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Collateralization of business activities has increased post 
crisis due to regulation, capital charges, market standards 
and a wider adoption of credit risk mitigation techniques. 
The available collateral within every typical financial 
institution is limited and there are conflicting demands 
for the use of high quality assets, hence a mechanism is 
needed to ensure these are optimally allocated. 

By optimizing the allocation of collateral, firms are 
essentially minimizing the cost of use of collateral. 
Another incremental goal of optimized collateral 
allocation is to maximize the value of the assets that are 
retained. This two-step approach of minimized cost and 
maximized retained value requires active management 
of collateral allocation as part of a front-office trading or 
treasury management function.

The growth in the number and complexity of collateral 
agreements and the amount of collateral required make 
the optimization problem both large and complex. This 
paper discusses why a waterfall approach to allocating 
assets against requirements based on preference 
ranking is not optimal. It highlights other techniques that 
may be employed and provides examples of the savings 
achievable in a typical collateral program by adopting 
these approaches.

Collateral optimization is a buzzword used to describe 
a variety of techniques that aim to reduce the cost of 
collateral supporting trading activity. This is important 
for all sell-side and buy-side market participants 
given the various regulatory changes that increase the 
amount of collateral required to support trading activity, 
the increasing number of collateral movements to be 
processed and the additional strain on liquidity from 
regulatory capital changes. The goals of collateral 
optimization differ by firm, geography and sector but at 
their core, translate into a number of common problems.
 
In our previous paper in this series, we discussed the 
collateral optimization value chain and the tools that 
can help firms minimize the impact of higher collateral 
requirements. The earlier paper breaks down the 
collateral optimization lifecycle into three distinct phases: 

›  Pre-trade optimization to minimize the margin
requirement of a given new deal by identifying the 
optimal broker/CCP or bilateral counterparty

›  Ongoing optimization to minimize the amount of
collateral required to support a given portfolio through 
cross-margining, trade compression and back loading 
of trades to clearing

›  Optimized post-trade collateral allocation to
minimize the funding or opportunity cost of the 
collateral deployed

This paper provides an in-depth analysis of the 
techniques for the last phase: optimizing the allocation  
of collateral post trade.

INTRODUCTION PURPOSE OF OPTIMIZED 
COLLATERAL ALLOCATION
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Collateral inventory optimization can identify how 
to rebalance the collateral inventory by posting the 
overall cheapest-to-deliver collateral while considering 
funding capacity and liquidity ratios. The most advanced 
algorithms identify what collateral should be recalled 
and substituted, what assets should be posted against 
new requirements and what assets should be retained in 
order to minimize overall costs and maximize potential 
liquidity from a given inventory. Both of these goals can 
be achieved in a single process.

Recent studies performed by both Sapient Global 
Markets and FIS demonstrate that significant, 
quantifiable savings can be achieved by the optimal 
allocation of available collateral. Savings range from 
three to 15 basis points (bps) on a typical  portfolio 
of a bank’s collateral requirements and inventory by 
implementing a collateral optimization program.

While the cost savings are significant, the benefits of 
collateral optimization techniques also encompass 
maximizing the liquidity potential of available inventory. 
This is important for banks that will be subject to the 
Liquidity Coverage Ratio (LCR) and the Net Stable 
Funding Ratio (NSFR). These are binding constraints 
on short- term and medium- to long-term liquidity 
which force banks to set aside more assets. Collateral 
optimization can mobilize more liquidity and thus 
generate more business.

An additional benefit from the automation of this large 
and complex calculation is the industrialization of the 
process of selecting and moving collateral. Today’s 
most advanced collateral management systems 
offer collateral optimization as an intrinsic part of the 
collateral management lifecycle. In the absence of such a 
tool, front-office teams must manually select the assets 
to mobilize against each requirement and operations 
teams have to instruct the movements. This volume of 
work leads to both risks and volume constraints in the 
process. What’s more, new rules for the margining of 
non-cleared OTC derivatives may increase the volume of 
collateral calls by three to five times, making the process 
unsustainable without automation.

