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1 Introduction

In the last two decades, public authorities have increasingly resorted to public-private
partnership (PPP) arrangements for the construction and operation of public utility infras-
tructures like highways, energy facilities or public lighting. A PPP compels a building and a
facility-management company to participate in a consortium by creating a new legal entity,
a special purpose vehicle (SPV). The bundling of multiple tasks into a single contract is the
essence of a PPP procurement and is what differentiates it from traditional procurement,
where the construction and operation tasks are regulated separately. This paper aims to
understand both the economic rationalization for these arrangements and their effects on
facility-management firms’ efficiency, with an emphasis on the context of network utilities.
Through the bundling, a PPP solves the typical moral hazard problem of separated sequen-
tial procurements. When the capital quality of the facility is non-contractible, the building
company has a strong incentive to provide suboptimal levels of this input. As a consequence,
the operating firm has to use a lower-in-quality input in its production function. This prob-
lem is pervasive in procurement settings as discussed by |[Albano et al| (2006), Decarolis
(2014; 2018)), (Conley and Decarolis (2016), and [Lopomo et al.| (2021]).

My paper shows the effects of incentivizing contracts in the realm of PPP. In this re-
gard, Hart| (2003), Bennett and lossa (2006)), [Martimort and Pouyet| (2008)) and [lossa and
Martimort, (2015]) isolate conditions for bundling to be optimal in presence of a technological
externality across tasks. When the externality across tasks is strong enough to offset the cost
of its own internalization, these studies show that bundling induces the contractors to look at
the long-term performance of the asset (the “whole-life asset management” concept). This,
in turn, bolsters the contractors’ incentives to invest in asset quality. [Martimort and Pouyet
(2008) provide an example through the case of American circular prisons. The particular de-
sign of these buildings facilitates the work of prison officers by reducing the amount of work

required to control prisoners. The existence of a positive (negative) externality implies that



improving the capital quality reduces (increases) the firm’s marginal cost at the operation
stage. However, the lack of empirical evidence documenting the efficiency impact of PPPs
and the results of many case studies that do not find clear evidence of management cost
reductions or service quality improvements made the PPP the most debated instrument of
the last ten yearﬂ For most of the projects audited, there was no comparative analysis to
demonstrate that a PPP offered the best value-for-money or to protect the public interest by
ensuring full evaluation of the different procurement methodﬂ Besides, firms are entitled
to local monopolist rights for some services of public utility. Thus any comparison of firms’
performances that does not employ a price-neutral measure is not meaningful. Saussier et al.
(2009) suggest that analyzing the relative efficiency of PPPs is not easy. Indeed, a serious
comparative analysis must consider that observed efficiency is conditional on the preceding
organizational choice and which kind of efficiency we want to measure. This paper evalu-
ates PPP’s applicability based on a suitable pool of observed data and the use of technical
productivity as a comparable metric of firms’ results.

This paper shows the effectiveness of contractual forms in mitigating the moral hazard
problem. To implement the analysis, I exploit the fact that the operating firms do not di-
rectly decide the choice of the procurement scheme, and being a PPP or not is an exogenous
treatment for firms. I use a structural production function model to separate the impact of
the ex-ante non-contractible capital quality on output from other firm’s unobservables. A

control function approach is meant to retrieve a reliable proxy for the unobserved productiv-

'In this regard, the European Court of Auditors, see (European Court of Auditors (2018)), found that the
European PPPs did not guarantee an adequate balance between benefits and costs: «we found that despite
PPPs have the potential to achieve faster policy implementation and ensure good maintenance standards, the
audited projects were not always effectively managed and did not provide adequate value for money. Potential
benefits of PPPs were often not achieved, as they suffered delays, cost increases and were under-used, and
resulted in 1.5 billion euro ineffective spending, out of which 0.4 billion euro EU funds. This was also due
to the lack of adequate analyses, strategic approaches towards the use of PPPs and institutional and legal
frameworks. With only few member states having consolidated experience and expertise in implementing
successful PPP projects, there is a high risk that PPPs will not contribute to the expected extent to the aim
to implement greater part of EU funds through blended projects including PPPs».

2As reported by the European Court of Auditors, delays, cost increases and underutilization were due
to insufficient analysis and inappropriate approaches. They found that the PPP choice was often without a
sufficiently robust basis of analysis.



ity term and to account for unobserved differences between PPP and non-PPP firms. The
ideal experiment would have a dataset in which PPP projects are randomly assigned, but
in my case, the contracting authority choose whether to use PPP or not. I provide several
robustness checks that account for selection due to contracting authority’s unobservables.
I compare PPP and non-PPP firms’ performances in the context of a new network utility
industry in the energy sector: the District Heating (DH).

A district heating is an integrated facility that generates thermal energy and distributes
it among neighbor buildings through a network of pipes and heat exchanger substations.
The DH service belongs to the category of network services, where the investments in the
network and plant are high and largely not reusable in other sectors, therefore representing a
sunk cost. Moreover, the European Commission considers DH technology as the preeminent
substitute for gas boilers after their ban due to the REPowerEU plan.

This work utilizes a unique dataset covering the universe of Italian district heating fa-
cilities between 2007 and 2014. For each plant, I can observe accurate information on the
physical quantities of output and inputs. Physical data are usually difficult to retrieve,
although Tybout| (2000) highlights how they are essential for identification in presence of
omitted price bias. I use this information to construct a reliable proxy for capital quality in
accordance with what the engineering literature indicates (see Dochev et al.| (2018))), which
is defined as the negative (-) ratio of the total length (m) of the pipeline to the total amount
of heated volume (m?®) and it is measured as the length of pipeline required for every 100 m?
of heated volume. DH embodies the perfect industry to observe the externality effect be-
tween the construction and the operation phases. In fact, the type of procurement affects the
design of a pipeline, which plays the role of higher quality input in preserving the thermal
capacity of a DH network.

For network utilities and, mainly, the DH sector, traditional procurement involves a severe
moral hazard problem. When the capital quality is chosen by company A, but the cost of

providing energy is carried by company B, company A does not internalize the reduced



future marginal cost from lower heat losses. Then, company A finds that shirking on its
delivered quality of infrastructure is optimal. It results in higher operating costs for company
B. However, when a Consortium both constructs the pipeline and provides the service, it
accounts in the construction stage for the reduced marginal cost of providing heatingﬁ I show
that a positive externality exists in this industry, and I measure the productivity effects of
PPP contracts on district heating firms. My results show that capital quality has a positive
and significant impact on the productivity of PPP firms. I find a non-significant marginal
effect of my proxy for capital quality for non-PPP firms. There is, in turn, a substantial
and highly significant marginal effect on output for PPP firms. In particular, increasing the
measure of quality by one unit shifts up the expected change in the log of output by 0.161 for
PPP firms. In level terms, this corresponds to an output increase of 17%. Overall, enforcing
the same horizontal monitoring mechanism and setting the same level of capital quality as
for PPPs, the average plant would be capable of producing 2922 MW h of more energy and
reduce CO? emissions of 1403 equivalent tons. The estimates of the production function
parameters indicate the presence of decreasing returns to scale in the technology.

In the presence of a positive externality, not implementing PPP implies a lower level of
welfare because firms could have produced more efficiently at a lower marginal cost. Al-
ternatively, in the presence of a negative externality, implementing PPP would have been
detrimental. Even if lower marginal costs might simply imply higher margins for the DHs

and not lower prices, the impact on pollutant emissions is still relevant. I am the first to

31 report the case study of Zola Pedrosa district heating. On December 22, 2006, the project financing ten-
der was awarded to the promoter, which formed the consortium consisting of SIME spa, SIME ENERGIA Srl,
and CO.AR.CO. Srl, which later formed into a project company named ZOLA PREDOSA TELERISCAL-
DAMENTO Srl. The authors of the research point out that the success of the whole operation is certainly
due to the intense collaboration between the public and private parties. In particular, the chief engineer in
charge of the project reports that "...The goal of our company is to have obtained a 25-year public concession,
which allowed us to carry out an initiative relevant from an energy and environmental point of view. Our
company is an ESCo, and we have other contracts with shorter duration and a different profitability; the
longer duration of this concession allows us to have a long-term look and vary our presence in the market...
At the technical level in the construction phase, we did not encounter any particular difficulties other than
those typical of a project of this type, there was obviously a great deal of commitment and attention from
both the personnel outside the company, who took care of the design and carried out the works and from
the internal personnel, who exercised a function of control and management of the construction site...(pp.
157-158, see [SIOP)| (2013)".



show that PPP works properly in an industry with characteristics in line with the assump-
tions stated in the literature. A public authority that knows in advance the gains/losses in
terms of technical efficiency coming from PPP will have better guidance in the use of this
procurement tool. This paper is related to |Hoppe et al. (2013), where the authors conduct
a laboratory experiment on PPP, and find that a PPP provides stronger incentives to make
cost-reducing investments, which may increase or decrease service quality. Furthermore, this
article provides more evidence on how public procurement can affect productivity. PPP is
proved, similarly to fixed-price and cost-plus contracts, see (Gagnepain and Ivaldi (2002), to
be a driver of productivity and not only a solution to keep public bodies’ investments high,
despite reduced public budgets. The analysis results are robust to selection, measurement
error, or misspecification of the functional form.

This article relates to two different strands of literature. First, I contribute to the litera-
ture on PPP with an empirical test for the predictions of these models. The first two articles
that investigate the impact of public-private partnership are [Hart| (2003|) and Bennett and
[ossa; (2006)|ﬂ In particular [Hart| (2003)) provides a setting where a builder implements two
non-contractible investments: a productive and an unproductive type. Both investments re-
duce operating costs, but only the productive investment increases the benefit of the builder.
Under traditional procurement, the builder has not any increase in benefits or a reduction
in cost from implementing the unproductive investment, so she finds optimal to exert too
much of the productive investment, but only the minimum amount of the unproductive in-
vestment. Under PPP, the builder partly internalizes the externality of this unproductive
investment by increasing it, but the level of the productive investment still remains too high.
Bennett and Tossal (2006]) introduce a model where investments are ex-ante non-contractible
but ex-post verifiable. In this setting, they study in depth the desirability of bundling project
phases and of assigning the ownership to the investor. Ownership implies the right to im-

plement a quality-enhancing or cost-reducing investment. The problem of being kept from

4These articles built on Schmitz (2005), who sets a principal-agent model in which the principal decides
how to organize a project that consists of two stages.



optimally investing in the first phase of the project is less severe under PPP when a posi-
tive externality between the building and the management phases exists. Furthermore, the
authors show that public ownership imposes on government a commitment to share with
the investor the surplus from the implemented investments. Martimort and Pouyet| (2008])
relax the hypothesis of non-contractible operational costs and non-contractible quality of the
service. They obtain results similar to those of Bennett and lossal (2006). In particular, they
find that granting ownership imperfectly aligns the incentives of the agents; the important
point is not who owns the asset, but whether the phases are bundled or notﬂ Agency costs
are found to be lower under a PPP arrangement compared with traditional procurement in
the presence of a positive externality between building and management. This article is also
related to the contribution of Gagnepain and Ivaldi| (2002) and (Gagnepain et al.| (2013), and
it provides additional evidence on how procurement scheme can affect productivity.
Second, I contribute to the ongoing debate on productivity assessment and its dispersion.
Bartelsman and Doms| (2000) find many sectors where the most productive firm has more
than twice the measured productivity of the least productive firm. [Fox and Smeets| (2011])
observe that the mean ratio of the 90th quantile of productivity distribution to the 10th
quantile is of 3.27 across eight Danish manufacturing and service industries. In this work, I
identify a channel through which the procurement scheme affects total factor productivity
(TFP): heterogeneity in the quality of capital input. In fact, large differences in productivity
across plants in the same industry are related to unobserved heterogeneity in the quality of
inputs. [Balasubramanian and Sivadasan| (2009), for instance, find that increases in capital
resaleability are associated with a reduction in productivity dispersion. The empirical lit-
erature, in particular, has recently recognized the role of quality dispersion in inputs, see

De Loecker et al. (2016), by investigating its impact on labor, see again Fox and Smeets

SFurthermore, |(Chen and Chiu| (2010) introduce an “interim contractibility” framework and assume that
the managing task becomes contractible subsequent to the building stage. Their results suggest that under
private ownership, the technological externality and the task interdependence still play an important role in
shaping the trade-offs between bundling and separation. In particular, convexity of the cost function, which
allows for task complementarity, plays the interesting role of favoring the buyer’s ownership and disfavoring
the Consortium’s ownership.



(2011) and |Konings and Vanormelingen| (2015), as well as on intermediate materials, see
Atalay| (2014)) and |Grieco et al.| (2016).

The remainder of this article is structured as follows. In section I present the district
heating sector. In section §3] I describe in more detail the primary data sources. In section §4]
I introduce the theoretical and empirical framework. The assumptions and the procedures to
identify and to estimate the parameters of the model follow. Finally, I present the baseline

results and a battery of robustness checks in section §5| and section §6]
2 Technical and Sectorial Background

A district heating (DH) is an integrated network system built under public concession to
serve an urban neighborhood. The plants are intended to distribute thermal energy and co-
generate electric energy. The electric energy produced is competitively sold to the national
market, and the thermal energy is entirely redirected to an urban neighborhood through a
system of pipes and distributive substations. The substations exchange the thermal energy
between the main and the secondary pipelines of each building. Thermal energy transporta-
tion is carried out with a thermal vehicle (water or steam), running through the pipeline.
A substation node can provide a certain amount of thermal energy to the urban neighbor-
hood. If the thermal energy produced in co-generation is not sufficient to fully satisfy the
demand, auxiliary boilers, which produce only thermal energy, fill the gap. I always observe
an auxiliary boiler working, meaning that there is no free disposability of thermal energy. It
implies that the electric energy production is constrained by the demand of thermal energy.
Moreover, given that the ratio of electric and thermal energy produced is constant, DH is
usually considered as a single product industry where electric energy is a residual product,
see Brannlund and Kristram, (2001)).

