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MO PAU
1. LY DO CHON PE TAI

Chat thai rin (CTR) Ia ngudn chét thai ¢ thé ran phét sinh tir hoat dong
kinh té - x& hoi cta con ngudi. V§i sy phat trién kinh té - xa hoi, khoi
luong CTR khong ngimg gia ting va tao ra ganh ning moi trudong. O
nuéc ta khéi lwong CTR gia ting kha nhanh, nim 2019 ting 146% so V6i
nam 2010. C6 3 phuong phap xur ly CTR chu yéu la chén 1ap (71% tong
khéi lwong CTR), u phan phan hitu co (16%) va dbt (13%).

MJi ngay, thanh phd Hué phét sinh gan 300 tin CTR va duogc xu ly
chu yéu bang chon lap két hop @ phan hiru co. Theo Quy hoach quan ly
CTR tinh Thura Thién Hué dén nam 2030, tim nhin dén nam 2050, CTR
thanh phd Hué dugc xir Iy tai nha may dét rac phat dién. Tuy nhién van
chua c6 sy danh gia va so sanh tac ddng moi trudng cua cac phuong phap
xt ly néu trén. LCA la cbng cu da ap dung vao QLCTR & cac nudc trén
thé gidi, tuy nhién & nudc ta van con han ché. Xuat phat tir thyc tién do
d8 tai Téi wu héa hé théng quan ly chat thdi rin ¢ thanh phé Hué bang
cong cu ddnh gid vong doi (LCA) da dugc lya chon va thyc hién.

2. MUC TIEU VA NOQI DUNG NGHIEN CUU

a. Myc tiéu nghién ciu: Xac dinh duoc kich ban QLCTR tdi wu vé moi
truong cho thanh phd Hué trén co s phurong phép tiép can LCA.

b. Ngi dung nghién cuzu:

(1). Nghién ciru dic diém thanh phan va tinh chét caa CTR phat sinh
tai thanh phd Hué.

(2)- Nghién ctru phuong thirc quan 1y, phuong phap van hanh hé thdng
QLCTR & thanh phd Hué.

(3). Xay dung céc kich ban QLCTR khac nhau &p dung cho thanh phd
Hué dua trén céc dir liéu khao sat, cac xu hudng phét trién cua phuong
phép xtr ly CTR.

(4). Ap dung cong cu LCA vao cac kich ban da dugc xay dung, tir d6
phan tich, so sanh, lya chon dwogc kich ban tbi wu, than thién véi moi
truong nhat dé dé xuat ap dung cho hoat dong QLCTR & thanh phd Hué.
3. GIOI HAN NGHIEN CUU
a. Gidi han vé khong gian: Giéi han khéng gian nghién ciru 1a 27 phuong
thuoc thanh phé Hué truoc thoi diém thanh phd dugc mo rong
(01/7/2021) theo Nghi quyet s6 1264/NQ-UBTVQH14 ngay 27/4/2021
cia Uy ban Thuong vu Quoc hoi vé viéc dleu chinh dia gi6i hanh chinh
cac don vi hanh chinh cip huyén va Sap xép, thanh 1ap cac phurong thudc
thanh phé Hué, tinh Thira Thién Hué.
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b. Gigi han vé thoi gian: Thoi gian thyc hién nghién ctru giai doan 2017
— 2021, trong d6 dit liéu khao sat dic trung thanh phan CTRSH ho gia
dinh va CTRDT Hué thyc hién giai doan 2017 — 2018, co so dit liéu cua
Ecoinvent dugc stir dung trong nghién ctru nay dugc thu thap nam 2020.
¢. Gidi han vé ngi dung

- Nghién ctru cuia dé tai tap trung vao CTRSH ho gia dinh thanh pho
Hué, CTR d6 thi, hoat dong QLCTR thanh pho Hué véi gidi han khoi
dau tir hoat dong thu gom thir cap dén xir Iy cudi cung.

- P6i tugng CTR dugc thyc hién trong nghién ciru nay khéng bao gom
rac thai xay dung, CTR cong nghiép, bun tir hé thong thoat nudc do thi,
tir cac hé thong xir 1y nuéc thai, bun thai tir cac nha vé sinh tu hoai ciing
nhu cac chat thai nguy hai.

- Gigi han tac dong mai truong chi tinh dén hoat dong van hanh cua
céc co s xur Iy CTR, khong tinh dén qué trinh xay dung.

- Panh gi4 t6i wu hoa hé théng QLCTR trong nghién ctu ndy chi tinh
dén khia canh tic dong 1én moi truong cua hoat dong QLCTR.

4. NHUNG PIEM MOI1 CUA LUAN AN

- Lan dau tién &p dung cong cu LCA vao QLCTR ¢ thanh phé Hué.

- Ludn 4n d& xuét duoc kich ban QLCTR tdi wu vé mit méi truong
cho thanh phé Hué trén co s¢ phan tich dix liéu, két qua LCA, nghién ctu
da sir dung phan mém OpenLCA va phuong phép danh gia tic dong vong
doi (LCIA) IMPACT 2002+.

5. LUAN PIEM BAO VE

- Luan diém 1: Cac kich ban QLCTR & thanh phd Hué dugc xay dung
dira trén co sé khoa hoc, chién lugc QLCTR quéc gia, co sé thyuc tién cua
dja phuwong va xu hudng phat trién cong nghé xir Iy CTR.

- Luan diém 2: LCA 1a phuong phap toan dién va khoa hoc dé hd tro
ra quyét dinh théng qua viéc phan tich tac dong dén moéi trudng cua cac
kich ban QLCTR, &p dung LCA hd trg viéc lya chon kich ban tdi wu vé
mat méi trudng cho hoat dong QLCTR cua thanh phd Hué.

6. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI

a. Y nghia khoa hoc: Két qua ciia luan an gop phan hoan thién co s Iy
luén va phuong phap, quy trinh nghién ctru nham lam sang té dugc kich
ban QLCTR tdi wu vé& mat méi truong duya trén LCA.

b. Y nghia thyc tién:

- Két qua nghién cru cua luan an thé hién dugc tong quan vé dic diém
CTR, cong tac QLCTR cua thanh phd Hué ciing nhu phuong phap luan
va quy trinh &p dung LCA vao QLCTR cho dia ban nghién ctru.
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- Két qua nghién ctiu cua luan an 1a tai lieu tham khao cho cac nha
quan ly, cac nha hoach dinh QLCTR cua tinh Thira Thién Hué tham khao,
dua ra cac lya chon cho giai phap QLCTR cho dia phuong.

- Huéng nghién ciu ndy c6 thé ap dung cho quy hoach QLCTR & cac
dia phuong.

7. CAU TRUC CUA LUAN AN

Luan 4n dugc bd cuc nhu sau: Ngoai phan M& dau, phan Két luan,
Kién nghi, Tai liéu tham khao va Phu luc, luan an bao gém céc chuong:
Chuong 1. Téng quan c4c van dé nghién ctu
Chuong 2. Déi tugng, phuong phéap va quy trinh nghién ciru
Chuong 3. Panh gia thyc trang quan ly chat thai ran ¢ thanh phd Hué
Chuong 4. Panh gia vong doi céc kich ban quan Iy CTR & thanh phé Hué

Chuwong 1. TONG QUAN CAC VAN PE NGHIEN CUU
1.1. KHAI QUAT VE CHAT THAI RAN
1.1.1. Khai niém chét thai rin

Theo Nghi dinh 08/2022/NB-CP cua Chinh phii Quy dinh chi tiét mot sb
diéu cua Luat BVMT st dung thuat ngit CTR thong thuong va CTRSH:
CTR théng thudng 1a CTR khong thudc danh muc chat thai nguy hai va
khéng thudc chét thai cdng nghiép phai kiém soét c6 yéu té nguy hai vuot
ngudng chat thai nguy hai; CTR sinh hoat 1a CTR phat sinh trong sinh
hoat thuong ngay cua con nguoi.

Nghién ctru nay st dung dinh nghia CTR theo Nghi dinh 08/2022/ND-
CP, tuy nhién gigi han s& khdng bao gom bun thai, CTR thai xay dung,
CTR cbng nghiép ma chi tap trung vao CTR d6 thi (CTRDT) thong
thudng duoc thu gom, van chuyén boi HEPCO.

1.1.2. Thanh phan ciia chit thai rin

Thanh phan CTR la céc loai ¢6 cing dic trung, tinh chat hoac nguén
gbc twong tu nhau va duoc xép vao 1 nhém.

1.2. THU'C TIEN QLCTR TREN THE GIOI VA O VIET NAM
1.2.1. Khéai niém vé quan ly chat thai rin

- Theo Tchobanogluos va cong su (1993) QLCTR la cac nguyén tac
xa hoi véi viéc kiém soat sy phat sinh, thu gom, luu tri, trung chuyen va
van chuyén, cac qua trinh xtr Iy va loai bo CTR theo cach tét nhat, han
ché thap nhat anh huéng dén suc khoe cong dong, hiéu qua kinh té, Ky
thuat, bao ton, tinh thim my, khia canh méi truong va dap tmg duoc yéu
ciu cua cong dong.



- Theo Chién lugc quéc gia vé quan ly tong hop CTR (QLTHCTR)
dén 2025, tam nhin dén nam 2050 thi QLTHCTR la quan ly toan bo vong
doi chat thai tir khi phat sinh dén khi xu 1y cudi cung bao gém: phong
ngua, giam thiéu, phan loai, thu gom, tai str dung, tai ché va xu Iy cubi
cuing nham bao vé sirc khoe con ngudi, BVMT, tiét kiém tai nguyén, thich
ung véi BBDKH va hudng tai su phat trlen bén viing cua dat nudéc.

1.2.2. Thuc tién quan ly chat thai ran trén thé giéi

Glol thiéu va phan tich tinh hinh QLCTR vé luat phép, xir ly CTR
mot sé nude trén thé gisi nhu Nhét Ban, Trung Quéc, Han Quéc, My.
1.2.3. Quan ly chat thai ran & Viét Nam

Cubi thé ky 20, QLCTR cuia nudc ta chii yéu thu gom va xir Iy
CTRSH. Bé dap ung nhu cau QLCTR, nudc ta ban hanh nhiéu van ban
phap luat, xay dung chién luoc qudc gia vé QLCTR, cac chinh sach wu
dai trong quan ly, xu Iy CTR,.
1.2.4. Quan ly tdng hep chat thai rin

Tchobanoglous va cong su (1993) xac dinh QLTHCTR duya trén sy
tich hop cuia sau yéu té chirc nang: Khdi lwong CTR phat sinh; phan loai
— thu gom thu cdng; thu gom CTR; phén loai CTR; van chuyén va trung
chuyén; thai bo cudi ciing. Mai hé théng QLTHCTR c6 cac hop phan co
ban nhu sau: Co cau chinh s&ch; co cau luat; co ciu hanh chinh; giéo duc
cong dong; co cau kinh té;. .. thir bac uu tién trong QLCTR trd thanh dinh
hudng cho céng tdc QLCTR.
1.3. PHUONG PHAP DANH GIA TRONG QUAN LY CTR
1.3.1. Gi6i thiéu mot sé6 phwong phap

Ngay nay, nhleu cong cu phat trién dé dap ung nhu cau danh gia tac
dong, hd tro ra quyét dinh, Alkhuzai (2014) thng ké nhom cac cong cu
quan ly va nhom céc cong cu danh gia.
1.3.2. Téng quan vé danh gia vong doi

LCA (Life Cycle Assessment)
la thu thap va danh gia dau vao, dau
ra va cac tac dong méi truong tiém
an ciia mot hé thong san pham trong
sudt vong doi caa nd. LCA c6 4 giai

= Chinh sach chng

doan: Xac dinh pham vi - muc tiéu, thng
phan tich kiém ké, danh gia tac dong
vong doi va giai thich vong doi. Hinh e
1.1 1a so &6 md ta mbi quan hé cua 4
giai doan trong LCA. Hinh 1.1. Céc giai doan ctia LCA
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Mgt sé wu nhwoe diém ciia LCA
- Uu diém cua LCA: LCA 1a cdng cu manh danh gia pham vi rong, hd tro ra
quyét dinh, két nbi duoc gitra khach hang, nha san xuat, nha khoa hoc.. ..
- Nhuweoe diém cia LCA: Tén nhiéu thoi gian va phic tap, tinh sin c6 cua
nguon dit liéu, ban than LCA chi 1a cong cu hd trg ra quyét dinh LCA va
chi xem xét tac dong dén moi trudng, ...
1.4. TONG QUAN VE NGHIEN CUU AP DUNG LCA VAO QLCTR
1.4.1. Qua trinh phat trién va 4p dung LCA vao quan ly CTR

Cac nghién curu ap dung LCA vao QLCTR duoc thyuc hién sau 2008,
chu yéu & cac nuéc phat trién. Sy thiéu ving cac nghién ctu & cac nudc
dang phat trién do thiéu cac khai niém, ly thuyét va thiéu hut dir liéu.
1.4.2. Cac hwong nghién cieu ap dung LCA trong quan ly CTR

Theo Allesch va Brunner (2014) c6 dén 32% nghién ciru trén téng
thé hé théng QLCTR, 24% la phwong phap xir Iy CTR, 22% so sanh giira
cac phuong phap xir Iy, 11% dbi véi tai ché CTR, 9% danh gia tac dong
moi trudng cua hoat dong thu gom CTR va 3% phan khéc.
1.4.3. Mt sé cong trinh nghién ciu 4p dung LCA vao quan ly chat
thai rian trén thé giéi va & Viét Nam
Mot s6 cong trinh tidu biéu luan 4n téng hop duoc:

- Trén thé gidi: Cc nghién ciru dién hinh: Ozeler va cong su (2006)
danh gia tac ddng vong doi cua QLCTR d6 thi & Ankara; Banar va cong
sur (2009) nghién ctru lra chon hé théng QLCTR cho thanh phé Eskisehir
ctia Thd Nhi Ky; Abduli va cong su (2011) di so sanh 2 kich ban QLCTR
khéc nhau ¢ thanh phd Tehran, Iran; Alkhuzai (2014) nghién ctru ap LCA
dé phat trién hé thong QLCTR cho thanh phé Makkah, ...

