy and sources consumption, complicated production process, many reaction steps.
> ERAEFRANRBNTHEBES, RARYRRRELER.

There are many types of raw materials and excipients used in the production of APIs, but the conversion rate between fed materials

and finished products is low.

> ERZEFELZUAIPYNHEEA S EE A RREERE E14%.

The amount of volatile organic compounds produced by APIs accounts for about 4% of the country’s total anthropogenic emissions.

EFE, FRAMVREFARERSBER =Tz —, FoRZ5eb kb 3R JR B 7R RS E K.
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Development Status of Chinese Pharmaceutical Enterprises

AT R SRR RiE%

Development trend of pollution abatement and emission control in the pharmaceutical industry

0HEZL0FER— HMRBIER S, BAKBRIREVEBRITELLE

1980s--- Environmental management started, relying solely on the end biodegradation innocent treatment.

21 2H) —— A FRIFE~EIRER . IREFES BERT, KREXEDHIZG~L, BERmEEDL
i1
LEAFLIERA .
At the beginning of 21st century—— Enterprises start to pay attention to the production process control,

implement cleaner production and source decontamination, develop and expand biopharmaceutical industry,

and strengthen the pretreatment and pogE—treatment technology for end treatment.

21HED0EFEN, — FERX AR, BEIXESRES, HRErmERARN,. SRERHIEE. BaEmS5iais—E L.
2020s——The development of industrial agglomerations and the circular economy of industrial parks will

form the integration of the entire product chain technology, emission reduction and pollution control,

cleaner production and pollution control in the whole process




II. Green Pharmacy-Reducing Pollution at Sources
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> BUF—BUERIERE A SCRER B HIZS
Government---Promote pharmaceutical enterprises to implement green pharmaceuticals through policies.
>  EHTIhE ML IRREHE
Pharmaceutical profession association---Promote pharmaceutical enterprises to implement green
pharmaceuticals.
> el EFIRREHFA. FLRS

Enterprises---Take the initiative to implement green pharmaceuticals and source pollution reduction.
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II. Green Pharmacy-Reducing Pollution at Sources

1. BT —BURERN Il SEite 45 i 24

1.

Government---Promote pharmaceutical enterprises to implement green pharmaceuticals through policies.

211424, PEBFEIREFIGIU~ LSRR EE, RinTm%, LFERENMAFEEIEFEM, BF
MNHIZITI SRR S TSR AR FITIHERAE . ERBILREWFETFEFHH, MELE THXXIH
MBERAMITHERRAE, B{R. SECWMAEEAR, ShERE~MFREETE.

At the beginning of the 21st century, the Chinese government realized that the pharmaceutical industry's industrial
structure was not rational, there were many low-end products, and the pollution of chemical APIs was difficult to control. The
government has successively issued relevant supporting policies and industry discharge standards on the aspects of the
pharmaceutical industry structure adjustment, pollution prevention and control technology, industry emission standards,
environmental protection taxes and corporate green rating, to urges and encourages enterprises to transformation and upgrade

and implement cleaner production and environmental protection.
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II. Green Pharmacy-Reducing Pollution at Sources

EZRAE K Mk BUR 5 | S Al SRR SA R TS

Using related national industrial policies to guide enterprises to implement source reduction

> (Pl SRR R) , FREIFEKRERZ~6E.

“Industrial Structure Adjustment Catalogue” stipulates that constrain the capacity of additional bulk APIs.
> (XTFMREHITILEHBEENESEL) , BHERESHEHEYESRARWFHFS =LKL, BEXFAPEFEEE.
=K. SRX WEREHESGIZMES.

“Guidance on Accelerating the Structural Adjustment of the Pharmaceutical Industry” pointed out that the state has
focused on promoting the innovation and industrialization of biomedical technology and eliminated outdated technologies
and equipment that are high in energy consumption, high in water consumption, polluting, and inefficient in
pharmaceuticals.
> ERTAFMERUBAN (hEFIE2025) , FRARFEHEHELE, B1L20174FREBH26RKBIGEWHITE
AZEI .