REQUIREMENTS

The four key goals of 
optimized collateral allocation 
are as follows:

›  Minimize the cost 
of collateral

›  Maximize liquidity or
funding capacity of the 
retained inventory

›  Minimize funding costs
by identifying the optimal 
funding venue for the 
inventory

›  Automate the allocation
process
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Objective

The general objective of collateral rebalancing is 
to ensure that the currently available inventory of 
assets is allocated against the current set of collateral 
requirements in the way that is most optimal for the 
goals and constraints of the firm. That entails more 
than simply looking at new requirements to deliver 
collateral and selecting the cheapest available piece 
from the inventory that matches the eligibility and 
concentration rules of the requirement in question. 
Collateral rebalancing techniques look at the global 
set of collateral requirements and the total inventory 
of positions that may be mobilized, including positions 
that have previously been posted as collateral to other 
requirements. Collateral rebalancing will identify  how 
collateral may be moved around to achieve optimization 
goals, including where necessary and achievable, 
substituting previously posted collateral that may be 
better deployed for other uses.

Collateral requirements and the firm’s inventory 
constantly change. The limited pool of available 
inventory means there is competition for assets and 
that the theoretical cheapest-to-deliver assets may not 
always be available against each requirement when the 
universe of collateral requirements is considered as a 
whole. Collateral rebalancing allows firms to react to 
the fact that what was an optimal allocation one day 
may not be the next.

Two further concepts of post-trade collateral 
optimization - collateral rebalancing and inventory 
optimization - can be performed continuously, but 
for illustration purposes, it is meaningful to assume 
a two-step approach, as introduced in our previous 
paper “Collateral Optimization: The Next Generation of 
Collateral Management.”

Both strategies are applied in the post-trade world where 
collateral has already been exchanged. The core principle 
of post-trade optimization techniques is to restructure 
the collateral portfolio by analyzing current collateral 
requirements, collateral that has already been posted 
and the assets available to the firm and then proposing 
substitutions and new allocations in order to achieve an 
economic benefit. 

Although the target function of post-trade optimization 
methods may vary by firm or market situations, collateral 
rebalancing and inventory optimization target the goal of 
minimizing the cost of funding. 

Collateral Rebalancing

The concept of collateral rebalancing is one of the 
first techniques on the evolutionary path of collateral 
optimization and forms the foundation for subsequent 
and more advanced optimization techniques.

The use of this technique is growing as market 
participants realize that solely posting cash or high-
quality government bonds will not be economically 
feasible in the future. This goes hand in hand with an 
enhanced awareness in the financial markets that 
collateral should be actively managed and selected in 
order to obtain beneficial economic effects. 

COMMON STRATEGIES
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Measuring Costs

The savings potential of post-trade collateral 
optimization is based on the cost discrepancies between 
the collateral assets posted and the assets available. 
Full transparency regarding all cost components related 
to posted and available collateral is therefore a crucial 
prerequisite to make collateral assets comparable 
with one another. In general, there are two major types 
of costs: funding costs, representing the cost of use 
for the collateral asset, and additional costs, such as 
transactional costs, custody charges and other costs. 
Concentration limits, haircuts, etc., are considered to 
be constraints in an optimization and therefore are not 
classified as costs. In an IT solution-based post-trade 
collateral optimization, all cost elements that are relevant 
for the optimization are defined in the Cost Model. The 
Cost Model drives the collateral allocation algorithm at the 
heart of these tools.

Funding costs, representing the cost of use, must 
be measured across the entire universe of available 
positions in order to make the assets comparable. 
Funding a U.S. government bond is more expensive than

funding a non-investment grade corporate bond. This 
difference in funding cost must be reflected in the cost 
model and used as an input factor for the optimization.

A common approach to apply funding costs to the 
individual positions is to group them into cost buckets 
based on a combination of criteria that is relevant to the 
firm. This includes characteristics such as credit quality, 
internal availability or ownership, eligibility at central 
funding venues and maturity. There should be flexibility in 
the design, however, as these criteria will evolve over time. 

Funding costs can be represented based on the following:

›  External benchmarks - a spread over an interest rate
curve or as repo rates based on the SBL market 

›  Internal benchmarks - derived from a fund transfer
pricing system 

A very simplified cost category definition, consisting of a 
combination of asset class, issuer country and rating, is 
illustrated in Table 1.

