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Tém tit: Ma héa tai san thiee (Real World Asset Tokenization) sir dung NFT trén
blockchain dwoc xem la huong lié}o can hira hen cho $6 héa va quan tri tai san trong boi
canh chuyén doi sé tai Viét Nam. Nghién ciru ndy tién hanh thuc nghiém cé kiém sodt, trién
khai cimg mot hop dong théng minh trén ba mang tuwong thich EVM (Ethereum Sepolia, BSC
Testnet, Polygon Amoy), do truc tiép lwong gas tiéu thu cho cdc thao tdc deploy, mint va
transfer, sau dé quy doi chi phi sang USD theo gid gas va gid token trung binh. Két qud cho
thay Polygon cung cdp chi phi token héa gan nhu tiém cdn 0 trén méi NFT, BSC dat diém cdn
bang giita chi phi thip va thoi gian xdc nhdn rdt nhanh, trong khi Ethereum duy tri wu thé
vé bdo mdt nhung chi phi cao hon dang ké. Tir cdc phat hién nay, nghién citu dé xudt khung
lira chon nén tang theo giai doan trién khai (PoC/MVP, vin hanh quy mé 1én, tai san gid tri
cao), hé tro cdc co quan va t6 chire trong thiét ké hé thong token héa tdi san sé phit hop véi
rang bugc chi phi va yéu cau van hanh thuec tién.

Tir khoa: ma hoa tai san thuc, phi gas, ma hoa, Ethereum, BSC, Polygon, hop déng thong
minh Solidity

I. Dit vin dé ly tai san thong qua ho so gidy to truyén
théng d& bi lam gia hodc thit lac, mdi tai
san hitu hinh ¢6 thé duoc dai dién bdi mot
NET duy nhét trén blockchain. Day 1a mot
ban ghi k¥ thuat sd bat bién, co thé xac
quan tam rong rai trong linh vuc tai chinh minh cong khai va chuyén giao tu dong

va quan 1y tai san toan cau. Thay vi quan thong qua hop dong thong minh. Céc tng

Ma hoa (Token) tai san thuc
(Real-World Asset Tokenization - RWA

Tokenization) 1a xu hudéng dang dugc
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dung dién hinh bao gdm: quan 1y quyén
s& hiru bat dong san, s6 hoa phuong tién
giao thong phuc vu ddu gia nha nudc, theo
ddi chudi cung tmg va xac thyc trang thiét
biy té.

Tai Viét Nam, Chuong trinh Chuyén
d6i s6 Qudc gia v6i tdm nhin dén nam
2030 di xac dinh quan ly tai san sd 1a
mot trong nhiing linh vuc vu tién. Thuc té
trién khai cho thdy céc co quan nha nudc
dang tim kiém cac giai phap blockchain
dé minh bach hoa quy trinh quan ly,
chuyén nhuong va thanh 1y tai san cong.
Tuy nhién, mdt rao can ky thuat va kinh té
quan trong van chua duoc giai quyét: chi
phi thuc 1é dé thuc hién thao tac mint mot
NFT tai san thuc la bao nhiéu, va mang
blockchain ndo dép iing tot nhdt yéu cau
Vé ca chi phi lan toc dg ¢ quy mé I6n?

Chua c6 nghién ctu so sanh toan
dién phi gas cho toan bd quy trinh token
héa tai san thuc (deploy — mint —
transfer) trén ba nén tang EVM pho bién
nhét hién nay (Ethereum, BSC, Polygon)
trong cung mot diéu kién kiém soat.

II. Co s& 1y thuyét

Céc nghién ciru vé token hoa tai san
thuc su dung NFT da c6 nhiing dong gop
dang ké trong nhiing nim gan day. Joshi
va Choudhury (2022) dé xuit khung token
hoa bat dong san su dung chuén ERC-1155,
hd trg s¢ hitu phan doan va chuyén giao
qua hop dong thong minh. Soundararajan
(2024) trinh bay quy trinh token héa tai san
gin voi dir liéu GIS dia 1y, khang dinh tinh
kha thi cua NFT cho tai san thuc c6 gia tri
cao. Lin va cong su (2024) phat trién kién
trac RollStore két hop luu trit on-chain va
off-chain, giam chi phi gas smart contract
lén dén 65% so véi phuong phap co so
thong qua Merkle Mountain Range va bang
ching zk-SNARK.