Substations are of central importance, and the majority of labor costs are related to their

maintenance. A district heating substation is a component that connects the main network



with a building’s heating system. Substations, in particular, typically perform a number of
tasks, including acting as a heat exchanger to separate the primary and secondary sides of
the system, a control valve to regulate the flow through the heat exchanger, a differential
pressure regulator to balance the network and increase the effectiveness of the control valve,
a strainer to clear debris that could clog the heat exchanger or the control valve, a shut-off
valve to stop the flow on the primary side in the event of an emergency, a heat meter to
measure the energy consumption, a temperature controller to regulate the temperature on
the secondary side by regulating the flow on the primary side, and a temperature sensor to
detect the flow and return temperatures required for temperature control.

Transporting thermal energy to households implies heat losses over the traveled distance.
Losses in the primary network are the third largest heat demand in a hot water network,
after heat demand for the building and water heating. Many variables are involved when
estimating pipe losses, such as the thermal conductivity of the soil and insulation, the supply
and return temperatures, and the ambient temperature. When these variables are considered,
it is easy to find sources of uncertainty. DH pipes are made of steel and buried in the ground.
Moisture and water can cause the pipes to rust if the pipe jacket has a leak. This leads to
holes in the pipe walls, resulting in leaks and heat loss. These losses should be kept as low as
possible to achieve high efficiency of the networkﬂ In this paper, heat losses are calculated as
the difference between produced and consumed energy, so losses due to leakage are included.

The three most important parameters affecting losses in a DH network are: the pipe
length, the supply and return temperatures, and the geographic distribution of heat demand.
The pipe length is determined when the network is created. When planning new DH areas,
the following steps are performed: a pilot study to determine the existing system, possibilities
for reconstruction and incorporation of new parts into the existing network, heat demand for
the new area; calculations of heat transfer capacity, power limits, heat losses; drawings for

the contractor to execute the new piping. DH firms are concerned with a trade-off between

6 According to [Larsen et al.| (2002) and [Gabrielaitiene et al.| (2007)



having more nodes or a shorter network of pipelines, and there is a high level of uncertainty
about the final layout of the DH network, see Moras (2013). In theory, the design of the
network could be ex-ante contractible. Still, in practice, due to the complexity of the design,
the peculiar geology, the stratigraphy, and the abundance of archaeological sites of Italian
municipalities, the final design strongly differ{l

To evaluate the goodness of a DH network layout, the engineering literature suggests a
linear thermal density measuref} The linear thermal density of a DH network is defined as
the ratio between the length of the DH network (supply and discharge lines are counted as
one unit) and the heat demand (approximated through the heated volume of the buildings),
where higher density corresponds to a lower index. The more internalized this parameter is
in the production stage, the more heat the DH can supply. This parameter depends on both
the specific heat demand and changes of the network configuration over the years.

The type of contract handling the problem makes the difference. Under PPP where the
future cost of management will fall upon the same firm, it is optimal to exert effort design
and sustain the cost to make this parameter productive. Traditional builders exploits the
minimum level of thermal density required in the contract, or required by circumstances
beyond the contract, but PPP firms have incentives to do better.

The investment in network and plants is high and mostly not reusable in other sectors
and, therefore, a sunk cost. The only possible economies of scale are connected to the
distribution of fixed costs over many users. However, the network’s dimension cannot be
overextended to avoid thermal loss increases. DH firms stipulate contracts of service with

the customers of the network, and each household is usually served by only one DH network.

"The biggest problem as confirmed by the contracting authority and the chief engineer in charge of the
district heating of the municipality of Zola Pedrosa is that "... regarding the construction

of the district heating, the most important risk hazard concerns the underground utilities, unfortunately,
most of the municipalities in Italy do not have cartography regarding the underground utilities. So to get
this documentation, you have to go to all the authorities and very frequently when they have the mapping,
it is not reliable because during the excavation works, there is a discrepancy (p. 160, see SIOP)| (2013)" .

8Other thermal density measures exist, but linear thermal density has the advantage over area-based
thermal density measures, that irrelevant urban areas are not included. Since linear thermal density directly
uses grid length, it is a better measure, see |Dochev et al.| (2018).

10



The size of the investment makes the construction of two networks in the same geographical
area unlikely and the most frequent choice for users will not be between DH networks, but
between different technologies of heat production. Once the choice of connection to a network
has been made, if the user wants to switch to other technologies, he must incur switching
costs, however minimal.

In the context of DH in Italy, systems were fully originally municipally-owned and oper-
ated. The top 3 largest and oldest DH (Brescia, Milan and Turin) were owned and operated
by their respective city governments, which also handled other utility services such as elec-
tricity and water. Eventually, private money came to fund further improvements of the grid,
but actually not taking over the property (public property share were kept at 51%). The
largest DH player is A2A which was formed through the merger between the AEM (owned
by the city of Milan) and ASM (owned by the city of Brescia) in 2007. Newer (and smaller)
DH systems in other cities are partially private funded, both under public concession or
PPP. In the last decade, PPPs have accounted for 13% of the contracts in the DH sector
and 35% of the value of the entire market, see SIOP| (2013)). The same study evaluates DH
as a growing sector. .

DH sector has some structural characteristics typical of "network industries" (high sunk
costs, switching costs) and the presence of economies of density and scale makes a single
distribution network more convenient. Consequently, the DH is usually provided by a local
monopolist. A recent study by the Italian Competition Authority (ICA), see Esposito (2017,
reports that Italian DH firms rarely earn high extra-profits. The legislative indications
about distribution tariffs remain rather generic and, typically, refer to the regulated price of
methane gas for domestic supplies. Since households can install a private heating system,
DH firms anchor the price of the service to the cost of running an autonomous boiler as

heating source.
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3 Data

I exploit an original dataset describing the DH industry between 2007 and 2014. These
data are released every year by the AIRU, the Italian association of DHs, as a collection
of detailed plant files, and cover a total of 148 plants (almost the entire population). For
each plant, I have accurate information about the production process in terms of physical
quantities. A sample of these plant files is available in fig]2] Most plants, as fig. [I] shows,
are located in the north of Ttaly, where temperature conditions and heating periods justify
economically that a plant operates more than 2 months per year. In fig. [1, the total amount
of heated volume (my proxy for the heat demand) is mapped in darker shades of gray
revealing Northwest Italy as the area where DH is most established and widespread.

For each plant, I observe accurate information about output in terms of thermal energy
measured in megawatt-hour, MW h, produced and distributed. Distributed thermal energy
(ED) is the main output variable.

I also observe the amount of heat energy lost (ET') measured in MWh, which is the
intermediate material and the proxy variable in the structural model. By observing both the
whole thermal energy implied in the distribution process and the heat losses of the pipeline in
megawatts per hour (MWh), I can divide the thermal energy delivered to neighbor buildings
from the thermal energy directly related to the distribution process. Using thermal energy
greatly simplifies the analysis since a single homogeneous input is considered in place of
several possible propellants implied in the production process of thermal energy.

Furthermore, the dataset provides useful information about the inputs. Two proxies of
capital are available: the count of the heat exchanger substations, which work as nodes of
distribution of the thermal energy to a neighborhood of buildings; and the length of the
pipeline, measured in m. Heat exchanger substations are a proxy for the capital input and
can differ in terms of thermal capacity. By assuming a constant temperature of operation,

firm size dummies control for this kind of heterogeneity. Other aspects related to capital
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quality may influence the distribution process, so I use the length of the pipeline as a capital
quality proxy.

A set of dummies which indicate some key differences in DH technologies are introduced.
First, I control for the thermal vehicle used (steam or heated water), which can make a
difference to the rate of dispersion. Second, the majority of plants co-generate thermal and
electric energy. Producing thermal energy without electricity could have a severe impact on
the dimension of a plant.

There are important heat demand shifters, which influence production decisions of DH
firms. First, geographical dummies are introduced to control for different average tempera-
tures across different areas. I construct three main geographical zones exploiting an European
thermal energy index, referred to as “heating degree-days” (abbreviated as GG from the Italian
version of the index), and use it to assess the average use of thermal energy of a city. This

measure was introduced by European standard EN ISO 15927-6 and is defined as:

d

GG =) (20-T.)

1

where d is the maximum number of days of the conventional heating period and ranges
between 90 and 365; 20 degrees Celsius is the conventional ambient temperature in Italy;
and T is the daily average outer temperature. A low value of GG indicates a short period of
heating and daily temperatures near to the prescribed temperature for the environment. The
three zones are constructed based on climatic bands defined by the European standard: Zone
1 is comprised between 1400-2100 GG, Zone 2 between 2100-3000 GG,and Zone 3 above 3000
GG. Second, I introduce a continuous variable which measures the amount of thermal energy
extracted by the average building. T exploit the percentage of Celsius degrees difference of
ingoing and outgoing temperature of the thermal vehicle. This difference is commonly used
by the engineering technical literature and the index is a standardized measure of average

thermal energy dispersion that catches shifts in heating demand due to thermal isolation of
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houses.

I employ heated volume of buildings measured in m? to construct firm size dummies.
First, I add these dummies to fix the heated volume and to interpret the change in capital
quality as a change in pipeline length only. Second, these dummies also control for big shifts
in the thermal capacity of DH firms.

In order to identify the plants constructed under PPP, I exploit a research published by
SIOP and the Chamber of Commerce, see |SIOP| (2013)). T account for a total of 25 projects
between 2002 and 2013 realized using PPP.

Finally, I integrate data on the number of workers by directly collecting them from the
balance sheet of each company. These data refer to full-time blue-collar employees.

In table[l} I report descriptive statistics of the entirety of firms along with those for each
group, PPP or not. At first glance, the average PPP firm looks different than the average
non-PPP firm, smaller in terms of output and inputs capacity. It is due to some big plants,
which bias means and standard deviation. Looking at medians and interquartile range,
PPP and non-PPP are closer. Tt is interesting to notice that with a similar usage of inputs
(pipeline length, substations, and heat losses), PPP can serve a higher heat demand (740.48
against 504.70 x 103 m?) and produce less CO? (3345 against 5699 tons). The average heated
volume for Ttalian DH firms is around 2377 x 103 m?2, and the median is around 508 x 103 m?.
The average and median temperature extracted are 30.45 and 25 degrees Celsius. Only 24%
of non-PPP firms do not produce electric energy, whereas almost the entire PPP sub-sample,
95%, produces in a co-generation regime. 44% of the entire sample use heated water as a
thermal vehicle over steam. PPP firms are mostly located in Zone 2 (85%) and show a
smaller value (higher quality) of the capital quality proxy.

I investigate for a mechanism through which PPP influences the quality of the infrastruc-
ture. In order to understand the channel, I exploit the network nature of a DH’s pipeline.
Capital quality, a, is defined as the negative (-) ratio of the total length of the pipeline to

the total amount of heated volume
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pipeline's length

" heatedvolume

and measured as the length of pipeline required for every 100 m? of heated volume. This

ratio captures the impact on output of the thermal density of the network. PPP firms have
higher median thermal density, and increasing values have a positive impact on output due
to reduced heat losses. PPP firms show a higher median quality of capital index than non-
PPP firms (—0.15 against —0.20 m/100m?). The theoretical literature suggests that under
traditional procurement, a builder has no incentive to improve the minimum level of capital
quality. Under PPP, instead, since the operator is involved in the building’s design phase,

she can state the optimal level of capital quality she needs.

4 Model

Theoretical framework

Under traditional procurement, a contracting authority could offer to the builder (B) a
contract with the payment scheme 75 + ypC'p with {(75, v5)} € R x [0,1], where 75 is a
transfer from the authority and g the percentage of cost (Cp) shared with the firm. The
case vg = 1 corresponds to a cost-plus contract where the contractor is fully reimbursed for
its own costs, whereas v = 0 stands for a fixed-price contract, where the contractor receives
a fixed payment. Fixed-price contracts are of common use for DH construction, then only
Tp 1s contractible.

The same public authority could offer to the operator (O) a range of contract with the
payment scheme 7o + yoRo with {(70, 70)} € R x [0, 1], where 7o is a transfer from the
authority and 7o the percentage of revenues shared with the firm. A payment mechanism
based solely on user charges corresponds to 70 = 0 and 7o = 1, so that the contractor keeps

all the revenues. On the other hand, a payment mechanism based on availability corresponds
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to 7o > 0 and 7o = 0, so that the contractor’s reward is fixed. DH firms collect the entirety
of revenues from customers.