“Made in China 2025”that announced by the Ministry of Industry and Information Technology of the People's
Republic of China encourages the selection of green manufacturing. By the end of 2017, 26 pharmaceutical enterprises

had been assessed as green factories.
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II. Green Pharmacy-Reducing Pollution at Sources

ESRIMRBERE (R R L bl R imiaTE

National environmental protection policy urges enterprises to implement end treatment.

> CRIZA TSk HEBURED) , BET ZBE. WFER. BEST. £UH%. P, REFAR AT A SKERITE,
FEIFTE T BA~mEEHEKE . The "Pharmaceutical Industry Sewage Discharge Standard” stipulates sewage discharge
standards of 6 pharmaceutical types in pharmaceutical industry, such as fermentation, chemical synthesis, mixed
preparations, biopharmaceuticals, Traditional Chinese Medicine and extraction; it also stipulates the benchmark effluent
volume per unit product.

> ( FIATASRGEREABE) , MHAEWETES ZEHRER. BERERETER. SYRSMRKKRREF
B TEXK. The "Pharmaceutical Industry Pollution Prevention and Control Technology Policy " puts forward requirements
for the clean production of pharmaceutical enterprises, the management of three wastes discharge (waste gas, waste water,
industrial residue), the management and operation of treatment facilities, and the biosafety risk prevention.

> ( “+=0" #EXMENSEATEASR) « (FIHITUXSSERYVHEHRE) , MHGELELEENMESH
HERUR Y TE™RUERE. The “13th Five-Year Plan: Prevention and Control of Volatile Organic Compounds Pollution” and
the “Emission Standard of Air Pollutants for the Pharmaceutical Industry” put forward stringent standards for the emission of
volatile organic compounds from pharmaceutical enterprises.

> EXR (FRERPFZE) 201851 A1 AL, BRAeMEZEHEFHEE. The national "Environmental Protection Tax Law"

was implemented on January 1, 2018, and urged enterprises to actively implement emission reductions.

10
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II. Green Pharmacy-Reducing Pollution at Sources

2. BTSSR A H
2. Pharmaceutical profession association—Promote pharmaceutical enterprises to implement green
pharmaceuticals.

PELFEHHTI S RBFETHFELROHSR, RRSSHEHITIRR. R, AIEFSELR, RIREHRZRES
HIZRAESATW, HARXRKFRERRELARILIE, ABE. BASGEW. FMRUESLEWERIZR. F3. EHFE;
e TRSTIELFELRIAR, I XRE, RBESHER.

The China Chemical Pharmaceutical Industry Association is the pioneer in promoting green development. It actively
participates in the promotion of healthy, benign and sustainable development in pharmaceutical industry, actively promotes
the certification and recognition of green pharmaceutical processes, and organizes various types of green environmental
protection development forums to build communication, learning and promotion platforms for governments, pharmaceutical
member enterprises and environmental-friendly and energy-saving industry and enterprises; they have played a role in
raising awareness of green development, expanding their horizons and promoting progress in pharmaceutical industry and
enterprises.

IEEREFIBIMESREMEAFTIZ, 21MAEEFHR. SHERNENAMIANER (S5 SHEMEE~ 57
) (EBRIZER) « (MREEXEFIZEFR) M (FREEXF~REBR) -

In recent years, 13 heavily polluted and environmentally friendly processes, 12 drugs with high pollution and high
environmental risks have been included in the national “Catalogue of High-Pollution and High-Environmental Risk
Products”, “Heavy Pollution Technology List”, “Environmental Friendly Technology List” and “Environmental Friendly

Products List”. 11
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II. Green Pharmacy-Reducing Pollution at Sources

3. MEENIHGFEFIT, RIS
3. Enterprises——Take the initiative to implement green pharmaceuticals and

source pol lution reduction.

