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Procurement types

® Public procurement refers to

® purchase by governments of goods, services, and works
® choice of model to fund and develop public infrastructure projects

m

Public Private Partnership (PPP)‘ ‘Traditional Procurement (TP)‘

iy D N

Building Maintenance Building Maintenance
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PFI is a specific type of Public-Private Partnership

‘Public Private Partnership (PPP)‘

Concession / DBFOM  BOT .
‘Private Finance Initiative (PFI) ‘ ‘Traditional Procurement (TP)‘
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Over the next 10 years more than 200 PFI contracts will expire
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Total costs of running the UK hospitals

12

10

H Hard FM costs

Value (GBP bn)
()]

4 m Soft FM costs
2 Estates and facilities financing costs
Total operation costs
0
2017 2018
2019
2020
2021
Years

e Total operational costs account for 13%
of the total costs of UK hospitals.
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Facility management services
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Research questions

® What is the preferred approach for PFIl and traditional hospitals:
outsourcing FM services or managing them in-house?

® How do risk and builder’s structural warranty influence a foundation
trust’s choice between PFIl and traditional procurement of hospitals?
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Structural warranty

Defects liability

period Limitation period
(6 — 24 months) (6 — 12 years)
R U, A
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Building Maintenance

Builder’s warranty : 6 € [0,1]
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Methodology

® Method: We build upon the principal-agent model by lossa and
Martimort (2015), extending it to incorporate:

® three-tier delegation structure: foundation trust - PFI - outsourcing
firm.

® delegation of multiple services at the operating stage, encompassing
both HFM and SFM services.
® builder’s structural warranty.
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Game tree
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Social benefit function of hospital activity

B = by + bgeg + byey + bses (1)J

® by > 0 - baseline social benefit generated by the hospital without
efforts from any agent.

® eg > 0 - effort invested by the builder to enhance building quality.

® ¢y, es > 0 - efforts of hard and soft facilities managers to improve the
quality of their respective services.

® bg, by, bs > 0 - marginal benefits derived from enhancing quality.
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Cost functions and Utilities

EB:QSo—I—(l—@)gH u(tB—gg—eé/Z)
6H:(50—(5365—(5H6H+5H U(tH(EH)—H&VH—elz_,/2)
Cs =0 — ses + £s u(ts(Cs) — Cs — €2/2)

®0, 0, Yo - production costs of the hospital's building, base level
expenses of hard and soft facility management services, respectively.

A builder covers the idiosyncratic cost of hard facility management
services through structural warranty (1 — 6).

d0g > 0 - a positive externality between the builder and the hard
facility manager.

04, vs > 0 - marginal costs incurred due to quality enhancement.
EH, Es are i.i.d. random shocks ~ (02;0), where i = H, S

€y - earthquake, €5 - coronavirus
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Cost-reimbursement rules

tg=ag €R (2)

th(Ch) = ap + (1 — Bu)(0Ch) (3)

ts(Cs) = as + (1 — Bs)(Cs) (4)

t(Cg, Cs. Cn) = a+ (1 — B)(Cg + Cs + 0Cpy) (5)

® apg,ay,as,a - fixed compensations for the builder, hard and soft
facility managers, and the special purpose vehicle.

® By, Bs, 8 €]0,1] - powers of hard and soft facility management
services and the special purpose vehicle contracts.
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First best

In the first best, the FT performs all construction and maintenance
tasks by itself and incurs the cost of the respective efforts

max E[B — Cg—0Ch — Cs—
es(-).en(:)es()

SeB()? = sen()? ~ es(V]

® [E[-] represents the expectation operator over both random variables
5/—/ and gg.

® ¢(-),i € B,H,S denotes the effort level as a function of the random
variables realization.