Vé so sanh cac nén tang blockchain,
nhiéu nghién ciru da ghi nhan sy chénh
léech 16n vé phi gas giira Ethereum
va cac mang thay thé. Kryptostreettv
(2025) khang dinh chi phi mint NFT trén
Polygon thip hon Ethereum mainnet dén
hang nghin 14n trong diéu kién tai binh
thuong. Tuy nhién, céc so sanh hi¢n co
thuong thiéu tinh hé théng: ching hoic
chi xét mét loai mang, hoac khong bao
gdm toan bd quy trinh token hoéa tir trién
khai hop dong dén chuyén giao quyén s
htru NFT.

II1. Phwong phap nghién ciru
3.1. Tong quan thiét ké thwe nghi¢m

Nghién cuu su dung phuong
phap thuc nghiém kiém soét (controlled
experiment): trién khai va thuc thi cling
mot hop dong thong minh ERC-721 trén
ba testnet blockchain khac nhau. Bing
cach giit nguyén code hop dong va moi
truong phat trién, moi su khac biét trong
két qua do ludng déu phan anh truc tiép
dic tinh ctia mdi nén tang, khong bi anh
huéng boi bién sb ngoai lai.

Ba testnet dugc lya chon vi chung
dai dién cho ba thé hé va chién lugc
ky thuat khac nhau trong khong gian
blockchain EVM:

Ethereum Sepolia: Testnet chinh
thirc cua Ethereum sau khi Ropsten va
Rinkeby bi khai tir. Ethereum 13 nén tang
Layer-1 dugc st dung rong rai nhit cho
NFT va hop dong thong minh, v6i hon
90% tong gia tri NFT toan thi truong.

BSC Testnet (Binance Smart
Chain): Mang EVM-compatible do
Binance phat trién, dugc thiét ké dé giam
phi gas va ting toc do so v6i Ethereum, str
dung co ché ddng thuan Proof of Staked
Authority (PoSA).



Polygon Amoy: Testnet cua
Polygon, gidi phép sidechain/Layer-2 cho
Ethereum, duoc t6i wu hoa cho giao dich
phi thap va thong luong cao

3.2. Quy trinh token héa tai sdn thuc

Quy trinh token hdéa mot tai san
thuc thanh NFT bao gdm ba budc k¥ thuat
chinh, mdi budc tuong tng véi mot giao
dich on-chain c6 phi gas riéng biét:

Buéc 1 - Trién khai hop dong
thong minh

Hop dong ERC-721 dugc viét
bang Solidity 0.8.17, ké thira thu vién
OpenZeppelin ERC721URIStorage va
Ownable. Pay la thao tdc mot lan, chi phi
duoc phan bo cho tat ca cac NFT duge
mint vé sau. Hop dong luu triv: dia chi chi
s& hiru, URI metadata, va bo dém token
ID ty tang.

3.3. Pseudocode hop dong thong minh
/I SPDX-License-Identifier: MIT
pragma solidity *0.8.17;
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Budc 2 - Mint NFT (Token hoa tai san)

Day la thao tac trung tdm cua nghién
ctru. Khi dugc goi, ham mintNFT(address to,
string memory tokenURI) tao ra mot token
ERC-721 duy nhat, gin kém URI tro dén
file metadata JSON luu trén IPFS (Pinata
Cloud). File metadata chira: t€n tai san, loai
tai san, mo ta, hinh anh, va cac thudc tinh
phap 1y nhu ma tai san nha nudc, ndm san
Xuit, gia thAm dinh. Chuin metadata tuan
theo EIP-721 Metadata JSON Schema dé
dam béo twong thich vdi cac nén tang NFT.

Buéc 3 - Chuyén quyén sé hiru
NFT (Transfer)

Khi tai san dugc ban hoac chuyén
nhugng, ham safeTransferFrom(address
from, address to, uint256 tokenld) dugc
goi dé cap nhat quyén sé hiru on-chain
theo co ché hoan toan ty dong, khong can
bén trung gian.

import “@openzeppelin/contracts/token/ERC721/extensions/ERC721URIStorage.sol”;
import “@openzeppelin/contracts/access/Ownable.sol”;
contract RealAssetNFT is ERC721URIStorage, Ownable {

uint256 private _tokenCounter;

constructor() ERC721(“RealAssetNFT”, “RANFT”) {

_tokenCounter = 0;

}

// Mint NFT dai dién cho mot tai san thuc

function mintNFT(address to, string memory tokenURI)

public onlyOwner returns (uint256)
{

uint256 tokenld = _tokenCounter;

_safeMint(to, tokenld);

_setTokenURI(tokenld, tokenURI);