- M4t sé nghién cizu dién hinh ¢ Viét Nam: Nghién ctru “Danh gia tac
dong cua cac phuong phap xir ly réc thai do thi ving dong bang Séng
Ctru Long — Viét Nam” da thuc hién danh gia tac dong méi trueong cua
cac phuong phap xir Iy CTR d6 thi vimg Pong bang Séng Ciu Long;
Nghién ciru “Ung dung danh gia vong doi san pham (LCA) dé nang cao
hiéu qua quan ly chat thai ran & Ha Noi; Nghién ciru “Str dung danh gia
vong doi san pham (LCA) cho danh gi4 tac ddng méi trudng cua hé thong
san xuat biogas tap trung tir CTR d6 thi trong cac toa nha”.

- Mgt s nghién cizu ¢ thanh pho Hué: “Nghién ciru phat sinh va dic
diém CTR & thanh phd Bac mién Trung Viét Nam — thanh phé Hué”;
Nghién ciru vé cac yéu t6 anh hudng dén hé sb phét thai CTR cua thuong
mai va van phong: Trudng hop nghién ciu dién hinh thanh phé HuUé, ...

5



Churong 2. POI TUQNG, QUY TRINH VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
Dbi tuong nghién ciru duge xac dinh bao gém: hé théng QLCTR
thanh phé Hué va phuong phap danh gia tac dong vong doi.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Thu thap dir ligu thir cap
Dit liéu thir cap duoc thu
thap bao gdom: kinh té - xa hai,
khéi lwong CTR duoc thu gom,
nhién liéu, hoa chat dugc sir
dung 6 cac phuong phip xur ly e
CTR, co so du ligu Ecoinvent. Hinh 2.1 Quy trinh Iy mau chét thai rén
2.2.2. Phwong phap khao sat
thue dia
2.2.2.1. Lay mdu chat thdi rdn sinh
hoat h¢ gia dinh
Lay mau CTRSH cua 162 ho gia
dinh trong thoi gian 7 ngay.
2.2.2.2. Ldy mdu CTR dé thi

Lay mau CTRDT Hué tir 7 tuyén
xe thu gom, quy trinh & hinh 2.1.
2.2.3. Phuong phap danh gia vong doi

LCA tuan tha cach tiép can hé thong
VGi 4 giai doan dé so sanh tac dong moi
truong caa cac kich ban quan ly CTR &
thanh phé Hué.

Hinh 2.2. Ranh gi&i hé théng nghién ciru

2.2.3.1. Muc tiéu va pham vi dinh gid \

vong doi ciia hé thong qudn ly chat .

thdi ran ¢ thanh phé Hué ey — <
Donvichirc nang 1a 1 tn CTRQUa  [wie] [ xooes

hé théng QLCTR cua thanh phé Hué.

Ranh gisi hé thong va giéi han duoc

trinh bay & hinh 2.2.

2.2.3.2. Tinh todan danh gida vong doi
(1) Kiém ké vong doi; (2) Danh gia

tac dong vong doi (LCIA) trong nghién e

ctu nay la IMPACT 2002+,

Hinh 2.3. Quy trinh nghién ctu



2.3, QUY TRINH NGHIEN CUU

Quy trinh téng quat cua nghién ciru nay dugc thé hién ¢ hinh 2.3.
2.4. PHAN MEM SU DUNG VA CO SO DU LIEU
Nghién ciru st dung phan mém OpenLCA va co sé dit liéu Ecoinvent 3.7.

Chuwong 3. THUC TRANG QLCTR O THANH PHO HUE

3.1. KHAI QUAT VE THANH PHO HUE
3.1.1. Vitridialy

Vi tri dia ly cua thanh phé 1a 107°31°45°°~107°38” kinh d6 Dong va
16°30°45>°-16°24 vi 46 Bac.
3.1.2. Pidu ki¢n tw nhién

Khi hau c6 mua kho va miia mua am lanh. Nhiét d6 trung binh nim
24 — 25°C, mua trung binh nam khoang 2.500mm va mua mua bét dau tir
thang IX dén thang II ndm sau.
3.1.3. Pic diém kinh té x& hdi cia thanh phé Hué

Téc do tang truong trung binh 13,5%, co cau kinh té thanh phé theo
hudng Du lich — Cong nghiép, xay dung — Nong lam ngu nghiép.
3.1.4. Anh hwéng diéu kién tw nhién, kinh té x4 hgi dén phat sinh
chat thai ran & thanh phd Hué

Nhiing thoi diém 1i Iut, khdi lwong CTR ting gap 1,5 dén 2 1an so voi
binh thudng, dot 1ii 1999 va 2007 da ting gap 3 lan. Theo Trang va cong
su (2012) CTR h gia dinh nhiéu nhat (44,1%), ho kinh doanh (25,7%),
nha hang 21,5%; truong hoc, khéch san, bénh vién va vin phong lan luot
la 3,8%, 3,2%, 1,2% va 0,5%.
3.2. QUAN LY CHAT THAI RAN O THANH PHO HUE
3.2.1. Hoat ddng thu gom, van chuyén CTR & thanh phé Hué

Hoat dong thu gom, van chuyén va xt ly CTR thanh phé Hué duoc
mo ta ¢ hinh 3.1.
: l\lguén phat sinh CTR; @: Thiing ®_l
rac cong cong; @: Xe gom rac day tay; 3
@: Xe cubn ép; ®: Tram can; ®: BCL { m—»
rac Thiay Phuong. O ¥ _T ' ©

Ty I¢ thu gom CTR dat
98% va tan suat thu gom dao Hinh 3.1. So dé thu gom va chuyén CTR &
dong tir 1-3 ngay/lan. thanh phé Hué.
3.2.2. Hé thong vin ban phap luat quan ly CTR thanh phé Hué

Hau hét cac van ban phap luat cta thanh phd déu trién khai trén co

so cua tinh voi cac noi dung chinh nhu Quy hoach QLCTR cua tinh,
huéng dan phan loai CTR, phan cip quan 1y nha nudc vé CTR, ...
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3.2.3. Uu diém va han ché ciaa cong tac QL CTR & thanh phé Hué
+ Uu diém: Ty 18 thu gom cao, co s& ha ting dap tng cho hoat dong thu
gom, su tham gia ctia cong dong trong vé sinh méi truong, ...
+ Han ché: Phan b dan cu khong déu din dén kho khin trong thu gom;
nguén thu chwa bu dip duogc chi phi thu gom, van chuyén; hoat dong phan
loai gap nhiéu kho khan; xt Iy chu yéu chon lap;...
3.3.PAC PIEM THANH PHAN, TINH CHAT CTR THANH PHO HUE
3.3.1. Pic diém chat thai rin dé thi thanh phé Hué

Bang 3.1. Dic trung thanh phan CTR d6 thi Hué
Ty 1€ (%)

Stt Thanh phén

Trung binh Do léch chuén
1 Thyc pham thira 50,8 8,3
2 Gidy in, v& hoc sinh 0,3 0,3
3 Gidy carton 2.8 0,5
4 Gidy khéc 1,8 1,4
5 Nhua 3,0 0,9
6 Nylon 144 4,0
7 Dét may 50 1,7
8 Caosu 0,2 0,2
9 Da 0,3 0,3
10  Réc vuon 9,5 4,7
11 Gb 0,4 0,4
12 Thuay tinh 3,1 3,4
13 Nhom 0,1 0,1
14 Sit 0,2 0,1
15 Pdng 0,0 0,0
16  Inox 0,0 0,0
17 Nguy hai 0,7 1,2
18  Sanh su, dét cét 2,0 39
19 Xdp céc loai 0,8 0,5
20 Bim céc loai 2,0 2,1
21 Hdntap 2,9 19

(Dir lieu tac gia khao sat vao thang 3/2018)
Bang 3.1 cho thiy nhom la réc thai co :
ngudn gdc tir thue pham chiém 50,8; nhém
nhya 17,4% (nylon 14,4%, nhya 3%). Ty I¢
cac nhom CTR khao sat nhu ¢ hinh 3.2.
3.3.2. Pic diém chét thai ran sinh hoat
hé gia dinh thanh phé Hué e T N
Két qua khao sat CTRSH h¢ gia dinh HInh 32 7Y Ié tharh pan CTR
thanh phé Hué duoc trinh bay ¢ bang 3.2. anh pho Fue




Bang 3.2. Dic trung thanh phan CTRSH ho gia dinh thanh phd Hué

X A Ty 18 (%)
stt Thanh phan Trung binh Do léch chuan
1 Thuyc pham thura 59,6 19,1
2 Gidy A4, vo hoc sinh 0,8 13
3 Gidy carton 1,4 2.1
4 Gidy khéc 39 42
5  Nhya 3,0 3,2
6 Nylon 12,0 10,1
7 Vaivuyn (dét may) 1,3 3,3
8 Caosu 0,1 0,4
9 Da 0,1 08
10  Rac vuon 7.1 101
11 G§ 0,3 15
12 Thuytinh 0,9 2,5
13 Nhdm 1,0 2,3
14 Sit 0,5 1,1
15 Déng 0,0 01
16 Inox 0,0 0,1
17 Nguy hai 0,2 0,7
18  Sanh su, dét cat 1,4 6,3
19 Xp céc loai 04 0,9
20 Bimtréem 3,9 9,3
21 Hbntap 1,8 3,7

(Két qua tac gia khao sat thang 3/2017)

313
300 364 270 266 261 20 267
2250
E‘zm
g
& 150
ihlm
50
0
2 T4 TS5 T6 T7 CN

T T3

0.2%

9.5%

=Hiuco =Taiché =Nguy hai * Khic Ngay trong tuan
Hinh 3.3. Ty I¢ thanh phan CTRSH ho  Hinh 3.4. Sy thay doi hé s6 phat sinh chat
gia dinh thanh phb Hué thai ran h¢ gia dinh qua cac ngay khao sat

Bang 3.2 cho thy rac thai thuc pham 1a nhém phé bién nhat chiém
59,6%, thir hai la bao bi nylon la 12% va rac thai vuon (7,1%). Hinh 3.3
trinh bay 4 nhém CTRSH ho gia dinh: hiru co, tai ché, nguy hai va nhom
con lai. Két qua khao sat cho thay, hé s6 phét thai CTRSH trén mdi ngudi
& thanh phd Hué 1a 274+175 g/ngudi/ngay, hé sb phat thai CTRSH ho
gia dinh qua cac ngay khao sat dugc thé hién & hinh 3.4. Khéi luong



CTRSH h¢ gia dinh thanh phé Hué phat sinh 96,3 tan/ngay va nhém c6
thé tai ché 22,8 tan/ngay.

Chuong 4. PANH GIA VONG POI CAC KICH BAN QUAN LY
CHAT THAI RAN O THANH PHO HUE
4.1. COSOXAY DUNG KICH BAN QUAN LY CTR O THANH PHO HUE
Co s6 xay dung kich ban bao gdm: Pinh huéng QLCTR cua qubc gia

va tinh Thira Thién Hué; Co s thuc tién QLCTR thanh phé Hué va Viét
Nam; Xu huéng phaét trién caa cdng nghé xu Iy CTR.
4.2. CAC KICH BAN QUAN LY CTR O THANH PHO HUE
4.1.1. Kich ban 1 (S1) — Chén Iap hgp vé sinh

Kich ban S1, toan bd
CTR dugc thu gom ¢ thanh
phd Hué sé& van chuyén dén
xtr ly chén lip tai BCL
Thuy Phuong.
4.1.2. Kich ban 2 (S2) - Chon lap hep vé sinh két hep san xuiat phan
hiru co' va thu héi vat ligu tai ché

Kich ban S2 tap trung vao
san xuat phan hitu co, gia dinh
cua kich ban S2 véi truong hop
Nha may Xu ly rac Thuy
Phuong van con hoat dong binh
thuong. Cong suat tiép nhan va
xt ly cia Nha may 1a 200 tin
CTR mdi ngay

Chét thai rin | Van chuyénk BCL réc Thiy
do thi > Phuong

Hinh 4.1. Kich ban S1 — Chén lip hop vé sinh

Khbi lugng vugt qua 200 tin/ngiy

Biii chon lip ric hop
vE sinh

d th

200 tan/ngay

Hinh 4.2. Kich ban S2 — San xuét phan
hitu co két hop chén lap hop vé sinh
4.1.3. Kich ban 3 (S3) - 100% CTR dwgc xir ly bang dot phat di¢n
Déi véi kich ban nay (S3) toan bo CTR duoc thu gom & thanh phé
Hué van chuyén vé nha may ddt rac phat dién Phi Son (thi xi Huong
Thuy, tinh Thira Thién Hué), nam céch thanh phé Hué khoang 25km veé
phia Nam va dugc thé hién cu thé & hinh 4.3.

