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The Evolving Energy Landscape

The fast growth of behind-the-meter renewables (e.g. rooftop solar) and energy-
intensive assets (e.g. EVs) is transforming the energy landscape, ending the traditional 
one-way energy flow.
This change adds major complexity, increasing grid instability and challenging the old, 
passive way of managing building energy. Buildings can no longer be seen as isolated 
energy consumers—they must be viewed as active, connected parts of a multi-
vector energy system.
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A New Paradigm: Buildings as Active Utility 
Nodes (BAUNs)

The EVELIXIA project reimagines the all-
encompassing Buildings as Active Utility 
Nodes (BAUNs) framework to redefine 
buildings from static endpoints and passive 
consumers into dynamic, decentralized, 
prosumer-oriented configurations. 
BAUNs actively participate in energy networks, 
providing critical flexibility and stability 
services to the grid, enabled by real-time data 
and advanced control systems, moving beyond 
mere monitoring to predictive and 
autonomous optimization of energy flows, 
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EVELIXIA’s Greek Pilot Site (Kouri Area, 
Ptolemais)

EVELIXIA’s vision is being validated across seven EU Pilot Sites (i.e., France, Austria, 
Finland, Denmark, Romania, Spain and Greece). 
The Greek Pilot Site ecosystem, located in Kouri Area, Ptolemais, comprises of two tertiary-
sector buildings, the CERTH office building (left) and the Bodosakeio hospital (right).
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Technological Upgrades: CPERI Building
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The energy mix of CPERI Building is enhanced 
with strategic (both EVELIXIA and own-funded), on-
site upgrades for real-time data and active system 
management and optimized grid interaction:

4x HVAC units (14.65 kW nominal power) 
3x Battery Energy Storage System (BESS, 1,44 kWh otal) 
Roof monocrystalline PVs (38,10 kWp); Solar pergola in 
the parking (6,96 kWp); 
A Power-to-Hydrogen-to-Power (P2H2P) System 
“MOSE”, developed by BER, that containerizes an 
Electrolyzer (10 kW) and a Metal Hydride Hydrogen 
Storage unit (2.6 kg), Fuel Cell (10kWe)
Vertical axis Wind Turbine (1.5 kWe) on roof 
2x V2G Fast EV chargers (22kWe) in the Solar Car Parking 
(pergolas)
IoT smart energy meters, actuators and multi-sensors 
for, air quality sensors for air quality, temperature, 
humidity, window opening, motion, illuminance



The Investment Planning Assistant: A Key 
Digital Twin Service

“What are the environmental and 
economic impacts of an energy 

investment over its entire lifespan?”

VERIFY is a web-based platform 
developed by CERTH/CPERI, that 
performs rigorous, data-driven Life-
Cycle Assessment (LCA) and Life-Cycle 
Costing (LCC).
The Building Investment Planning 
Assistant serves as a critical decision-
support component for long-term 
planning. 
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Methodology: Life-Cycle Assessment & 
Life-Cycle Costing

VERIFY’s performs multi-source, 
integrated Life-Cycle Assessment (LCA) 
of the environmental footprint, from 
resource extraction to decommissioning 
(Cradle-to-Grave), and Life-Cycle Cost 
(LCC) assessment of the total cost of 
ownership (incl. investment, operation, 
maintenance, and disposal).
Key LCA/LCC metrics: Environmental: 
Lifetime Primary Energy Demand (PED), 
Lifetime Global Warming Potential (GWP); 
Economic: Lifecycle Costs (LCC), Pay 
Back Time (PBT), Levelized Cost of 
Electricity (LCOE), Net Present Value 
(NPV), Internal Rate of Return (IRR), Return 
on Investment (ROI)
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Life Cycle Inventory for Building Elements 
and Energy Systems: CPERI Building
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LCI Functiona
l Unit

Embodied CO2 
(kgCO2-eq)

Embodied 
Energy (kWh)

EoL CO2 
(kgCO2-eq)

EoL Primary 
Energy (kWh)

CAPEX (€)
Installation 

Year
Lifetime 
(years)

Existing Components (Baseline Scenario)
Water Storage Steel Tank 

(2*60lt)
120 lt 160.4 504.444 3.496 12.964 0 2007 25

PV Monocrystaline  6 kWp 1494 5450 22.410 54.500 0 2007 25

PV Polycrystaline  4 kWp 996 3633.33 14.94 36.333 0 2007 25
Triple Glazing / Float 4 - 16 

- 4 - 16 - 4 (Air)
230.4 m² 12602.88 41088 642.747 780.672 20000 2015 50

Window Aluminium 
Frame 

57.6 m² 39168 118560 881.280 1790.256 20000 2015 50

Extruded Polysterene 
Insulation 

31.9 m³ 4265.03 27168.167 147.570 73.354 80000 2015 50

BESS Led Acid  4,32 kWh 737.6 2841.667 81.136 198.917 0 2015 *
Additional Components (Renovation Scenario)

