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Abstract. All existing secured loans, including crypto-secured loans, are provided under the 

condition that the collateral entrusted by the borrower is kept safe during the loan term. In 

other words, they use a one-way collateral function. Thus, a frequent drawback of these loans 

is that the collateral value increases if and only if the collateral price increases. To resolve 

this problem, this paper proposes a new crypto-secured lending system incorporating a new 

two-way collateral function. It would allow a borrower to invest proportions of their own 

collateral by predicting the market in both directions to make profits irrespective of whether 

the price of the collateral increases or decreases. This benefits the borrower since profit can 

be made even if the price of the collateral drops, by betting on the price decrease. This new 

lending system could include a new hedged portion, unlike traditional secured lending 

systems. As a result, larger loans can be made under this arrangement; further, this portion 

provides the advantage of reducing the underlying collateral price volatility risk.  

    

1. Introduction 

The use of online payments has rapidly increased with the global penetration of the internet and 

smartphones, as well as the advent of simple payment services. Correspondingly, the 

importance of cryptocurrencies such as Bitcoin (BTC) and Ethereum (ETH) as online payment 

methods has been growing steadily. Cryptocurrencies offer advantages over traditional payment 

methods: borderless and instant transactions with no intermediaries. This technology now 

facilitates simple financial transactions, such as online transfers and instant payments, globally. 

However, a substantial hurdle of using cryptocurrencies on a daily basis is their high price 

volatility. Because of this, using cryptocurrencies as a medium of exchange or store of value is 

risky. This means that one party in a contract will most likely suffer economic disadvantages as 

a result of severe price volatility. For this reason, stablecoins, whose prices are pegged to fiat 

money such as the US Dollar or commodities such as gold, are sometimes considered the “holy 

grail of crypto.”1 A stablecoin is a cryptocurrency that, as the name implies, stabilizes the price 

to maximize usability. One can easily use them to both to pay for goods or services and hedge 

against market volatility. Many types of stablecoins with different price-pegging algorithms are 

already actively used. They can be classified into fiat-collateralized, non-collateralized, and 

crypto-collateralized stablecoins, depending on the type of collateral utilized in a given 

transaction.1, 2 

In recent years, decentralized finance (DeFi)—the use of blockchain technologies to provide 

borderless financial services across nations—has been gradually spreading.3, 4 One of the most 

actively used DeFi services is crypto-secured loans. These are similar to conventional loans 

based on fiat money, except that (as the name implies) cryptocurrencies are used as collateral. 

Such loans can be classified into two types. The first is a loan paid out in a different extant 
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cryptocurrency, as with traditional secured loans. For example, at Compound, a loan can be 

provided in DAI, a stablecoin, when a borrower deposits ETH as collateral.5 The second is a 

new method of lending in which stablecoins are newly issued, similar to a central bank. This 

was first introduced by MakerDAO.6 Such a crypto-secured loan has certain advantages over 

simple cryptocurrency ownership. For example, when a cryptocurrency owner needs cash, they 

have to sell the cryptocurrency, thereby forfeiting any future profits accruing from price 

increases. This is a clear drawback. However, with a crypto-secured loan service, not only can 

the owner use the loan proceeds immediately, but they can also benefit from additional profits 

when the price of the collateral (i.e., the cryptocurrency) increases over time. 

  

2. Related Work 

Today, almost all financial transactions rely on centralized custodial providers because of 

counterparty risk. 7  In economic transactions, these providers or intermediaries help find 

transaction partners, establish trust, and settle transactions.8 

However, distributed ledger technologies (DLTs) can eliminate the need for intermediaries 

by implementing an immutable digital ledger system in a distributed manner.8 DLTs can be seen 

as a database that includes shared and immutable records of ownership registered by 

participants. 9  This technology enables financial services to be distributed, innovative, 

interoperable, borderless, transparent, and difficult to censor.8 For this reason, this technology 

is actively applied in both financial and non-financial sectors.10, 11, 12 This can also offer easy 

access to financial services to individuals who otherwise would not have it, since the technology 

provides contract execution through a smart contract.13, 14 Smart contracts are programmed, 

code-based contracts stored on blockchains that can enforce agreements among mutually non-

trusting entities;15 being coded in advance, they can effectively eliminate intermediaries such as 

escrow services and central counterparty clearing houses.9 The Ethereum platform provides 

Turing-complete language for creating smart contracts specifically for this purpose.16 

DeFi, also called open finance, replaces intermediaries with smart contracts, which increases 

the efficiency of financial services, minimizes costs, and enables borderless use.9, 17 Smart 

contracts can replace traditional lenders, whose traditional contracts are enforced by the judicial 

system. Replacing this type of contract can considerably increase the efficiency of transactions, 

thus helping to turn previously infeasible business models into practicable ones.8 Because of 

these potential innovations, many DeFi projects are now competing to replace or supplement 

traditional finance.11, 18 As of August 19, 2020, the total amount of funds locked in DeFi was 

estimated at US $6.3 billion, about six times more than only three months ago.19 DeFi mainly 

uses the Ethereum network, but the use of other networks is also on the rise.20 

DeFi can be broken down into five subcategories: payments, on-chain assets, decentralized 

exchanges (DEXs), decentralized derivatives, and crypto lending.19 Payments and on-chain 

assets are fairly self-explanatory, with the latter including platforms such as SetProtocol and 