Chat thai | CTR thugom (g, gy Tro xi Bii chén lip ric hop
rin d6 thi dién rdc vésinh

Hinh 4.3. Kich ban S3 — Xir Iy CTR theo cong nghé ddt rac phat dién

10



4.1.4. Kich ban 4 (S4) - 50% chit thai rin dwec xir ly bang dét phat
dién, 50% chon lap
Kich ban S4 gia dinh 50%

£ Chét thai .| Bai chon lap
kh01 luong CTR thu gom du’q rén o thi > hop vé sinh
vao BCL va 50% con lai 'y

dugc xir ly bang phuong - -
phap ddt, khdi lugng tro sau
khi d6t s& dua vao BCL &  Hinh 4.4. Kich ban S4 — X Iy CTR theo cong
Phti Son va thé hién & hinh 4. nghé dot rac phat dién ket hop chon lap
4.1.5. Kich ban 5 (S5) — Thu hdi tai ché thong qua phan loai tai nguén
két hop chon lap
Kich ban S5 phén loai | Chatthii | | Phan logi tai
CTRSH tai ngudn. CTR téi ché | ran dd thi nguon
sau phan loai duoc chuyén dén
co so tai ché, gia dinh khoang >
cach van chuyén bang véi kich
ban S1. CTR con lai xir Iy bang
chén I4p nhu & hinh 4.5.
4.2. PANH GIA TAC PONG MOI TRUONG CUA CAC KICH BAN
4.2.1. Quy trinh tinh todn va mé hinh di liéu sir dung
Quy trinh LCA cho QLCTR & thanh phé Hué duoc trinh bay ¢ hinh
2.3. Thanh phan CTR thanh phé Hué duoc trinh bay & muc 3.2.1, co s6
dit liéu caa Ecoinvent, md hinh hau qua phién ban 3.7.
4.2.2. Kiém ké vong doi cac kich ban
4.2.2.1. Kiém ké vong doi ciia kich ban 1 — Chon ldp hep vé sinh (S1)
Dong CTR kich ban S1 dugc trinh bay & hinh 4.6.
CTR
do thi | '8.250 tan 100%
Hué
Hinh 4.6. Kich ban S1 vé& QLCTR thanh phé Hué hién tai

»{ Co s6 tai ché

Bai chon l4p
rac hgp vé sinh

Hinh 4.5. Kich ban S5 — Thu hoi téi ché
théng qua phén loai tai nguon két hgp chén

Bii chén 14p
Thuy Phuong

Bang 4.1. Dir ligu kiém ké ddc diém thanh phan CTR, ngudn ning
lwong, nhién liéu va héa chat su dung trong kich ban S1.
Bang 4.1. Kiém ké dir li¢u kich ban S1

I Thanh phin CTR dwgc xir ly $6 lwong Pon vi
1 Réc thai hitu co 600 kg
2 Gidy 49 kg
3 Nhura hdn hop 182 kg
4 Dét may 50 kg
5 Gb 4 kg
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6 Nhém 1
7 Sat 2
8 Con lai 112
Il Nhién liéu - Ning lwong

1 Dau diesel 0,8
2 bién 44
Il Vit liéu (vt chét)

1 Nudc cip 35,9
2 PAC (polyaluminium chloride) 0,03
3 Vi bt - lime 12,6
4 Polymer foaming 15
5 Ca(OH): - Calci hydroxide 6,6
IV Van chuyén

1 Khoang cach van chuyén 39,7

Km

4.2.2.2. Phan tich, kiém ké vong doi cia kich bdn 2 — Xa ly CTR keét

hep sdn xudt phan hitu co va g

chén lap (S2) o I
Bang 4.2 1a di licu kiém ké

cho kich ban S2 va bang 4.3 la

khdi luong céc thanh phan duoc o ey N

Xirly
ric Thy
Phurong

tinh cit giam ¢ kich ban S2.

12.2% San xudt
phan him

Hinh 4.7. Kich ban 2 (S2) — San xuét phan
hiru co két hop chon lap

Bang 4.2. Kiém ke dix liéu kich ban S2

| CTR dwoe xit Iy bing chén lap S0 lwong Pon vi
1 Rac thai hiru co 280,2 kg
2 Gigy 22,9 kg
3 Nhyahdn hop 1141 kg
4 Dét may 50,0 kg
5 Gb 4,0 kg
6 Nhom 0,6 kg
7 St 1,3 kg
8  Conlai 112,0 kg
Il Nhién liéu - Nang lwgng
II.L  Chén ldp
1 Déu diesel 0,4 L
2 bién 2,6 KWh
1.2 U phan hitu co
1  Daudiesel 0,6 L
2  bién 211 kWh
3 Nudc cip 31 L
Il Vatliéu - chon lap
1 Nuéccip 21 L
2 PAC (polyaluminium chloride) 0,015 kg
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3 Voibot-Ilime 0,25 kg
4 Polymer foaming 0,03 kg
5 Ca(HO): - Calci hydroxide 0,13 kg
IV Van chuyén
1 Khoang cch van chuyén 39,7 km
Bang 4.3. Khoi lugng cat giam tir phan loai tai ché va san xuat phan hiru co
Stt Cit giam S6 lweng Pon vi
1 Phan hitu co 131,4 kg
2 N 1,1 kg
3 P 0,3 kg
4 K 13 kg
5 Nhom 0,4 kg
6 Sét 0,7 kg
7 Nhua 68 kg

Bang 4.3 1a khéi lugng cua nhém tai ché va thanh phan dinh dudng
trong chat hiru co duoc tinh cho cit giam ¢ kich ban S2.
4.2.2.3. Kiém ké vong doi cuia kich ban 3 — Dot rdc phdt di¢n (S3)

Kich ban S3 gia dinh toan b CTR thu gom ¢ thanh phé Hué van
chuyén vé nha may dot rac phat dién & xa Phii Son cach BCL Thay
Phuong la 14 km, do vay quang duong van chuyén CTR cua kich ban S3,
S4, S5 sé tang 1én so véi cac kich ban S1 va S2.

CTR

5 thi 8250 Dbt rac Bii chén lip
do thi 0, ho
\;Iué. tAn phat dién Phii Son

Hinh 4.8. Kich ban S3 — Toan by CTR dua dén khu xir Iy CTR Phi Son va xi Iy bang
phuong phap dot rac phat di¢n

Bang 4.4. Kiém ke dit liéu kich ban S3

Noi dung $6 lwong Pon vi

1. Khoi lwong CTR d6t

1 Réachitu co 600 kg

2 Gidy 49 kg

3 Caosu 2 kg

4  Vai 50 kg

5 Nhya 182 kg

6 Con lai 117 kg
2. Nhién liéu, nang luong

1 Diesel 0,076 kg

2  Dién str dung 83 kWh

3  Dién san sinh 435 kWh

4 Dién ban 352 kWh
3. Nguyén, vt liu

1 Nude 2,8 m3

2 Ca(OH). 9 kg
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3 Canxi oxit 6 kg
4 Than hoat tinh 0,3 kg
5 Amoniac 14 kg
6 Dung dich kiém 0,225 kg
7 PAC 0,005 kg
8 NaHSOs 0,0015 kg
9 NaOCl 0,00009 kg
10 NaxCOs3 0,1 kg
4. Van chuyén
Khoang cach 61,7 km

4.2.2.4. Kiém ké vong doi ciia kich ban 4 — Dét rdc phdt di¢n két hop
chon ldp (S4)

Kich ban S4 gia dinh 50%
CTR duogc xir ly bang dét & nha
méy dbt rac Pha Son va 50% duoc
chén tryc tiép tai BCL Phi Son
cling véi tro sau khi dét. So dd
dong chét thai cua kich ban S4

Hinh 4.9. Kich ban S4 — 50% CTR xtr

dugc thé hién ¢ hinh 4.9. 1y bang dot va 50% chon Iap
Bang 4.5. Kiém ké dir liéu dau vao kich ban S4
L. D6t rac phat dién (50%) $6 lwong Pon vi
I.1. Khéi lugng CTR dét
1 Réachitu co 300 kg
2 Gidy 24,5 kg
3 Caosu 1 kg
4 Vai 25 kg
5 Nhya 91 kg
6 Conlai 58,5 kg
1.2. Nhién li¢u, nang lugng
1 Diesel 0,038 kg
2  Dién sir dung 42 kWh
3 Dién san sinh 218 kWh
4 Dién ban 176 kWh
1.3. Nguyén, vat li¢u
1  Nudc 1,4 m3
2 Ca(OH): 4,5 kg
3 Canxi oxit 3 kg
4 Than hoat tinh 0,15 kg
5 Amoniac 0,7 kg
6  Dung dich kiém 0,1125 kg
7 PAC 0,0025 kg
8 NaHSOs3 0,00075 kg
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9 NaOCI 0,000045 kg
10 NaCOs 0,05 kg
I1. Chén lap (50%)
I1.1. Khéi luong CTR chén lap

1  Réc thai hitu co 300 kg
2 Gidy 245 kg
3 Nhya hdn hop 91 kg
4  Dét may 25 kg
5 Gb 2 kg
6 Nhom 0,5 kg
7 Sét 1 kg
8 Con lai 56 kg
9  Tro sau dot 115 kg
11.2. Nhién liéu, nang luong
1  Dau diesel 0,5 L
2 Dbién 2,7 kWh
I1.3. Nguyén, vt liéu
1 Nuéc cip 17,9 L
2 PAC (polyaluminium chloride) 0,01 kg
3 Voibot- lime 6,3 kg
4 Polymer foaming 0,7 kg
5 Ca(OH): - Calci hydroxide 3,3 kg

Khoang cach van chuyén & kich ban S4 1a 61,7 km.
4.2.2.5. Kiém ké vong doi kich ban 5 — Phan loai tai nguén va chén Iap (S5)
Déi véi kich ban S5, CTR duoc thu gom va xa 1y nhu hién tai, bo
sung hoat dong phan loai CTRSH tai nguon & cac ho gia dinh

Bii chén ldp

Phén loai tai ngudn
Hinh 4.10. Kich ban S5 — Phan loai chat thi
tai ché tai nguon két hop chon lap
Bang 4.6. Kiém ké kich ban S5 dit liéu dau vao kich ban S5

I. Chén lip CTR $6 lwong Pon vi
I.1. Khéi lugng CTR duge xir Iy
1 Réc thai hitu co 603 kg

2 Gidy 34 kg

3 Nhuya hon hop 144 kg

4 Dét may 50 kg

5 Gb 4 kg
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6 Nhém 0 kg

7 Sit 1 kg

8 Con lai 108 kg
[.2. Nhién liéu - Nang lugng

1 Déau diesel 0,8 L

2 Dién 4,4 kWh
L.3. Vat lidu (vét chat)

1 Nu6c cép 35,9 L

2 PAC (polyaluminium chloride) 0,03 kg

3 Voibot 12,6 kg

4 Polymer foaming 15 kg

5 Ca(HO): - Calci hydroxide 6,6 kg
1.4. Van chuyén

1 Khoang cich van chuyén 61,7 km

1L Phén loai tai nguén
IL.1. Thanh phan téi ché dugc thu hoi

1 Gidy 15 kg
2 Nhya 37 kg
3 Nhoém 2 kg
4 St 1 kg
5 Thuy tinh 2 kg
11.2. Van chuyén

1 Khodang cach 39,7 km

4.2.3. So sanh tac dong moi treong cua cac kich ban
Phuong phap LCIA st dung trong nghién cau nay la IMPACT
2002+, két qua 15 loai diém giira duoc trinh bay ¢ bang 4.5 va dugc dic
trung hoa thanh 4 loai thiét hai I sirc khée con nguoi, chit lweng hé
sinh thai, bién @i khi hau va tai nguyén.
Bang 4.7. Két qua loai diém gitra cua cac kich ban
Stt  Loai tic dong Pon vi S1 S2 S3 S4 S5
1 Doc tinh gay ung thu kg C2H3Cl.eq 2,57 1,22 0,35 1,46 3,70
2 Ddoc tinh khong gay kg CoHsCleq 12,6 22,3 4,17 8,36 22,8
ung thu
3 Bénh dudong ho hip kg PM2.5.eq 7.45x107 -7,69x102 -1,39  -0,66 -8,24x10?
do chét v6 co
4 Suy giam tang kg CFC-1.q 6,17x10° 4,50x10° 9,13x10° 7,65x10° 5,47x10
ozone
5 Biic xa ion héa Bq C-14.q  259x10? -7,08x107 -4,48x10° -2,11x10° -2,87x10°
6 Bénh duong ho hip kg CoHaeq  3,09%107 1,17x107? -1,78x107 6,56x10% 2,51x10?
do chat hitu co
7 Doctinhsinh thdii kg TEG water  1,42x10° 1,04x10* -6,79x10* -2,69x10* 1,91x10*
thiy sinh
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8 Doc tinh sinh thai kg TEG soil 3,55x10° 2,04x10° -2,72x10* -1,18x10* 5,79x10°
trén can

9 Axithéavadinh kg SOzeq 1,26 3,99 689  -2,82 0,48
dudng trén can

10 Axit hoa thiy sinh kg SOz-eq 048 0,89 -2,69  -1,10 017

11 Phu dudng kg PO4 P-iim 6,44x10? 1,63x102 -0,28 -0,11  4,58x10?

12 Chiém dat m2org.arable 3,88 -488  -468  -214 516

13 Nong 1én toan chu kg COzeq  161x102 445 29,7 955  1,20x10?

14 Khai thac khoang sin  MJ surplus 073 053 285  -1,06  -0,39

15 Nang luong khong  MJ primary 6,44x107 -6,82x10% -6,46x10° -2,91x10° 27,9

tai tao

Trong d6: TEG soil water): Triethylene glycol di vao dat (nuwdc);m2org.arable: Dién tich

dat hitu co; MJ: Megajoule

Bang 4.8 la két qua danh gia thiét hai duoc tinh toén tir bang 4.7, cac
gia tri cua loai diém giita ¢ bang 4.8 sé& duoc dic trung hoa ve cung don
vi trong cung mot loai thiét hai. Sy tac dong cua bén loai thiét hai bao
gom sirc khde con nguoi, chat lrong hé sinh thai, bién doi khi hdu va tai
nguyén s& duoc trinh bay, phan tich & muc 4.2.3.1 dén 4.2.3.4.