Every time a new DH network is created or expanded a contracting authority faces the
problem of implementing a minimum level a € R, of facility quality, below which the plant
does not work, and eventually a quality investment a' € R, which will influence the

operational cost of the operator and increase the overall quality of capital, aﬂ

Moral hazard

Suppose the following well-behaved firm’s cost function, which is differentiable on every

point of the domain:

C(ED, a, ¢;)

with 290 < O,age(') < 0 and % > 0. The total cost is a non-decreasing function of the
distributed thermal energy, ED. The total cost is a non-increasing function of the effort, e,
and the capital quality, a; the amount of each input required to produce the same level of
output is reduced or unaffected by rising effort and capital quality. The effort, e, encompasses
all these factors which the IO literature has recognized as effectively able to reduce firm unit
cost, see [Syverson| (2011)) for a survey. Referring to the procurement literature, |Gagnepain
and Ivaldi (2002)’s reduction of inefficiency in the public transportation sector due to the
enforcement of procurement contracts on suppliers, represents a good example of the role
played by moral hazard.

Under traditional procurement, the builder knows nothing about the cost structure of

the operator, so implementing a particular quality investment level a affects her own cost

negatively. This cost of implementing a is an unknown function v(a) with 83((1') > (0. Then,

9The overall quality of capital, a, is actually time variant because a; = ag + (a1 — ag) + ... = ap + (a1 —
ap + ai) + ..., and it is cumulative. Although, I observe that DH firm’s investment happens every 2-5 years,
which makes its dynamic less relevant.
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the builder’s optimization problem, who receives a first price payment scheme, 75 > 0 and

vg = 0, would be:

max g — v(a)

a>a

where the builder decides to optimally implement the smallest capital quality level, a, in
order to make the plant operativelﬂ At the production stage, the operator can exert an
effort e in order to reduce the “input” inefficiency of her own cost. The cost of implementing
effort e is the unknown function z(e) with % > 0. The optimization problem of the

operator who receives a payment schemes [70,70| and takes a = q, is:

e = argmazr 1o +v0Ro — C(ED, a, e;) — z(e) (1)

In a PPP, a contracting authority offers to the builder and the DH, jointly in a consortium

(C), a unique contract. The optimization problem is:

(aPPP, ePPP) =arg maxr 7o +ycRc— C(ED, a,e;)— z(e) —v(a) (2)
a>a,e>0

that delivers the following capital quality level and effort investments:

a"PP = a+ abpp

i ._ ,PPP
€ppp = € —€

10 A fixed-price contract will not determine an investment in quality, a, if this investment is not implemented
as reducing the builder’s cost effort. A different payment scheme linked to the quality investment provided
by the builder obviously determines some quality investment implemented also under classical procurement.
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under traditional procurement, the level of implemented capital quality cannot exceed the
level of capital quality set by the builder, which means that the total level of capital in-

vestment abpp is equal to zero. The level of capital quality has an increasing marginal

productivity when the gain from investing ag—é‘) is not fully neutralized by the cost loss term,
ag((l'). When the implementation phase is unsuccessful, meaning that the operating firm has

not been able to make the quality of capital productive, the effect on productivity may be
zero or even negative. In appendix A, I propose an explicit solution for technical efficiency
under the assumption of a Cobb-Douglas unit cost function and exponential costs of im-
plementing a and eEl In this case, the externality effect will result in a productivity effect
through duality.

The effect on the total level of effort is less clear, since it is related to the convexity of

the cost function through the cross derivative %é'e). When ?9%@) > 0, we should observe

substitution between the total level of effort and the capital quality. 1 do not have any
hint about the true direction of the cross derivative, but I can rely on the control function

approach to control for such effects in my empirical model.

Empirical model

I assume the following DH firm’s single-output structural valued-added Cobb-Douglas
production function:

ED =Q(a, e; PPP)- K% . L“ (3)

where ED, K, L are respectively output, capital and labor, and Q(.) = exp|w (.)] is the
unobserved term for productivity. In particular, ED is the amount (megawatt per hour,
MWh) of thermal energy delivered. First introduced by (Gandhi et al.| (2020) and employed by

Ackerberg et al.| (2015), this specification of the production function assumes proportionality

1In Appendix A, I parameterize the domain of the tfp function through two exogenous parameters 6, x €
[—00, +00]. These parameters capture the externality effect of capital quality and labor effort.
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between intermediate material, E7T', and output, EDm In particular, ET is the thermal
energy implied to cover heat losses and plays a main role in the empirical model since it is
the proxy variable for productivity estimation.

Under traditional procurement (TP), on the one hand, firms implement the lower cap-
ital quality level a. On the other hand, PPP induces firms to make a quality investment

a»pp. The following expression defines the total capital quality implemented by a DH firm

(considering both PPP and TP cases) :

a=a""" . PPP+a-(1—-PPP)=ga+dspp- PPP

where PPP is a binary variable to identify PPP plants. Based on the curvature of the cost
function, PPP firms adjust the operating effort, e, given the quality design investment, a.

Similarly to quality, I can define the total effort as:

e=e’P’.PPP+e-(1—PPP)=¢+éhpp- PPP

[ assume separability of w(a, e; PPP) = w!? + (WP — wTP) . PPP, where w!Tand w?t?
are at least C' functions. Taking a first-order Taylor expansion in zero and collecting PPP

and non-PPP firms, I obtain:

12The structural value-added production function is directly derived from the following DH firm’s single-
output gross output Leontief production function:

ED =min{Q - K% - LY a,FET}

The intermediate materials, ET, are considered proportional to the output. After controlling for climatic
and environmental factors, heat losses grow according to the amount of output, and their final value is
related to the thermal density parameter and the ability to maintain substations and pipes. Productivity is
also related to this ability.

13 A Leontief production function avoids the issue with the estimation of the intermediate material input
elasticity. As highlighted by |Gandhi et al. (2020), the Leontief form could be insufficient to guarantee the
identification of the elasticities. To understand, suppose K;; and L;; are chosen before ET;; and the price
of ET;; suddenly changes such that revenues do not cover the cost of the intermediate material required to
produce that output. In this case, DH firms would not generally choose ET;; to satisfy ED=a,ET=Q -
K% . L% and thus the data could contain points where production is equal to zero. This does not appear as
a huge issue, however, since DH firms will either satisfy ED=aET= Q- K% . L* or produce zero output,
and if they produce zero, they will presumably not be in the dataset of those operating and thus it is not a
problem for estimation, |Ackerberg et al.| (2015).
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where the constant components are omitted for the sake of simplicityﬂ By plugging
w(a, e; PPP) into the linearized Cobb-Douglas production function, in equation (3, the

reduced-form model for a DH firm 7 in time ¢ can be written as:

edit = akir + culis + Batit + Pint (aie * PPP;) + BpppPPP; 4+ wit + €, (5)

where small cases stay for logs of output and input variables. The unobserved terms rela-
tive to e; are absorbed inside w;, the unobserved productivity term along with the other
unobserved factors, which influence productivity. The idiosyncratic error €; accounts for
measurement error. The coefficient Sppp should be interpreted as the PPP effect on output,
which captures the mixed effect of trading-off quality investment and operational effort, as
well as institutional unobserved factors relative to PPP. The interaction term [;,; is the
incremental effect of a unit increase of capital quality when a firm is built and operated
under PPP. This should be interpreted as the externality effect on productivity. On the
other hand, the coefficient 5, measures the overall marginal effect of the capital quality a;.

The identification of §;,; and its interpretation as the effect of the technological externality

is based on a simple feature of the linear model in equation (@:

4
ediy = ki + ayly + Boai + Bint (ai * PPP;) + Bppp PPP;+ Z Bssi +wi + e (6)

q=1

M The full expansion is available in Appendix C
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by introducing size dummies, s¥, for the quartiles of the heated volume, m?, I avoid varia-
tion in the quality index due to variation of the heated volume. In this way, changes in this
index are only due to changes in the pipeline length. In addition, the model can accounts
for others control variables controlling for technological and supply shifters. For the sake of
simplicity, I collect all the terms, apart from the marginal elasticities of the inputs, and the

other control variables in vector x;;, the model collapses to:

ediy = ok + oyl + X B + wir + €4

The vector X34 = |ay, PPP;, ayx PPP;, d;, Cog;, Tech;, dT'empy, si, 2014;] contains all
the relevant control variables for the DH’s distribution process. The d; vector includes all
the geographical dummies. The C'og; dummy controls for plants in co-generation regime. A
Tech dummy, equal to 1 for heated water, is included to control for technological differences
in the physical state of the thermal vehicle (heat water, steam). The dTemp;; variable is the
continuous index which measures the average thermal dispersion of buildings. The s; vector
includes firms size dummies s}, with ¢ = 1,...,4. The 2014, is a dummy I added to control
for the particularly hot winter of 2014.

Estimates of equation by OLS will incur the well-known endogeneity problem associ-
ated with estimating production functions: the presence of w;; (e;;) being possibly correlated
with labor intermediate demand EI Klette and Griliches| (1996]) refer to this endogeneity
as stmultaneity, since output and inputs result as the solution of a simultaneous equations
system. Methods of solving the simultaneity problem include finding instruments for inputs

or assuming a time invariant productivity and using a fixed-effects estimator, see Mundalk

5More generally, the issues of the estimation of a log-linearized version of equation can be twofold.
The model is expressed in terms of physical quantities of inputs and outputs. In place of physical output
and inputs, scholars often use proxies. Sales deflated by an industry-wide price index are commonly used in
place of the output, and balance sheet data substitute for inputs. Such substitutions have no consequences
under perfect competition, since all firms observe the same prices. With imperfectly competitive markets,
however, the estimated firm-level productivity is misstated due to the effect of unobserved demand-shifters,
affecting through prices the proxies for output and inputs. Since the problem originates from omitted prices,
it is usually referred as omitted price bias.
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(1961). Both methods seem to have failed. Input prices are usually weak instruments for
quantity. Conversely, assuming time invariant productivity would not explain how period
by period changes in productivity would be responsible for changes of input choices. [Olley
and Pakes (1996), Levinsohn and Petrin| (2003)), and |[Ackerberg et al.| (2015) have proposed a
structural approach, which exploits observed plant decisions as proxies for unobserved pro-
ductivity shocks. The intuition relies on the existence of a proxy variable for productivity,
which reacts to variations in TFP. If this function is proved to be invertible, the inverse func-
tion can be estimated and plugged into the production function to control for endogeneity El
In this industry, productivity differences may also owe to unobserved differences in quality
of inputs as well as to previously unobserved differences in plant characteristics due to the
form of procurement used. In order to account for this endogeneity, I adapt the [Ackerberg
et al.| (2015) to the DH industry, and I introduce a new state variable for capital quality
under the two different procurement schemes.

First, I specify the inputs timing decision and the DH firm’s static optimization problem
to separate the dynamic state variables from the static free variables. Second, I explain how
the input coefficients are identified exploiting the information set at time ¢. Third, I discuss

possible concerns relative to the selection of the sample.

180lley and Pakes| (1996) isolate the proxy variable directly from the investment dynamic optimization
problem of a firm, by inverting the amount of investment. From the dynamic problem the terminology
is also inherited, with the variables that constitute the minimum set of information required to retrieve
the policy function (the stock of capital, the age of a firm, etc.) referred to as dynamic state variables.
Inputs (labor, materials, etc.), which are modifiable in a later period after productivity shocks occur, are
referred to as static free variables. Investment as a proxy for TFP has an enormous problem in terms of data
availability. Since in many cases investment assumes a zero value, it becomes not invertible on these points.
Consequently, many observations must be dropped and the remaining sample needs to be representative.
Levinsohn and Petrin| (2003) propose a different approach by slightly changing the timing of a firm’s decision.
If intermediate materials (energy, fuels, etc.) are chosen between the occurrence of the productivity shock
and the decision regarding the optimal level of free variables, they respond monotonically to productivity and
act as a suitable proxy variable. The static variable intermediate materials do not suffer from the zero value
problem and guarantee greater data availability. |Ackerberg et al. (2015) point out that the choice of free
variables (labor, etc.) is a function of previous choices in terms of dynamic state variables. Consequently, any
attempt to estimate separately free variables coefficients could suffer from a serious problem of collinearity.
They propose abandoning estimating the elements of the coefficient vector « simultaneously.
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Identification

A problem for identification is the endogeneity due to simultaneous output and inputs.
In this case, identification is obtained through a structural model exploiting the timing

assumption behind a DH firm’s dynamic optimization of profits.

Timing assumptions

A DH plant chooses the amount of the intermediate materials based on its stock of
capital, K;, labor, L;, and a vector of observable characteristics of the plant, x;;. This
vector of observable characteristics contains information about the technology, demand, and
the procurement shifters, which affect the optimal level of capital quality of the network, a;;.

The decisions at period ¢ unfold as follows:

1. Output choice. At the beginning of the period, a manager of a DH plant knows the
current level of capital, K. The manager also observes QZFFORE her belief on pro-
ductivity this period given the information set at the beginning of the period, which

is also a function of the effort, e, the quality investment, a, and a vector of other ob-

servable control variables.

QiBtEFORE = E[QQFTER|Iit] — E[QQFTERlKit’ Lit7 Xt QﬁffER]

Relying on this information set., I;; = (K, Ly, X, QﬁflTER), the manager of a DH

plant decides the targeted level of output.

2. In an intermediate period between output choice and production, the manager decides
the amount of needed labor input, L;;. Note that the decision about the level of labor
input is not “perfectly variable” at the time production takes place; the timing of

decisions regarding the inputs implies that labor is a less variable input since labor is

23



chosen one subperiod before productivity shocks occur.