Melon, which provide a basket of crypto-assets.21, 22 

DEXs are distributed ledger protocols that allow users to trade cryptocurrencies without 

handing the control of their private keys to an intermediary, 9 and since their trade execution is 

atomically processed through a smart contract, the other party’s risk is reduced.9 However, 

DEXs are still in an early development stage, providing higher trade latency, lower liquidity, 

and less-intuitive user interfaces.23 The DEXs’ counterparty discovery mechanisms, matching 
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mechanisms, and transaction settlements are covered by Lindsay X. Lin in her “Deconstructing 

Decentralized Exchanges” (2019).23  

Decentralized derivatives are crypto-assets whose values are determined by the performance 

of an underlying asset and outcome of an event.9 Because of this, they need an oracle connected 

to the outside world to trace external variables.24 Decentralized derivatives can be classified into 

asset-based and event-based derivative tokens.9 The former provides various synthetic assets 

(synths) issued using network-locked collateral.25, 9 The most popular protocol is Synthetix 

(https://synthetix.exchange), which provides various tokens that inversely follow underlying 

asset prices.25 It includes Augur, which provides a prediction market.26  

Crypto lending is a fast-growing field in the DeFi ecosystem, where participants borrow 

money or provide liquidity to earn interest without revealing their identity. Loans can be used 

to avoid temporary liquidity squeezes or for leverage. 9 In general, crypto lending refers to 

crypto-secured lending because the collateral is locked in smart contracts and returned after 

paying back the debt. This lending is completely permissionless, thus eliminating reliable 

traditional intermediaries, and it can be classified into collateralized debt positions (CDP) and 

collateralized debt markets (CDMs). 9  

MakerDAO uses CDP. 27  Borrowers generate CDP and receive newly-issued DAI 

stablecoins supported by collateral.27 Because of this design, all DAIs issued are always over-

collateralized. As a result, such a DAI corresponds to a fully secured loan, whereby a liquid 

asset is obtained through collateral; however, the risk of forced liquidation increases 

proportionally to increases in the collateral price volatility. This is a drawback.  

CDMs use existing conventional crypto assets from other people and need to achieve a 

match between the borrower and lender, much like conventional secured lending.9 Both parties 

are usually matched between individuals (peer to peer) and in a pool (i.e., pooled matching).9 

The most popular protocols include Compound and dYdX.5, 28  A simple review of crypto 

lending is provided by Binance Research in their “DeFi Series #1” (2019).3 Interest in crypto 

lending is detailed on the websites defirate.com and binance.com. 29, 30 Binance also details 

arbitrage and carries trade strategies that take advantage of interest rate differences in “DeFi 

Series #2” (2019).31  

 

3. Conventional Crypto-Secured Lending Systems 

To better understand this lending system, we examine a MakerDAO lending protocol.6 The 

protocol is structured as follows. A borrower provides ETH to a collateralized debt position 

(CDP, currently called Vault), in a smart contract—an automated program running on the 

Ethereum network.6 The CDP (or lender) receives ETH as collateral and lends the DAI. 6 This 

framework also includes a liquidator to facilitate the liquidation. For example, when the 

borrower provides ETH worth $10,000 to the CDP, the CDP locks it into the network and issues 

DAI worth $3,000 to lend it to the borrower (see Fig. 1).  
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Fig. 1. Loan structure and process of a conventional crypto-secured lending system, 

MakerDAO. The investment of collateral is a one-way operation for freezing and 

safekeeping. 

As shown in the figure above, DAI is a secured loan based on a one-way collateral function, 

whereby the operator CDP temporarily maintains the borrower’s collateral during the loan term. 

This function is mandatory so the operator can use it to recover the loan amount by liquidating 

it should the collateral be insufficient. Consequently, every secured loan must include the 

potential for such forced liquidation. Additionally, the borrower is allowed the option of normal 

“repayment,” wherein the borrower returns the whole loan amount to the CDP and reclaims the 

collateral, thereby terminating the loan. The returned DAIs are then burned or destroyed. 

Therefore, the value of all other circulated DAI is always maintained by over-collateralized 

collateral. However, when collateral is liquidated, the borrower suffers the loss caused by a fall 

in the collateral price and cannot gain from any future increase in the price.  

We should note that the borrower is asked to provide high over-collateralization when the 

price volatility of collateral is high. This is because as the price volatility of the collateral 

increases to the same extent as over-collateralization, the risk of forced liquidation also 

increases proportionally. Consequently, in every secured loan, assets with low price volatility 

are inevitably preferred as collateral. However, the BTC price rose about 10.5 times in five 

months from US $1,883 on July 17, 2017 to US $19,896 on December 17, 2017, according to 

coinmarketcap.com. Approximately ten months later, the price dropped about 84% to US 

$3,228 on October 16, 2018. About eight months later, it rose again about 4.2 times to US 

$13,725 on June 27, 2019. The historical volatility of cryptocurrencies is clearly much greater 

than that of conventional collateral such as real estate and stock.32 Because of this volatility, 

such secured loans inevitably require higher over-collateralization than conventional secured 

loans. Consequently, the average loan-to-value ratio (LTV) of crypto-secured loans is about 

30%, which is much lower than that of conventional collateral assets such as real estate.33, 34, 35 

In secured loans, the loan amount is determined as the value of collateral at the time of loan 

multiplied by the LTV. The LTV in Fig. 1 is 30%. 
 