Bang 4.8. Két qua tinh toan theo loai tac dong cac kich ban

R S Kich ban o

Loai diém giira S1 2 33 Sa S5 Don vi
Poc tinh gdy ung thu 3,73x10° 1,77x10°  512x10°  2,12x10° 537x10° DALY
Doc tinh khong gy ung thu 1,82x10° 3,23E-05  6,05x10°  1,21x10° 3,30x10° DALY
Bénh hé hip do chét vo co 5,22x10°-5,39x10° -9,71x10* -4,60x10* -5,76x10° DALY
Suy giam tang ozone 6,48x10° 4,72x10°  9,59x10°  8,03x10° 5,75x10° DALY
Bic xa ion hoa 543x108-1,49x107 -9,41x107 -4,43x107 -6,03x10® DALY
Bénh ho hip do chit hiru co 6,59x10°® 2,49x10®  -3,79x10®  1,40x10°® 535x10® DALY
Téng anh huéng dén siwe khée  7,42x10°-1,99x10°  -9,66x10*  -4,46x10* -1,93x10° DALY
con nguoi
Ddc tinh sinh thai thuy sinh 1,25 0,92 -6,02 -2,38 1,69 PDF*m2*yr
Doc tinh sinh thai trén can 0,31 0,18 -2,41 -1,05 0,51  PDF*m2*yr
Aixt héa va dinh dudng trén can 1,31 4,15 7,17 -2,93 0,50  PDF*m2*yr
Axit héa thity sinh 4,25x103 7,82x10°  -2,37x107  9,73x10° 1,53x103 PDF*m2*yr
Phu dudng 0,73 0,19 -3,21 -1,24 0,52  PDF*m2*yr
MAt dét 423 531 -51 -234 5,63  PDF*m2*yr
Téng dnh hwéng dén chit lrong 7,85 0,13 -69,8 -31 2,40  PDF*m2*yr
hé sinh thai
Am 1én toan ciu 161 445 29,7 95,5 120 kg COpq
Téng bién dbi khi hiu 161 445 29,7 95,5 120 kg COs.q
Khai thac khodng sin 3,72x102-2,68x107 -0,15 -5,40x102 -2,00%102 MJ
Ning lwong khong tai tao 2,04x10* -3,11x10%  -2,95x105  -1,33x10° 1,27x10° MJ
Téng suy thosi tai nguyén 2,94x10* -3,11x10*  -2,95x10°  -1,33x10° 1,27x10° MJ
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4.2.3.1. Tac dong suc khée con nguoi
~ Hinh 4.11 cho thdy tic dong o
dén sirc khée con ngudi tir cao o mm —
dén thap, dau tién 1a S1 c6 gia tri et —L 2 I =
la 7,42x10, c4c kich ban S5, S2, o
S4 va S3 ¢6 gia trj lan luot 1a 2 7
1,93x10°%, -1,99x10°, -4,46x10* :
va -9,75x10* DALY/tan. Kich e
ban S3 tac dong Ién strc khoe con  Hinh 4.11. Thit hai stic khoe con
nguoi thap nhat. ) nguoi cua céc kich ban (DALY)
Trong so0 cac loai diem giira
thiét hai dén strc khée con nguwdi, loai diém gitta bénh hé hdp do chdt vé
co'1a yéu t6 ¢o gia tri 16n nhét ¢ tat ca cac kich ban va co gia tri & S1, S2,
S5, S4 va S3 lan luot 1a 5,22x109, -5,39%x10°®, -5,76x10°, -4,6x10* va -
9,71x10* DALY/tan, S3 la kich ban co tac dong tich cuc nhét.
4.2.3.2. Tdc dgng |én chdt lweng hé sinh thai
Hinh 4.12 thé hién tac dong Ién chat lwgng hé sinh thai cua cac
kich ban, thir tu tac dong tich cuc dén tidu cuc 1a S3>S4>S5>82>S1 ¢
gia trj 1an luot 12 -69,8; -31; -2,4; 0,13 va 7,85 (PDF*m2*yr).
4.2.3.3. Tdc dong dén bién doi khi hgu
Tac dong cua BPKH véi loai diém gitra 1a néng 1én toan cdu, muc
dd tac dong do nong Ién toan cau. Két qua trinh bay ¢ hinh 4.13 theo thir
ty tir tac dong tiéu cuc dén tich cuc 2000

DALY/tén CTR

d6i voi bién d6i khi hau cua cackich s
ban lan luot la S1>85>84>82>S3va =,
c6 gia tri lan luot 12 161; 120; 955, £ I
44,5 va 29,7 kgCOz-eq/tan CTR. . i =
20,00 sl s2 S3 sS4 55
10,00 ) R i I\"i‘,:hb:u: . ,
SO - Hinh 4.13. Phét thai COz.eq trén 1 tan
‘_s: ?ll,[]ll CTR
& 400 st
oy -5A0x10(j s @ I s
-70,00 :_d_ 10
-80,00 . l;;;l-h ban g -1.5%10°
Hinh4.12: TQng diém-gitra cha tac dong 3 20408
Ién chat lugng hé sinh thai ) 2.5x10°
4.2.3.4. Tdc déng Ién tai nguyén oo
N ¥4 . 5 Kich ban
Hinh 4.14 cho thay, kichban S1 - 4inh 4.14. My 6 tac dong len tai
va S5 ¢o6 tac dong tiéu cuc, 3 kich nguyén cua cac kich ban
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bén la S2, S3 va S4 c6 tac dong tich cuc dbi voi thiét hai tai nguyén. Xet
ve loi ich véi moi truong, kich ban S3 tot nhat, co gia tri la -2,95x10° tiep
dén S4, S2, S5 va S1.

4.2.4. Két qua danh gia vong doi caa cac kich ban

Két qua diém LCA céc kich ban duoc trinh bay & bang 4.9, hinh 4.15
va hinh 4.16. Bang 4.9 12 két qua chuan hoa dua vé gié tri diém tung loai
thiét hai va diém sé cudi cing kich ban. Trong 4 loai thiét hai, tai nguyén
c6 su chi phdi 16n nhat dén két qua kich ban, nguoc loai thiét hai chat
lwong hé sinh thai c6 anh huéng it nhat dén két qua cac kich ban.
Bang 4.9. Két qua diém LCA cua cac kich ban QLCTR ¢ thanh phd Hué

o Kich ban
Loai thiét hai S1 S2 S3 S4 S5

Strc khoe con nguoi 1,05x102  -2,80x10°  -0,136  -6,28x10% -2,71x107
Chat lugng hé sinh thai  5,69x10“  9,49x10® -506x10° -2,24x10° -1,74x10*

Bién d6i khi hau 1,39x102  3,84x10° 2,26x10° 8,24x10®  1,03x1072
Tai nguyén 0,19 -0,20 -1,94 -0,87 8,37x10°
Tong diem 0,22 -0,20 -2,08 -0,93 0,02
0.20 0,05
_om — .-
o0 3 -0.05
S0 2010
g Bas b
@ 005 (a) a g;a ( )
000 - - & 025 7
Kich ban S1 Kich bin 82
050 020
o M e e o AP e e
£ om0 EREL
H 100 2 040
E & 0,60
R (C) S o0 (d)
2,00 -1,00
Kich bin 83 Kich bn S4
0,02
= 001 (e) m Sirc khoe connguoi ™ Chat heeng hé sinh thai
£ ' ' ® Bién ddi khi hau ® Tai nguyén
S on
2 000 - —
0,01
Kich ban S35

Hinh 4.15. Diém tac dong cua céc loai thiét hai
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So sanh theo 4 loai thiét hai H

51 52 —§3 ——54 —55

Sire khoe con nguin.
0.50

w00 - : 0.00

-1.00 i meuyén Chit higmge b sinh thai

-2.50 Kich ban
Rien dai khi han

L@ (b)
Hinh 4.16. Két qua diém so tac dong vong doi cua cac kich ban

Tuong quan vai trd ctia cac loai thiét hai trong mdi kich ban duoc thé

hién r6 ¢ hinh 4.15. Gid tri loai thiét hai tai nguyén cua kich ban S1 va
S5 ¢6 tac dong tiéu cuc va gid tri tong diém cua 2 kich ban S1 va S5 cling
c6 tac dong tiéu cuc. Ciing tuwong tu, loai thiét hai tai nguyén cua kich
ban S2, S3 va S4 c6 gia tri tich cuc, két qua cudi cung cua 3 kich ban S2,
S3 va S4 tich cuc. Hinh 4.15 thé hién tinh quyét dinh dén két qua cudi
cung cua loai thiét hai tai nguyén & cac kich ban, ngoai trir kich ban S5,
cu thé hinh 4.15a va 4.15e loai thiét hai tai nguyén c6 gié tri duong, két
qua diém ciia 2 kich ban S1 va S5 ciing c6 gia tri dwong. Hinh 4.15b, hinh
4.15c va hinh 4.15d loai thiét hai tai nguyén co gia tri am, két qua cua
kich ban S2, S3 va S4 c6 gia tri am. Tong diém cudi cung cua céc kich
ban duoc trinh bay ¢ hinh 4.16.
Theo Jolliet va cong su (2003) c6 thé sir dung céc loai thiét hai dé so sanh
vai nhau. Tuy nhién, khi so sanh gitra cc kich ban s& sir dung diém tong
thanh phan cac loai thiét hai hé s6 mac dinh bang mot ddi véi tat ca loai
thiét hai. Trong nghién ciu nay, trong s6 cua 4 nhom thiét hai 1a bang
nhau va dugc sir dung mic dinh bang 1.

Két qua biéu dién & biéu do hinh 4.16a cho thiy, trong 5 kich ban
thi kich ban S3 — d6t CTR phat dién 1 than thién voi méi truong nhat,
miac dd khoang cach van chuyén 1a xa hon cac kich ban khac (khoang
cach van chuyén cua kich ban S1, S2 12 39,7 km, 3 kich ban S3, S4 va S5
1a 61,7km). Két qua danh gia vong doi cta 5 kich ban theo mirc d than
thi€én voi modi truong thi tho ty cac kich ban lan luot 1a
S53>54>52>S5>S1.

20



Thuc hign QLCTR theo kich ban S3, can ¢6 su dicu chinh céch phén
loai CTRSH tai nguon nhu hién nay, nén phan thanh 4 loai nhu sau: nhém
chay dugc; nhom tai ché, tai st dung; nhom nguy hai; nhom khéng chay.

4.2.5. Phin tich d§ nhay

4.2.5.1. D nhay ciia thu héi thanh phin c6 thé tdi ché é kich bin S2

Hinh 4.17 nhan thiy su
thay doi ty ¢ tai ché anh huong
kich ban S2, thay d6i c6 tac
dong tiéu cyc ldc ty 1é tai ché
30%, nhung khi ty Ié tai ché dat
50% thi kich ban S2 da c¢o tac
dong tich cuc. Vi ty 18 tai ché
bién dong tir 10 dén 90%, vi tri
thir tu kich ban S2 khéng thay
d6i so voi kich ban S1, S3 va
S4. Khi ty l¢ tai ché S2 dén 50%

DBiem

Kich ban

Hinh 4.17. Bién thién diém tac dong khi thay

ddi ty 16 tai ché & kich ban S2

két qua tot hon so véi kich ban S5, diéu nay cé thé dé nhan thay ca hai
kich ban S2 va S5 vé huéng dén thu hdi tai ché.
4.2.5.2. D nhay thay déi ty 1¢ dot va chon lip & kich bin S4
Phén tich d6 nhay kich ban

S4 bang cach thay doi ty 18 dot va
chén lap: S4 1 (46t 90%, chon lap
10%), S4 2 (70%, 30%), S4 3
(50%, 50%), S4_4 (30%, 70%) va
S4-5 (10%, 90%). Hinh 4.18 ting
dan ty 1 dét xu hudng tac dong
méi truong caa kich ban S4 than
thién moi trudng hon. Khi dot trén
20% tong khéi lwong, S4 co tac
dong tich cuc va ty & ddt tir 30%, kich ban S4 than thién maéi truong S2.
4.2.6. Nhu ciu sir dung dat chén lap cho céc kich ban

Nhu ciu str dung dét chon Iap cho mdi kich ban duoc tinh trén co so:
CTR chén tryc tiép, chon lp tro sau dbt, chdn lap phan du thira tir G phan
hitu co va tinh toan cho khéi lugng xir 1y trong 1 nim & cac kich ban.
Nhu cau sir dung dat thé hién ¢ hinh 4.19 va hinh 4.20. Hinh 4.20 so sanh
nhu ciu str dung dét caa kich ban S1 véi cac kich ban con lai.