3. Production occurs. Based on the chosen targets, the plant carries out its distribution
activity and observes realized outcomes for output and losses of the network. The DH

manager of a DH firm also updates his knowledge about productivity, Q4FTEE,

4. Intermediate inputs choices. During production, free variables are adjusted to reflect
what has been learned about productivity, the information set I;; = (Kj;, Ly, Xir, Q4T TER)
is updated. With this new piece of information, the manager decides on intermediate

inputs, ETy;

5. New period decision starts

As expectations on productivity at ¢ are formed, the manager chooses whether the plant has

to remain active in the market in period ¢ + 1, and if so a new cycle startsE].

A static optimization problem

I follow the examples of Levinsohn and Petrin| (2003) and |Ackerberg et al| (2015) in
solving the static profit maximization problem only, which is sufficient in order to identify
the production function parameters. At the beginning of the period, the manager chooses

the inputs to solve the following static profit maximization problemﬂ

W(Kit, ETy, Lit, 4, Xit) = qulaz? E[PED -EDj — Pk Kyt — Ppr BTy — PLLz’t’Xit]

I"In the sample there is just a single plant shutting off, so I do not need correction for this kind of attrition.
18 Ppr is the price of the extra energy produced to cover losses in distribution. The price is equal to the
price of fuel or combination of prices (if many fuels are used).
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s.t. EDZt = F(Kit7 Eﬂt; Ll't7 QiB;EFORE’Xit)

Lastly, the following lemma establishes that the intermediate materials demand, ET, is
strictly increasing in productivity, which is a sufficient condition for invertibility, and allows
me to use intermediate materials demand as a proxy for productivity in our estimation

strategy. The following is proved in appendix B:

Lemma 1. The plant’s intermediate material demand, et;, is strictly in-

creasing in Q4FTEE if the following condition on the production function holds:

OETOL OETONA  OETINA L2  nF

OET 0QA 0L2 9ETONA 9L  OLOET 9L o0A AL OET 8LANA

OF oOF OF oOF 1 (aF OF OF oOF 8%F OF OF OF OF OF  OF )

the first part of the expression outside the brackets is the same condition that Levinsohn and
Petrin| (2003) identifies under the case of perfect competition. The second part inside the
brackets captures the adjustment on the intermediate material demand that a firm sustains
to exploit its market power. Fortunately, this condition holds in many production function

as verified by [DeSouzal (2006) for firm’s residual demand.

Selection concerns: Public bodies and Firms

Contracting authority decision about PPP adoption is exogenous relative to firms. Firms
are exposed to the tender, but they cannot decide the form of procurement. However,
the choice of procurement by public bodies can be the result of their selection. In Table
a PPP dummy is regressed on the public body’s characteristics, political composition
of ruling parties, several measures of corruption and area and time fixed effects. Table
presents both linear probability estimates and probit marginal effects (at the median).

Among the contracting authority’s characteristics, the ratio between the actual and expected

25



tax revenues, a measure of fiscal efficiency often used in political economy literature as a proxy
for administrative quality, see Gagliarducci and Nannicini (2013), is found to be positively
correlated with the probability of adopting a PPP contract. This proxy is meaningful because
procurement practitioners have recognized the complexity of these instruments, and a more
capable administration can handle PPP more appropriately. In section §6], I present a further
model, where a third step accounts for public bodies’ selection due to the administrative
quality. The model results do not differ a lot from the baseline model.

In table[d] T also test for several proxies of corruption; in columns 1-2 the proxy is the stock
of corruption measured by the Golden-Picci index proposed by (Golden and Piccif (2005)), in
columns 3-4 it is the number of public workers denounced for corruption, and in columns
5-6 it is the number of procurement experts denounced for corruption. None of these proxies
has a significant effect on the probability of choosing PPP.

Any seller’s expertise about peculiar procurement procedures may represent an issue
because specialized sellers could only apply. In the presence of this kind of selection, the
effect of the PPP on technical efficiency could be due to the selection of a particular sub-
sample of firms. In order to address these possible concerns, I exploit tender awards data
to assess the status of the DH market in terms of relative market shares of DH firms. The
insight is that in the presence of selection, the market structure of PPPs should be different
from non-PPPs. I find that seven firms represent 56.51 % of the entire PPP market (table
2). The same seven firms (Cofely and Siram are connected in terms of ownership) account
for 47.53 % of the non-PPP market (table . After comparing PPP with non-PPP projects,
firms seem to retain their relative market share, and I cannot find any evidence of firms
specialized in PPP projects only.

PPPs and non-PPPs are not directly comparable in terms of contract objects, since PPPs
bundle different taskﬂ Such heterogeneity could induce some restrictions on competition

among DH firms, which translates in selection: maybe small firms cannot compete in very

19 A useful discussion is in [Saussier et al.| (2009).
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big tenders. The poor/good outcome of PPP plants could again be the result of a selection
of big/small or low/high quality firms. In order to check this out, I analyze a sample of 33
tenders in the period 2007-2012 (earlier data are not available). In table [5| it is possible to
compare the average number of bids made in PPP tenders with the average number of bids
for building, operating and maintenance tenders. In this case, the number of bids proxies the
level of competition in the tender. The average number of bids for a PPP tender is 4.08 with
a standard deviation of 5.99 (right column in table |5). The mean of the average number of
bids for building, operating and maintenance of a non-PPP tender is 5.39 with a standard
deviation of 2.85 (weighted mean of the left column in table ). A non-directional t-test
(t-statics equal to 0.77 with 31 degree of freedom) confirms that the difference between the
means of two independent samples is not statistically different from zero. Additionally, in

section I present a further model where the firm’s entry decision is taken into account,

but I do not find evidence of this bias.

Estimation

After production occurs, the manager of a plant updates her beliefs about productivity

and she will observe the new variable:

Wi = wif + €y (7)

where Wil = log(Q4FTER) and wf = log(QEEFORE)  Since the intermediate material
demand is a function of wj, the model needs to be restated. Plugging equation @ into

model equation ((5)), it can be rewritten as:

A w
edy = ok + oylyy + X368 + wi; — €, + €

The vector xiy = |ay, PPP;, ay x PPP;, d;, Cog;, Tech;, dTemp;, sit, 2014,;] contains all
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the relevant control variables for the DH’s distribution process. PP P; identifies PPP plants.
The d; vector includes all the geographical dummies. The C'og; dummy controls for plants
in co-generation regime. A Tech dummy, equal to 1 for heated water, is included to control
for technological differences in the physical state of the thermal vehicle (heat water, steam).
The dT'emp;; variable is the continuous index which measures the average thermal dispersion
of buildings. The s; vector includes firm size dummies s}, with ¢ = 1,...,4. The 2014,
dummy controls for the particularly hot winter 2014. I assume that (e;, €4) is mean zero
and uncorrelated with the information available, although the components of this vector may
be correlated with each other. Because the manager will not learn about (e, €%) until the
plant operates, she has to optimize the output choice under uncertainty.

The vector (€;, €%) does not raise any endogeneity problem. This vector is revealed to the
DH manager after she makes her input choices and it is uncorrelated with the information
set at the time output choices are made. The expectation wZ, forces me to control for w;
since [y (wf) is also a function of w. From Lemma 1, the DH firm’s expectation about its
productivity can be recovered by inverting the series of intermediate materials choices such
that

wif = ety (etiy, ki, L, Xie) (8)

[ follow Ackerberg et al.| (2015) in substituting equation into the production function in

order to obtain the first stage equation:

edy = o - ki + oy - Ly + ety (kg ety Ly Xig) — €5+ €4

= (ki etip iy Xit) + €t (9)

where @ is a polynomial in (k;;, ety Ly, X;t). First stage does not identify coefficients due

to the collinearity issue. First stage is meant to get rid of the error component, €;; = €5, + €,
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and to obtain the sample counterpart d from a non-parametric estimate of equation @D
Under the LP assumptions and at the true value of the coefficient vector (a7, 8;) with

j=k,land z =a, ..., d', .., d", ...2014,, d could be used to recover a reliable proxy of the

productivity w;}. The sample counterpart of w}, @, is then obtained as:

N 2 * * *
Wit = Py — Qp - ki — Qp - Ly — Xitﬁ

The model assumes that Q4FTER moves according to an endogenous Markov process. Pro-
ductivity considers the entirety of unobserved factors that can modify the volume heated by
a DH firm when observable characteristics are kept constant. Moreover, I consider a process
where the lagged level of capital quality is allowed to impact productivity of PPP firms and

thus affects productivity changes as:
A A
wiy = g(Wis_1, ai—1 ¥ PPP;) + &y (10)

i.e. productivity follows a first-order Markov process, where g is a non-parametric function
of Wﬁﬂ and a;;_1 * PPP;. This process captures productivity changes due to investments
on the capital quality level of PPP firms. When PPP firms update their expectation to a
higher productivity level and have to decide about changes to the capital stock, they adjust
their capital in order to retain the optimal capital quality.

The term &;; is a shock to productivity between time ¢ — 1 and ¢, which is independent
of the DH firm’s time-t information set. The sample counterpart of the polynomial g(.) is
recovered by regressing W;; on a polynomial of ;1 , which is used to identify the series of

shocks

—_—

§it = Wit — g()

exploiting the timing assumption about production, it is possible to construct a moment

estimator using the following set of moment conditions:
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standard errors are calculated through block bootstrap. Optimization is carried out
through the Nelder-Mead algorithm and to ensure convergence, different starting points

were tried. Finally, I recover TFP estimates as follows:

Wit = edy — Oé;t ki — 067 iy — Xitﬁ* (11)

5 Results

In table[6] I present the baseline estimates. In columns 1 and 2, I report a parsimonious
version of the model without the capital quality terms, estimated using the least square
(OLS) and the within (FE) estimators as benchmarks for the structural estimation. The
point estimates are associated with clustered standard errors in parentheses. First, I consider

the estimates of the inputs elasticities, ap and «;. It is immediately evident that these

30



parameters differ significantly across methods. In particular, a comparison between OLS
and the FE reveals how severe the bias is when only the crossectional variation is used
to identify input elasticities. Treating the same DH firm across time as several different
observed units greatly affects the results since more productive firms are likely to use a
greater quantity of the inputs. T find a biased down capital elasticity of OLS relative to
FE estimator (0.37 vs 0.49). The FE estimator, on the other hand, exploits only the year-
to-year variation in DH firms’ inputs: estimation by FE accounts for the differences across
DH firms, but these differences remain constant over time. I observe decreasing returns to
scale as expected from the technical literature on DH plants, see Brannlund and Kristram
(2001)), even after controlling for size dummieﬂ Moreover, the estimated coefficients are
consistent with previous attempts of estimation of the marginal productivity of capital and
labor in a valued-added production function context, see for reference the cited article of
Brannlund and Kristram| (2001). In columns 3-4, T introduce the capital quality proxy and
interaction with the procurement dummy, respectively. The effect of a unit increase in the
capital quality per se is minimal, —0.002 , and the PPP dummy is not significantly different
from zero. On the other hand, the interaction is significant and positive, and a unit increase
of the capital quality for PPP firms increases the output by 11%.

In column 6, T present the results from the structural estimation procedure. The point
estimates are associated with bootstrapped clustered standard errors in parentheses. I find
that the simultaneity bias affects upward the capital marginal elasticity. A capital coefficient
equal to 0.34 is in line with a capital-intensive industry such as DH, whereas a 1% increase
in the labor input shifts up the output by 15% only. It is also in line with the hypothesis
of restrained substitution between capital and thermal energy. These estimates can be
compared with the Levinson and Petrin model in column 5 where the collinearity correction
is not present and the estimates are strongly biased downward.

As for the effect of capital quality, I find an insignificant marginal effect of capital quality,

29Decreasing return to scale are not in contrast with a natural monopoly with U-shaped cost function.
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a;;. It means that capital quality for non-PPP firms is a rather unproductive input. The
explanation may be twofold. First, measurement error bias could explain it, but I am able
to rule it out with further robustness checks. Second, the absence of a bundling phase does
not allow for lower implementation costs, resulting in a less productive input for non-PPP
firms. In this case, low variation remains that the size dummies and the other capital proxy,
the number of heat-exchanger substations, cannot explain for non-PPP DH.

I find a strong and significant marginal effect on output of a quality investment in capital
for PPP firms, the interaction term. In particular, reducing by one unit (negative) the length

3 of heated volume shifts up the expected change in log of

of the pipeline for every 100m
output by 0.161 for PPP firms. In level terms, it corresponds to an output increase of 17%.
Based on a back-of-the-envelope calculation, if the same mechanism of horizontal monitoring
had been implemented for non-PPP firms, by setting the same level of capital quality as for
PPPs, the increased output would have been 2922 MWhEl The same level of output, on
the other hand, could have been sustained at the new level of capital quality by reducing
thermal losses of the same amount, meaning an overall reduction in CO? emission of 1403
equivalent tons El Unlike the OLS model, the structural model finds a significant positive
effect of the PPP dummy of 0.133, which in level terms corresponds to a 14% increase in
output.

among the control variables, in column 6, the co-generation dummy is strongly significant
and positive, suggesting that the contemporaneous production of electricity and thermal
energy affects the heat distribution thermal capacity of DH firms. Producing thermal energy
without electricity decreases the average output by 47%. I find strong significant positive
effects, equal to 0.391 and 0.440 respectively of the geographical dummies, in colder areas

the average output is increased. A dummy for the hot winter of 2014 is negative and strongly

significant that means a reduction of 36% of the average output in this period. Differences in

21The calculation is carried out in this way: the difference between PPP and non-PPP capital quality,
2.61—2.42, times the marginal effect Ba, 0.15, times the average distributed energy of non-PPP, 90480 MW h.