Categories Asset Class Country Rating Funding Spread

Category 1 Cash - +40 BP

Category 2 Government Bonds Core EU & US +35 BP

Category 3 Government Bonds Non-Core EU & US BBB or higher +30 BP

Category 4 Suprabond Core Europe +23 BP

Category 5 Corporate Bonds - BBB or higher +18 BP

Category 6 Corporate Bonds - BB or lower +12 BP

Category 7 Equities - BBB or higher +5 BP

Table 1
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Constraints

Once the cost of use of a position against a requirement 
has been determined,  the next step is to consider 
the constraints in the optimization process. Not every 
position or combination of positions can be used against 
each collateral requirement because of eligibility rules, 
concentration limits and potentially wrong way risk 
constraints. There may be other factors that should be 
taken into account in the optimization process that will 
act as constraints. Examples of these include:

›  Lack of operational capacity to perform unlimited
substitutions

›  Settlement cut-off times between different markets 
or depositories

›  Counterparty considerations that may limit what can be
allocated based on the scope of the agreement terms

›  Counterparty risk profiles that may influence what
assets should be pledged

›  Assets that move in specific lot sizes 

These constraints form inputs into the collateral 
optimization algorithm that limit the scope of feasible 
solutions.

This example assumes that all of the financial institution’s 
assets can be allocated to those seven cost categories 
and the respective funding spreads. Based on this 
setup, substituting a core EU government bond with an 
investment-grade corporate bond would lead to funding 
cost savings of 17 basis points. However, an unlimited 
collateralization with only corporate bonds is unlikely 
due to possible concentration limits that need to be 
incorporated into the optimization. The cost definition 
must be structured in such a way that the costs are directly 
comparable (cash versus bonds versus equities) with the 
same time horizon. The costs should also be convertible 
into a base currency equivalent.

The additional costs are all charges other than funding 
costs and are usually associated with moving, settling 
and/or safekeeping the collateral assets. Typically, those 
costs are related to the counterparty, custodial or tri-
party agent or asset class. They should be analyzed and 
measured since they are relevant for the optimization.  
Thus, the cost of using a specific position will vary 
based on the requirement it is allocated against. That 
variation should not be determined by the haircut (which 
influences the quantity of an asset that must be deployed) 
but by the additional operational costs specific to the 
requirement that is being satisfied.

All of the cost factors represented in the cost model 
constitute the basis of the optimization and have to 
be analyzed and compared in order to determine the 
cheapest possible assets under consideration of all cost 
factors. In this context, it is important to note that the 
funding costs have by far the most significant impact on 
the result of the optimization. For example, a CCP may 
charge a fee for holding non-cash collateral whereas this 
may not be the case with a bilateral counterparty.
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Allocation Methodologies

The collateral inventory shows what assets are available 
and where they could be deployed, but not necessarily 
how best to deploy them. It is one thing to calculate 
the cheapest to deliver asset to pledge to a particular 
requirement at a single point in time. But it is another 
matter to analyze all of the pledges that have already 
been made and consider how to redeploy assets as 
inventory and requirements change. 

Many firms begin with the waterfall approach of 
allocating the cheapest available collateral to a single 
requirement and then move on to the next until all 
requirements are satisfied (or they run out of eligible 
assets and have to use cash). A better approach is to
perform a numerical optimization across the whole set of

1 Know your exposure > Collateral tracking: All current collateral requirements and contraints as well as all 
currently posted collateral positions must be known

2 Know your inventory > Centralized asset inventory across silos: To evaluate possible substitutions, available 
assets across all books and asset silos need to be centalized and known

3 Define price tags per asset > Funding costs: The funding cost for each available and posted asset 
need to be defined and assigned to the all assets Cost 

model4 Identify additional costs > Settlement costs: All costs associated with the movement and 
safekeeping of the asset need to be analyzed and considered for the optimization

5 Perform substitutions based on eligibility rules: Posted and available assets are compared and substitutions are 
defined in accordance to the eligibility rules per counterparty 

requirements and inventory considering how assets can 
be actively redeployed globally.

That potentially means simulating trillions of different 
possible allocations to find the optimal allocation 
that minimizes the cost of collateral and satisfies the 
constraints of the problem set. It is a large and complex 
problem. Fortunately, there are mathematical techniques 
to achieve this that are built into the most advanced 
collateral optimization solutions. They will find a solution 
for collateral rebalancing that is feasible and do so 
within a useable calculation time to allow the proposed 
collateral trades and substitutions to be acted upon. 