_tokenCounter++;

return tokenld;

}
j
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3.4. Moi truong va cong cu thuc nghiém

Bang 1. Moi truong va cong cu thuc nghiém

TT Cong cu Mo ta
1 |Remix IDE (trinh duyét) Bién dich, trién khai va goi hop dong, khong can cai dat
2 | MetaMask Ky giao dich va két ndi vi timg testnet
3 |Pinata Cloud Luu trit metadata NFT trén IPFS (mién phi)
4 | Etherscan/BscScan/PolygonScan | Tra ctru gas da tiéu thu cho ting giao dich
5 |Faucet Lay token test mién phi (SepoliaETH, tBNB, MATIC Amoy)

3.5. Moi truwong va cong cu thuc
nghiém
Do testnet token khong c6 gié tri
thuc té, chi phi USD dugc tinh theo gié
mainnet tuong Ung theo cong thurc:

Trong d6 G, la s6 don vi gas
tiéu thu (do truc t’ié'p trén testnet), P la
gia gas tham chiéu (Gwei), P, va la
gia mainnet ctia token gbc tai thoi diém
thuc nghiém. Phuong phdp nay phu hop
vi luong gas tiéu thy 1a gidng nhau gitra

Crop=G i *P s 1 0°xP testnet va mainnet trén cung EVM.
Bdng 2. Gid token tham chiéu theo CoinGecko, thang 02/2026
. . Gia token
Mang | Testnet | Gasprice (Gwel) | Token | o hiéy trung binh USD, 02/2025)
Ethereum | Sepolia 5 ETH 2.500
BSC BSC Testnet 5 BNB 653
Polygon | Amoy 30 POL 0,25
Arbitrum | Sepolia 1 ARB 0.1
Optimism | Sepolia 2 0.1
Base Sepolia 2500 BASE 0.005

Chi Phi Gas ERC-721 Co Ban

ERC-721 tiéu thu cao do luu trir
riéng 16; ERC-721A tiét kiém gan 2000

gas/mint thém (voi 115000 ERC-721),
khéi 1y tuong; ERC-1155 chuyén nhiéu
token mot khdi ré hon 70%.

Bdng 3: Tong hop chi phi token héa, thang 2/2026

Mang EUI\;I]?; (UISODljlg;TIT) ([}go])}?\ll;l"[) Block Time (s)| TPS Mainnet
Ethereum 2.75 1.20 0.35 12 15
BSC 0.72 0.15 0.04 0.45 100
Polygon 0.0017 0.0002 0.00003 2 65k
Arbitrum 0.05 0.008 0.002 0.25 40k
Optimism 0.08 0.012 0.003 0.2 20k

Moi trudong va cong cu thuc nghiém

Nghién ciru thu thap nam chi s6 chinh:

Gas units tiéu thu: Do tryc tiép trén
blockchain explorer cho moi loai thao tac.

Chi phi USD (quy dbi): Tinh theo
cong thure trén.

Block time: Thoi gian trung binh
giita hai block lién tiép.

Confirmation latency: Thoi gian
tur khi guri giao dich dén khi duogc xac nhan
khong thé dao ngugc (2-3 block finality).



TPS (Transactions Per Second):
Thong lwong mainnet tham chiéu, danh
gia kha nang xir Iy dong thoi.

3.6. Phan tich bao mdt, mo rong va
rui ro

Bio mat: Ethereum/Optimism cao
nhat (lich st kiém tra dai); Layer-2 ké thira
bdao mat Ethereum nhung rui ro ngung
hoat dong tudn tu (sequencer downtime)
(Arbitrum/Optimism ~ ~99.9%  uptime
2025). Rui ro smart contract: tai 1ap (da
dich chuyén sang OpenZeppelin), oracle
manipulation metadata IPFS.

Kha nang mé rong: Layer-2 vuot
tro1 TPS (Base 50k vs Ethereum 15), data
availability EIP-4844 giam L2 fee 90%.