° %e,-(-)2, i € B,H,S corresponds to the cost of agents' efforts.
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Second best: Private Finance Initiative

Stage 1: Principal’s problem

W = maxE [B — t(Cg, Cs, Ci)] (IC1, PCy) : max{V/,v°} >0

Stage 2: Agents' problems

® Under in-house soft facility management

i ) ()2 Go_ est)
Vi = max [t(CB, Cs, CH) GCH —HL _ Cs— ST]
eB(')veH(‘)veS(')

Under outsourced soft facility management

G G C Ok o en(-)? C.
Ve = max E u[t(Cg, Cs, CH) — e52 —0Cy — 7 — t5(Cs)]
eg(-)en(-),as,8s

(|C2) s =K [m?>)< '-’(tS(Es) — Es _ #],
es(-

u(-) = e~ P* with risk aversion parameter p > 0 (p = —u"’ /u’)
(PCz) : ms > u(0)
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Stage 2

SFM in-house
® ef' = [0p, eff = BOH, e" = Bvs

SFM outsourced
® eg' = [B0p, e}y = Bon, ed" = Pss

SFM power of incentives
Be = BIz* € [0, 8], where Ig* = 254075

**+2po.s
® No risk — " =3

® SFM risk presence — SPV benefits from sharing risk with outsourcing
firm

v

ok £k

> V' J
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Explanation

® The SPV optimally sets the contract power to the outsourcing firm
equal to 3¢* = BI&* € [0, 8], where

**+ 0'2 . . . . .
Is* = Js TP% s a decreasing function of risk variance.
V5" +2p05

® Thus, higher risk augments the latter’s risk premium, the SPV finds it
optimal to reduce the contract power with higher risk variance
(as BE falls with 02 ).
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Proposition 1

Under Private Finance Initiatives, the Foundation Trust outsources the
Soft Facility Management services.
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Second Best: Traditional Procurement

Stage 1: Principal’s problem

* _ . o eB(')2
W* = ()E\;a\zon [V —tg] (IC1, PGy) : eBr?‘?éOE [u(ts — Cg )] >0

V= max V¥
k,€{i,o}

Stage 2: Agents’ problems

® Under in-house soft and hard facility management

Vi= max K u[B—6Cy— ng)z —Cs — 785(2')2]

en(-)es(-

® Under outsourced soft and hard facility management

Voo — max E u[B — ty(Ch) — ts(Cs)]
ap,BH,as,Bs

~ ~ 2
(IC2) : ms = & [max u(zs(Cs) — Cs — <51 (PG) : ms > u(0)
~ ~ 2
(1C3) : 7y = E [max u(ty(Chn) — Cy — w] (PG) : my > u(0)
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Proposition 2

Under Traditional Procurement, the Foundation Trust delivers Hard
Facility Management and Soft Facility Management services in-house.
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X 1 1
E W™ = by — (60 + 0 + ¢o) + §(b5 +7s)° + E(bH + 6p)?

1
5(1=0)[208bg + (1 +0)05 — (1 - 0)57] (6)
1
- 5/)(1 — 0)at
absence of a warranty (0 = 1) and ¢ =0
(6) matches the first-best net benefit achieved in HFM and SFM services J
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" 1 1
E W™ = by — (do + 70 + ¢o) + §(bs +7s)°  + E(bH + 6p)?

(1—0)[26gbg + (1 + 0)0% — (1 — 0)67]

=N =

- Ep(l - 9)0%4

presence of a warranty (6 = 0), two effects are apparent

® The HFM risk decreases the net benefit because the FT must compensate the
builder for the HFM risk after construction (see the third line).

® The warranty also incentivizes the builder to internalize the cost of HFM services
(second line) — this effect is not clear because the warranty gives the HFM
manager lower incentives to exert effort.

® Indeed, there exists a ‘reverse’ moral hazard as the warranty shifts to the builder a
share of the HFM cost that is also subject to the effort exerted by the HFM
manager.
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Results

E W~

bo — (80 + 70 + ¢0) + 5(bs + vs)* + 5(by + 6)?

+%(1 — 0)[20gbg + (1 +0)63) — (1 — 0)62]

—30(1 = 0)o,

EW*™ = by — (3o + 0 + ¢o) + 3(8708)° + 3(8"dn)* + 3(6**7s)°

2 2
1,2 2 1,2 2 73—p0
+5p05(B*)° — 3p05(8™) 7§$+2p05§

® Scenario 1: b; =0 and af =0

® Scenario 2: b; = 0 and 0% = 0,02,_, >0

® Scenario 3: b; = 0 and 0,2_, = 0,0% >0
® Scenario 4: b; > 0 and of >0and 6g =0,7 =0
where i = {H,S,B} and j = {H,S}
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0 B crf_, ag Procurement | The advantage of the PFI structure lies in the ...
internalization of externality between the builder
1 PFI . .
>0 0 0 and the HFM services supplier.
0 <0 0 0 PE| importance of marginal cost reductions in HFM
services that are not implemented in TP.
(7)isa — advantage is maximal
©1 >0 0 0 PFI either for full or no warranty.