In general, collateral rebalancing can be achieved by 
applying the following steps:
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Quantifying the Benefits

Generally, the primary benefit of collateral rebalancing 
is the reduction of funding costs of collateral. Based on 
our project experience with regard to quantifying the 
economic benefit, financial parties can save between 
three and 15 bps, depending on their setup regarding 
trading pattern, counterparties, funding conditions, etc. 
In addition, the application of a state-of-the-art collateral 
management and optimization solution provides several 
other operational and managerial benefits, including:

›  Full transparency due to holistic view on all available
assets and collateral tracking

›  Lower operational effort based on higher straight-
through processing (STP) rates and less operational risk

›  Fewer disputes due to an automated and algorithmic
based selection of collateral in accordance to the 
eligibility criteria, pricing rules, concentration limits 
etc. in the credit support annex

Inventory Optimization

The technique of inventory optimization is an extension 
of the collateral rebalancing process described above. 
It incorporates access to the repo and SBL market, 
expanding the available pool of inventory in order to 
improve on the optimization results. 

Inventory optimization constitutes a completely front-
office driven model for collateral optimization. It leverages 
collateral trading activities by using collateral upgrades or 
downgrades to enhance the universe of assets that may be 
deployed by leveraging potential external availabilities.

Objective

Inventory optimization targets two major objectives: 

1.  An increase in funding cost savings compared to
simple collateral rebalancing

2.  The generation of additional profits based on
collateral trading 

These objectives are achieved by analyzing the eligibility 
rules of the relevant collateral agreement of each 
counterparty and ensuring that the least expensive asset 
is always being posted against each requirement. 

Method

The methodology for the two-step approach is based on 
two functional steps:

1.  Perform collateral trading: swap a high-quality asset
for a low-quality but still eligible asset 

2.  Execute collateral rebalancing 

Basically, the general operational procedure previously 
described stays the same and is complemented by an 
additional functional step in the form of collateral trading. 

Where collateral rebalancing analyzes available assets in 
order to determine substitutions, inventory optimization 
focuses on eligibility criteria in order to define the least 
expensive asset per counterparty and determines how 
the available inventory may be mobilized to get access to 
those assets if they are not already available in-house. 

Once the cheapest eligible asset per counterparty is 
identified, the lending market is used to swap available 
assets from the collateral exposure for a low-quality 
asset that still meets the eligibility criteria of a particular 
collateral requirement. This collateral transformation, 
performed through a collateral swap in the securities 
lending market, may even represent an additional source 
of income, since the lender will receive a spread for the 
collateral downgrade and still be able to accommodate 
its collateral requirements. The balance sheet costs 
of the collateral transformation must of course be 
incorporated into the model to reflect the true cost. This 
is discussed further below.

The two steps can be illustrated using the following 
example. For simplicity the example uses a single currency.
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Additional considerations for Collateral Optimization 

Post-trade collateral optimization can make high-quality 
and therefore expensive assets available to the financial 
institution, providing the potential for additional income.
This potential can be monetized by doing the following: 

1.  Using those assets in the repo or securities 
lending market 

2.  Allocating profits internally through an internal
transfer pricing system

The downside of all external trades is that the trading 
volume increases significantly. This inevitably results 
in an extension of the balance sheet that might have a 
negative influence on regulatory ratios and requirements. 
This impact should be incorporated into the optimization 
model as a measurable cost. An additional downside 
is that counterparty limits are further stressed, which 
might result in trading restraints.

Financial institutions that consider post-trade collateral 
optimization are well advised to conduct a pre-study 
in order to analyze the savings potential of their 
collateral portfolio and assess the amount of suggested 
substitutions in order to understand the impact with 
regard to the collateral trading volume.

In general, balance sheet ratios are calculated on 
specific due dates. Therefore, those can be optimized 
by performing a due date rearrangement of the balance 
sheet components in order to comply with requirements 
and manage the associated costs. Firms should 
continually re-calibrate their optimization model over 
time for the best results. 

Initial position

Bank A has collateralized a transaction with Bank C using 
U.S. government bonds. However, according to Bank C´s 
CSA, investment-grade corporate bonds with a maturity of 
0-5 years from EU issuers are the lowest-quality eligible 
collateral asset. 

1.  Collateral trading

a.  A receives a margin call from C and has to post
collateral. According to the eligibility rules, C 
accepts investment-grade corporate bonds

b.  A enters into a collateral swap and lends US
government bonds, which A has in its asset inventory, 
against investment-grade corporate bonds

c.  B pays A a spread for the benefit of temporarily
using the high-quality assets

2.  Collateral rebalancing

d.  The investment-grade corporate bonds are being 
posted as collateral in order to meet the margin call

Benefits

The benefit of this inventory optimization approach is that 
all transactions are economically collateralized in the 
most preferable way. Consequently, funding costs for the 
collateral deployed are at an absolute minimum.