3.1 Conventional One-Way Collateral Function—In most conventionally-secured loans, the 

borrower temporarily entrusts the collateral to the operator, the price of which changes over 

time, and receives a loan in return. Thus, the collateral is a form of security deposit during the 

loan term and is returned when the contract is terminated. Deposits are assets such as stocks and 

real estate that are traded in spot markets. 

Thus, all secured loans, including crypto-secured loans, use a one-way collateral function. 

This function can include forced liquidation triggered by insufficient collateral. It allows the 

value of the collateral to increase/decrease only when the price of the collateral 

increases/decreases. Therefore, the borrower of conventional loans always has no choice but to 
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bet on the price increases of collateral. Thus, conventionally-secured loan collateral assets 

contain a one-way profit structure that involves betting on the upside profit only. However, this 

function seriously limits the borrower’s options. Let us call these conventionally-secured loans 

upside loans. Here, our questions are as follows: first, is it possible to obtain a loan that provides 

profit when the value of the underlying asset falls? Let us call this hypothetical loan a downside 

loan. If this is possible, a combined service of these two loans is also possible. Second, is it 

possible to increase the loan to a higher amount than that of the conventionally-secured loan by 

reducing the price volatility of collateral?  

 

 

4. New Crypto-Secured Lending System 

 

To resolve the one-way profit structure, this paper proposes a new crypto-secured lending 

system that incorporates a new two-way collateral function wherein a borrower can select the 

investment direction at their discretion. 
 

4.1 New Two-Way Collateral Function—This new lending system provides a new two-way 

collateral function in which a borrower can choose the investment direction and ratio of 

collateral at their discretion, and thus gain operating profit based on this choice. With this 

function, a borrower can opt for a “two-way collateral ratio” at the time of the loan. This allows 

the borrower to increase the collateral value when the price of collateral increases or decreases. 

With this new function, the collateral could be any of the investment products such as margin 

trading, derivatives, and exchange traded funds (ETFs), which have the potential to produce 

profits in both directions (upward and downward) relative to the collateral price. For example, 

the operator receives a spot asset, such as BTC, as collateral from a borrower, pays out the loan 

amount, and then invests the collateral in derivative products corresponding to the two-way 

collateral ratio chosen by the borrower. As seen in Fig. 2, this new lending system collects 

collateral from a borrower and secures or invests it as two-way collateral. An investment made 

to increase the value of the collateral when its price increases is referred to as upside collateral: 

these are upside loans. The opposite is downside collateral: these are downside loans. Together, 

they are called two-way collateral. Their investments are upside investment, downside 

investment, and two-way investment, respectively. Let us call the underlying asset of two-way 

collateral as the “underlying collateral.” Now, the borrower can execute the loan by including a 

combination of upside and downside collaterals or only the downside collateral. For example, 

if both the upside and the downside collaterals move in line with BTC, their underlying asset is 

BTC. 

 

4.2 Implementation—This new lending system can be divided into lending, repayment, and 

forced liquidation processes. 

Algorithm—A brief algorithm for this new system is shown below. In the following, 𝓛 is 

the loan amount; 𝑷𝑒𝑛𝑡𝑟𝑦,   𝑷𝑐𝑢𝑟𝑟 , and 𝑷𝑒𝑥𝑖𝑡 are the entry price, current price, and forced 

liquidation price of collateral, respectively; 𝑪 is the number of collateral; 𝒓𝑢𝑝 and 𝒓𝑑𝑛 are the 

ratios of upside and downside collateral, respectively; 𝒓𝑙𝑖𝑞  is the (forced) liquidation ratio; 
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𝑰𝑢𝑝 and 𝑰𝑑𝑛  are the upside and downside investments, respectively; and 𝒓𝒆𝒒  refers to the 

liquidation request of the borrower. 

 
■ Lending 

Input: The borrower provides the operator with the collateral (𝑪), the 
ratios of upside and downside collateral (𝒓𝑢𝑝,  𝒓𝑑𝑛) and the  

liquidation ratio (𝒓𝑙𝑖𝑞). 

Output: The operator invests the collateral (𝑪) in upside and downside  
investments (𝑰𝑢𝑝, 𝑰𝑑𝑛) and disburses the loan to the borrower. 

 

1 Operator ←  𝑪; 
2 Calculate the entry price and the forced liquidation price (𝑷𝑒𝑛𝑡𝑟𝑦, 

𝑷𝑒𝑥𝑖𝑡); 

3 𝑰𝑢𝑝, 𝑰𝑑𝑛 with  𝒓𝑢𝑝& 𝒓𝑑𝑛 ← 𝑪; 

4 Calculate the loan amount (𝓛) 

5 Borrower ←  𝓛; 

6 𝒓𝒆𝒒 = false;  

 
■ Repayment 

Input: Check the liquidation request of borrower (𝒓𝒆𝒒 == true). 
Output: The borrower returns the loan amount to the operator and 

receives the investment profit of the collateral. 

 

7 if (𝒓𝒆𝒒) then 

8 Operator ← 𝓛; 
9 𝑪 ←  𝑰𝑢𝑝, 𝑰𝑑𝑛 & Borrower ←  𝑪;   

 
■ Forced liquidation 

Input: The current price (𝑷𝑐𝑢𝑟𝑟) has reached the forced liquidation price  

(𝑷𝑒𝑥𝑖𝑡). 

Output: The upside and the downside investments are liquidated. 

