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LIVING IN A CHANGING ENVIRONMENT

Evaluate ChangeMonitor

Monitor

Measure the progress or quality over a period of time



“How do Liverpool fans change a 
lightbulb?

They don’t, they just talk about 
how good the old one was!”

ha

hahahahah

High Precision LOLOMETER



Range of stakeholders in building performance

Stakeholder 
perspectives

Social housing

“Is this 
affordable & 

replicable? How 
does it impact 
the occupier?”

Researchers

“Is this more 
effective than 

others?”

Government

“Does this 
reduce carbon 

emissions? Does 
it stimulate the 

economy”

Clients

“Is this cost 
effective?”Designers & 

Architects

“Does this fit the 
design purpose? 
Does it comply?”

Insurers

“What is the 
risk…?”

Builders &

Installers

“Does this follow 
the specs?”

Manufacturers

“Is this 
successful in the 

market”



Why to monitor

▪ Part of the control system ▪ Part of the commissioning

▪ Part of an Energy Scheme ▪ Part of public/occupants awareness



Why to monitor

▪ Performance evaluation 
R/D 
Optimisation 
Performance gap (real vs ideal)



Investigation in the Built Environment

Information

Static Data

Examples:
Specs

Dimensions
Regulations
Weather File

Monitored Data

Examples:
Temperature Variation

Energy consumption
Thermography
Lighting Levels



BUILDING AS A SYSTEM

Which are the main system variables?



BUILDING AS A SYSTEM

Which are the main system variables?

Building Fabric

Walls
Ceiling
Floors

Windows
Doors



BUILDING AS A SYSTEM

Which are the main system variables?

Building Fabric

Building Services

Energy supply
Heating
Cooling

Air condition
Appliances

Lighting
Water supply

Safety and Protection
Automation and Controls
Info and Communication

HVAC



BUILDING AS A SYSTEM

Which are the main system variables?

Building Fabric

Building Services

Weather & Climate

External Temperature
Wind Velocity

Wind Direction
Sun path

Irradiation
Rain Precipitation

Pollution
Surroundings
Microclimate



BUILDING AS A SYSTEM

Which are the main system variables?

Building Fabric

Building Services

Weather & Climate

Number
Age

Schedule
Health

Preferences

Occupancy



BUILDING AS A SYSTEM

Which are the main system variables?

Building Fabric

Building Services

Weather & Climate

Internal Temperature
Internal Relative 

Humidity
CO2 levels

Drafts
Lighting levels

Occupancy

Indoor Conditions



SYSYTEMS INTERACTIONS

Building Services

Weather & Climate

Occupancy

Do building Fabric and Services respond to the 
Desirable Indoor Conditions?

Indoor Conditions

Building Fabric



SYSYTEMS DYNAMIC INTERACTIONS

Building Services

Weather & Climate

Occupancy

Break down the interactions to quantifiable variables
And investigate by using the appropriate tools

Indoor Conditions

Building Fabric



• Regulations-Planning e.g. The Building Regulations Part F – Ventilation, 2010

Before you measure, collect information



• Regulations-Planning
• Industrial Standards

e.g. The Building Regulations Part F – Ventilation, 2010
e.g. Environmental Design CIBSE Guide A, CIBSE. 2015

Before you measure, collect information



• Regulations-Planning
• Industrial Standards
• Literature

e.g. The Building Regulations Part F – Ventilation, 2010
e.g. Environmental Design CIBSE Guide A, CIBSE. 2015
e.g. Building Performance Analysis, P. De Wilde, Wiley, 2018

Before you measure, collect information



• Regulations-Planning
• Industrial Standards
• Literature
• Market

e.g. The Building Regulations Part F – Ventilation, 2010
e.g. Environmental Design CIBSE Guide A, CIBSE. 2015
e.g. Environmental Science in building, Randall McMullan, 2017
e.g. Tesla Powerwall 2, Domestic Battery, 2018

Before you measure, collect information



• Regulations-Planning
• Industrial Standards
• Literature
• Market
• Building

e.g. The Building Regulations Part F – Ventilation, 2010
e.g. Environmental Design CIBSE Guide A, CIBSE. 2015
e.g. Environmental Science in building, Randall McMullan, 2017
e.g. Tesla Powerwall 2, Domestic Battery, 2018
e.g. Photos, Scheduling, Drawings, Building Manager

Before you measure, collect information



Initial evaluation - monitoring

▪ Site analysis

▪ Building Survey

▪ Questionnaires

▪ Fabric Testing

▪ Energy Monitoring

▪ Comfort Monitoring
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Why

Start by identifying 
monitoring reason : 

- System control
- Commissioning

- Ren. Energy incentives
- Occupant awareness

- Optimisation
- Research

End by creating an 
output in regards to the 

identified monitoring 
reason. 

Decide all the Key 
Performance Indicators 
(KPI), ex. Yield (annual / 

monthly / daily average), 
efficiency average, 

savings etc.

Choose appropriate 
equations and 

mathematical tools 

Choose appropriate 
instrumentation, logging 
devices, software, time 

intervals, monitoring 
period, data 

transmission and storing 
strategies

Install equipment 
considering minimum 
system and occupant 

disturbance, If 
contractors are involved, 

compose detailed 
guidelines

Use existing data, energy 
bills, system 

specifications, demand 
patterns etc

Analyse data, evaluate 
potentials errors, data 
loss and uncertainties

What How

Performance Evaluation Workflow



Performance Evaluation Workflow Example

A. What is the reduction in grid imported energy?
B. What is the contribution of the Photovoltaic Panel and Battery?



Why

A. To measure the 
difference in 

imported energy 
before and after 

retrofit

B. To quantify the 
impact of PV & 

battery

Creating an output

A&B. Figures and Graphs 
describing the what –
Annually and Monthly 

A. Annual & monthly 
energy bills 

B. Energy balance and 
energy generation 

and storage

Mathematical tools

A. Energy Imported 
before – Energy 
Imported after

B. Generation + Import = 
Export + Consumption 

Instrumentation

A. Energy Bills, 
(Smart) meter readings

B. DIN rail meters and 
loggers for remote 

monitoring

Install equipment

A&B. Data Analyst -
Energy Analyst 

B. Electricians for 
equipment. IT data 

transfer, for analysis

Use existing data

A&B. Energy bills before 
and after, benchmarks

B. System specifications

Analyse data

A&B. Evaluate potentials 
errors, data loss and 
uncertainties. Group 

data

What How

Performance Evaluation Workflow

A. What is the reduction in grid imported energy?
B. What is the contribution of the Photovoltaic Panel and Battery?



Thank you

Questions - Discussion