By acquiring the minimum-requirement assets in 
exchange for high-quality assets that are available or 
substituted over the lending market, one can generate 
additional income through the spread the borrower pays 
for the high-quality assets.

A B

C

b

c

a d
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The specific collateral management and optimization 
strategy a firm should apply is a very individual decision 
and will not be the same for all market participants. It 
depends on various factors, such as:

›  Nature of underlying positions
›  Volume of available assets
›  Volume of collateral exposure
›  Counterparty and collateral agreement structure
›  Trading venues
›  Balance sheet constraints
›  Risk appetite
›  Operational constraints

However, there are general recommendations that apply 
to all market participants and can be used to determine 
which specific path to follow.

1.  Perform analysis in order to estimate the savings
potential of the collateral inventory  

Market practitioners know that collateral management 
can be enhanced using optimization techniques, but the 
exact amount of savings that could be generated is not 
generally well understood or quantified. 

Since the savings potential varies from firm to firm due 
to different trading setups, firms should analyze their 
collateral portfolio in order to estimate the economic 
benefit for post-trade collateral optimization.

In addition, the current low interest rate market 
environment leads to a situation in which posting cash 
is economically viable so that optimization is not yet 
considered. As rates increase, the  need to enhance the 
collateral optimization process will become more pressing.

2.  Choose a standard solution for state-of-the-art 
collateral optimization

Many market practitioners still base their collateral 
management on manual processes and Microsoft Excel® 
solutions. This leads to several challenges, such as:

›  Inefficiencies in allocation 
›  Higher funding costs
›  Manual processes that are prone to error and result 

in disputes
›  Lack of state-of-the-art collateral tracking
›  Lack of transparency regarding collateral prices
›  Lack of a centralized collateral pool

Modern collateral management solutions offer 
enterprise-wide collateral management and optimization 
capabilities that help financial institutions to make the 
most efficient use of their collateral assets in order to 
avoid potential shortcomings.

By looking at current market developments, it becomes 
obvious that regulatory and functional requirements with 
regard to collateral are ever increasing. This growing 
complexity can no longer be managed by manual 
processes but demands system-based support.

Collateral management is relevant for all kinds of 
market practitioners, such as asset managers, insurance 
companies, investment banks, clearing houses, broker-
dealers, custodians and retail banks. By applying sound 
and modern collateral management and optimization 
tools, market practitioners can add a new profit line to their 
business and increase the bottom line. Efficient collateral 
management operations can make the difference between 
tomorrow’s market leaders and followers.  

RECOMMENDATION
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Collateral optimization techniques are relevant now and 
will evolve as the market and regulations change. Various 
collateral approaches can have different impacts in the 
leverage ratio. The impending leverage ratio changes will 
further impact the collateral optimization problem. 

The inclusion of mandatory bilateral margining of  
non-centrally cleared derivatives can be easily mapped 
into the approach outlined in this paper. Indeed the 
broader eligibility buckets under the regulatory proposals 
compared to the often narrow eligibility sets in legacy 
CSAs will enhance the potential savings from optimization. 

Risk sensitive and expected lifetime cost pricing using 
xVA calculations is a key development in the industry. 
The consideration of funding costs is becoming more 
relevant driven by collateralization and the increasing 
competitiveness of the market. Pre-deal calculated 
theoretical funding costs and the actual realized funding 
costs, in particular if optimization is applied, however 
can differ due to the availability of collateral assets. This 
also implies that FVA should reflect a fair pre-trade 
recognition of funding costs. CSAs allowing a broader 
schedule of eligible assets should see a lower funding 
charge even though the post trade realized funding 
costs may be higher given the holistic allocation of 
available assets. The solution to this emerging field 
is the establishment of a mechanism for collateral 
transfer pricing. The development of this internal 
pricing mechanism is best owned by a collateral trading 
desk and best realized in an enterprise collateral 
management IT solution. 

Techniques for collateral transfer pricing and how costs 
of collateral are calculated and allocated to the desks 
creating exposures will be discussed in a follow-up paper.

OUTLOOK
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