Diém (point

- 0 -
S| SIZ SI.! SI4 845 s1 ! 88 S5

Kich ban

Hinh 4.18. Bién thién diém tac dong khi

thay ddi ty I& d6t va chon lap & kich ban S4

21



4.2.7. Khuyén nghi kich ban va giai phap nang cao quan Iy chat thai
ran cho thanh pho Hue

8000 47 S1

7.000 6740 o A
, \

6.000 sl
% 5000 1.696 nu /(mn
Z 4.000 940 / e
= o
£ 3.000 5< o, )52

2.000 0% \> 32%

1.000 % 7

0 /)nu
s3
Kich ban
 Chon lip tryc tiép ® Chon lip tro # Chon lip phin thira tir nha miy 1 phin sS4 S3

Hinh 4.19. Di¢n tich BCL yéu ciu cho  Hinh 4.20. So sanh nhu cau sir
céc kich ban trong thoi gian 1 nam dung dat xay dung BCL gitra

- Kich ban S3 than thién véi méi truong nhat va nhu cau st dung dat
chdn lap thap nhét nén da kién nghi sir dung cho thanh phé Hué.

- Giai doan 2014 — 2020, khéi lwong CTR thanh phd ting trung binh
6,5%/nim. Dén nam 2030 khéi lugng CTR tiém can 600 tAn/ngay va dia
dat c6ng suét toi da cua Nha may dot rac Phu Son, vy nén trude nim
2030 nén bo sung thém phuong an  phan hitu co (khi xét thém yéu to
nhu cau str dung dét chén I4p).

- Phan loai tai ngudn duoc trién khai nhu hién tai s& gép phan giam
khéi lwong CTR c6 thé tai ché di vao BCL, ngoai ra nhirng loi ich giam
tac dong moi truong rd rét nhu két qua LCA duoc trinh bay & hinh 4.19.
Tuy nhién, cic nhom dugc phan loai CTR ciing can diéu chinh dé phu
hop vai tinh hinh thyc tién xtr Iy CTR cua thanh phé, khi xir Iy CTR chu
yéu 1a dbt, can phan loai c6 nhém chay duoc.

) KET LUAN VA KIEN NGHI
KET LUAN

Tur nhitng két qua nghién ctu luan an rat ra dugc mot sé két luan:

1. Cong tac QLCTR ciing phat trién va huéng dén QLTHCTR, dé thuc
hién tot diéu nay can hoan thién hé thdng phap luat, cac chinh sach va dinh
huéng muyc tiéu qudc gia rd rang. Muc tiéu cia nudc ta hudng dén
QLTHCTR, mic du hién tai vin con mot s6 han ché nhu chinh séch giam
thiéu phat sinh, phan loai tai ngudn va thu hi tai ché CTR.

2. Thanh phé Hué c6 ty 1 thu gom CTR rét cao, dat 98%. Hau hét dia
ban thanh phd c6 tan suat thu gom 1 lan/ngay nhung nhiéu khu vuc 2 — 3
ngay/1 lan. Quan 1y nha nuéc vé QLCTR ciing dugc chd trong ¢ tinh Thira
Thién Hué néi chung va thanh phé Hué néi riéng, UBND tinh da ban hanh
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quy dinh vé phan cong vai trd, trach nhiém cua cac don vi quan ly nha nuéc
vé CTR, quy hoach QLCTR tinh Thira Thién Hué dén 2030, tim nhin 2050,
trién khai phan loai CTRSH tai nguon.

3. Két qua nghién cau cho thiy hé s phat thai CTRSH ho gia dinh
274g/ngudi/ngay, tuong dwong 1.181 g/ho/ngdy, khdng cd sy bién dong
nhiéu vé hé s6 phat thai CTRSH ho gia dinh giira cac ngay trong tuan. Khdi
lwong CTRSH ho gia dinh thanh phd Hué wdc tinh 96,3 tin/ngay. Vé dic
trung cia CTRSH ho gia dinh thi hiru co chiém ty trong cao nhat 66,7%.
Thanh phan CTRDT thi nhém CTR hitu co ciing chiém ty trong cao nhat
60,5%, ding tha hai 1a nhom rac thai nhya véi 17,4%, gidy cac loai 6,1%,
kim loai 1,5% va thay tinh 0,9%.

4. Luén an di xay dung 5 kich ban QLCTR & thanh phd Hué: Kich ban
S1: Chén Iap hop vé sinh; Kich ban S2: Chéon Iap hop vé sinh két hop san
Xuit phan hitu co va thu hdi vat lidu tai ché; Kich ban S3: 100% CTR dugc
xir ly bang d6t phat dién; Kich ban S4: 50% CTR dugc xt ly bang dot phét
dién, 50% chén lap va Kich ban S5: Thu hdi tai ché thong qua phan loai tai
nguon két hop chén lap.

5. Ap dung LCA cho 5 kich ban da xac dinh duoc kich ban S3: 100%
CTR duoc xir Iy bang d6t phat dién 1a kich ban QLCTR than thién voi moi
trudng nhat c6 diém sé tic dong 1a 2,08 diém, su than thién cia kich ban tir
viéc vira giam thiéu khdi wong triét dé va san sinh dién tir qua trinh dét. Xu
ly CTR bang chon 1ap & kich ban S1 1a phuong 4n tic dong méi truong tiéu
cuc nhat véi diém sd tac dong 1a 0,22 diem. Kich ban S2 1a sy két hop i phan
hitu co va thu hoi tai ché va co diém sb tac dong 1a -0,20 diém. U phan hitu
co tir CTR khdng mang lai nhiéu tac dong tich cuc vé mat moi truong, mic
d san pham phan hitu co gilp ich cai tao dat, thay thé phan héa hoc, tuy
nhién qua trinh san xuat phan hitu tiéu thu nhidu nang lwong do vay hiéu qua
moi truong khdng cao. Thu hdi vat liéu tai ché cé tac dong tich cuc dén moi
truong, do giam khai thac tai nguyén ciing nhu qua trinh ti ché tiéu ton ning
lugng thap hon tir qua trinh khai thac nguyén lidu tho. Didu nay thay r6 khi
ty I thu hdi tai ché giam dan gié tri diém tac dong cua S2 gan bang S1. Can
day manh qué trinh phan loai tai ngudn dé nang cao ty Ié tai ché.

6. Két qua danh gia mac do than thién véi moi trudng ciia cac kich ban
theo LCA lan luot la S3>S4>S2>S5>S1. Trong d6 kich ban duoc lya chon
dé xuat cho thanh phd Hué 1a kich ban S3: Toan bg khéi luong CTR thu gom
duoc xir ly bang phuong phap d6t va phu hop voi chién luoc quoc gia vé
QLCTR tong hop dén 2025 va tam nhin 2050 a ty I& chén lap truc tiép CTR
dugc thu gom dudi 30%.
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7. Déi vai nhu cau st dung dat chén lap cho méi kich ban thay rang kich
ban S3 1a kich ban ¢6 nhu cau dat chon Iap thap nhét chi biang 9% so Vi kich
ban S1, hai kich ban S2 va S3 twong duong nhau lan luot bang 52% va 53%
so vai kich ban S1. Nhu cau dat chdn I1ap cua kich ban S5 con rat cao va gan
bang vai S1 (94%).

KIEN NGHI

- Quan ly tong hop CTR Ia hoat dong mang tinh tong quat, bao gom
linh vuc x4 hoi, kinh té va moi truong, can co nghién cau mo rong xem
xét dén anh huong cua xa hoi va kinh té trong LCA dé co cac dé xuat phu
hop hon véi tinh hinh kinh té x4 hoi cua dia phuong.

- Dir ligu dé cung cap cho nghién ctru LCA théng thuong la cac di
liéu thir cap duogc kiém ké, thu thap theo dinh huéng cia nghién ciu (Mot
sb nghién ctru c6 thé thyuc hién cac diéu tra, khao sat dé cung cap di liéu
so cap). Cac dit liéu thir cap lién quan ¢én QLCTR can dugc cac co quan
quan 1y nha nudc thdng nhat, day du, d tin cay cao dé cac nghién cau co
d6 chinh xéc cao va sat véi thuc té dia phuong.

- Nghién ciru LCA ciing c6 thé &p dung dé lya chon cong nghé trong
xu ly CTR, nghién ctru so sanh tic dong moi truong gitra cac cbng nghé
xu ly CTR khac nhau tir d6 giap cac co quan quan ly nha nudce dua ra lua
chon cdng ngh¢ xtr ly CTR phu hgp dia phuong.
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INTRODUCTION
1. RATIONALE
Solid waste (SW) refers to unwanted or useless solid materials generated
from human activities With the socio-economic development, the solid
waste is constantly increasing and burdeningon the environment. In
Vietnam, the amount of SW increased significantly, i.e., the total amount of
SW in 2019 increased by 146% compared to 2010. Currently, Vietnam has
three primary methods of SW treatment, mainlylandfilling (71% of the total
amount of generated SW), composting (16%)) and incinerating (13%).
In Hue City, the amount of SW generated daily is nearly 300 tons is treated
mainly by landfilling combined with organic composting. According to Thua
Thien Hue province's SWM plan for 2030, with a vision to 2050, Hue city's
SW will be treated at a waste incineration plant to generate electricity.
However, there has been still lack of assessment and comparison on the
environmental impacts among treatment methods. Life Cycle Assessment
(LCA) is a tool that has been applied for SWM in countries worldwide, but its
application in Vietnam still limited. For those reasons, this research chooses
the topic “Optimizing solid waste management system in Hue city using life
cycle assessment (LCA) tool”.
2. RESEARCH OBJECTIVES AND CONTENTS
a. Research objectives: To determine the environmentally optimal SWM
scenario for Hue city based on the LCA tool.
b. Research contents:
(1). Research on the composition and characteristics of solid waste (SW)
generated in Hue city.
(2). Research on management and operation methods of the SWM system in
Hue city.
(3). Develop different SWM scenarios for Hue city based on survey data and
development strategies of SWM methods.
(4). Apply the LCA tool to the develop scenariosto analyze, compare, and
select the environmentally optimal scenario and propose to apply to SWM
activities in Hue city.
3. RESEARCH SCOPE
a. Research space: The research was conducted in 27 wards in Hue city
before the city's expansion (July 1, 2021) according to Resolution No.
1264/NQ-UBTVQH14 dated April 27, 2021, issued byStanding Committee
of the National Assembly on the adjustment of administrative boundaries of
district-level administrative units and arrangement and establishment of
wards in Hue city, Thua Thien Hue province.
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b. Research conduct time: The research was carried out from 2017 to 2021.
The survey data on characteristics of solid waste generated from of domestic
and municipal sources, was conducted from 2017 to 2018. The Ecoinvent
database used in this research was collected in 2020.
c. Research contents
- This research focuses on household domestic solid waste, MSW, and the SWM
activities in Hue City, starting from secondary collection to final treatment.
- of the term solid waste in this research does not include construction SW,
industrial SW, hazardous waste, and sludge from urban drainage systems
wastewater treatment systems, and septic tanks.
- The environmental impact in this research is limited to the operation of SW
treatment facilities, except forthe construction process.
- The assessment of the optimization of the SWM system in this research
limits to the environmental impact of SWM activities.
4. THESIS CONTRIBUTION
- This is the first time the LCA tool has been applied to SWM activities in
Hue city.
- The thesis proposes an environmentally optimal SWM scenario for Hue
City by data analysis, LCA results, research using OpenLCA software and
life cycle impact assessment (LCIA) method is IMPACT 2002+.
5. THE THESIS ARGUMENTS
- Thesis argument 1: The SWM scenarios in Hue City are developed based
on scientific background, the National SWM strategy, the local practical
basis and the SW treatment technology development trend.
- Thesis argument 2: LCA is a comprehensive and scientific method to
support decision-making through analyzing the environmental impacts of
SWM scenarios. Applying LCA endorses the selection of the
environmentally friendly optimal scenario for SWM in Hue City.
6. SCIENTIFIC AND PRACTICAL MEANINGS OF THESIS
a. Scientific significance: The thesis results contribute to perfecting the
theoretical basis and research methods and processes in order to elucidate
the environmentally optimal SWM scenario using the LCA tool.
b. Practical significance:
- The thesis results showed an overview of solid waste characteristics and
SWM activities of Hue City as well as the methodology and the process of
applying LCA to SWM for the research area.
- The thesis results will be a reference for Thua Thien Hue managers and
policymakers regarding choosing the optimal solutions for SWM.
- This thesis methodology and results could be expanded and applied to
SWM planning in other local areas.
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7. THESIS STRUCTURE

The thesis is structured as follows: In addition to the Introduction,
Conclusions, Recommendations, References, and Appendix, the thesis
includes chapters:

Chapter 1. Research problems

Chapter 2. Research object, methodology and process

Chapter 3. Assessment of the current situation of solid waste management in
Hue city

Chapter 4. Life cycle assessment of solid waste management scenarios in
Hue city

Chapter 1. RESEARCH PROBLEMS
1.1. OVERVIEW OF SOLID WASTE
1.1.1. Concept of Solid waste

According to the Government's Decree 08/2022/ND-CP on the
elaboration of several Articles of the Law on Environmental Protection, the
term “ordinary solid waste” means waste not included in the list of hazardous
wastes and the list of controlled industrial waste of which hazardous
elements exceed the hazardous waste thresholds.; “domestic solid waste”
means the solid waste generated from people’s daily activities..