TR HER T, SN EERE, REMRER. TZHUAR. FRFHEA. BEYSEFRAFZHERIE
M, SERETEEEST, SEEITRE. PEFE. BT X

Following the policy of sources reduction, enterprises adopt measures in various aspects such as industrial restructuring,

replacement of raw materials and excipients, optimization and upgrading of processes, application of new equipment, and

comprehensive utilization of waste, etc. to implement cleaner production and achieve energy conservation, consumption

reduction, pollution reduction, and efficiency improvement.

>  PREIKELES. S5RHEREA
PRl g4 AR Constrain traditional and high polluting bulk APIs;
Adjustment of industrial |— > RREYHIZ. HIF

structure Develop biopharmaceuticals and preparations.
Bl: fedeHIZaschELl EHE T, TSRS RYAHS0%; HI5
5 ERIZEU EL BIE120114E B3 : 74R = B16. 7:3. 3.
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II. Green Pharmacy-Reducing Pollution at Sources

3. W EFNEHEFEFNAE. BLBT

3. Enterprises——Take the initiative to implement green pharmaceuticals and source pollution reduction.

> ABAEIRFBREVFERERESSIEUERSENERR

Non-toxic or low-toxic raw materials replace raw materials

R RER |— of high toxicity and hard-to-remove high toxicity.
Replacement of raw > Bl KERFEFRERAREMEN. AR EFESHEANTIOEY
materials and excipients REFEEKE . FHRRIMELT; %3 RKB12[FH P FILARE

1%0

> HEFERERVELELEEEIRTES

BiEEFI B |— Wastefrom the production process is returned to production
Comprehensive utilization of after being treated.
> il FKAEEERRS, SRMEESKABREENTTR

waste ik, HUREERSEBTFES,
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II. Green Pharmacy-Reducing Pollution at Sources

3. M FaSEHEREFIL. RLRIS
3. Enterprises——Take the initiative to implement green pharmaceuticals and

source pollution reduction.

> REEANA: ML EPEL BER, ERER. FERR
F.

TEZHRUHR | Green technology applications: enzymic method,
Optimization and upgrading 0 biqtransformation, membrane technology, crystallization technology,
RS chirotechnology, etc.
P > f5l: 6-APA, 7-ADCAEE T ZHISLHE, ATLASCIRRS40%, BEEFTR
i SHIE R N 57 o) oy R

5/ ~ ZV 4

wEBERSEH > SEITRE. Tk, B FEERSE. FRERMER.

Replacement and To achieve the result of energy saving, water saving, waste
P |— reduction and noise reduction.

update of devices. >l B EENNE, £EESRNNARRARSE, RS
FREA—RENEA.
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lll . Green Pharmacy-End Treatment Technology

EES TN L HI%S

I RIKIAERZAKR

1. Treatment technology of wastewater

HIZRKEFR -

Characteristics of pharmaceutical wastewater:

BAKDSRIMMASER, BIPIRES. BEEES%S, SHEX, TEAME.

Complex composition of pollutants in wastewater; high concentration of organic compounds; numerous hard-to-
degrade components; high toxicity; poor biodegradability.
BaiREHEHERI AR : Treatment technology employed currently:

“OMLHEPE” |« KRR SR, IEFRMEREREKHBIRENRS, N “OURLEI YIS REL

B AERETZ.

"Physical-chemical + biological method", "hydrolytic acidification + aerobic treatment®; in recent years, with the
improvement of national wastewater discharge standards, the "physical-chemical pretreatment + biological method+

advanced treatment" becomes the universal process.

