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QUBUIR |- Globally, 50% of energy used in buildings
UNIVERSITY « Potential to reduce demand
PRIFYSGOL « Also to generate and store energy at building scale
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Energy Generating Building Envelopes
Solar PV and Solar thermal
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Technologies:
Thermal and electrical energy systems ¢

Technologies and building design:
Renewable energy systems as construction elements



SOLCER MODELLING
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(a) Inlet air flow: temperature variations

s Alir temperature indoor (°C)

s Supply air temperature after heat pump (°C)

s Supply air temperature after MVHR (°C)
Supply air temperature after TSC (°C)

—— External air temperature (°C)

(b) Energy demand, supply and water
temperature variations in the tank

s Temperature variations in the hot water tank (°C)
= e PV power output (KkWh)
m— DHW demand (KWh)

By immersion heater (kWh)

By heat pump (kWh)

(c) Energy demand, supply and storage

Battery storage (kWh)
== e = Total PV power output (kWh)
S From grid(kWh)
s from battery (kWh)

To battery(kWh)

Surplus power to grid (kWh)
BN [mmersion heating by surplus PV power (kWh)
m— Direct from PV (kWh)
I Space heating demand (kWh)
—— DHW demand (kWh)
Other electricity demand (kWh)



ENERGY POSITIVE PERFORMANCE

Enerav KWhiur Annual electricity demand, supply and storage

Annual self sufficiency rate: 75%
Annual power to grid/from grid ratio: 1.5

total demand total PV output total from grid  total to grid total losses

Energy: kWh .
Monthly energy supply, PV power storage and exportation
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SOLCER: the energy positive house

COSTS £1,200/m?
16 weeks construction
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Typical new house energy costs ~ £780/year
SOLCER earns £166/year

Benefit £946/year



Energy Positive Office Concept

PV roof

Annual Energy Summary
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EXisting Built Environment

50% of existing-buildings have -had some energy '
efficiency measures ihstalled . |

Without energy efficiency improvements from 1970
energy consumption would be twice currentilevels.
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SOLCER low carbon Retroflts

PV roof A Batteries MVHR EWI Detalls




SOLCER low carbon Retroflts

Before retrofit

Energy savings £450/year
(average energy bill £1000/year)

Cost of whole house retrofit £25,000 and reducing



New Developments

Sustainable Urban Maste
Tianjin

r-planning

Set Aims
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And
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Concept Design

Detailed Design
(Phased)

Construction

Ras al Khaimah

Evaluation
And
Feedback




Sustainable High Density Cities Lab
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Large Scale Urban Developments
Energy Modelling

kwh/m?2/annual Energy supply per building kwh/m2/month Energy supply per area
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An Integrated Model for Urban Microclimate & Building Energy

| Weather Data + 31 Urban / Building Properties |

Urban Microclimate Model Building Energy Model
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Model Testing on a Scale Concrete City
(Guangzhou)
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A zonal model for assessing street canyon air temperature of high-density cities
Weihui Liang, Jianxiang Huang, Phil Jones, Qun Wang, Jian Hang
Building and Environment Vol 132, 15 March 2018, Pages 160-169



Plants and Architecture
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Range of performance

Near-Zero Zero Energy
Carbon Carbon  Positive

Retrofit

Urban
Scale



INTERNET OF ENERGY
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INTERNET OF ENERGY

POWER GENERATION g—— G AS
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INTERNET OF ENERGY
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The role of buildings In future
energy thinking

Phil Jones

Thank You