221 assume a conversion ratio between distributed thermal energy, MWh , and CO? emissions, equivalent
tons, of 0.48. This value is estimated through a linear model.
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average extracted temperature have no meaningful effect on the thermal energy distribution,
likely due to the low variation across cities of the average capacity of buildings to absorb

thermal energy.

6 Robustness checks

Alternative approach and measurement error in quality

As a further robustness check, I propose the |Wooldridge| (2009) estimator. This estimator
is robust to the criticism of |Ackerberg et al.| (2015) and can be constructed relying on either
intermediate materials or investment to proxy for productivity. The literature refers to the
former as the Wooldridge-LLP and the latter as the Wooldridge—OP. The Wooldridge| (2009)
consists of a two-equation system GMM estimator, where the first equation accounts for the
dynamic process of productivity, equation , and the second approximates the term &.
This estimator exploits moments on the vector error term:

-
€it

where [;; is the usual information set of a DH firm ¢ at t. This approach avoids bootstrap-
ping to obtain standard errors on the production function coefficients, since the two equations
are jointly estimated in a single step. However, this procedure requires joint estimation of
all polynomial coefficients of the unknown functions that approximate the dynamic process
of productivity and the term ®, together with all production coefficients and the control
variables. It implies a search over a larger parameter space than the ACF methodology since

it is necessary to search jointly for the production function coefficients, the control variables
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coefficients, and all polynomial coefficients. To estimate all the parameters, it requires re-
ducing the polynomial degree (I use a 2nd order), which reduces the precision. Moreover,
the basic Wooldridge estimator does not account for a complex law of motion of productiv-
ity. The basic version of this estimator proxies the law of motion of productivity through a
random walk. In table[7] T report the estimates. In the first column, I used the intermediate
material as proxy. The elasticitiy estimates for the capital and labor inputs are smaller than
the two-stage model estimates , and in particular the labor input coefficient goes to zero.
Focusing on the PPP effect, the interaction term fJ;,, has a positive and significant effect
of 0.122, consistent with the baseline model estimates. A unit increase in capital quality
increases the output in level terms by 11%. The PPP dummy is positive, but not significant.

The high quality of the data ensures no bias problems due to measurement error for output
and input proxies. However, the proxy a; is an indirect measure of the design quality of
the plant, and a value of Ba proximal to zero induces some doubts over it. In column 2, I
implement the [Collard-Wexler and De Loecker| (2016) variant of the Wooldridge estimator,
which is specifically thought to solve the problem of measurement error for the capital input.
The idea is to use investment not as a proxy variable for technical efficiency w, but as an
instrument for the stock of capital and, in my case, for capital quality. For this purpose, you
have to instrument all the polynomial terms containing the capital quality with the first and
second lags. To instrument, I use both the yearly variation in the pipeline’s length and the
substations number. In this case, the investment does not enter the control function, and
the zero observations do not pose any theoretical problem of inversion. In the CD estimator
case, the elasticity estimates are closer to the same parameters estimated with the two-stage
model. The most significant difference relates to the capital quality parameters. A possible
measurement, error correction makes the PPP and the interaction term overshooting but

does not move the capital quality parameter from zero.
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Translog production function

In order to check how misspecifications of the functional form of the production function
can affect the estimates, I consider the following “structural value added” translog production

function:

edy = ki + oyl + Oékkk?t + oz”l?t + kil + X B + wir + €

the translog production function approximates a CES production function with a second-
order Taylor series. Differently from the Cobb-Douglas production function, translog does
not assume “smooth” substitution between production factors. In addition, the family of
translog production functions includes the linear additivity among inputs as a special case
of the nonlinear ones.

The first-stage polynomial is not affected by this different production function form since
the squared and the interaction term are already included. Similarly, I can recover the resid-
ual &; from the non-parametric equation of the dynamic process of w;; and use it to construct

the new moment conditions:

fit ' litfl
git ' kit

git ’ lz‘2t—1

B & kg =0

fit ' k'it litf 1

it - Sg Vq
& - 2014,

in Table [8 T replicate the specifications of Table [f] by employing the translog production
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function. In the last column, both the PPP dummy and the interaction with the capital
quality remain positive and significant. Their effect on output is slightly larger, by 0.167
and 0.149, respectively, for the PPP dummy and the interaction term. The estimated input
elasticities are a linear combination of the estimated coefficients of the production function.

The inputs elasticities for the capital and labor inputs are given by:

Orit = O + 20ukie + Gl

01 = Qq + 20yl + Qprky

in Table ] I report the calculated elasticities in terms of averages of three different
models: the simple OLS, the fixed-effect and the control function approach models. Both
OLS and fixed-effects show upward bias for capital elasticity. Furthermore, the estimates
are in line with what I find under the Cobb-Douglas specification regarding bias direction.
The flexible translog highlights the severe downward bias problem of the labor coefficient,

which increases up to 0.20.

More dummies

As a further robustness check, I verify how the structure of the size dummies affects the
estimates. I propose two different specifications. The first considers a more complex structure
of dummies, in deciles of the heated volume distribution. The second directly uses the
continuous variable. Estimations are reported in Table[10] In column 3, the magnitude of the
interaction term is strengthened by the presence of a more dense structure of the dummies. A
unit change in capital quality increases log output by 0.263, which in level terms means a 30%
increase in output. Moreover, the PPP dummy continues to be positive and significant, with

an effect similar to the baseline specification. In column 6, the model is augmented with a
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continuous variable controlling for the household heated volume. Estimates of the interaction
term remain similar to the model with a deeper structure of dummies, but the PPP dummy
loses its effect. Both the specifications in columns 3 and 6 show smaller estimates of labor
elasticity with respect to the baseline model. Measurement error in labor could be the reason

for the variability in labor elasticity estimates.

Selection due to procurement choice

A possible concern about the correct estimation of the technical efficiency parameter is
the selection induced by the procurement scheme’s choice. To tackle this issue, I extend the
model with a further step, where the law of motion of technical efficiency in [I0] includes a
correction term. Olley and Pakes| (1996) employ a similar approach to deal with selection of
firms due to attrition. The correction term is a non parametric estimate of the probability

of each public body choosing PPP. This probability is defined as:

PT’]' (PPP — 1|IPub1ic Body)

where the function is the probability of public bodies, j, choosing PPP against traditional
procurement conditional on the information set IPuPlicBody — This probability is estimated
through a probit regression of each public body’s procurement choice on the population
of each municipality and area and time fixed effect, plus a flexible polynomial of the fiscal
efficiency proxy. Not all the municipalities have made their balance sheets available, reducing
the dimension of the sample. The identifying exclusion restriction is that more competent
municipalities, identified through higher fiscal efficiency levels, will be more likely to use a
complex instrument as PPP.

The estimates of the exclusion restriction from the first-stage probit are reported in the

bottom panel of table 11. The exclusion restriction is slightly significant, and this is evidence

37



for possible selection. In column 1 of the top panel, I report estimates of the main baseline
model, but constrained to the reduced sample for comparison. In column 2, T present the
model with the probability prediction as a stand-alone control variable, which is positive and
significant. In column 3, I present the augmented model. I find smaller input elasticities
for the capital input, and capital quality, a, becomes slightly negative significant. The PPP
dummy and the interaction with the quality dummy remain positive and significant, with
an even greater effect. These effects can result from the reduction of sample dimension, and

the negative capital quality effect results more than compensated under PPP.

Selection due to costly participation

Another possible concern is the bias induced by a selective procurement stage held before
production. A noisy signal that private sellers receive from buyers could invalidate the esti-
mation strategy by selecting participants in the tender. This article moves in an intermediate
world between the Samuelson| (1985)) model, where each potential entrant knows its indepen-
dent private value before the entry decision, so the selection is perfect, and the [Levin and
Smith| (1994) model, where a potential entrant only knows the distribution from which her
value is drawn. To tackle this issue, I augment the law of motion of technical efficiency in
equation with a correction term for the probability Pr;(IFr®ieet) of each winner entering

the competition. This probability is defined as:

. Pri(Entry = 1[IFr9¢t) 4 f competed = 1
Pri(IPrOJect) —

1 otherwise
where the function Pr;(Entry = 1]IFm°¢) is the conditional probability of potential
entrant, z, entering in a competed tender given the information set I77%/¢‘, The sample
enumerates a 79% of tenders that are not competed, where the DH management is provided
in-house. T add a control for this feature. Obviously, in-house firms have probability equal

to 1 of entering. For tenders that are competed, the probability Pr;(Entry = 1|IFreject)
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is estimated through a first-step probit regression of the entry decision of each potential
entrant on project and contract characteristics, plus a flexible polynomial of the number of
other entrants. A potential set of entrants for each tender is obtained through a detailed
and accurate research of company profiles and collection of data on previous projects and
areas of activity. For each contract, I assign to the set of potential entrants any company
active at the time and in the same province where the contract was awarded. Due to the
inefficiency of the Italian authorities in collecting procurement data, not all the contracts are
available. T use all the available contracts to train the probit model. The identifying exclusion
restriction is that potential competition affects a bidder’s decision to enter an auction, but
has no direct effect on values, as in [Roberts and Sweeting (2016). The estimates of the
exclusion restriction from the first-stage probit are reported in the bottom panel of table 12.
The exclusion restriction is strongly significant, and this is evidence for possible selection.
In the top panel, Column 1 reports model estimates in column 6 of table[6] for comparison.
In column 2, I introduce the in-house control and in column 3 the augmented model with a
further stage controlling for the probability of each winner entering the competition. T find
similar input elasticities for the capital input, but smaller estimates for the labor input. The
PPP dummy and the interaction with the quality dummy remain positive and significant,

with an even greater effect. In general, the estimates are very close.

7 Conclusion

The long-debated cost-reducing effect of PPPs has been questioned because cost increases
and quality dispersion have often been reported for PPP projects. This work sheds light
on the role that capital quality plays. To test this effect, I exploited the combination of
PPP and the DH sector as the environment. [ made use of high-quality data with detailed

information on the entire production process, measuring each variable of interest in physical
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quantities. It avoids confounding factors due to unobserved prices of inputs and outputs. I
used a structural model to separately identify the externality mechanism from the residual
part of TFP. The model is robust to simultaneity and multicollinearity problems.

I find evidence for the existence of the PPP efficiency effect, which has a significant and
positive effect on productivity. The channel of this effect is the quality of capital input that
the PPP allows to be more productive. The effect per se is striking; reducing the length of
the pipeline by one meter for every 100 m? of heated volume, raises the expected change in
log of output between 0.142 and 0.263 across different specifications. At the same time, the
effect of capital quality for non-PPP firms is not distinguishable from zero in the different
specifications, while the positive effects of PPP unrelated to capital quality are not always
present in all specifications. I performed several robustness checks that ensure the stability
of the results with respect to misspecification of the production function, the presence of
multiple local minima, and measurement error.

The results are robust to selection. Several proxies for corruption were found to be
unrelevant. Greater competence of public entities appears to drive the choice of PPP as
a procurement tool, but is not a confounder of the efficiency effect. Potential competition
during the bidding phase shows a similar pattern. Selection, although present, does not

significantly affect the estimates.
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8 Tables and Figures

Figure 1: Plants distribution & total heated volume (log m3)

(10.35778.11.40755]
(7710546 10 35778]

[0.7.710546]

Notes: Geographical distribution of district heating plants. Colors represent the tertiles of the distributed
thermal energy (white 1st tertile to dark grey, 3rd tertile).
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Figure 2: A Plant File sample
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Notes: The above figure is a sample file of the data provided by Airu. Each file is a detailed scheme of
the production process of each plant.
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Table 1:

Summary statistics

Mean Median  Standard Dev. Iqr

Non-PPP

Distributed thermal energy, MWh
Heat Energy lost, MWh
Pipeline Length, m

Heat Exchanger Substations
Average Temp extracted, c°
Cogeneration

Steam Heat vehicle

between 1400-2100 GG
between 2100-3000 GG
above 3000 GG

Number of Workers

Total heated volume, 10° m?
CO?, tons

90484.34  22255.99 257516.74 54189.98
40423.89  3201.00 749589.25 6894.00
28447.37 10000.00 64925.87 17116.00

510.08 111.00 2024.79 327.50
30.56 25.00 12.52 15.00
0.76 1.00 0.43 0.00
0.58 1.00 0.49 1.00
0.11 0.00 0.31 0.00
0.53 1.00 0.50 1.00
0.36 0.00 0.48 1.00
67.85 6.69 199.41 65.83

2466.65  504.70 7036.03 1583.88

38249.48  5699.00 142797.02 19592.00

PPP

Distributed thermal energy, MWh
Heat Energy lost, MWh
Pipeline Length, m

Heat Exchanger Substations
Average Temp extracted, c°
Cogeneration

Steam Heat vehicle

between 1400-2100 GG
between 2100-3000 GG
above 3000 GG

Number of Workers

Total heated volume, 10° m?
CO?, tons

46689.48  19446.72 62238.70 41491.98

8188.78  4304.16 9902.58 9193.00
24012.00 11000.00 30339.96 24500.00
449.05 165.00 616.33 400.00
29.36 25.00 11.53 12.00
0.95 1.00 0.21 0.00
0.32 0.00 0.47 1.00
0.00 0.00 0.00 0.00
0.86 1.00 0.35 0.00
0.14 0.00 0.35 0.00
12.85 4.25 17.82 4.68
1270.55  740.48 1443.03 1632.33

11358.98  3345.00 16442.92 11138.00

Total

Distributed thermal energy, MWh
Heat Energy lost, MWh
Pipeline Length, m

Heat Exchanger Substations
Average Temp extracted, c°
Cogeneration

Steam Heat vehicle

between 1400-2100 GG
between 2100-3000 GG
above 3000 GG

Number of Workers

Total heated volume, 10° m?