15
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FBKRIERE

Wastewater treatment devices

R TALEE FIRE NG MVRES IR &
Electrolytic pretreatment Fenton oxidation as post—treatment MVR efficient evaporation

CASSHE 4t REEPER MG FREYIR N 2%

CASS biotreatment Anaerobic biofilm reactor Membrane bioreactor 16
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Il . Green Pharmacy-End Treatment Technology

2. RSIAEKZAKR

2. Treatment technology of waste gas

FHESHR: BRSSRMEERVCsTIER.

Characteristics of pharmaceutical waste gas: Waste gas pollutants are mainly VOCs and odors.

BSLEERSA “HEL” M BIRNE” EE, —REATEERRAE L ZFEREIBITFHR.

Waste gas treatment technology is divided into two categories, "resources" and "destructiveness". Normally,

combinational processes are needed to achieve better results.

R ORF) k. BUUE. WMBEURIESEFIRNANERES EF.
Condensation (freezing) method, absorption method, adsorbent
method, and membrane separation that has been applied in
recent years, etc.

HiRLEAR

Resources reuse technology

'}2&%%\ ﬁﬂﬁf\ ﬂi%%\ ﬁ'ﬁﬁﬂ:ﬁﬂ:\ 1&55%%%%.1":2(&_%

WAFERAR I ) | R RIS, TRAE-
Destructive technology Combustion, oxidation, biological, photocatalytic oxidation and
low-temperature plasma oxidation methods, and absorbent and
absorption methods in some cases.




BSSRAELE Fital

Waste gas and odors treatment devices

~ . gy
= T HE IR B 5 FimEE S R B PR 4

Three—steps carbon fiber adsorption Molecular sieve runner adsorptive enrichment Chemical scrub

——— L IEREHET

, L i Low—t t I
RTO regenerative thermal oxidizers Bacteria bed ow—temperature plasma |8
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Il . Green Pharmacy-End Treatment Technology

2. ERIREHAR

2. Treatment technology of waste gas

BARSREMER: BAlAFKREFHREEABG, WARREBRZHIE; V0Cs EBERSRYHERMS EZFNUFREFE
. #.

Difficulties in the treatment of pharmaceutical waste gas: At present, the traceability of the odor factor is not yet unfulfilled
thoroughly, and some of the technology applications are not targeted; routine detection methods and instruments for VOCs and

odor pollutants need to be improved and promoted.

/Ilﬁllp

/.//uu 7114 "Flm ﬁ-y :

A

LR ARBSKALE RRERERE

Large-scale sewage treatment plant for chemicals--- odor gathering devices 19
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lll . Green Pharmacy-End Treatment Technology

3. BlELGEFA

3. Comprehensive utilization of solid waste

HIZSE EFZE: Types of pharmaceutical solid waste:
HZAELHRBEEEE: EiE. 5. 2% BEMNRK. BERE. B 58 5% EENFEY.
Slag, sludge, distillation residue, waste activated carbon, waste resin, waste salt, waste powder, waste solvent, waste

packaging materials and other wastes .

EELZESFIFH: Comprehensive utilization of solid waste:

FTEUEAR: Hokil. wWiE. R, Kk A8 BEF.

Harmless technology: thermal hydrolysis, alkaline hydrolysis, enzymatic hydrolysis, hydrothermal, pyrolysis, incineration,

etc.
TR EAR: BIEZEERHL, BSEFENA. AESLEAHA. EEYRRE. ZREBE~TIRIES.
Resources reuse technology: fungi residues transformed into fertilizer, biogas energy utilization, thermal pyrolysis
utilization, biomass fuel, and secondary nitrogen to produce industrial nitrogen, etc.

20
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lll . Green Pharmacy-End Treatment Technology

3. BlELZEFA

3. Comprehensive utilization of solid waste

£FEY, 2BE. = Bl BRTE~

Wastes from production are collected, extracted, refined and recycled for production.

Bl: EEREFIETOECER. FRER. RN R EYSF A

HE ZEH
B S BRI BEYERECLER, FREIFMIMERETIA
Solid waste recycling Wastes after the harmless treatment, they can be treated as by-products for external sales.
utilization fil: |AERENL. BIEMAE. LHEEMITEYRRR

A ARBERAFIA, AERATES™
Internal use, such as thermal energy to be reused to production.