 

10  if (𝑷𝑐𝑢𝑟𝑟 == 𝑷𝑒𝑥𝑖𝑡) then 

11  All investments (𝑰𝑢𝑝 , 𝑰𝑑𝑛) are withdrawn and liquidated. 

 

Loan Amount and Forced Liquidation—MakerDAO’s service pays out the loan after 

locking collateral of 150% or more in CDP, which is the minimum collateral-to-debt ratio.6 

Forced liquidation occurs when the residual value of the collateral is less than this ratio. For 

reference, if the collateral-to-debt ratio is 150%, the LTV is 66.7% and the two are in a 

reciprocal relationship. The borrower can apply for a loan through Oasis, a MakerDAO app and 

non-custodial exchange. However, because the loan amount is calculated by the Oasis 

collateral-to-debt ratio, it is difficult for the borrower to keep track of the price at which the 

forced liquidation occurs. 

In contrast, we have introduced a new liquidation ratio (𝒓𝑙𝑖𝑞) so that the forced liquidation 

will be determined by this ratio chosen by the borrower in the new lending system. The forced 

liquidation price (𝑷𝑒𝑥𝑖𝑡) is calculated directly from the liquidation ratio (𝒓𝑙𝑖𝑞), as shown in Eq. 

(1) below. The forced liquidation is executed at this price in the new lending system. The “main 

investment direction” is the direction of the profit-generating price and corresponds to the 
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direction of 50% or more in the ratio of the two-way collateral; the opposite of this is the 

“opposite investment direction.” For example, if the liquidation ratio is 70% (the upside 

collateral and the downside collateral are 70:30), the main investment direction is the direction 

of the upside collateral; that is, the direction of increasing price. Therefore, forced liquidation 

occurs when the price of underlying collateral falls because the forced liquidation occurs when 

the market moves in the opposite investment direction. 
 

𝑷𝑒𝑥𝑖𝑡  =  {
𝑷𝑒𝑛𝑡𝑟𝑦(1 − 𝒓𝑙𝑖𝑞  / 100),   𝒓𝑢𝑝 ≥ 0.5

 𝑷𝑒𝑛𝑡𝑟𝑦(𝟏 + 𝒓𝑙𝑖𝑞  / 100),  𝒓𝑢𝑝 < 0.5
    (1) 

 

The loan amount (𝓛) is determined by the residual value of collateral when the current price 

of the underlying collateral reaches the forced liquidation price, as expressed in Eq. (2). This 

equation can be easily obtained from Table 1 below. 

 

𝓛 =  {
𝑷𝑒𝑛𝑡𝑟𝑦 𝑪 (𝒓𝑢𝑝(1 − 𝒓𝑙𝑖𝑞) + 𝒓𝑑𝑛(1 + 𝒓𝑙𝑖𝑞)),  𝒓𝑢𝑝 ≥ 0.5

𝑷𝑒𝑛𝑡𝑟𝑦𝑪(𝒓𝑢𝑝(1 + 𝒓𝑙𝑖𝑞) + 𝒓𝑑𝑛(1 − 𝒓𝑙𝑖𝑞)),   𝒓𝑢𝑝 < 0.5
     (2) 

 

However, it should be noted that the new forced liquidation that did not exist before can also 

occur in the profit-generating main investment direction because this new lending system 

includes two-way collateral. Let us call this the “forced liquidation by profit” while calling 

conventional forced liquidation the “forced liquidation by loss.” The latter occurs when the 

residual value of the underlying collateral is at risk of being smaller than the loan amount, as 

mentioned earlier. However, the former occurs when the value of investment in the opposite 

investment direction among the two-way collateral is due to the risk of being negative. This 

problem occurs only when the ratio of upside collateral (𝒓𝑢𝑝) is smaller than 50% because the 

price of underlying collateral is open infinitely in the upward direction but limited to zero in the 

downward direction. Nevertheless, if leverage tokens are included as two-way collateral, this 

situation can occur more easily. 
 

4.3 A-COIN Stablecoin—In this new lending system, the A-COIN stablecoin—with its value 

pegged to US $1.00, similar to DAI—is newly issued for the loan amounts and is burned at 

repayment—again, similar to DAI. In this case, a market exchange is added to the structure of 

the conventional secured loan for two-way collateral, as shown in Fig. 2. Therefore, two-way 

collateral is used as an investment and not simply for collateral.  
 

 

Fig. 2. An A-COIN loan process (the two-way collateral ratio is 70:30). 
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Fig. 2 illustrates this new lending process. In this example, the borrower chooses 70:30 as 

the two-way collateral ratio at the time of the loan, and thus provides 1 BTC valued at US 

$10,000 as collateral to the operator. In other words, the borrower chooses to invest 0.7 BTC as 

the upside collateral and 0.3 BTC as the downside collateral. The operator then invests 1 BTC 

in market exchange products according to this two-way collateral ratio. Furthermore, the 

operator issues the A-COIN of US $7,200 and pays it out to the borrower as the loan amount, 

thereby completing the issuance process. The arrows and numbers in Figs. 2 and 3 indicate the 

direction and sequence of the process, respectively. However, unlike the figure below, the two-

way collateral can be stored in the operator's account in the exchange. 