HVAC (4*14,65 kW) 58,6kW 11.208 46.368 2.800 0.928 14000 2025 15.0

BESS Li-Ion Lmo 1,44 kWh 106.214 409.2 11.684 28.644 1500 2025 *

PV Monocrystalline 38,10 kWp 9486.9 34607.5 142.303 346.075 44500 2025 25
Solar Pergola 6,96 kWp 1733.04 6322 25.996 63.220 40000 2025 25

Power-to-Hydrogen-to-
Power (P2H2P) 

10 kW** 161.25 562.5 0.000 0.000 101500 2025 20

VERIFY’s integrated building-
level component LCI reduces 
modelling uncertainty and 
strengthens assessment 
credibility

Vertical axis Wind Turbine (1.5 
kWe) is not included in the 
analysis because it is currently 
not integrated into the building’s 
energy profile

V2G Fast EV chargers’ (22 kWe) 
consumption is included in the 
building’s energy profile for 
electricity

* BESS expected lifetime is 
calculated based on charging 
cycles and battery degradation

** Functional Unit for both the 
Electrolyzer and the Fuel Cell

LCI components for Baseline and Renovation Scenario of CPERI Building  



Energy flows for CPERI Building (annual)
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Simulated building-level energy flows (energy consumption and production) for an indicative year of 
analysis period

Baseline Scenario 
(prior to EVELIXIA’s 

interventions)
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 Electrical consumption is based on building 
operational demand and the existing Battery 
Energy Storage System (BESS). 

 Total electrical consumption (117.47 ΜWhel) 
is supplied by 89.5% from the grid and 10.5% 
from local renewable production. 

 Total thermal consumption (111.38 ΜWhth) 
is supplied by the district heating network.



Energy flows for CPERI Building (annual)
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Simulated building-level energy flows (energy consumption and production) for an indicative year of 
analysis periodRenovation Scenario 

(after EVELIXIA’s interventions)
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 Electrical consumption increases with the 
addition of HVAC system, batteries, and the P2H2P 
unit.

 Total electrical consumption (136.07 ΜWhel) is 
now supplied by 75% from the grid and 25% from 
local renewable production.

  Electrical production is attributed to PVs, Fuel 
Cell and BESS discharge periods

 Total thermal demand (111.38 ΜWhth) is now 
supplied at 12.4% by the district heating network 
and at 87.6% from electricity.

 (!) The electrical consumption profile is based on 
building-level operating hours, not component-specific 
schedules. The electrical consumption profile is shifted 
according to HVAC component temporal use.



Electrical Energy flows for CPERI Building 
(weekly)
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Simulated building-level electrical energy flows (electrical consumption and production) for an 
indicative weekBaseline Scenario (prior to EVELIXIA’s interventions) Renovation Scenario (after EVELIXIA’s interventions)
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BESS/P2H2P charging BESS/P2H2P dischargingBESS charging BESS discharging



Preliminary Results for CPERI 
Building: Environmental Performance

A 50-year comparative LCA prior and after EVELIXIA’s 
interventions, based on simulated data, demonstrates the 
following environmental benefits:

A 14.44% reduction in annual Primary Energy Demand 
(PED)

A 21.46% reduction in annual Global Warming Potential 
(GWP)

(!) Impact peaks reflect the embodied energy and 
emissions from component replacements based on their 
year of installation and expected service life (see LCI Table, 
Slide 9)
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Energy Flow Primary Energy 
Factor

GHG Emission 
Factor

Heating Grid 1.1 0.26

Electrical Grid 2.9 0.509

Local Electrical Production 1 0



A 50-year comparative LCC prior and after 
EVELIXIA’s interventions, based on 
simulated data, reveals an attractive and 
compelling economic case:

A 57.75% reduction in Annual Whole-Life 
Costs (Tariff of excess of electricity sold 
to the DSO=0.2 € / kWh )

(!) Impact peaks reflect the CAPEX from 
component replacements based on their 
year of installation and expected service life 
(see LCI Table, Slide 9)

Preliminary Results for CPERI Building: 
Economic Viability
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Conclusion: Digital Twins can support 
Strategic Planning and Investment 

Provide critical insight on the operational profile of 
buildings, across multiple energy networks and 
their synergies

Optimize the operational strategy of energy 
systems

Translate complex operational and market data 
into actionable, long-term strategic insights  

Provide robust evidence to inform and de-risk 
data-driven investment in flexible energy assets

The composition of the energy mix feeding 
electrical loads significantly affects environmental 
impact 
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Digital Twins are more than operational tools; they are 
strategic assets for de-risking the energy transition and 
empowering B2G and G2B interaction.
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