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Publishable executive summary

HYBUILD is an EU Horizon 2020-funded project, led by COMSA Corporacién, which will develop
two innovative compact hybrid electrical/thermal energy storage systems for stand-alone and
district connected buildings.

The present deliverable D1.4 has been developed in the framework of WP1 activities related to
the “KPls: Building and system requirements” of HYBUILD project results and it is the final main
outcome of T1.6 “Cost and Technology Payback Analysis”.

Indeed, this deliverable represents the Technology Payback Analysis of the HYBUILD solutions,
thus aimed at evaluating their financial sustainability based on a financial and cash flow
statement analysis, taking into account the main financial indicators, namely Return on
Investment (ROI), Net Present Value (NPV) and Pay Back Time (PBT).

In this framework, this document starts with the definition and analysis of all the components
that constitute both the Mediterranean and Continental HYBUILD systems layouts in order to
collect from technology providers the related costs needed to perform the financial analysis.
When not available, costs have been estimated based on the market expected target prices.

This first section is followed, in the third chapter, by the financial and cash flow statement
analysis where CAPEX, OPEX and main revenue streams are reported together with the analysis
of the main financial indicators (e.g., PBT, NPV, ROI) for each of the HYBUILD system (Continental
and Mediterranean). Only the Continental system reported positive financial indicators in terms
of Net Present Values (NPVs) greater than zero, allowing to consider the scenario selected for
this system, financial sustainable.
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CAPEX Capital Expenditures

CON Continental

DHW Domestic hot water

enerboxx | enerboxx® Energy efficient DHW-storage from PINK
Eol End of Life

LCC Life Cycle Cost

MED Mediterranean

NPV Net Present Value

OPEX Operating Expense

PBT Payback Time

PV Photovoltaic

ROI Return on Investment

RPW- Refrigerant-PCM-Water HEX (latent storage integrated in the
HEX refrigerant cycle of a compression heat pump)

WP Work package
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1 INTRODUCTION

1.1 Aims and objectives

HYBUILD is an EU Horizon 2020-funded project, led by COMSA, which will develop two
innovative compact hybrid electrical/thermal energy storage systems for stand-alone and
district connected buildings.

The aim of this report (Deliverable D1.4 “Technology Payback analysis”) is to assess the financial
sustainability of the two HYBUILD solutions applied for Mediterranean (MED) and Continental
(CON) buildings, through a financial and cash flow statement and the calculation of financial
indicators, namely Return on Investment (ROI), Net Present Value (NPV) and Pay Back Time
(PBT). For this aim, parametric studies already performed in WP5 and also included in D5.3 were
also carried out to fully evaluate the economic potential for both the MED and CON systems
under different assumptions.

1.2 Relations to other activities in the project

The inventory of the HYBUILD systems was defined in Deliverable D5.1 Life Cycle Assessment of
the HYBUILD system.

Most information on the costs of HYBUILD systems components was provided by the technology
providers involved in WP2 (Core components and modules design), through questionnaires, co-
developed with NTUA, also during the activities and for the respective analysis of Task 5.2 (Life
Cycle Cost Analysis) of WP5.

Input to this deliverable was also provided by the activities carried out within WP4 (Smart control
and System integration) and reported in Deliverable 4.2 (Functional requirements specification),
where the simulations of both HYBUILD solutions were performed, providing input for the
electricity consumption of the HYBUILD systems.

1.3 Report structure
The deliverable is divided into seven sections.

e In Section 1, the aims and objectives of the report, its relationship with the other
activities of the project, its main structure, as well as the partners’ contribution is
described.

e In Section 2, an overview of the HYBUILD Mediterranean and Continental configuration
is reported, including the list of components and the corresponding equipment
acquisition and installation costs.

e In Section 3, the financial analysis and cash flow statement for both the MED and CON
system was reported together with the methodology used and the definition and
calculation of economic indicators.

e Section 4 states the main conclusions and key findings of this report.

1.4 Contribution of partners

The contribution of each partner in Task 1.6 is listed below:
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e NTUA: parametric analysis scenarios based on the costs of components collected from
technology providers, revision of the technology payback analysis questionnaire.

e UDL: verification and revision of questionnaire and inventory.

e STRESS: revision of the questionnaire and inventory.

e EURAC: simulations to obtain operational data for the HYBUILD systems.

e |TAE: cost data input.

e CSEM: cost data input.

e AKG: cost data input.

e FAHR: cost data input.

e OCHS: cost data input.

e FRES: cost data input.

e PINK: cost data input.
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2 ANALYSIS OF THE HYBUILD TECHNOLOGIES AND SYSTEMS

This chapter aims to characterize the HYBUILD systems starting from the definition of all
components that constitute the MED and CON layouts as elaborated in Task 4.2.

Based on the HYBUILD configurations and on the related list of components, a technology
payback analysis questionnaire was created in collaboration with the WP5 partners, and in
particular with NTUA and STRESS, for both the MED and CON systems in order to retrieve
investment and operational costs from the technology providers (WP2 and WP3 partners).
When not available, costs were estimated based on the market expected target prices.

The technology payback analysis questionnaire was structured as an excel format based on the
life cycle stages in order to be used also to collect data for the Life Cycle Cost (LCC) analysis
conducted in WP5. For each life cycle stage, a type of cost has been defined and described as
follow.