Fig. 3 illustrates the repayment process for this new lending system. The operator of a new 

lending system cancels the contract for the two-way collateral invested in the market exchange 

according to the given two-way collateral ratios, and returns them to the borrower on the loan’s 

repayment. This process is as follows: the loan is repaid when the borrower returns 7,200 A-

COINs, the loan amount, to the operator, as shown in Fig. 3. Then, the operator burns all A-

COIN received from the borrower and recovers all two-way collateral invested on the market 

exchange, and returns it as investment profit to the borrower, thereby completing the repayment 

process. Unlike in Figs. 2 and 3, the collateral and the repayable amount can be delivered to 

their final destinations without going through the operator. Furthermore, because the A-COIN 

issued in the loan process is burned at repayment, these two processes have no impact on the 

total A-COIN issuance volume. 
 

 

Fig. 3. The repayment process of A-COIN (the investments are withdrawn from the market 

exchange and returned to the borrower on repayment). 

4.4 Market Exchange—Two-way collateral can utilize margin trading or derivatives of the 

cryptocurrency market exchange. At present, many centralized exchanges capable of providing 

the two-way collateral function exist. In December 2017, the Chicago Mercantile Exchange 

(CME) and the Chicago Board of Trade (CBOT) commenced trading in Bitcoin futures.36 In 

addition, centralized market exchanges, such as BitMEX, FTX, OKEx, and Binance, provide 

sufficient volumes of derivatives or margin trading with BTC as an underlying asset. 

Furthermore, the new lending system can be operated in a decentralized exchange (DEX) 

for two-way collateral if it meets the market conditions. For example, the operator in Figs. 2 

and 3 can be turned into smart contracts to provide a fully-decentralized secured lending system. 

If the two-way collateral function is implemented on DEX, anyone can transparently check the 

issuance volume of A-COIN and the status of the collateral on the blockchains. Currently, 

however, the trading volume is generally insufficient for DEXs where derivatives of 

cryptocurrencies are traded. Examples of DEXs supporting ETH include the dYdX exchange 

and the Synthetix Exchange. At present, iBTC, iETH, etc., of the Synthetix Exchange can be 
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used as downside collateral.25 Another way to utilize the two-way collateral function is to use 

“leverage tokens,” which are similar to ETF. The Ethereum-based “leverage tokens” on 

FTX.com are a good example.37  If diverse ETFs tracking a Bitcoin index or leverage are 

commercialized in the near future, two-way collateral functions will be utilized more efficiently 

with them. 

In general, the collateral of the borrower and two-way collateral are the same in the new 

system. This means that if the collateral of the borrower is BTC, then the two-way collateral 

uses derivatives that follow BTC as the underlying asset as well. However, in a departure from 

this process, in the new lending system, the collateral and the two-way collateral may be 

different. Simply put, the borrower may select two-way collateral from a basket of possibilities 

containing various investment products. For example, if the borrower deposits BTC as collateral 

and chooses BTC (30%) and ETH (70%) for upside and downside collateral assets, respectively, 

then the operator can execute the investments accordingly. 

 

 

5. Results 

Not only can the new lending system pay out a larger loan amount than the traditional lending 

systems under the same forced liquidation condition, but it can also reduce the price variation 

risk of collateral (low-risk variation). Let us examine this point. 

 

5.1 Larger Loan Amounts—The new lending system can provide larger loan amounts than 

conventional secured loans, with the same forced liquidation conditions. This advantage 

becomes possible because of the system’s hedged portion, which does not exist in conventional 

secured loans, but is now included because of the new two-way collateral function. To fully 

understand this, let us examine how the loan amount is determined. 
 

Table 1. The loan amount calculated using the conventional method (liquidation ratio: 70%) 

 
Note: Collateral = 1 BTC; the prices of Bitcoin, upside collateral, and downside collateral at the time of loan commitment = $10,000; 

Upside and downside collateral area (1x) long position and (-1x) short position, respectively. The two-way collateral ratio of 100:0 

corresponds to a conventional secured loan. 
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Table 1 shows the calculation process for the loan amount in this new lending system. In all 

tables in this paper, we assume the borrower deposits 1 BTC as collateral, and the operator uses 

the collateral to make the upside and the downside collateral assets in a product having a (1x) 

long position and a (-1x) short position, which follow exactly one time in the upward and 

downward directions, respectively, based on the price of Bitcoin (or underlying collateral). 

Therefore, in the upside collateral, the collateral is safekept “as-is” in the wallet of the operator. 

Additionally, an ideal scenario is assumed in which the price of Bitcoin, upside collateral, and 

downside collateral at the time of the loan are all $10,000, with no commission fee. Furthermore, 

the liquidation ratio (𝒓𝑙𝑖𝑞) is set at 70% in all the tables of this paper. The total value of the 

upside and downside collaterals is calculated directly from this liquidation ratio. In other words, 

as shown in the table, when the liquidation ratio is 70%; that is, when the BTC price changes 

±70%, the value of the two collaterals is calculated from various two-way collateral ratios. It 

should be noted that the numbers shown in italics in Table 1 correspond to the opposite 

investment direction, and forced liquidation by loss occurs in this direction. For example, with 

a 70:30 collateral ratio because the upside collateral (70%) is larger than the downside collateral 

(30%), the main investment direction is the direction in which the price increases more than the 

BTC price at the time of loan commitment. Therefore, forced liquidation by loss occurs when 

the BTC price falls. 