This research uses the definition of solid waste according to Decree
08/2022/ND-CP, which mainly focuses on municipal solid waste which
collected and transported by HEPCO and except for sludge, construction
waste, industrial solid waste, maily focus on
1.1.2. Composition of solid waste

SW compositions include types with similar characteristics, propertie,
ororigins and are classified into one group.

1.2. PRACTICE OF SWM IN THE WORLD AND VIETNAM
1.2.1. The concept of solid waste management

- According to Tchobanogluos et al. (1993), SWM is the social principles
with control of generation, collection, storage, trans-shipment and
transportation; processes of treatment and disposal of SW in the best way,
minimize impacts on public health, economic efficiency, technique,
conservation, aesthetics, environmental aspects and meet the requirements
of the community.

- According to the National Strategy on Integrated Solid Waste
Management of up to 2025 vision towards 2050, integrated management of
Solid waste is to manage the entire waste life cycle from generation to final

treatment, including prevention, minimization, classification, collection,
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reuse, recycling and final treatment in order to protect human health,
environment, save resources, adapt to climate change and towards the
sustainable development of the country.
1.2.2. Practice of Solid waste management in the world

This section introduces and analyzes the situation of SWM in terms of
legislation and treatment of SW in some countries worldwide, such as Japan,
China, Korea, and the US.
1.2.3. SWM in Vietham
At the end of the 20th century, SWM in Vietnam mainly collected and treated
domestic solid waste. Vietnam promulgated many legal documents to meet
SWM requirements, developed a national strategy on SWM, preferential
policies in SWM and treatment, etc.
1.2.4. Integrated solid waste management

Tchobanoglous et al. (1993) asserted that SWM was based on integrating
of six functional factors: The amount of generated SW; sorting — manual
collection; SW collection; SW classification; transportation and trans-
shipment; final disposal. Each SWM system has the following essential
components: Policy structure; legal structure; administrative structure;
community education; economic structure; etc. the priority hierarchy in
SWM becomes the orientation for SWM.
1.3. ASSESSMENT METHODS IN SOLID WASTE MANAGEMENT
1.3.1. Introduction of some methods

Today, many tools have been developed to meet the needs of impact
assessment and decision support. Alkhuzai (2014) classified groups of
management and assessment tools.
1.3.2. Overview of Life Cycle Assessment

Life Cycle Assessment (LCA) s, 3
collects and assesses inputs, outputs, and e
potential environmental impacts of a e

product system throughout its life cycle. £
st

Direct applications

- Product development

and improvement
strategic planning

- Public policy making

- Marketing

LCA has 4 phases: scoping-goal

<
2
3
&
13
i

definition, inventory analysis, life cycle I
impact assessment, and life cycle [D]
interpretation. Figure 1.1 shows the ——

relationship of the four stages in the LCA. ——
Some advantages and disadvantages of e et
LCA

- Advantages of LCA: LCA is a powerful tool for wide-range assessment
and decision support, creating connections between customers,
manufacturers, scientists, etc.



- Disadvantages of LCA: Time-consuming and complicated, availability
of data sources, LCA itself is just a decision support tool, and the LCA only
considers the impact on the environment, etc.

1.4. OVERVIEW OF RESEARCH AND APPLICATION OF LCA IN SWM
1.4.1. The process of developing and applying LCA in SWM

The studies on applying LCA to SWM were conducted after 2008, mainly
in developed countries. The lack of studies in developing countries is due to
a lack of concepts, theories, and data.

1.4.2. Research directions on applying LCA in SWM

According to Allesch and Brunner (2014), many scholars research
different aspects of SWM, such as up to 32% of research focus on the overall
SWM system, 24% focus on SW treatment methods, 22% compare between
treatment methods, 11% on SW recycling, 9% on environmental impact
assessment of SW collection and other 3%.

1.4.3. Overview of research applied LCA to SWM in the world and Vietnam
Some typical research that this thesis summarized:

- Around the world: Case studies: Ozeler et al. (2006) assessed the life
cycle impacts of urban SWM in Ankara; Banar et al. (2009) studied the
selection of a SWM system for Eskisehir city in Turkey; Abduli et al (2011)
compared two different SWM scenarios in Tehran city, Iran; Alkhuzai (2014)
applied LCA to develop a SWM system for Makkah city,...

- Some case studies in Vietnam: The study “Evaluating the impact of
urban waste treatment methods in the Mekong Delta - Vietnam" has assessed
the environmental impacts of municipal SW treatment methods in the
Mekong Delta; Study on “Application of the life cycle assessment (LCA) to
improve the efficiency of SWM in Hanoi; Study on “Using LCA for
environmental impact assessment of centralized biogas production system
from municipal solid waste in buildings”.

- Some studies in Hue city: "Study on generation sources and
characteristics of SW in the north-central city of Vietnam - Hue city";
Research on factors affecting solid waste generation rate from commercials
and offices: A case study of Hue City, etc.

Chapter 2. RESEACH SUBJECTS, PROCESS AND
METHODOLOGY
2.1. RESEARCH SUBJECTS
The research subjects include: Hue city SWM system and the LCA
assessment method.
2.2. RESEARCH METHODOLOGY



2.2.1. Secondary data collection
This thesis collected Secondary

data regarding socio-economic RN ' st o P\ et
data, amount of SW, fuel, . 2 -
chemicals used in SW treatment tick 100k

methods, Ecoinvent database. Figure 2.1. The solid waste sampling process
2.2.2. Field survey method

2.2.2.1. Domestic solid waste sampling
Collect DSW samples from 162 households for
7 days.
2.2.2.2. Municipalsolid waste sampling
Collect samples of MSW of Hue city from 7
collection routes. The process is shown in
Figure 2.1.
2.2.3. LCA method
LCA follows a systems approach with 4 phases
to compare the environmental impacts of
SWM scenarios in Hue City.
2.2.3.1. Objectives and range of LCA of
SWM system in Hue city

The functional unit is 1 ton of solid
waste through the SWM system of Hue
City. The system boundaries and limits are
shown in Figure 2.2.
2.2.3.2. Calculation of LCA

(1) Life cycle inventory; (2) The Life
Cycle Impact Assessment (LCIA) in this ;m sy gt
research was IMPACT 2002+, . W
2.3. RESEARCH PROCESS

The general process of this research is
shown in Figure 2.3. )
2.4. SOETWARE USED AND Figure 2.3. Research process
DATABASE

Research using OpenLCA software and Ecoinvent 3.7 database.

Chapter 3. SITUATION OF SWM IN HUE CITY

3.1. OVERVIEW OF HUE CITY
3.1.1. Geographical location

The geographical location of the city is 107°31'45"-107°38' East
longitude and 16°30'45"-16°24" North latitude.
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3.1.2. Natural condition

The climate has a dry and cold wet season. The annual average
temperature is 24-25°C, the average yearly rainfall is about 2,500mm and the
rainy season starts from September to February next year.

3.1.3. Socio-economic characteristics of Hue City

The average growth rate is 13.5%, the city's economic structure is in the direction
of Tourism - Industry, Construction - Agriculture, Forestry, and Fishery.

3.1.4. Effects of natural and socio-economic conditions on solid waste
generation in Hue city

In flooding season, the amount of SW increased by 1.5 to 2 times
compared to usual. The floods in 1999 and 2007 increased by three times.
According to Trang et al. (2012), the amount of SW generated from
households accounted for the most significant percentage (44.1%), followed
by business (25.7%), restaurants (21.5%); schools, hotels, hospitals, and
offices are 3.8%, 3.2%, 1.2%, and 0.5%, respectively.

3.2. SOLID WASTE MANAGEMENT IN HUE CITY
3.2.1. Solid waste collection and transportationin Hue city

The activities of collection, transportation, and treatment of SW in Hue
City are depicted in Figure 3.1.
®: SW generation; @: Public @ﬁ
rubbish bin; @: Hand-cart; @: @h e —>
Compactor; ®: Weighing station; @ 1 - ©
®: Thuy Phuong landfill. o\g

The rate of SW collection reaches  Figure 3.1. Diagram of solid waste collection
98% and the collection frequency and transportation in Hue city
ranges from 1-3 days/time.

3.2.2. Legal documents on solid waste management in Hue City

Generally, legal documents on SWM in Hue city are implemented
followingprovincial legal documents, such as the provincial SWM planning,
guidelines for waste classification, decentralization of state management on
solid waste, etc.

3.2.3. Advantages and limitations of SWM in Hue city

+ Advantages: High collection rate, adequate infrastructure for collection
activities, community participation in environmental sanitation, etc.

+ Limitations: Uneven population distribution leads to difficulties in
collection; the revenue has yet to covercollection and transportation costs;
classification at source is facing many difficulties; the main treatment is
landfilling, etc.

3.3. COMPOSITION AND CHARACTERISTICS OF SOLID
WASTE IN HUE CITY
7



3.3.1. Characteristics of municipal solid waste in Hue city
Table 3.1. Composition of municipal solid waste generated in Hue city
Proportion (%)

No. Compositon

Average Standard deviation
1  Kitchen waste 50,8 8,3
2 Printed paper 0,3 0,3
3 Carton paper 2,8 0,5
4 Other papers 1,8 1,4
5 Plastic 3,0 0,9
6  Nylon 14,4 4,0
7  Textile 5,0 1,7
8  Rubber 0,2 0,2
9  Leather 0,3 0,3
10 Garden waste 9,5 4,7
11 Wood 0,4 0,4
12 Glass 3,1 3,4
13 Aluminium 0,1 0,1
14 Iron 0,2 0,1
15 Copper 0,0 0,0
16  Inox 0,0 0,0
17 Hazardous waste 0,7 1,2
18 Porcelain, sand soil 2,0 3,9
19  Styrofoam 0,8 0,5
20 Diapers 2,0 2,1
21 Composite waste 2,9 1,9

(Author’s survey data in March 2018)

Table 3.1 shows that kitchen waste

accounts for 50.8%; followed by plastic

group with 17.4% (nylon 14.4%, plastic 3%).

Composition of SW generated in Hue city
isshown in Figure 3.2.

3.3.2. Characteristics of household solid « O« Ry« Hatmdois + Oths
waste in Hue city Figure 3.2. Percentage of MSW
The survey results on household SW in Hue city

characteristics in Hue city are presented in Table 3.2.
Table 3.2. Composition of household SW in Hue city
Proportion (%)

No. Components Standard
Average deviation
1  Kitchen waste 59,6 19,1
2 A4 paper 0,8 1,3
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Table 3.2 shows kitchen waste is the highest proportion of household solid
waste, accounting for 59.6%, followed by nylon packaging with 12% and garden
waste (7.1%). Figure 3.3 presents four groups of household solid waste: organic,
recycled, hazardous, and the rest. The survey results show that the amount of
SW generated from households per capita in Hue city is 274+175 g/person/day.
The amount of household SW over the surveyed days is presented in Figure 3.4.
The total amount of household SW generated in Hue city is 96.3 tons/day, of

0
0
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Ngiy trong tuan
Figure 3.4. Change of household solid
waste generation over the survey days

which the amount of recyclable SW is 22.8 tons/day.
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Chapter 4. LCA OF SWM SCENARIOS IN HUE CITY

4.1. FOUNDATION OF STRATEGY MANAGEMENT SCENARIOS
INHUE CITY

The basis for developing the scenario includes: Orientation on SWM of the
national and Thua Thien Hue provincial level; Practical basis of SWM in
Vietnam and Hue city; and development trend of SW treatment technology
4.2. SOLID WASTE MANAGEMENT SCENARIOS IN HUE CITY
4.1.1. Scenario 1 (S1) — Sanitary landfill

In scenario S1, all SW —
collected in Hue City will be S'\gﬁ; :,Cv;psi Transport ThT;{nZ?i‘.‘f’ "
transported and landfilled at i ) __
Thuy Phuong landfill. Figure 4.1. Scenario S1 — Landfilling

4.1.2. Scenario 2 (S2) - Sanitary landfill combined with compost
production and recycling material recovery

Scenario S2 focuses on organic | After 200100542y | Thuy phuong |
fertilizer production, assuming it fandfil
Thuy Phuong Waste Treatment —
Plant is still operating normally. Recyclables

ivi - 200 tons/day I—} =
The receiving and processing
capacity of the plant is 200 tons of P

SW per day. . - - _
4.1.3. Scenario 3 (S3) - 100% of Figure 4.2. Scenarlo_ZfCompostlng and
SW is treated by incineration landfilling

For this scenario (S3), all SW is collected in Hue city and transported to
Phu Son waste-to-energy plant for power generation (Huong Thuy town,
Thua Thien Hue province), located about 25km from Hue city to the South.
The process of S3 is shown in Figure 4.3.