Table 2.1: Legend of Technology Payback Analysis questionnaire

Life

Cycle
stages

Stage description Type of cost Description

This type of cost refers to the production stage

Cost of all of the life cycle and it includes the raw material
developed supply, the transport, and the manufacture
sub-system costs. Please specify transport costs separately,
at least as a rough estimation.
Al: Raw material . B .
. . Additional costs foreseen for the design,
extraction and processing .
development and performance testing and
A2: Transport to s . .
. . validation of the commercial product. This
manufacturing site includes detailed design and due diligence
A1-A3 A3: Manufacturing Engineering . & ”g
costs costs, issuing performance certificates,

A1-A3: Product acquisition cost

A4: Transport to the
building site

A4-A5
A5: Installation into the

building

B4 B4: Replacement

B6 B6: Operational energy use

Installation
costs

Replacement
costs

Operational
energy use

installation permits etc. Please provide at least
a rough estimation per unit, based on the
capacity of the future commercial production
line.

This type of cost corresponds to the actual
(retail) selling price of the subsystem (to be
estimated, at least by providing a minimum and
a maximum selling price).

Costs foreseen for the installation of the
commercial product at the installation site, for
the equipment used and the related labor
costs.

This type of cost refers to the construction
process stage of the life cycle and it includes
transport, construction and installation process
costs. Please specify transport costs separately,
at least as a rough estimation.

Rough estimation for the annualized cost of
replacement of spare parts etc. No annual
maintenance costs are taken into account for
this study.

Rough estimation
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Stage description Type of cost Description

This refers to the end-of-life dismantling of the

c C1: Deconstruction/ Dismantling | commercial product. Please share at least a
Demolition costs rough estimation, including the labor costs and
equipment required.

This type of cost refers to the end-of-life stage

C2: Transport to waste yF.J L 8
. . of the life cycle and it includes transport, waste

c2- processing Disposal rocessing and disposal costs. Please specif
cat C3: Waste processing costs P & P ' pecily

C4: Disposal trahspo.rt costs separately, at least as a rough
estimation.

The questionnaire excel file was structured into different sheets dedicated each one to the

modules and components that characterize both the HYBUILD MED and CON systems. For each

module, the costs reported in the above table have been requested to the related technology

providers. Below, the questionnaire template is reported as an example.

cost (o] i costs End of life
A1-A3 stage B4 stage B6 stage Clstage | C2-C4 stages
Technical |Cost of all developed i Replacement | Operational Disposal
Module | Components . B Engi ing cost L b B Dismantling a
provider sub-system ion cost costs energy use costs

Figure 2.1: Technology Payback Analysis questionnaire template

Chapters below provide an overview of the HYBUILD Continental and Mediterranean systems,
with the definition of all the components that constitutes both the layouts and the
corresponding investments and operational costs.

In particular, the two layouts have been created starting from the Mediterranean and
Continental concepts, as reported in Figure 2.2, which are the core of HYBUILD project.
Components, sensors and connections needed to guarantee the proper operation of the system
have been detailed according to the input received from WP2 and WP3, where the core
components and modules and the storage subsystems have been developed. The definition of
the sensors takes into account operational and security issues, as well as the monitoring of the
performance.

The Mediterranean has been mainly conceived for single family houses; the Continental concept
is instead conceived for small multi-family houses.

1 Recycling was not taken into account since only the life cycle stages considered in WP5 analysis and in
agreement with technology providers were taken into account.
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Figure 2.2: Mediterranean and Continental (right) concepts

2.1 The Mediterranean configuration

In this section, the HYBUILD Mediterranean solution is briefly presented. The Mediterranean
HYBUILD solution has been developed to optimise the cooling production, exploiting renewable
energy and increasing the efficiency of the system by coupling different technologies, including
thermal and electric storages. The system can also provide heating and domestic hot water.

2.1.1 List of components and corresponding investment costs

The module that characterizes the HYBUILD MED system together with the main components
are provided in table below with the corresponding technical provider.

Table 2.2: Main components of the HYBUILD Mediterranean system

Module List of componets

Collector field Fresnel

Solar field of Fresnel
collectors

Technical provider

FRESNEX

Sensors and controller

Sensible heat storage tank

Sensible heat
storage
(decentralized PINK
tank)

Hydraulic module

Thermal controller

Compression HP

Heat pump (HP)

Controller at tank

PINK

DAIKIN

Auxiliary, Sensors and controllers

Low temperature
latent heat thermal
energy storage
(RPW-HEX)

RPW-HEX

AKG
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Module List of componets Technical provider
Sorption storage Sorption module
i +
(sorptlortl module EAHR
evaporator Dry cooler
condenser)
Electric battery ITAE - Toshiba

Electrical storage DC-DC/AC-DC converter
and DC system CSEM
controller Electric controller

Master controller ENG

For each module and components, when available, the related aggregated investments costs, in
terms of equipment acquisition and installation costs, are provided too based on data collected
from technical providers through the payback analysis questionnaire.

Table 2.3: HYBUILD Mediterranean system — Total costs

Module Technical provider Equipment acquisition costs Installation costs
Solar collectors FRESNEX 12,000 €
Sensible heat storage PINK 4,074 €
Sorption storage FAHR 33,579 €
Heat pump DAIKIN 10,500 €
Latent energy storage AKG 14,700 €
Controllers and DC CSEM, ENG 10,238 €
Electric battery ITAE 10,543 €
PV panels - 2,205 €

Total values 97,838€