It is very important that the new hedged portion is newly introduced, with part of the two-

way collateral being hedged by the two-way collateral ratio. Conventional secured lending 

systems cannot include this hedged portion. With a 70:30 collateral ratio, for example, 30% of 

the two-way collateral in both the upside and downside collateral (i.e., a total of 60%) is 

completely hedged against each other. Therefore, this portion always maintains the same value 

as at the time of the loan provision, irrespective of price changes of Bitcoin after the loan 

commitment. This represents a “stable portion” of two-way collateral, in which the value of the 

two-way collateral does not change during a loan period. The remaining 40% is the unhedged 

portion because the value of this portion changes with the price fluctuation of Bitcoin. This 

represents an “unstable portion” of two-way collateral. In this case, therefore, the two-way 

collateral’s hedged and unhedged portions equal 0.6 BTC and 0.4 BTC, respectively. 

Fig. 4 shows what the LTV looks like where the two-way ratio changes in Table 1. The 

major advantage of this new lending system is that the loan amount increases greatly as the two-

way collateral ratio approaches 50:50. This means that a borrower can get up to 100% LTV 

because of the new price-stable hedged portion, although doing so would have no benefit over 

simply selling the BTC at market rates and not taking out a loan at all. Because the value of the 

two-way collateral’s hedged portion does not change, the maximum value of this portion’s value 

can be paid out as the loan amount in ideal conditions. In this case, a lack of this value does not 

occur, and in Table 2, the loan amount is paid out maximally. Therefore, LTV becomes 100% 

for the table’s 50:50 collateral ratio. This table thus demonstrates that the collateral ratio (100:0), 

containing only the upward collateral, corresponds to a conventional secured lending system. 

Therefore, in the table, the conventional system corresponds to a case in which only the upside 

collateral is included among various two-way collateral ratios of the new lending system. 

Additionally, its LTV (30%) is the smallest among the various collateral ratios. This is because 

conventional secured loans include only an unhedged portion. Here, it is easy to see that as the 

liquidation ratio decreases, the LTVs in most of the two-way collateral ratios in Table 1 increase 

the loan amount. This is because forced liquidation occurs, even if the price of the underlying 
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collateral fluctuates less widely. In other words, this causes the residual value to increase when 

forced liquidation occurs. 
 

 

Fig. 4 LTV ratios by two-way collateral ratios in Table 1. 

In sum, the loan amounts in this table are different under the same forced liquidation condition 

(i.e., the same liquidation ratio) because the hedged part, in which the collateral value remains 

constant, can be newly included. As the proportion of the hedged section increases in the two-

way collateral due to the two-way collateral ratio, the loan amount increases proportionally. 

Therefore, the substantive advantage of this new lending system is that larger loan amounts 

can be paid out at the cost of potential gain due to upward price of collateral. 

 

5.2 Lower Risk Variation—Now, let us examine this advantage with repayment scenarios. 

To do this, let us consider Table 2 to examine the borrower’s profit and loss (PNL) ratio at 

repayment. Let us assume that a Bitcoin price is $10,000 at the time of loan commitment and 

the price is changed by ±50% at the time of repayment, so the two-way collateral is settled at 

US $15,000 and US $5,000, respectively. The calculation conditions for this table are the same 

as those listed in Table 1.  

Let us look at the borrower’s PNL at the time of repayment when the collateral ratio is 70:30. 

In this case, if the two-way collateral is all liquidated after the Bitcoin price increases by 50%, 

the borrower receives 0.8 BTC and loses 0.2 BTC, as the table shows, but the profit, calculated 

in dollars, is 20%. However, if the Bitcoin price drops by 50% under identical conditions, the 

borrower receives 1.6 BTC, gaining 0.6 BTC, but the final dollar profit is -20%. In sum, the 

dollar PNL is ±20% in this case. However, notably, the PNL ratio of conventional secured loans 

under the same conditions is ±50%, which is the same as the fluctuation range of the Bitcoin 

price. Therefore, in Table 2, the two-way collateral ratio of 100:0 corresponds to a conventional 

secured loan (i.e., upside loans), that of 0:100 is new downside loans, and the rest is a 

combination of the two. What is most important to note is that as the two-way collateral ratio 

approaches 50:50 in the table, the PNL ratio calculated in dollars decreases significantly. It 

decreases from ±50% to 0%. It is calculated at a condition where the Bitcoin price changes by 

±50% identically. This means that in the new lending system, the dollar PNL ratio can reduce 

the risk induced by the collateral price change. In sum, the new lending system has the 
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advantage that the borrower can include the hedged portion to reduce the risk caused by the 

collateral price change. Naturally, this is an advantage provided by the new hedged portion. 
 

Table 2. PNL ratio of borrower at various two-way collateral ratios when Bitcoin price changes ± 50% 

 
Note: Collateral = 1 BTC; the prices of Bitcoin, upside collateral, and downside collateral at the time of loan commitment = $10,000; 

Upside and downside collateral assets are a (1x) long position and (-1x) short position, respectively. The two-way collateral ratio of 100:0 
corresponds to a conventional secured loan. 

 

5.3 Advantages of New Lending System—The most important advantage of the new lending 

system is that, unlike a conventional secured loan, the borrower can use the new two-way 

collateral function to include the new hedged portion in the loan amount. The advantages of the 

new lending system proposed in this paper are summarized as follows. 
 

(1) New Two-way Collateral Function. The borrower can invest in both the price increase 

and the price decrease of underlying collateral according to his/her investment 

propensities. Therefore, a borrower gains by increasing the proportion of the downside 

collateral in the collateral, even if the price of underlying collateral drops. 