CO?, tons

86487.42  22255.99 246501.47 53704.99
37674.17  3252.50 716924.50 7299.00
28070.51  10000.00 62732.56 17600.00

504.89 119.00 1945.02 343.00
30.45 25.00 12.43 15.00
0.78 1.00 0.42 0.00
0.56 1.00 0.50 1.00
0.10 0.00 0.30 0.00
0.55 1.00 0.50 1.00
0.35 0.00 0.48 1.00
62.91 5.92 190.96 64.69

2377.80  508.74 6787.89 1588.00

35514.07  5681.00 135670.27 16916.00

Notes: The Last panel presents summary statistics for the pooled set of plants (PPP and non-
PPP plants). Distributed thermal and lost thermal energy are expressed in megawatt per hour
(MWh). The heating degree-days (GG) dummies, follow the European standard EN ISO 15927-6.
All variables are described in the main text.
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Table 2: PPP market shares

2002-2013

# PPP won Market share %
(100=326.47 mln)

SIRAM SPA ( Veolia ) 1 18.38%

Hera 1 9.95%

ATZWANGER SPA 1 8.21%

A2A SPA 3 6.46%

Egea SPA 4 5.27%

METANALPI ENERGIA SRL 1 5.05%
T.E.S.I. SRL 1 3.19%

% share of PPP market 56.51%

Notes: Market shares of the PPP segment in terms of the base value of the contracts. 100 is the total
value of the market.

Table 3: non-PPP market

2002-2013

# non-PPP won  Market share %
(100=4244 mln)

HERA SPA 9 9.07%

COFELY 10 8.55%

A2A SPA 5 6.49%

Egea SPA 8 5.94%

ATZWANGER SPA 1 5.19%
METANALPI ENERGIA SRL 4 5.18%
SIRAM SPA (Veolia) 4 3.90%

T.E.S.I. SRL 5 3.21%

% share of non-PPP market 47.53%

Notes: Market shares of the non-PPP segment in terms of the base value of the contracts. 100 is the total
value of the market.
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Table 4: PPP determinants

L.PM Probit LPM Probit L.PM Probit
Fiscal Efficiency 0.426**  0.580™* 0.396** 0.589** 0.394** 0.613**
(0.182) (0.241) (0.175) (0.259) (0.174) (0.251)

Corruption Proxy 1 -0.177  -0.230
(0.118) (0.157)

Corruption Proxy 2 -0.001  -0.000
(0.001) (0.001)

Corruption Proxy 3 0.002 0.008
(0.021) (0.021)

Pop. 2006 0.123* 0.184* 0.115 0.087  0.055  0.052
(0.063) (0.103) (0.105) (0.075) (0.113) (0.091)

N 95 67 98 81 98 81

Notes: Corruption Proxy 1 is the stock of corruption measured by Golden Picci Index. Corruption Proxy 2
is the number of public workers denounced for corruption. Corruption Proxy 3 is the number of procurement
experts denounced for corruption. Standard errors are robust. All models include controls for population
level. * Significant at the 10 percent level; ** significant at the 5 percent level; *** gignificant at the 1
percent level.

Table 5: Tenders dynamic

2007-2013
non-PPP phases non-PPP PPP
Average bids / (SD) n Average bids / (SD) n
Operating managment 2.14 7 4.08 13
(2.90) (5.99)
Mantainance 5.33 6 ’
(1.48)
Building 8.71 7
(6.80)

Notes: The table reports the average number of bids made in PPP tenders along with the average number
of bids for building, operating and maintenance in non-PPP tenders. A non-directional t-test (t-statistics
equal to 0.77 with 31 degree of freedom) confirms that the difference between the means of two independent
samples is not statistically different from zero.
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Table 6: Model Estimates

Restricted Model Augmented Model
OLS FE OLS OLS LP ACF
(1) 2) (3) (4) (5) (6)
Number of workers, L 0.054 0.003 0.055 0.052 -0.010 0.152**

(0.031)  (0.026)  (0.031)  (0.031)  (0.027)  (0.049)

Number of Substations, K 0.371°%  0.490** 0.370"*  0.379**  0.234  0.340"*
(0.048)  (0.117)  (0.048)  (0.046)  (0.179)  (0.050)

Capital Quality, a -0.002*  -0.002* -0.002 -0.085
(0.001)  (0.001) (0.023)  (0.057)

PPP contract -0.046 -0.841 0.133***
(0.182) (0.804)  (0.040)

PPP * Capital Quality, a 0.104*** 0.091 0.161**

(0.031)  (0.336)  (0.046)

Cogeneration dummy, Cog 0.406** 0.149 0.404**  0.437* 0.551*  0.427**
(0.135)  (0.180)  (0.135)  (0.132)  (0.271)  (0.039)

Heat vehicle dummy, Tech 0.492*  0.093  0.491"*  0.464™  0.274"  0.416™
(0.115)  (0.084)  (0.116)  (0.119)  (0.114)  (0.038)

Zone 2 0.509°  0.091  0.510°  0.524* 0223  0.391"
(0.235)  (0.139)  (0.235)  (0.238)  (0.191)  (0.042)
Zone 3 0.530° 0266  0.532°  0.542* 0262  0.440"

(0.241)  (0.197)  (0.241)  (0.242)  (0.269)  (0.042)

2014 dummy -0.351  -0.262*  -0.355" -0.350"* -0.436™* -0.308"*
(0.101)  (0.106)  (0.102) ~ (0.101)  (0.118)  (0.065)

Extracted Temperature, dTemp 0.003 0.010 0.003 0.003 0.022 0.004
(0.006)  (0.007)  (0.006) (0.006) (0.013) (0.018)

Small (<p25) 09437 0.227  -0.950* -0.911%**  -0.649" -0.976"*
(0.142)  (0.218)  (0.142)  (0.142)  (0.328)  (0.046)

Big (p75<>p50) 0.649"*  0.348"  0.650* 0.660** 0220  0.667"
(0.133)  (0.167)  (0.133)  (0.133)  (0.179)  (0.040)

Very Big (>p75) 1410"*  0.433* 1415  1411* 0223  1.381""

(0.193)  (0.165)  (0.194)  (0.189)  (0.246)  (0.045)

N 742 742 742 742 742 742

Notes: Columns 1-2 report reduced-form regressions of the production function estimated using least square
and within estimators. Column 3 introduces the proxy for capital quality. In column 4, the model is
augmented with the structural terms and estimated through OLS. Column 5 reports the estimates of the
structural model using the static input as control proxy without controlling for collinearity in inputs. In
column 6, the estimates of the structural model with the collinearity correction are reported. Among the
controls, Zone 2 is defined between 2100-3000 GG and Zone 3 above 3000 GG. The model standard errors
are block bootstrapped and clustered at plant level. The capital quality proxy and the interaction term with
the PPP dummy have an inverted sign such that increasing values correspond to higher levels of quality.
* Significant at the 10 percent level; ** significant at the 5 percent level; *** significant at the 1 percent
level.
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Table 7: Robustness Checks: Wooldridge estimator

Wooldridge CD
(1) (2)

Number of workers, L -0.013 0.139*
(0.036) (0.046)

Number of Substations, K 0.278*** 0.404*
(0.097) (0.163)

Capital Quality, a -0.002*** -0.028
(0.001) (0.027)
PPP contract 0.040 1.227*
(0.144) (0.487)
PPP x Capital Quality, a 0.122** 0.686**

(0.048)  (0.234)

Cogeneration dummy, Cog 0.369** 0.552*
(0.144) (0.224)

Heat vehicle dummy, Tech 0.284*** 0.005
(0.074) (0.110)

Zone 2 0.124 0.320
(0.188)  (0.260)
Zone 3 0.073 0.343

(0.224)  (0.312)

2014 dummy -0.400%**  -0.386™*
(0.100)  (0.107)

Extracted Temperature, dTemp 0.004 0.027**
(0.005) (0.008)

Small (<p25) 0.677  -0.215
(0.137)  (0.208)
Big (p75<>p50) 0.496" 0.310
(0.153)  (0.171)
Very Big (>p75) 0.888**  0.532*

(0.212)  (0.259)

N 741 603

Notes: Column 1 reports the single step Wooldridge estimator that employs intermediate material as a proxy
variable. Column 3 reports the augmented model that accounts for measurement error in capital quality,
the WexCollard-DeLocker estimator. Among the controls, Zone 2 is defined between 2100-3000 GG and
Zone 3 above 3000 GG. The standard errors are clustered at plant level. The capital quality proxy and the
interaction term with the PPP dummy have an inverted sign such that increasing values correspond to higher
levels of quality. * Significant at the 10 percent level; ** significant at the 5 percent level; *** significant at

the 1 percent level.
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Table 8: Robustness Checks: Translog specification

Restricted Model Augmented Model
OLS FE OLS OLS ACF
O G B
Number of workers, L:
1st degree term -0.033 0.020 -0.033 -0.031  -0.047*
(0.078)  (0.085)  (0.078)  (0.078)  (0.010)
2nd degree term 0.003 -0.004 0.003 0.001 0.010

(0.008)  (0.005)  (0.008)  (0.009)  (0.014)

Number of Substations, K:

1st degree term 0.023 1016 0017  0.017  -0.156*
(0.109)  (0.498) (0.110)  (0.107)  (0.008)
2nd degree term 0.033°  -0.063  0.033™*  0.034"* 0037

(0.011)  (0.051)  (0.011)  (0.011)  (0.012)

Interaction term 0.015 -0.001 0.015 0.016 0.045*
(0.018)  (0.016)  (0.018) (0.018) (0.021)

Capital Quality, a -0.002* -0.002***  -0.021
(0.001) (0.001) (0.019)

PPP contract -0.013 0.167***
(0.177) (0.009)

PPP « Capital Quality, a 0.114**  0.149***

(0.027)  (0.012)

Cogeneration dummy, Cog 0.426™*  0.096  0.424**  0.454**  0.472"*
(0.132)  (0.169)  (0.133)  (0.129)  (0.010)

Heat vehicle dummy, Tech 0.413**  0.088  0.412"*  0.383"*  (.392"
(0.110)  (0.091)  (0.110)  (0.112)  (0.011)

Zone 2 0431* 0093  0432°  0443"  0.382"
(0.239)  (0.136) (0.239)  (0.242)  (0.012)
Zone 3 0475* 0284 0477 0488  0.460°*

(0.248)  (0.196) (0.248)  (0.248)  (0.014)

2014 dummy -0.333%" -0.252**  -0.339"" -0.335" -0.326"*
(0.100)  (0.105)  (0.101)  (0.100)  (0.012)

Extracted Temperature, dTemp 0.004 0.009 0.004 0.004 0.022*
(0.006)  (0.007)  (0.006) (0.006) (0.011)

Small (<p25) SLOLT™™  -0.146  -1.021"*  -0.982** -0.989**
(0.142)  (0.210)  (0.142)  (0.143)  (0.015)
Big (p75<>p50) 0.721%  0.353*  0.724"*  0.735"*  0.775"**
(0.130)  (0.163)  (0.130)  (0.130)  (0.011)
Very Big (>p75) 1.388**  0.483** 1.394™*  1.390"*  1.444*

(0.193)  (0.162)  (0.193)  (0.188)  (0.009)

N 742 742 742 742 742

Notes: Columns 1-2 report reduced-form regressions of the production function estimated using least square
and within estimators. Column 3 introduces the proxy for capital quality. In Column 4, the model is
augmented with the structural terms. In Column 5, the estimates of the structural model are reported with
the collinearity correction. The controls, Cogeneration dummy, 2014 dummy, Extracted Temperature, Zone
2 and Zone3 variables are omitted for readability purpose. The model standard errors are block bootstrapped
and clustered at plant level. The capital quality proxy and the interaction term with the PPP dummy have
an inverted sign such that increasing values correspond to higher levels of quality. * Significant at the 10
percent level; ** significant at the 5 percent level; *** significant at the 1 percent level.
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Table 9: Average Translog Elasticities

Capital Labour

Model .2949 2139
OLS 3743 0484
Fe 4239 -.0019

Notes: 1 report the averages of the output elasticities to capital and labor inputs from the predicted
values of three different estimator of the translog production function: the OLS, the fixed-effects and
the control function approach models.
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Table 10: Robustness Checks: Dummies

Discrete Dummies Continous Heated Volume
OLS LP ACF OLS LP ACF
(1) (2) (3) (4) (5) (6)
Number of workers, L 0.042* 0.014 0.068 0.021 -0.001 0.108

(0.018)  (0.023)  (0.064)  (0.017)  (0.023)  (0.087)

Number of Substations, K 0.329%*  0.187 0318 0.271**  0.341*  0.311"
(0.022)  (0.155)  (0.054)  (0.022)  (0.161)  (0.093)

Capital Quality, a 0.004*  -0.004  -0.139  -0.007**  -0.002  -0.153
(0.002)  (0.024)  (0.074)  (0.002)  (0.026)  (0.090)
PPP contract 0.165  -0.304  0.122*  -0.153  -0.742  -0.017
(0.151)  (0.703)  (0.051)  (0.147)  (0.569)  (0.095)
PPP « Capital Quality, a 0.069  -0.013  0.243**  0.034  -0.099  0.263"