Private Finance Initiative v/s Traditional Procurement

™ *
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Scenario 1: b; = 0 and 07 = 0

The choice for PFI summarizes to its net benefit advantage

1
EW* —EW* = 5[55;92 +02(1-6)?]>0 (7)

Private Finance Initiative v/s Traditional Procurement
2 2.0 20F
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2 1ol \ @ o
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Scenario 2: b; =0 and 02 = 0,07 >0

Proposition 3:

Suppose no SFM risk. Then, in the absence of warranty (6 = 1), the FT
prefers the PFI if the externality between builder and HFM is strong

(6g > 1). Otherwise (05 < 1) it chooses PFIl only for low enough HFM
risk. In the presence of weak warranty 6 € (0,1), the FT prefers the PFI
either for sufficiently low or high HFM risks and chooses traditional
procurement for intermediate HFM risks. Finally, in the presence of strong
warranty 6 € [0, ), it always prefers PFI.

Private Finance Initiative v/s Traditional Procurement
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Scenario 2: b; =0 and 02 = 0,07 >0

0 0B 0,2_, ag Procurement
>1 >0 PFI
1 (0,1] low 0 PFI
(0,1] high TP
— low & high PFI
®:1) >0 intermediate 0 TP
(0,6] >0 >0 0 PFI

® For HFM small risks, the PFI is always preferred because it
internalizes better the externality between builder and HFM.

® For larger risks, traditional procurement is preferred because the risk
neutral FT is a better entity to bear risk.

® However, traditional procurement transfers HFM risk to the builder
and is exposed to the reverse moral hazard in the presence of a
warranty.

® Thus, reverse moral hazard dominates in case of high HFM risks or

solid warranty — PFI prevails.
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Scenario 2: b; =0 and 02 = 0,07 >0

1
EMﬁf—EW*:§w§#+5ﬂ1—mﬂ

(8)

_ Pty ]
g + 03 + 7% + poy,

~ Spohl - (- 6y
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Scenario 3: b; =0 and 0%, = 0,02 >0

0 5 0% 0% Procurement ‘ Reason
S 2
[0,1] >0 o0 = Sf P TP bears large SFM risk better
<o% PFI

Proposition 4:
Suppose no HFM risk. Then, the FT prefers the PFI for sufficiently low

SFM risk and traditional procurement for HFM risk.

Private Finance Initiative v/s Traditional Procurement
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Scenario 3: b; =0 and 0%, = 0,02 >0

1 1
EW™ —EW* = E[52,392 +6%(1—0)°] - 5 F where

1
F= - +(1-Is)E>0

L -+
pos(1=ls) ' op+op+isvs
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Scenario 4: bg, by, bs > 0 and g = vy =75 =0

Proposition 5:
Suppose no cost reduction potential. Then, the Foundation Trust prefers
the Traditional Procurement if the HFM risk and builder’'s warranty are

not too strong.
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Proposition 5: explanation

Proposition 5:

Suppose no cost reduction potential. Then, the Foundation Trust prefers
the Traditional Procurement if the HFM risk and builder’'s warranty are
not too strong.

® This result reflects the fact that the PFI is not an appropriate structure when HFM
and SFM service quality is at stake.

® |n this case the FT sets the power of the SPV contract, 8**, to zero.

® The SPV has no incentive to exert effort in any quality enhancing activities. Note
that the effect of builder’s quality is not apparent in this comparison.

® In the presence of a warranty, stronger HFM risks increases the net benefit of a
PFI.

® Indeed, on the one hand, PFl is reimbursed with the risk premium. Higher risk
leads to a larger risk premium paid by the authority. On the other hand, the
longevity and diversity of services covered under the warranty in the contract
assume higher compensation from the SPV side in case of unforeseen
circumstances, e.g. building damages and a more costly transfer from the authority

side.
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Results

® The PFl is optimal for both sufficiently small and sufficiently high
HFM risks, while TP is preferred for intermediate HFM risk.

® TP should be chosen for a large SFM risk, and PFI for a small one.
® With the growth of the builder's structural warranty, PFl dominates.
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