(2) Larger Loan Amount. Larger loan amounts can be paid compared to conventional 

secured loans. In other words, a borrower can receive a larger loan amount by including 

more of the new hedged portion. 

(3) Lower Risk Variation. This new lending system can reduce the risk caused by the price 

volatility of the underlying collateral. The borrower can increase the new hedged portion 

to reduce the risk of the collateral’s price volatility. 

(4) Scalability. The new lending system can be applied to all fiat-money-based secured 

loans, which facilitate the two-way collateral function. In other words, this new crypto 

lending can be applied to any arbitrary asset or product that facilitates the two-way 

collateral function.  

(5) Leverage. The borrowers of DAI, a traditional crypto-secured loan, are already taking 

advantage of leverage. They use leverage to borrow repeatedly by repurchasing ETH, 

the collateral, using the loan proceeds; they use leverage by gradually decreasing the 

loan amount. Borrowers can use the same leveraging method in the new lending system. 

However, the new crypto lending system allows borrowers to leverage collateral by 

investing in derivative products. For example, if a borrower selects a three-time (x3) 
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leverage, the operator invests the two-way collateral in a corresponding derivative 

product, thereby providing borrower leverage. 

 

 

6. Conclusion 

In traditional secured loans (i.e., upside loans), the value of the collateral must be exposed to 

risk derived from market volatility, and a borrower has no choice but to face it since there is no 

hedging strategy. A borrower cannot choose the investment direction of collateral according to 

the current market environment. To address and resolve this issue, this paper introduces a crypto 

lending system with a new two-way collateral function, in which borrowers can use new 

downside loans, alone or in combination with standard upside loans. This has the advantage of 

providing borrowers with the option of betting on price increases and decreases of the 

underlying collateral by predicting the market direction, which can thus increase the underlying 

collateral’s value. The borrower can use this function to make a profit even if the price of the 

underlying collateral drops. An additional advantage of this system is that the loan includes a 

hedged portion against opposite price movements, unlike conventional secured loans. This new 

portion not only allows greater loan amounts than that of conventional secured loans, but also 

provides a method to reduce the risk of the underlying collateral’s price volatility. 

Although we have introduced the two-way collateral function as an answer to our questions, 

we have also shown the disadvantage of two-way collateral, which may cause forced liquidation 

in both directions. Consequently, more research is required to avoid this problem. 

 

 

Acknowledgements  

We are grateful to Seungyeop Lee for providing his invaluable comments. 

  

 

 

References 

 

 

1 Qureshi, Q. “Stablecoins: Designing a Price-stable Cryptocurrency.” Hackernoon (accessed 

11 January 2020) https://hackernoon.com/stablecoins-designing-a-price-

stable-cryptocurrency-6bf24e2689e5. 

2 Senner, R., Sornette, D. “The Holy Grail of Crypto Currencies: Ready to Replace Fiat 

Money?” Journal of Economic Issues 53.4 966-1000 (2019) 

https://doi.org/10.1080/00213624.2019.1664235. 

 

 



LEDGER VOL 6 (2021) 1-16 

 

 
l e d g e r j o u r n a l . o r g 

  
ISSN 2379-5980 (online) 

DOI 10.5915/LEDGER.2021.215 
 

 

14 

 
3 Binance Research. “DeFi Series #1 - Decentralized Cryptoasset Lending & Borrowing.” No 

Publisher (2019) https://research.binance.com/en/analysis/decentralized-

finance-lending-borrowing. 

4 No Author. “DeFi and Open Finance.” No Publisher (accessed 4 February 2021) 

https://defiprime.com/. 

5 Leshner, R., Hayes, G. “Compound: The Money Market Protocol.” No Publisher (accessed 4 

February 2021) https://compound.finance/documents/Compound.Whitepaper.pdf. 

6 The Maker Team. “The Dai Stablecoin System.” No Publisher (accessed 4 February 2021) 

https://makerdao.com/whitepaper/DaiDec17WP.pdf. 

7 Zheng, Z., Xie, S., Dai, H., Wang, H. “An Overview of Blockchain Technology: 

Architecture, Consensus, and Future Trends.” IEEE International Congress on Big Data, 

BigData Congress, Honolulu, HI, USA 557-564 (2017) https://doi.org/ 

10.1109/BigDataCongress.2017.85. 

8 Chen, Y., Bellavitis, C. “Blockchain Disruption and Decentralized Finance: The Rise of 

Decentralized Business Models.” Journal of Business Venturing Insights 13 1-8 (2020) 

https://doi.org/10.1016/j.jbvi.2019.e00151. 

9 Schär, F. “Decentralized Finance: On Blockchain- and Smart Contract-based Financial 

Markets.” No Publisher (2020) https://doi.org/10.13140/RG.2.2.18469.65764. 

10 Kakavand, H., De Sevres, N. K., Chilton, B. “The Blockchain Revolution: An Analysis of 

Regulation and Technology Related to Distributed Ledger Technologies.” No Publisher 

(2017) https://ssrn.com/abstract=2849251. 

11 No Author. “What Is Decentralized Finance (DeFi)?” No Publisher (accessed 4 February 

2021) https://consensys.net/blockchain-use-cases/decentralized-finance/. 

12 Lamberti, F., Gatteschi, V., Demartini, C., Pranteda, C., Santamaria, V. “Blockchain or Not 

Blockchain, that Is the Question of the Insurance and Other Sectors.” IT Professional 1-1 

(2017) https://doi.org/10.1109/MITP.2017.265110355. 