MSW Collection Waste-to- Ash Thuy Phuong
— 5 —
and transportation! energy landfill

Figure 4.3. Scenario 3 — Incineration with energy recovery
4.1.4. Scenario 4 (S4) - 50% of SW is treated by incineration, 50%

\ 4

landfill )
. | Sanitary
Scenario S4 assumes that MSW » landfill
50% of the collected solid waste A
will be landfilled directly in the o
BCL and the remaining 50%
will be treated by incineration. Figure 4.4. Scenario 4 — Incineration with

energy recovery and landfilling
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4.1.5. Scenario 5 (S5) — Recycling recovery through classification at
source combined with landfill

S5 scenario classifies DSW at Msw || sort at sources Recycling plant
source. The post-sorted recycled |
SW is trasportedto the recycle —¥| Sanitary landfill
facilities, assuming the transport  Figure 4.5. Scenario 5 — Sorting recycling at
distance is equal to the S1 the source and landfilling

scenario. The remaining SW is landfilled as shown in Figure 4.5.
42. ENVIRONMENTAL IMPACT ASSESSMENT OF THE
PROPOSED SCENARIOS
4.2.1. Calculation process and data model used

The LCA process for SWM in Hue city is shown in Figure 2.3. Municipal
SW composition generated in Hue city are presented in section 3.2.1,
Ecoinvent database, consequences model version 3.7.
4.2.2. Life cycle inventory of proposed scenarios
4.2.2.1. Life cycle Inventory of Scenario 1 — Sanitary Landfill (S1)

The flow of SW in Scenario S1 is shown in Figure 4.6.

MSW 8,250 tons. 100% Thuy Phuong landfill :

Figure 4.6. Current city solid waste management
Table 4.1. Inventory data on characteristics and composition of solid
waste, energy sources, fuels and chemicals used in S1.
Table 4.1. Data inventory of S1

I Composition Quantity Unit
1 Organic waste 600 kg
2 Paper 49 kg
3 Mixed plastic 182 kg
4 Textiles 50 kg
5 Wood 4 kg
6 Aluminium 1 kg
7 Iron 2 kg
8 Others 112 kg
1 Fuel — Energy

1 Diesel ail 0,8 L
2 Electricity 44 kWh
Il Materials

1 Water 35,9 L
2 PAC (polyaluminium chloride) 0,03 kg
3 Lime powder 12,6 kg
4 Polymer foaming 1,5 kg

11



5  Ca(OH); - Calcium hydroxide 6,6 kg

IV Transport

1  Transport distance
4.2.2.2. Analysis and inventory of
the life cycle of scenario 2 — SW
treatment combined with compost
production and landfilling (S2)
Table 4.2 shows the inventory data for
S2 and Table 4.3 presents the reduced
amount of components in S2.

Table 4.2. Data inventory of S2

Figure 4.7. Scenario 2 (S2) — Composting

with landfilling

| Landfilling SW Quantity Unit
1  Organic waste 280,2 kg
2 Paper 22,9 kg
3 Mixed plastic 1141 kg
4 Textiles 50,0 kg
5 Wood 4,0 kg
6  Aluminium 0,6 kg
7 lron 1,3 kg
8  Others 112,0 kg
Il Fuel - Energy
1.1 Landfill

1  Diesel oil 0,4 L
2 Electricity 2,6 kwh
1.2 Composting

1 Diesel oil 0,6 L
2 Electricity 21,1 kwh
3 Water 31 L
11 Materials — landfill

1  Water 21 L
2 PAC (polyaluminium chloride) 0,015 kg
3 Lim powder - lime 0,25 kg
4 Polymer foaming 0,03 kg
5 Ca(HO), - Calcium hydroxide 0,13 kg
IV Transport

1  Transport distance 39,7 km

Table 4.3. Reduced amount from recycling clasfication and composting
Reduced
No. components Quantity Unit

12



Organic

1 fertilizer 131,4 kg
2 N 11 kg
3 P 0,3 kg
4 K 1,3 kg
5 Aluminium 0,4 kg
6 Iron 0,7 kg
7 Plastic 68 kg

Table 4.3 shows the amount of the recycling group and the nutrient
composition of the organic matter calculated for the reduction in S2.
4.2.2.3. Life Cycle Inventory of Scenario 3 — Incineration for Power
Generation (S3)

Scenario S3 assumes that all SW collected in Hue city will be transported
to the waste incineration plant in Phu Son waste-to-energy plant, which is 14
km away from Thuy Phuong BCL. Thus, the transport distance in S3 will
increase compared to scenarios S1 and S2.

vor | sz BN \ e E

Figure 4.8. Scenario 3 (S3) — All MSW is taken to Phu Son waste to engery
plant and treated by incineratingincinerating to recovery energy

Table 4.4. Dta inventory of S3

Content Quantity Unit
1. Amount of SW incinerated
1 Organic waste 600 kg
2 Paper 49 kg
3 Rubber 2 kg
4 Fabric 50 kg
5 Plastic 182 kg
6 Others 117 kg
2. Fuel, energy
1 Diesel 0,076 kg
2 Used electricity 83 kWh
3 Produced electricity 435 kWh
4 Electricity for sale 352 kWh
3. Materials
1 Water 2,8 m3
2 Ca(OH); 9 kg
3 Calcium oxide 6 kg
4 Activated carbon 0,3 kg

13



5 Amoniac 1,4 kg
6 lye 0,225 kg
7 PAC 0,005 kg
8 NaHSO3 0,0015 kg
9 NaOCI 0,00009 kg
10 NaCO0; 0,1 kg
4. Transport
Distance 61,7 km
4.2.2.4. Life cycle Inventory of
Scenario 4 — Incineration for Power oy [ 850 0% 0
Generation and Landfilling (S4) "
Scenario S4 assumes that 50% of
the solid waste is treated by - -
incineration at the Phu Son waste- n—ﬂ

to-energy plant, and 50% is directly Figure 4.9. Scenario 4 (S4) — 50% of MSW

buried at the Phu Son landfill along s treated by incineration and 50% by landfill
with the ashes after incineration.

The waste flow diagram of the S4 is shown in Figure 4.9.
Table 4.5. Data inventory for S4
I. Incinerating to generate electricity (50%) Quantity  Unit
I.1. Amount of SW burned

1 Organic garbage 300 kg
2 Paper 24,5 kg
3 Rubber 1 kg
4 Fabric 25 kg
5 Plastic 91 kg
6 Others 58,5 kg
1.2. Fuel, energy
1 Diesel 0,038 kg
2 Used electricity 42 kWh
3 Generated electricity 218 kWh
4  Electricity for sale 176 kWh
1.3. Materials
1  Water 1,4 m3
2 Ca(OH); 4,5 kg
3 Calcium oxide 3 kg
4 Activated coal 0,15 kg
5 Amoniac 0,7 kg
6 lye 0,1125 kg
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7 PAC 0,0025 kg
8 NaHSOs 0,00075 kg
9 NaOCl 0,000045 kg
10 Na;COs 0,05 kg

1. Landfill (50%0)
11.1. Amount of landfilled SW

1 Organic waste 300 kg
2 Paper 24,5 kg
3 Mixed plastic 91 kg
4 Textiles 25 kg
5 Wood 2 kg
6  Aluminium 0,5 kg
7 lron 1 kg
8 Others 56 kg
9  Ashes after incinerating 115 kg
11.2. Fuel, energy
1 Diesel oil 0,5 L
2  Electricity 2,7 kWh
11.3. Materials
1 Water 17,9 L
2 PAC (polyaluminium chloride) 0,01 kg
3 Lime powder - lime 6,3 kg
4 Polymer foaming 0,7 kg
5 Ca(OH); - Calcium hydroxide 3,3 kg

Transport distance in S4 is 61.7 km.
4.2.2.5. Lifecycle Inventory of S5 — Clasification at source and Landfill (S5)

For the S5, solid waste
is collected and treated
as usal, supplementing
with  household SW

classification at source. Figure 4.10. Scenario 5 (S5) — Sorting recyclable
MSW at source combined with landfill

Table 4.6. S5 scenario inventory S5 Scenario input data

I. Landfill SW Quantity Unit
1.1. Amount of SW processed
1 Organic waste 603 kg
2 Paper 34 kg
3 Mixed plastic 144 kg
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Textiles
Wood
Aluminium
Iron
Others
1.2. Fuel — energy
1 Diesel oil
2 Electricity
1.3. Materials
1 Water
2 PAC (polyaluminium chloride)
3 Lime powder
4 Polymer foaming
5 Ca(HO); - Calcium hydroxide
1.4. Transport
1 Transport distance
I1. Sorting at source
I1.1. Recovered recycled materials
1 Paper
Plastic

o N o OB

Aluminium
Iron

Glass

11.2. Transport
1 Distance

a b~ ownN

50 kg
4 kg
0 kg
1 kg

108 kg
0,8 L
4.4 kWh
35,9 L
0,03 kg
12,6 kg
15 kg
6,6 kg
61,7 km

15 kg

37 kg
2 kg
1 kg
2 kg

39,7 km

4.2.3. Comparison of the environmental impact of the scenarios

The LCIA method used in this research is IMPACT 2002+, the results of 15
types of midpoints are presented in Table 4.5 and are characterized into 4 types
of damages: human health, ecosystem quality, climate change and resources.
Table 4.7. Results of midpoints of proposed scenarios

No. Impact types Unit S1 S2 S3 sS4 S5
1  Cancerous kg CoHsCleg 2,57 1,22 0,35 1,46 3,70
2 Non-carcinogens kg CoH3Cl.eq 12,6 22,3 4,17 8,36 22,8
3 Respiratory inorganicskg PM2.5.; 7,45x102 -7,69x102  -1,39 -0,66  -8,24x107?
4 Ozone layer depletion kg CFC-1..q 6,17x10° 4,50x10° 9,13x10° 7,65x10° 5,47x10
5 lonizing Radiation ~ BqC-14..,  2,59x10% -7,08x10% -4,48x10° -2,11x10° -2,87x10?
6 Respiratory organics kg CoHseq  3,09x102 1,17x10? -1,78x107? 6,56x10°% 2,51x10%
7 Aguatic ecotoxicity kg TEG yaer 1,42x10* 1,04x10* -6,79x10* -2,69x10* 1,91x10*
8  Terrestrial ecotoxicity kg TEG st 3,55%10° 2,04x10° -2,72x10* -1,18x10* 5,79x10°
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9  Terrestrial kg SO2.¢q 1,26 3,99 -6,89 -2,82 0,48
acidification/nutr.

10 Agquatic acidification kg SOx-q 0,48 0,89 -2,69 -1,10 0,17

11 Agquatic kg PO4 Pjim  6,44x102 1,63x10%  -0,28 -0,11  4,58x107?
eutrophication

12 Land occupation m2org.arable 3,88 -4,88 -46,8 -21,4 -5,16

13 Global warming kg COs.eq 1,61x10%2 44,5 29,7 95,5 1,20x10?

14 Mineral extraction MJ surplus 0,73 -0,53 -2,85 -1,06 -0,39

15  Non-renewable MJ primary 6,44x10* -6,82x10% -6,46x10° -2,91x10° 27,9

energy

Where: TEG soil (water): Triethylene glycol entering the soil (water);
m2org.arable: Area of organic soil; MJ: Megajoule
Table 4.8 is the result of the damage assessment calculated from table
4.7, the values of the midpoint type in table 4.8 will be characterized in the
same units in the same damage category. The impact of four types of damage
including human health, ecosystem quality, climate change and resources
will be presented and analyzed in sections 4.2.3.1 t0 4.2.3.4.
Table 4.8. Calculation results by impact type of scenarios

—— Scenarios .