(0.045)  (0.147)  (0.052)  (0.044)  (0.135)  (0.083)

Cogeneration dummy, Cog 0.368*** 0.261 0.437*** 0.394*  0.612" 0.310*
(0.079)  (0.245)  (0.049)  (0.075)  (0.286)  (0.104)

Heat vehicle dummy, Tech 0.310** 0.198 0.264**  0.206** 0.224* 0.264**
(0.083) (0.124) (0.055) (0.078) (0.110) (0.083)

Zone 2 0.381" 0233 0.412**  0.233* 0179  0.312"
(0.116)  (0.251)  (0.051)  (0.112)  (0.163)  (0.094)
Zone 3 0.371*  0.152  0.301™*  0.259*  0.129  0.287*

(0.131)  (0.305)  (0.062)  (0.125)  (0.295)  (0.099)

2014 dummy -0.330"  -0.427*  -0.356™*  -0.299"* -0.437"* -0.381""
(0.072)  (0.115)  (0.077)  (0.071)  (0.107)  (0.089)

Extracted Temperature, dTemp  0.006 0.023 0.012 0.009* 0.012 0.023
(0.004) (0.013) (0.023) (0.004) (0.014) (0.026)

N 742 742 742 742 742 742

Notes: Columns 1-3 report estimates of the structural production function estimated through OLS and the two-step
procedure with and without the correction for collinearity in inputs. The size dummies are in terms of deciles of the
heated volume distribution. In columns 4-6, I use the continuous variable. Among the other controls, Zone 2 is defined
between 2100-3000 GG and Zone 3 above 3000 GG. The model standard errors are block bootstrapped and clustered
at plant level. The capital quality proxy and the interaction term with the PPP dummy have an inverted sign such
that increasing values correspond to higher levels of quality. * Significant at the 10 percent level; ** significant at the
5 percent level; *** significant at the 1 percent level.
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Table 11: Robustness Checks: PPP choice

(1) (2) (3)
Number of workers, L 0.095 0.104 0.132
(0.072)  (0.077)  (0.078)

Number of Substations, K 0.192* 0.204* 0.171*
(0.078) (0.066) (0.067)

Capital Quality, a -0.149 -0.167 -0.164*
(0.090) (0.086) (0.083)
PPP contract 0.300***  0.377**  0.359***
(0.075) (0.062) (0.061)
PPP x Capital Quality, a 0.168* 0.142* 0.200*

(0.067)  (0.067)  (0.071)

Cogeneration dummy, Cog 0.412**  0.526™*  (0.583***
(0.083)  (0.068)  (0.070)

Heat vehicle dummy, Tech 0.016 0.098 0.094
(0.060) (0.064) (0.064)

Zone 2 0.260°*  0.191**  0.250***
(0.078)  (0.073)  (0.073)
Zone 3 0507 0.452*  0.357***

(0.073)  (0.073)  (0.066)

2014 dummy 0417 L0417 -0.294*
(0.121)  (0.112)  (0.105)

Extracted Temperature, dTemp 0.022 0.026 0.024
(0.025) (0.024) (0.027)
Small (<p25) -0.819** -0.751** -0.839**
(0.088) (0.069) (0.081)
Big (p75<>p50) 0.583**  0.569***  0.666***
(0.078) (0.071) (0.073)
Very Big (>p75) 1.472%*  1.199**  1.216™**
(0.107) (0.069) (0.091)
PPP choice Probability 1.044*
(0.066)
Fiscal Efficiency -.21% -.21%
sq. Fiscal Efficiency .61 .61
N 362 362 362

Notes: Top panel. Column 1 reports the baseline model estimated with a constrained sample for com-
parison. In column 2, I introduce the municipalities’ probability of choosing the procurement form as
control and in column 3 the augmented model with the probability added to the law of motion. Among
the other controls, Zone 2 is defined between 2100-3000 GG and Zone 3 above 3000 GG. The model
standard errors are block bootstrapped and clustered at plant level. The capital quality proxy and the
interaction term with the PPP dummy have an inverted sign such that increasing values correspond to
higher levels of quality. Bottom panel. The probit model regress a PPP choice dummy on municipality’s
characteristics, area and time fixed effects and a suitable 2nd degree polynomial in the fiscal efficiently
measure. * Significant at the 10 percent level; ** significant at the 5 percent level; ¥** significant at the
1 percent level.
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Table 12: Robustness Checks: Costly Participation

1) (2) 3)
Number of workers, L 0.152*  0.132** 0.072
0.049)  (0.050)  (0.045)

Number of Substations, K 0.340=>  0.382™*  0.370**
(0.055) (0.046) (0.049)

Capital Quality, a 0.085  -0.025  -0.004
(0.057)  (0.062)  (0.056)
PPP contract 0.133%*  0.122**  0.147"*
(0.035)  (0.041)  (0.033)
PPP x Capital Quality, a 0.161"*  0.113*  0.176™*

(0.036)  (0.042)  (0.042)

Cogeneration dummy, Cog 0.427*  0.361"*  (0.448"
(0.042)  (0.041)  (0.036)

Heat vehicle dummy, Tech 0.416**  0.468*  0.466™*
(0.037) (0.041) (0.039)

Zone 2 0391  0.454"*  0.463"**
(0.045)  (0.041)  (0.038)
Zone 3 0.440°*  0.503"*  0.503***

(0.043)  (0.042)  (0.041)

2014 dummy ~0.308*  -0.420%  -0.372"
(0.066)  (0.066)  (0.062)

Extracted Temperature, dTemp 0.004 0.009 0.013
(0.018) (0.018) (0.016)
Small (<p25) -0.976**  -0.928** -0.934**
(0.041) (0.044) (0.039)
Big (p75<>p50) 0.667**  0.620**  0.618***
(0.035) (0.043) (0.040)
Very Big (>p75) 1.381**  1.350***  1.372**

(0.041)  (0.037)  (0.036)

In House 0.004  -0.036
(0.036)  (0.039)

N. Potential Entrants -1.25%k
sq. N. Potential Entrants Q5FE*
N 742 742 742

Notes: Top panel. Column 1 reports model estimates in column 6 of table 6 for comparison. In column
2, I introduce the in-house control and in column 3 the augmented model with a further stage controlling
for the probability of each winner entering the competition. Among the other controls, Zone 2 is defined
between 2100-3000 GG and Zone 3 above 3000 GG. The model standard errors are block bootstrapped
and clustered at plant level. The capital quality proxy and the interaction term with the PPP dummy
have an inverted sign such that increasing values correspond to higher levels of quality. Bottom panel. The
probit model regress an entry dummy on project characteristics, tender characteristics and a suitable 2nd
degree polynomia in the number of potential entrants. * Significant at the 10 percent level; ** significant
at the 5 percent level; *** significant at the 1 percent level.

22



References

Ackerberg, D. A.) Caves, K., and Frazer, G. “Identification properties of recent production
function estimators.” Econometrica, volume 83 (2015)(6):pp. 2411-2451.

Albano, G. L., Bianchi, M., Spagnolo, G., et al. “Bid average methods in procurement.”
Rivista di Politica Economica, volume 96 (2006)(1):pp. 41-62.

Atalay, E. “Materials prices and productivity.” Journal of the European Economic Associa-
tion, volume 12 (2014)(3):pp. 575-611.

Bajari, P. and Tadelis, S. “Incentives versus transaction costs: a theory of procurement
contracts.” RAND Journal of Economics, volume 32 (2001)(3):pp. 387-407.

Balasubramanian, N. and Sivadasan, J. “Capital resalability, productivity dispersion, and
market structure.” The Review of Economics and Statistics, volume 91 (2009)(3):pp. 547
557.

Bartelsman, E. J. and Doms, M. “Understanding productivity: Lessons from longitudinal
microdata.” Journal of Economic Literature, volume 38 (2000)(3):pp. 569-594.

Bennett, J. and Tossa, E. “Building and managing facilities for public services.” Journal of
Public Economics, volume 90 (2006)(10-11):pp. 2143-2160.

Bloom, N., Sadun, R., and Reenen, J. V. “Americans do it better: Us multinationals and the
productivity miracle.” American Economic Review, volume 102 (2012)(1):pp. 167-201.

Brannlund, R. and Kristram, B. “Too hot to handle?: Benefits and costs of stimulating the
use of biofuels in the swedish heating sector.” Resource and Energy Economics, volume 23
(2001)(4):pp. 343-358.

Buso, M., Marty, F., and Tra, F. “Public private partnerships from budget constraints:
Looking for debt hiding?” RE&R at International Journal of Industrial Organization,
volume 51 (2016):pp. 56-84.

Chen, B. R. and Chiu, Y. S. . “Public-private partnerships: Task interdependence and
contractibility.” International Journal of Industrial Organization, volume 28 (2010)(6):pp.
591-603.

Collard-Wexler, A. and De Loecker, J. “Production function estimation with measurement
error in inputs.” NBER WP, volume No. 22437 (2016).

Conley, T. G. and Decarolis, F. “Detecting bidders groups in collusive auctions.” American
Economic Journal: Microeconomics, volume 8 (2016)(2):pp. 1-38.

De Loecker, J. “Product differentiation, multi-product firms and estimating the impact of
trade liberalization on productivity.” Econometrica, volume 79 (2007)(5):pp. 1407-1451.

De Loecker, J., Goldberg, P. K., Khandelwal, A. K., and Pavcnik, N. “Prices, markups, and
trade reform.” Econometrica, volume 84 (2016)(2):pp. 445-510.

23



Decarolis, F. “Awarding price, contract performance, and bids screening: Evidence from
procurement auctions.” American Economic Journal: Applied Economics, volume 6
(2014)(1):pp. 108-32.

Decarolis, F. “Comparing public procurement auctions.” International Economic Review,
volume 59 (2018)(2):pp. 391-419.

DeSouza, S. “Levinsohn and petrin’s (2003) methodology works under monopolistic compe-
tition.” Economics Bulletin, volume 12 (2006)(6):pp. 1-11.

Dochev, 1., Peters, 1., Seller, H., and Schuchardt, G. K. “Analysing district heating po-
tential with linear heat density. a case study from hamburg.” FEnergy Procedia, volume
149 (2018):pp. 410-419. 16th International Symposium on District Heating and Cooling,
DHC2018, 9-12 September 2018, Hamburg, Germany.

Doraszelski, U. and Jaumandreu, J. “R and d and productivity: Estimating endogenous
productivity.” Review of Economic Studies, volume 80 (2013)(4):pp. 1338-1383.

Esposito, F. M. The Political Economy of Local Regulation., chapter Local Regulation and
District Heating in Italy, pp. 297-307. Palgrave Macmillan, London (2017).

European Court of Auditors, E. C. o. A., editor. Public private partnerships in the EU :
widespread shortcomings and limited benefits. Special report No 09, 2018. Publications
Office (2018).

Fox, J. T. and Smeets, V. “Does input quality drive measured differences in firm productiv-
ity?” International Economic Review, volume 52 (2011)(4):pp. 961-989.

Gabrielaitiene, I., Bshm, B., and Sunden, B. “Modelling temperature dynamics of a district
heating system in naestved, denmark - a case study.” Energy Conversion and Management,
volume 48 (2007)(1):pp. 78-86.

Gagliarducci, S. and Nannicini, T. “Do better paid politicians perform better? disentangling
incentives from selection.” Journal of the European Economic Association, volume 11
(2013)(2):pp. 369-398.

Gagnepain, P. and Ivaldi, M. “Incentive regulatory policies: the case of public transit systems
in france.” RAND Journal of Economics, volume 33 (2002)(4):pp. 605-629.

Gagnepain, P., Ivaldi, M., and Martimort, D. “The cost of contract renegotiation: Evidence
from the local public sector.” American Economic Review, volume 103 (2013)(6):pp. 2352—
2383.

Gandhi, A., Navarro, S., and Rivers, D. A. “On the identification of gross output production
functions.” Journal of Political Economy, volume 128 (2020)(8):pp. 2973-3016.

Golden, M. A. and Picci, L. “Proposal for a new measure of corruption, illustrated with
italian data.” Economics € Politics, volume 17 (2005)(1):pp. 37-75.

o4



Grieco, P. L. E., Li, S., and Zhang, H. “Production function estimation with unobserved
input price dispersion.” International Economic Review, volume 57 (2016)(2):pp. 665-690.

Grieco, P. L. E. and McDevitt, R. C. “Productivity and quality in health care: Evidence
from the dialysis industry.” The Review of Economic Studies, volume 84 (2017)(3):pp.
1071-1105.

Hart, O. “Incomplete contracts and public ownership: remarks, and application to public-
private ownership.” Economic Journal, volume 112 (2003)(386):pp. 69-76.

Hoppe, E. L., Kusterer, D. J., and Schmitz, P. W. “Public-private partnerships versus tra-
ditional procurement: An experimental investigation.” Journal of Economic Behavior €
Organization, volume 89 (2013):pp. 145-166.

Hoppe, E. 1. and Schmitz, P. W. “Public versus private ownership: Quantity contracts and
the allocation of investment tasks.” Journal of Public Economics, volume 94 (2010)(3-
4):pp. 258-268.

lossa, E. and Martimort, D. “The simple micro-economics of public-private partnerships.”
Journal of Public Economic Theory, volume 17 (2015)(1):pp. 4-48.