13 No Author. “Libra.” No Publisher (accessed 4 February 2021) https://libra.org/en-

US/white-paper/. 

14 Antonopoulos, A. M. The Internet of Money, volume 2. Okemos, MI: Merkle Bloom, 6 

(2017). 

15 Yang, Q., Zeng, X., Zhang, Y., Hu, W. “New Loan System Based on Smart Contract.” BSCI 

’19: Proceedings of the 2019 ACM International Symposium on Blockchain and Secure 

Critical Infrastructure. New York: ACM 121-126 (2019) 

https://doi.org/10.1145/3327960.3332395. 

 

https://makerdao.com/whitepaper/DaiDec17WP.pdf


LEDGER VOL 6 (2021) 1-16 

 

 
l e d g e r j o u r n a l . o r g 

  
ISSN 2379-5980 (online) 

DOI 10.5915/LEDGER.2021.215 
 

 

15 

 
16 Wood, G. “Ethereum: A Secure Decentralised Generalised Transaction Ledger.” No 

Publisher (accessed 4 February 2021) 

https://ethereum.github.io/yellowpaper/paper.pdf. 

17 Chen, Y., Bellavitis, C. “Decentralized Finance: Blockchain Technology and the Quest for 

an Open Financial System.” Stevens Institute of Technology School of Business Research 

Paper (2019) https://dx.doi.org/10.2139/ssrn.3418557. 

18 No Author. “DeFi and Open Finance.” No Publisher (accessed 4 February 2021) 

https://defiprime.com/. 

19 No Author. “Defi Pulse.” No Publisher (accessed 4 February 2021) 

https://defipulse.com/. 

20 Fouda, M. “Dare To DeFi (Away From) Ethereum.” Medium (accessed 10 September 2020) 
https://medium.com/tokendaily/dare-to-defi-away-from-ethereum-

12a633491f79. 

21 Feng, F., Weickmann, B. “Set: A Protocol for Baskets of Tokenized Assets.” No Publisher 

(2019) https://www.setprotocol.com/pdf/set_protocol_whitepaper.pdf. 

22 Trinkler, R., El Isa, M. “Melon Protocol: A Blockchain Protocol for Digital Asset 

management.” No Publisher (accessed 4 February 2021) 

https://whitepaper.io/document/227/melon-whitepaper. 

23 Lin, L. “Deconstructing Decentralized Exchanges.” Stanford Journal of Blockchain Law & 

Policy (2019) https://stanford-jblp.pubpub.org/pub/deconstructing-dex. 

24 Ellis, S., Juels, A., Nazarov, S. “ChainLink: A Decentralized Oracle Network.” No 

Publisher (2017) https://link.smartcontract.com/whitepaper. 

25 No Author. “Litepaper.” No Publisher (2020) https://docs.synthetix.io/litepaper, 

https://synthetix.exchange/. 

26 Peterson, J., Krug, J., Zoltu, M., Williams, A. K., Alexander, S. “Augur: A Decentralized 

Oracle and Prediction Market Platform (v2.0).” No Publisher (2019) 

https://www.augur.net/whitepaper.pdf. 

27 No Author. “Collateral Debt Positions.” No Publisher (accessed 2020) Archived version 

available at https://web.archive.org/web/20200922052231/https://community-

development.makerdao.com/makerdao-scd-faqs/scd-faqs/cdp. 

28 Juliano, A.“dYdX: A Standard for Decentralized Margin Trading and Derivatives.” No 

Publisher (2018) https://whitepaper.dydx.exchange/. 

29 No Author. “Earn Interest and Trading Fees.” No Publisher (accessed 4 February 2021) 

https://loanscan.io. 

 



LEDGER VOL 6 (2021) 1-16 

 

 
l e d g e r j o u r n a l . o r g 

  
ISSN 2379-5980 (online) 

DOI 10.5915/LEDGER.2021.215 
 

 

16 

 
30 No Author. “Crypto Lending Interest Rates for September 2020.” No Publisher (accessed 

September 2020) https://defirate.com/lend/. 

31 No Author. “DeFi #2 - Arbitrage and Carry Trade Strategies.” Binance Research (2019) 

https://research.binance.com/en/analysis/defi-arbitrage-strategies. 

32 Kubát, M. “Virtual Currency Bitcoin in the Scope of Money Definition and Store of Value.” 

Procedia Economics and Finance 30 409-416 (2015) https://doi.org/10.1016/S2212-

5671(15)01308-8. 

33 No Author. “Collateral.” No Publisher (accessed 2020) 

https://loanscan.io/supplied-liquidity#collateral-ratio. 

34 No Author. “Collateral Ratio.” No Publisher (accessed 2020) 

https://loanscan.io/supplied-liquidity#collateral-ratio. 

35 Jácome, L. I., Mitra, S. “LTV and DTI Limits—Going Granular.” IMF Working Paper 

(2015) https://www.imf.org/external/pubs/ft/wp/2015/wp15154.pdf. 

36 Sebastião, H., Godinho, P. “Bitcoin Futures: An Effective Tool for Hedging 

Cryptocurrencies” Finance Research Letters 33 (2020) 

https://doi.org/10.1016/j.frl.2019.07.003. 

37 No Author. “HEDGE token: Mitigating BTC Risk.” No Publisher (2019) 

https://leveragedtokens.com/whitepaper.pdf. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