Types of midpoints ST 3 3 N 53 Pon vi
Cancerous 3,73x10° 1,77x10®  512x10°  2,12x10° 5,37x10® DALY
Non-carcinogens 1,82x10° 323E-05  6,05x10°  1,21x10° 3,30x10° DALY
Respiratory inorganics 5,22x10°-5,39x10°  -9,71x10* -4,60x10* -5,76x10° DALY
Ozone layer depletion 6,48x10° 4,72x10°  9,59x10°  8,03x10° 5,75x10° DALY
lonizing Radiation
Respiratory organics 543x10%-1,49x107 -9,41x107 -4,43x107 -6,03x10® DALY
Cancerous 6,59x10® 2,49x10®  -3,79x10®  1,40x10°® 5,35x10® DALY
Total impact on human health ~ 7,42x10°-1,99x10° -9,66x10* -4,46x10* -1,93x10° DALY
Aquatic ecotoxicity 1,25 0,92 -6,02 -2,38 1,69 PDF*m2*yr
Terrestrial ecotoxicity 0,31 0,18 -2,41 -1,05 0,51 PDF*m2*yr
Terrestrial acidification/nutr. 1,31 4,15 -7,17 -2,93 0,50 PDF*m2*yr
Aquatic acidification 4,25x10° 7,82x10°  -2,37x102%  9,73x10° 1,53x10° PDF*m2*yr
Aquatic eutrophication 0,73 0,19 -3,21 -1,24 0,52 PDF*m2*yr
Land occupation 4,23 -5,31 -51 -23,4 -5,63  PDF*m2*yr
Total impact on ecosystem quality 7,85 0,13 -69,8 -31 -2,40 PDF*m2*yr
Global warming 161 44,5 29,7 95,5 120 kg COz.¢q
Total climate change 161 445 29,7 95,5 120 kg COz.q
Mineral extraction 3,72x102-2,68x1072 -0,15 -5,40x102 -2,00x10°2 MJ
Non-renewable energy 2,94x10* -3,11x10*  -2,95x10°  -1,33x10° 1,27x10° MJ
Total resource degradation 2,94x10* -3,11x10*  -2,95x10°  -1,33x10° 1,27x10° MJ

4.2.3.1. Human health impact

Figure 4.11 shows the impact on human health from high to low. S1 has
avalue of 7.42x10-5. S5, S2, S4 and S3 have values of .1.93%10-5, -1.99x10-
5, -4.46x10-4 and -9.75x10-4 DALY /ton respectively. Scenario S3 has the
lowest impact on human health.
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Among the human health —
damage midpoints, the value of the R —
Respiratory  inorganics  midpoint e ) I '
category is the most significant
compared to other scenarios. The
figures for S1, S2, S5, S4 and S3 are -10°
5.22x10-5, -5.39x10-5, -5.76x10-5, - _ F——
4.6x10-4 and -9.71x10-4 DALY/ Figure 4.11. Hur_nan health damage of
tons in turn. S3 is the scenario with scenarios (DALY)
the most positive impact.
4.2.3.2. Impact on ecosystem quality

Figure 4.12 shows the impact on the ecosystem quality of the scenarios.
The order of positive to negative impacts is S3>S4>S5>S2>S1 with values
of -69.8, -31; -2.4; 0.13 and 7.85, in turn (PDF*m2*yr).
4.2.3.3. Impact on climate change

[ — -
-10 S1 S2 I S5 100
=20
o 50 I
0
- i [
S2 S3 S4 S5

S1

-80 Scenarios
Scenarios

Figure 4.12. Total midpoint of impact on Figure 4.13. CO2-eq emissions per 1
ecosystem quality ton of MSW
The impact of climate change o

with the midpoint type is global 0 E = I I -

4x10*
6x10%

DALY/ton of MSW

-8x10%

PDF*m2*yr/tn of MSW
2
KgCO2-eq/ton of MSW

warming, the level of impact due to
global warming. The results are
presented in Figure 4.13 in order from

MJ/ton of MSW

negative to positive impacts on climate faime?

change of the scenarios respectively e
S1>S5>54>S2>S3 and have values of Figure 4.14. Impact on resources of
161; 120; 95,5; 44,5 and 29,7 kgCO»- scenarios

eg/ton of SW in turn.
4.2.3.4. Impact on resources

Figure 4.14 shows that scenarios S1 and S5 have a negative impact,
scenarios S2, S3 and S4 have a positive impact on resource loss. In terms of
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environmental benefits, S3 is the best scenario with a value of -2.95x105,
followed by S4, S2, S5, and S1, respectively.
4.2.4. Results of life cycle assessment of scenarios

Table 4.9, Figure 4.15, and Figure 4.16 present the results of the LCA
scores for the scenarios. Table 4.9 is the normalized score result for each
damage type and the scenario’s final score. Resources significantly influence
scenario outcomes of the four types of damages, whereas ecosystem quality
damage has a minor effect on scenario outcomes.

Table 4.9. Results of LCA scores of SWM scenarios in Hue city

Damage type Scenarios
S1 S2 S3 S4 S5
Human health 1,05x102  -2,80x10°  -0,136  -6,28x10% -2,71x107
Ecosystem quality 5,69x10*  9,49x10° -506x10° -2,24x10° -1,74x10**
Climate change 1,39x102  3,84x10° 2,26x10° 8,24x10°  1,03x107?
Resources 0,19 -0,20 -1,94 -0,87 8,37x103
Total point 0,22 -0,20 -2,08 -0,93 0,02

0.20 0,08

— e -
0,00
ko) 0,08
0,10 -0.10
(a ) 0,15 ( b )
005

0,20
- . &

0,00 025

Scenarios 1 Scenarios 2
050 020
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Figure 4.15. Impact point of damage categories
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Comparison between 4 damage categories
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Human health
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Figure 4.16. Result of the life cycle impact scores of the scenarios

point

damage type values of scenarios
S1 and S5 have a negative

The correlation of the roles 05
of damage types in each T — - _I
scenario is clearly shown in gy RS es s s‘—I >
Figure 4.15. The resource i ‘
|

effect, and the total score values 2

of scenarios S1 and S5 have a 25 —

negative impact. Similarly, the

resource damage category of Figure 4.17. Variation of impact point

scenarios S2, S3, and S4 is according to SW recycling rate in scenario S2
positive. Figure 4.15 shows the

determination of the outcomes of the resource damage type in all scenarios
except for the S5 scenario. Specifically, Figures 4.15a and 4.15e have
positive values of the resource damage type, resulting in a score of scenarios
S1 and S5 that are also positive. In Figure 4.15b, Figure 4.15c and Figure
4.15d, the resource damage category has negative values, and the results of
scenarios S2, S3 and S4 have negative values. The total final scores of the
scenarios are shown in Figure 4.16.

According to Jolliet et al. (2003), damage types can be used to compare
with each other. However, when comparing between scenarios, a default
weighting factor of 1 for all damage types will be used. In this study, the
weights of the four damage groups are equal and are used by default as 1.

Figure 4.16a shows that, among the five scenarios, scenario S3 — incinerating
solid waste to generate electricity is the most environmentally friendly.
However, the transport distance is longer than other scenarios (transport
distance of scenarios S1 and S2 is 39.7 km, transport distance of scenarios S3,
S4, and S5 is 61.7km). Results of LCA of 5 scenarios according to the degree
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of environmental friendliness, the rank of scenarios is S3>S4>52>S5>S1
respectively.

To implement SWM according to the scenario S3, it is necessary to adjust
the classification of SW at source as it is now, so it should be classified into 4
types: combustible; recycle and reuse; hazardous and non-combustible groups.
4.2.5. Sensitivity analysis
4.2.5.1. Sensitivity of recyclable composition recovery in scenario S2

Figure 4.17 shows that the change in the recycling rate affects the results
of S2 scenario. The change has a negative effect at 30% recycling rate. When
the recycling rate reaches 50%, the S2 scenario has a positive impact. With
the recycling rate fluctuating from 10 to 90%, scenario S2 does not change
compared to scenarios S1, S3 and S4. When the S2 reaches 50%, the
recycling rate is better than the S5 scenario; both S2 and S5 target towards
recycling recovery.
4.2.5.2. Sensitivity to change the rate ofincinerating and landfilling in
scenario S4

The sensitivity analysis of 0.50
scenario S4 is calculated by WSk s s s sis : LI 55
changing incinerating and 0% I I ‘
landfilling rates: S4_1 (90% -0 |
|

incineration, 10% landfill), S4 2 150
(70%, 30%), S4_3 (50%, 50%), 200
S4_4 ( 30%, 70%) and S4-5 (10%, 250
90%). Figure 4.18 highlights that
the scenario S4 tends to more Figure 4.18. Variation of impact point by the

. . rate of incineration and landfilling in scenario S4
environmentally  friendly  when
increasing the amount of SW treated by incineration. Particularly, when
incinerating more than 20% of the total amount of SW, S4 has a positive
impact; and when incinerating rate reaches 30%, S becomes
moreenvironmentallyfriendly compared to scenario S2.

4.2.6. Demand for the use of landfill land for scenarios

The demand for landfill area for each scenario is calculated based on: the
directly landfilling of SW post-incinerating ash, the residue from organic
composting, and calculated for the total amount in 1 year in all scenarios.
The landfill demand is shown in Figure 4.19 and Figure 4.20. Figure 4.20
compares the landfill area demand of scenario S1 with other scenarios.
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4.2.7. Recommendation to scenarios and solutions for improvingsolid
waste management for Hue city
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Figure 4.19. Landfill landdemand for Figure 4.20. Comparison of land
scenarios over a 1-year period use demand for landfill

- Scenario S3 is the most environmentally friendly and has the lowest
demandfor landfill land, so it is recommended to use it for Hue City.

- From 2014 - 2020, the amount of municipal solid waste generated in
Hue City increased by an average of 6.5%/year. By 2030, the amount of
Municipal SW will reach 600 tons/day and up to the maximum capacity of
the Phu Son Waste-to-energy Plant. Therefore, it is necessary to develop
organic composting options before 2030 (when considering the demand of
using landfill land).

- The current implementation of classification at sourcewill contribute to
reducing the amount of recyclable SW entering the landfill site along with
the benefit of environmental impact reduction as the LCA results are shown
in Figure 4.19. However, the classification of Solid waste into groups also
needs to be adjusted to meet the actual situation of SW treatment in the city.
In case of the SW treatment is mainly incinerated, it is necessary to classify
it as having a combustible group.

CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
From the research results, the thesis sumps up the following findings

1. The current SWM has been developed and directed towards integrated
SWNM strategies. Therefore, perfecting the legal document system, policies,
and clear national target orientation is necessary. However, some limitations
remain, such as policies regarding promoting reduced generation, classifying
at source as well as recovering and recycling solid waste.

2. Hue City has a high solid waste collection rate, reaching 98%. The
frequency of collection in Hue city is once a day, however, many areas still
have collection frequency of once every 2-3 days. Thua Thien Hue
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Provincial People's Committee has issued regulations on assigning roles and
responsibilities of state management units on solid waste and SWM planning
in Thua Thien Hue province to 2030, with a vision to 2050, classifying MSW
at the source.

3. The research results show that the generated household domestic SW
is 274g/person/day, equivalent to 1,181g/household/day. There is a slight
variation in household solid waste generation rate between weekdays . The
household solid waste generated in Hue city is estimated at 96.3 tons/day.
Regarding the characteristics of household solid waste, organic waste
accounts for the highest proportion at 66.7%. In the composition of
municipal solid waste, organic solid waste also accounts for the highest
proportion at 60.5%, followed by plastic waste at 17.4%, papers at 6.1%,
metal at 1.5% and glass at 0.9% in turn.

4. The thesis developed five SWM scenarios in Hue City: Scenario S1:
Sanitary landfill; Scenario S2: Sanitary landfill combines compost
production and recycling of materials; Scenario S3: 100% of SW is treated
by incineration; Scenario S4: 50% of SW is treated by incineration, 50%
landfill, and Scenario S5: Recycling recovery through segregation at source
combined with landfilling

5. Applying LCA to 5 scenarios identified that scenario S3 with100% of
SW treated by incineration is the most environmentally friendly scenario
with an impact score of -2.08 points. T the scenario friendliness includes
radical mass reduction and power generation from combustion. Solid waste
treatment by landfill in scenario S1 is the most harmful environmental
option, with an impact score of 0.22 points. Scenario S2 combines
composting and recycling recovery and has an impact score of -0.20 points.
Composting organic fertilizers from solid waste bring fews many positive
impacts on the environment. Particularly, although organic fertilizer
products help improve soil and replace chemical fertilizers, the production
process of organic fertilizer consumes a lot of energy. Therefore, the
environmental efficiency is not high. Recovery of recycled materials has a
positive impact on the environment due to reduced resource extraction and
the lower energy consumption of recycling from the extraction of raw
materials. The research results also show that if the recycling recovery rate
gradually decreases, the impact point value of S2 is close to S1.
Classification at source should be promoted to improve recycling rates.

6. The results of assessing the environmental friendliness of the scenarios
according to LCA are S3>54>52>S5>S1, respectively. The selected scheme
to recommend for Hue City is scenario S3: The collected solid waste volume
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is treated by incineration and is consistent with the national strategy on
integrated SWM to 2025 and a vision to 2050 withthe rate of direct burial of
collected solid waste below 30%.

7. For the demand for landfill land for each scenario, scenario S3 has the
lowest demand for landfill land, by 9%, compared to scenario S1. The figures
for S2 and S3 are equivalent, with 52% and 53%, respectively, compared to
scenario S1. The demand for landfill land in scenario S5 is still very high
and nearly equal to S1 (94%).

SUGGESTIONS

- Integrated SWM need to include social, economic and environmental
fields. Thus, it is necessary to have extensive research to consider the
influence of society and the economy in LCA to recommend more suitable
solutions to thelocal socio-economic situations.

- The data for LCA research is usually secondary data that is inventory,
collected according to the direction of the research (some studies may carry
out surveys, surveys to provide Primary data). Thus, secondary data related
to SWM needs to be unified, completed and reliable by state management
agencies so that the research has high accuracy and closeness to local reality.

- LCA research can also be applied to select technologies in solid waste
treatment; study to compare environmental impacts between different solid
waste treatment technologies, thereby supporting state management agencies
in choosing the best technology to treat SWM.
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