Katayama, H., Lu, S., and Tybout, J. “Why plant-level productivity studies are often
misleading, and an alternative approach to interference.” NBER WP, volume NO. 9617
(2003).

Klette, T. and Griliches, Z. “The inconsistency of common scale estimators when output

prices are unobserved and endogenous.” Journal of Applied Econometrics, volume 11
(1996)(6):pp. 343-361.

Konings, J. and Vanormelingen, S. “The impact of training on productivity and wages:
Firm-level evidence.” The Review of FEconomics and Statistics, volume 97 (2015)(2):pp.
485-497.

Larsen, H. V., PAjlsson, H., BAzhm, B., and Ravn, H. F. “Aggregated dynamic simulation
model of district heating networks.” FEnergy Conversion and Management, volume 43
(2002)(8):pp. 995-1019.

Levin, D. and Smith, J. “Equilibrium in auctions with entry.” American Economic Review,
volume 84 (1994)(3):pp. 585-99.

Levinsohn, J. and Petrin, A. “Estimating production functions using inputs to control for
unobservables.” The Review of Economic Studies, volume 70 (2003)(2):pp. 317-341.

Lopomo, G., Persico, N., and Villa, A. “Optimal procurement with quality concerns.” Work-
ing Paper, (2021). Working Paper.

Martimort, D. and Pouyet, J. “To build or not to build: Normative and positive theories of
public private partnerships.” International Journal of Industrial Organization, volume 26
(2008)(2):pp. 393-411.

25



Moras, L. Esperienze italiane di teleriscaldamento. Iuav University of Venice (2013). Teach-
ing Notes for the course titled "Audit e progettazione energetica" taught by Arch. Antonio
Carbonari at master degree "Innovazione Tecnologica e Design per i Sistemi Urbani e il
Territorio".

Mundalk, Y. “Empirical production function free of management bias.” Journal of Farm
FEeconomics, volume 43 (1961):pp. 44-56.

Olley, G. S. and Pakes, A. “The dynamics of productivity in the telecommunications equip-
ment industry.” Econometrica, volume 64 (1996)(6):p. 1263 ss.

Ornaghi, C. “Assessing the effects of measurement errors on the estimation of production
functions.” Journal of Applied Econometrics, volume 21 (2006)(6):pp. 879-891.

Pakes, A. Advances in econometrics : sizth World Congress, volume 2, chapter Dynamic
structural models: problems and prospects. Cambridge University Press (1994).

Roberts, J. W. and Sweeting, A. “Bailouts and the preservation of competition: The case
of the federal timber contract payment modification act.” American Economic Journal:
Microeconomics, volume 8 (2016)(3):pp. 257-88.

Samuelson, W. F. “Competitive bidding with entry costs.” Economics Letters, volume 17
(1985)(1):pp. 53 — 57.

Saussier, S., Staropoli, C., and Yvrande-Billon, A. “Public—private agreements, institutions,
and competition: When economic theory meets facts.” Review of Industrial Organization,
volume 35 (2009)(1).

Schmitz, P. W. “Allocating control in agency problems with limited liability and sequential
hidden actions.” RAND Journal of Economics, volume 36 (2005):pp. 318-336.

SIOP. Gli impianti a biomasse in partenariato pubblico privato manuale operativo (2013).

Syverson, C. “What determines productivity?” Journal of Economic Literature, volume 49
(2011)(2):pp. 326-365.

Tybout, J. “Manufacturing firms in developing countries.” Journal of Economic Literature,
volume 38 (2000):pp. 11-44.

Van Beveren, 1. “Total factor productivity estimation: A practical review.” Journal of
FEeconomic Surveys, volume 26 (2012)(1):pp. 98-128.

Whelan, K. “Computers, obsolescence, and productivity.” Review of Economics and Statis-
tics, volume 84 (2002)(3):pp. 445-461.

Wooldridge, J. M. “On estimating firm-level production functions using proxy variables to
control for unobservables.” Economics Letter, volume 104 (2009):pp. 112-114.

26



Appendices

Appendix A

Consider the following total cost minimization problem:

min P.K + P L

st ED = exp(a + 0a + ke) - K% - L™

the associated cost function’| for a DH firm operator obtained through duality is:

B -exp (—da — ke) (%) (12)

1
0-ED?o
e, o T
(azka?l)?

where 0 = a,+a;+a and B = -exp (%), and Pj are input prices with j = k, [. The
total cost is a function of the effort, e, and the quality design investment, a, which reduce
the needs of each input to produce the same level of output. The operator’s cost is affected
by the technological externality, d, such that the effect of the quality design investment, a,
on cost is 4. A unit increase in operational effort, e, induces a reduction in cost equal to the
parameter x. I am assuming that the cost of implementing the quality design investment
a is an exponential function, exp(a — 1). The operator could exert the effort e in order to

reduce the “input” inefficiency of her own cost C', whose implementing cost is the exponential

function exp(e — 1).

Under traditional procurement, the optimal effort, e, is equal to the following expression:

In Bo + In <u> +Ink

Q:

0

0
K+0

23Using a Cobb-Douglas cost function along with an explicit exponential expression for TFP obviously
departs from generality, but satisfies my goal of showing the transmission mechanism in a simple closed form.
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where 0 = o), + ; and Bp = =
(akka l)y

Since under unbundling the optimal quality investment in design is a’ = 0, the operator’s

objective function would be:

Ke Sk oL
mag — [Bo-exo (-55) - (B - B - fexple) 1
1
where By = % - exp (%) Optimizing behavior implies the following first-order condi-
o Fagt)o
tion and optimal effort level e*:
p¥ . p¥
k- Bo -exp <—i€) Lk L = exp(e) =
0 0
In Bp + In % +lnm:6+ge:>
p . p3
= InBp +In [ —E—1 1
CT wto |70 i 0 s

where in the second step, I applied logs to both sides.

In a PPP arrangement a public authority offers to the builder and operator, jointly in a
consortium, a unique contract. The technological externality, o, directly affects the cost of
the operator, since the operator enforces the builder to implement the quality investment,
a.

PP

Under bundling, the optimal effort, 7, and the optimal quality design, a7, are equal

to
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where 0 = o, + o; and Bo = (a%a?f)% exp (%)

The consortium solves the following optimization problem:

maz | Boean (27 ) R < feapta) < 1] - ean(e) - 1

st.e>0

where Bo = - exp (%) Optimizing behavior implies the following first order condi-

tions:

<2

FOCurta: eap(a) = Bc- (P -Bﬂl>-<g>-exp(w):
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where in the second line of each FOC, T applied logs to both sides.

Substituting a into e
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(6 +6)(0+ ) k(6 + 0)
(n+5+m9hw‘xn+5+wem”}$

JPPP 0 5+6
T 5+0 ) k+6+0

oy
pP° .p°
InBe +1n (kl)

0+ kK

———1In —Lln/@'é
K+d0+0 kK+d+0

+

60



Sk
0

P, ~Pl€l)+9+/i K

k4046

0
PPP _ N
a 7 7 Inéd 7 Ink

In B¢ —l—ln(

under bundling, TFP is an increasing function of the externality effect 9.

PPP P

Plugging the optimal effort, e and the optimal quality design, a”*?, into the produc-

tivity term:

RAGh A ' b0 me
Kt0+0 0 kto) T kyo °

T
where if ¢ = &=£2@ and ¢ = 2, ¢ — 6 and ( — 1 when § — oo, and exp{lgBe- TP ¢8]} — oo

at the speed [gd.

Appendix B

In this appendix I show how intermediate material, E'T};, can be exploited as a proxy for
productivity. The proof is intended to state sufficient conditions for intermediate materials
demand to be a strictly increasing function of productivity wj;.

Input markets are assumed to be competitive. Conversely, the output market is a natural
monopoly. DH firms exert their market power up to a cap prize P, such that switching to the
outside technology (autonomous boilers) becomes convenient for customers. The DH firm’s
ability to exploit its monopoly power depends on the level of the switching costs, which
create lock-in effects for customers. A recent study by the Italian Competition Authority
(ICA) suggests the occurrence of lock-in effect in the Italian DH sector to be rare.

Capital is considered quasi-fixed, so optimal investment stems from a policy function
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which is the solution to a dynamic optimization problem. Practically, this means that
capital is not a variable to optimize at time t in the firm’s static problem.

Assume that a DH firm has a production technology F(K, L, ET, Q) : RY — R, twice
continuously differentiable in labor, L, and intermediate materials input, ET’; the partial
derivatives BL%%A, aE?“gQA and ag;aL exist for all values of (K, L, ET, §, ) € R%; the input
markets are competitive, but the output is not; either investment at time ¢ does not respond

to productivity at time ¢, or capital at time ¢ is not a function of investment at time, t;
the productivity shock, = QAFTER — QA s observed before the choice of labor and

intermediate material is made. Under these assumptions, if the following expression

OETOL OETOQA ~ OETONA L2 ' nF

OET 90A 912 OETOOA OL  OLOET 0L 00A ~ L OET HLOA

oF OF oF  9F 1 <6F OF OF OF  0%F OF OF OF OF OF 6F) o
holds everywhere, then the intermediate input demand function,ET(Q; Pgr P Pk k), is

strictly increasing in €.

After the realization of Q4, a profit-maximizing DH firm solves the following optimization

problem with respect to its free variable input L and ET":

max P(ED) - ED — Ppr - ET — P - K — Py - L

st. ED = F(K, ET, L, Q")

where P(ED) is the inverse demand function and P; the respective prices of the inputs.

First-order conditions are:

dF dP dF
P(IF)—+F—— =P, with j=FET, L
(F)ygr +Fapgr = with J !
multiplying and dividing by P the second member of the lhs and substituting 1/n = —d%%.

dFF  dF P dF 1
P = P(F)—(1--)=P,
(MG~ o =B=PE) G- ) =P =
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dF P,

n

both pPF(k, ET, L, 04)) and %ﬁ“ﬂ are functions of productivity Q4. Taking derivatives

of both sides with respect to 24, we obtain:

dP(F) dF dF . dF

ar O with j = ET. L
aF aoi g P giaqa = O with !

divide equation by P and total differentiate 4r(k, ET, L, 04) and %f“ﬂ :

dP(F)lBi ( oF OET OF OL BF) ( oF OET oF OL oF

oF 9ET oL — 0 with j = ET, L
dF P 9j \OET 00A ' 9L 004 ' 90A 9JOET 004 | 950L 00A ajaQA> Wi

which can be equivalently rewritten as:

( oF OET OF 0L oF ) 1 oOF ( OF OET OF OL oFr

0jOET 994 ' 950L 904 * 27004 ) nF 95 \OET 6QA toraaa T aaa

- )szithj:ET,L
nF 0j

Which can be restated in matrix form as:

OF L (OF y OF 1 9F 0 OET 1 9F 9F _ _ OF
OET? ~ nF\OET OETOL ~ nF oL OET o0& | | wFOET9QA ~ BETOOA
OF 1 QF OF OF _ 1 (0F)2 oL 1 9F 9F _ _9F
OLOET ~ nF 0L OET 9L ~ nF\ oL 904 nF 0L 0QA ~ 9LOOA
Applying Cramer’s rule:
1 9F 9F _ _ OF OF 1 9F d
nF OET 90A& ~ OETOOGA  OETOL  nF OL dET
1 OF OF _ _OF oF _ 1L (0FY2
OET nF 0L 9QA ~ 9LOOA 9L2 ~ pF\dL
A =
o oF 1 oy _oF_ _ 1 oFdr
OET? ~ nF\QET OETOL ~ nF oL dET
_OF 1 9F OF oOF _ L(a_F)Q
OLOET ~ nF 0L OET 9L ~ nF\ oL

Note that the denominator is the Hessian matrix. The stated assumptions imply that this
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matrix is negative semidefinite, i.e. the determinant of the Hessian is positive. Consequently,

a profit-maximizing DH firm has intermediate input demand such that the following is veri-

fied:
1 9F 9F _ __9F dF 1 9F OF
sign OET _ si nFOET 90A — 9ETOOA OETOL — nF 0L OET
004 1 9F OF _ _OF OF _ 1 (OFy2
nF 0L 90NA OLONA OL2 nF\OL

Under mild regularity conditions on F'(-) such that the Fundamental Theorem of Calculus

holds for ET(-), the following is true:

“2 OET(w; Ppr Pp, Pk K)

ET(LUQ;PETPLPKK)—ET(wl;PETPLPKK):/ aw P(dLU)
w1
where wy > wy. If the following condition holds everywhere:
oF OF oF oF 1 F 9F OF 8OF  9°F F OF OF dF 9F  OF
- —t— === - —_— = —_——— - — —— | >
OETOL OETINA OETONA OL2  nF \ OET 9QA dL2  OETINA OL OLOET OL 9QA AL OET OLONA

it follows that:

/ det(w; PE(;WP L Pk K)P(dw) > / 0P(dw) =0

1 1

finally, we obtain:

ET(CUQ; PETPLPKK) >ET(OJ1; PETPLPKK)

Appendix C
The complete Taylor expansion of w(a, e; PPP) in equation (4)):
TP TP
w@ue;PPUﬂECwTP+-8w 'aﬂ-aw et
da de
TP TP
~wT.ppp— 2 (a.PPP) - % (c. PPP)
a et
PPP PPP
+wPPP L ppp L pppy 2 pPP)
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