M6 hinh rai ro: Gas spike
(Ethereum peak x10), token volatility
(£20%/thang), regulatory (Vi¢t Nam Nghi
dinh 52/2024 blockchain tai san). Khuyén
nghi: multi-chain + circuit breaker

IV. Két qua va thao luin

4.1. Ethereum: Bdo mdt vwot trgi,
chi phi vin la rao cdn chinh

Ethereum tiép tuc 13 nén tang trung
tam cua hé sinh thdi NFT, v6i chuén ERC-
721 trudng thanh, h¢ sinh théai cong cu
phong phii va thuc tién kiém toan smart
contract sdu rong, tao ra muc do tin cdy va
bao mét cao nhét trong ba mang. Chi phi
mint mot NFT tai san thuc trén Ethereum
vao khoang 2,75 USD, cao hon dang ké so
v6i BSC (~0,72 USD) va Polygon (~0,0017
USD). Trong diéu kién tic nghén hoic gas
price vugt 1én trén mirc trung binh, chi phi
nay c6 thé tang 1én nhiéu lan, khién tong
chi phi token hoa tro thanh yéu t6 chi phbi
d6i voi cac danh muyc tai san ¢6 gia tri trung
binh hodc sd luong NFT cAn mint 1on.

Tu géc do trai nghi€ém nguoi dung,
thoi gian tao block khodng 12 gidy va
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nhu ciu cho 2-3 block dé dat finality
khién confirmation latency cua Ethereum
thuong vao khoang 30 gidy, thdp hon ky
vong cua cac kich ban can phan hoi gan
thoi gian thuc nhu tra clru trang thai tai
san tai quiy giao dich hodc tich hop véi
quy trinh nghiép vu can nhanh chéng. Tuy
nhién, vu thé vé bao mat, do phi tap trung
va quy mé cong dong khién Ethereum van
1a lya chon phu hop cho cac truong hop
token hoa tai san c6 gia trj rat cao (vi du:
tac pham nghé thuat hodc bat dong san
cao cap tri gia hang trim nghin USD), noi
chi phi gas chiém ty trong nho so véi gia
tri giao dich va yéu cau an toan hé thong
dugc dit 1én hang dau. Trong khudn kho
nghién ctru nay, Ethereum dugc xem la
chuin tham chiéu vé bao mat va muc do
trudng thanh cua hé sinh thai, hon 1a lua
chon tdi wu vé chi phi cho cac trién khai
quy mo 16n tai Viét Nam.

4.2. BSC: Piém cén bang Iy twong
cho wrng dung doanh nghiép

BSC dat sy can bang tot nhét trong
ba nén tang duoc khao sat khi xét dong
thoi chi phi va toc 6. Chi phi mint mot
NFT tai san thuc khoang 0,72 USD, du
thap dé cac co quan, doanh nghiép c6 thé
token hoa danh muyc tai san quy mé vira
ma khong tao 4p luc chi phi dang ké. Nho
cac nang cap ky thuat, block time cia
BSC di giam xubng khoang 0,45 gidy va
thoi gian dat finality vao khoang 1,1-1,5
gidy. Thong sé nay cho phép ngudi dung
gﬁn nhu nhan dugc phan hdi tirc thi sau
khi guri giao dich. Tir goc do phat trién, hé
sinh thai cong cu EVM (Remix, Hardhat,
OpenZeppelin) va cong dong lap trinh
vién dong dao giap BSC trd thanh lya
chon uu tién cho giai doan PoC/MVP
va cac dy an can dua san pham ra moi
truong van hanh nhanh nhung van dam
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bao chi phi va trai nghiém nguoi dung &
muc hop 1y.

4.3. Polygon: Tiém ning mé réng
quy mé lon

Polygon cho thdy chi phi token hoa
gan nhu bang khong: ngay ca khi tinh du
chi phi deploy, mint va transfer. Téng chi
phi dé token hoa mot tai san trong 16 100
NFT chi vao khoang 0,0023 USD/NFT.
Muc chi phi ndy mé ra kha nang ap dung
blockchain vao quan 1y tai sdn cong va tai
san doanh nghiép & quy mé toan qudc ma
gan nhu khong 1am ting tong chi phi van
hanh cta hé thong.

Trong 19 trinh nang cap thong luong
vol muc tiéu dat ~100.000 TPS vao nam
2026. Két hop giita chi phi cuc thap hién
tai va tiém ning mo rong thong luong
trong tuong lai, Polygon dac bi¢t phu hop
cho cac kich ban trién khai B2C quy mo
16n cho giao dich tai san c6 gi tri thap va
trung binh.