Bl: mEREWSAS, FRSUAMR

21
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Comprehensive utilization of solid waste

HHREERELEEHE (5000m3*3) B ERIEE BELEEYIRR AR
Chemicals’ bacterial residue Bacterial residue Bacterial residue

anaerobic fermentation devices

granulating devices biomass fuel
(5000m®*3)

22
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IV. Green Development Direction of API Enterprises

1. RFRRI R EFIEKF

1. Improve APls’ green manufacturing level

FRANKEIRARBHEGESTTE, KA EETE, EMECFEDEREAR, RRRAEMLESEE™
GRAFENEYR. FREYEK. SYERAL. S REEMERAFEETESER, NEARBERRD SR~ EMEIR
iH
#, HERRSHRFELIGE.

Use modern biotechnology to improve the traditional production process, and vigorously promote genetic
engineering, biological catalysis and other biological alternative technologies, and actively adopt biological fermentation
methods to produce medicinal active substances. Develop clean production technologies such as bio-transformation,
high-efficiency extraction and purification, and application of high-yield and low-consumption bacteria, reduce the
generation of pollutants and resource consumption from the production process, and promote the pollution management

from sources.

23
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IV. Green Development Direction of API Enterprises

2 HEBNRBIGELLE

2. Promote intensive production of APIs

fEBh “—BUEFN” R, MREHTISESTE, —BMITFNBECREELNEAITI RS REERETIE, 532
HHBRGEW S BMAMEEZRERR, BEEVHHAEPEH—PER, Fit2018FFHAITILME~EFERT
50%, FHTI T RERERE, REMBRFHEREZHR.

Accelerate the promotion of industry concentration by means of "Consistency Evaluation" requirements. The
introduction of the consistency evaluation has a fundamental impact on the supply structure of the pharmaceutical
industry. In particular, the generic pharmaceutical enterprises of chemical drugs will experience a large-scale capacity
reduction, and the market concentration of leading enterprises will be further concentrated. It is expected that after 2018,
the capacity reduction of the chemical industry is expected to exceed 50%, which will bring significant results to the

industry in terms of energy saving and consumption reduction and quality improvement.

24



JL

ERlAWREL

IV. Green Development Direction of API Enterprises
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mRERge I MEFRLFEE,
#HEREH, FEHLE, mEatlAR
A EREI~HEAF A EFYITEEL
A IEFSRGRAIAE

Accelerate the construction of green

AL N EA BRI A
MK BB RW

Waste water, residue

factories and circular economy parks;
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and resources sharing; and strengthen
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harmless disposal of wastes, and the
comprehensive treatment of pollutants
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IV. Green Development Direction of API Enterprises

4, ByMEFERESRmAEEIIETEHIREmE

4. Set up a demonstration project where the production process and the terminal management process are controlled

in the whole process.

RIEERERETIIRE (KEFSRIFHSEREGEEARERTMERTIL (FIF) SREIBITHRARERS TERER
B) — HITENAETEBERR, NMEELXEYE, BERUIZ, FEERIR. BKNERZRBBUHEE. BKS
WM ANIEFEIRREHAR, BRESTIHE NRANRARERE, XENHITIAFELR.

Relying on the national major special project "Pollution Control Integration Technology and Engineering Demonstration
Projects in Water Pollution Control and Technology for Major Special Key Industries (Pharmaceutical) "--- the entire process
of APIs production should be studied, such as improving the fermentation efficiency, enzymatic conversion process, green
crystallization technology, enhanced detoxification of antibiotic residues from wastewater, high-efficiency and low-cost

treatment of wastewater, etc., so as to form a technical guide to promote and direct the industry development and support

the sustainable development of pharmaceutical industry.

26
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