4.4. Méi quan hé chi phi - toc dé

Mot quan sat dang chi y 1a mang
c¢6 chi phi ré nhat (Polygon) khong phai
12 mang c6 thoi gian xac nhan ngin nhat;
trong diéu kién xac nhan don 1é, BSC
moi 12 nén tang dan dau vé toc do. Voi
block time khoang 0,45 gidy va thoi gian
finality x4p xi 1,5 gidy, giao dich trén BSC
thuong dugc xac nhan chic chan nhanh
hon dang ké so véi Polygon (khoang 5
gidy) va Ethereum (khoang 30 gidy cho
2-3 block). Trong cac ung dung token hoa
tai san, chénh 1€ch vai giay gitta BSC va
Polygon thuong khong quan trong khi xur
1y cac giao dich hanh chinh thong thuong,
nhung trong nhitng kich ban yéu cau phan
hdi gan real-time (vi du: tra ciru quyén s&
hitu tai quiy giao dich, kiém tra trang thai
tai san trude khi phé duyét giao dich), uvu

thé vé do tré ctia BSC tr& nén rd rét. Mbi
quan hé chi phi - téc do - thong lugng nay
goi ¥ mot chién luge Iya chon nén tang
theo giai doan phat trién:

Giai doan PoC/MVP: BSC - chi
phi chép nhén duoc, toc do nhanh, hé sinh
thai hoan thién.

Giai doan Production, quy mo
16m: Polygon - chi phi tdi thiéu, thong
luong cao.

Giai doan yéu cdu bao mit cuc
cao cho giao dich tai san gia tri cao:
Ethereum.

4.5. Han ché ciia nghién ciru

Nghién ciru nay c6 mot s giéi han
can duogc xem xét khi doc két qua.

Phi gas va gia token co bién dong
cao theo thoi gian; cac con sé USD cu thé
chi phan anh diéu kién thang 02/2025 va
c6 thé thay d6i dang ké.

Thyc nghiém trén testnet co6 luu
luong thép hon mainnet, nén do tré trong
diéu kién tai cao thuc té co thé cao hon,
dac biét voi Ethereum.

Nghién ctru chi sir dung chuan ERC-
721 co ban; cac chuin téi uu hon nhu
ERC-721A (batch mint) hoac ERC-1155
c6 thé cho két qua khac nhau vé gas units.

Chua danh gid chi phi trén céc
Layer-2 khac cua Ethereum (Base,
Optimism, Arbitrum), cac gidi phap nay
¢6 thé canh tranh véi BSC va Polygon.

V. Két luin

Nghién ctru d4 so sanh c6 hé thong
chi phi gas trong quy trinh token hoa tai
san thuc (deploy — mint — transfer ERC-
721) trén Ethereum, BSC va Polygon, voi
cung mot hop dong théng minh va bod
tham s gia token/gas cua thang 02/2025.
Két qua cho thay Polygon mang lai chi phi



token hoa gan nhu bang khong trén moi
NFET, BSC dat diém cén bang t6t nhat giita
chi phi thdp va thoi gian xac nhan rat nhanh
(~1,5 gidy), trong khi Ethereum cung cip
muc bao mat va hé sinh thai truéng thanh
nhat nhung vé6i chi phi cao hon dang ké.
Duya trén d6, nghién ctru khuyén nghi
su dung BSC cho giai doan PoC/MVP va
cac hé thong quy méd vira, Polygon cho
giai doan trién khai production quy mo
16n khi vu tién chi phi, va Ethereum cho
cac kich ban token hoda tai san gia tri cao
can mirc bao mat t6i da, gitip cac to chirc
tai Viét Nam lua chon nén tang blockchain
pht hop theo ting giai doan phat trién hé
thdng token hoa tai san s6.
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TOKENIZATION OF REAL-WORLD ASSETS USING NFT:
COST ANALYSIS ON POPULAR EVM NETWORKS AND
RECOMMENDATIONS IN THE CONTEXT OF DIGITAL

TRANSFORMATION IN VIETNAM

Nguyen Duc Xuan', Le Bao Minh?, Chu Dang Dinh?

Abstract: Tokenization of real-world assets (Real World Asset Tokenization) using NFTs
on blockchain is considered a promising approach for digitizing and managing assets in the
context of digital transformation in Vietnam. This study conducts a controlled experiment,
deploying the same smart contract on three EVM-compatible networks (Ethereum Sepolia,
BSC Testnet, Polygon Amoy), directly measuring gas consumption for deploy, mint, and
transfer operations, then converting costs to USD based on average gas and token prices.
Results show that Polygon offers near-zero tokenization costs per NF'T, BSC achieves a balance
between low costs and very fast confirmation times, while Ethereum maintains a security
advantage but with significantly higher costs. Based on these findings, the study proposes a
platform selection framework by deployment phase (PoC/MVP, large-scale operations, high-
value assets), supporting agencies and organizations in designing digital asset tokenization

systems that align with cost constraints and practical operational requirements.
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