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energy sourcesWe developed and installed the prototype systenaatew retail
facility andretrieved energyinformation from a sensor connected to solar panfetsn a
remote computer We evaluatedhe use of the prototype system with other forms of

renewable energy and analyzed the finahgi@bility of the Merton Rule.
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Executive Summary

Climate chage is a global issubut local communities can have an impact on
reducing the emissions of greenhouse gasses. The London Borough of Merton, in an
effort to combat global warming, has initiated a program to limit their carbon
production. Merton has estalshed the Merton Rule, which requires that all new
commercial buildings must derive at least ten percent of their total power from
renewable resources.

To enforcehis rule, the Merton Council needs to monitor the renewable and
nonrenewable energy consurtipn of commercial buildings. Therefore, the Merton
Councilaskedthree teams from Worcester Polytechnic Institute to create a prototype
Y2YAU2NRY3I a2ai0SY 6KAOK ¢g2dz R [ fft2¢g GKSY (2
the Merton Rule. This project is tlsecond in that series of three projects. The first
project was responsible for the design of a system which would allow developers to
enter projected energy data about their new constructions and grant the Merton
government access tihis data. In addition, theMerton government needs a way to
constantly monitor the compliance by the building develop@isthis endthe first
team also created the framework for an energy monitoring system.

Our project focused on the physical implementation of this maniity system
and the overall viability of the system for future development and implementation
throughout Merton and possibly all of London. This was completed by fulfilling three

objectives. First, we developed a prototype system, for monitoring the palysnergy



usage data from the buildings and transferring the data collected on site to a remote
computer. The Merton government would have access to this remote computer to
ensure that buildings are complying with the Merton Rule. Second, we explored the
possibilities of expanding our system to monitor other renewable energy technologies
that are viable in Merton. Finally, we presented the financial benefits of expanding the
Merton Rule to all of London and raising the minimum renewable energy requirement
to twenty percent.

The final team in the project sequence will consolidate and finalize the works of
the previous two teams and propose the entire system for funding from the London
government. This series of projects is designed to develop a systeversieeing
compliance with the Merton Rule that will be reproducible in other regions of London.
By providinghorough documentation and testing of the system during development,
the finaloutcome of the sequence of projectdll be to demonstrateo other local
governments tie methods and expected costs are feasiblenfmmitoring the

compliance with environmental policies.

Establishing the Working Prototype System

The first objective of our project was to establish a working prototype system at
The Bigrellow Self Storage Company. This system monitors the energy generated from
the photovoltaic panels in The Big Yellow Self Storage Company and sends this data to a

remote computer thatcouldbe accessed by the Merton government.



In order to create the stem, we first chose a sensor to monitor the electricity
from the photovoltaic (PV) panels. In selecting a sensor, we compiled a list of viable
sensors that could monitor the photovoltaic panels. However, we discovered that The
Big Yellow Self Storage Coany already had a sensor that was installed with the PV
panels and we decided to integrate our system with this sensor.

Next, we wrote sample applications for the Merton Rule Monitoring System
(MRMS), which is the computer technology including the Or&tiever program and an
application to request data from the Onsite Server. The first program, the Onsite
Server, runs on a computer installed in the Merton Rule buildings. The server is
responsible for collecting data from the sensors in the buildingaow@pting requests
from the Remote Requesting Application (RRA) for energy use data from the sensors it
monitors. The second application, the RRA, was written to be able to reqatsfram
any sensor that the agite server computer is monitoring and tormect to any
computer that is running the Onsite Server program.

Lastly, a laptop running our Onsite Server application was integrated into The Big
Yellow Self Storage Company to interact with the sensor. This entailed physically
connecting the laptop tohe sensor and a broadband connection to transfer the energy
data to the Remote Requesting Application located offsite upon request. The install was
completed after evaluating the electrical infrastructure at The Big Yellow Self Storage

Company.



Developng Monitoring Methods for Alternative Renewable Energy Sources

The second objective of the project was to complete research into alternative
methods of renewable energy that do not generate electric current. The metinads
are viable in Merton includground source heating, solar thermal water heaters, and
biomass boilers. These technologies were explored to establish the full potential our
system.

After communicating with experts who are familiar with gstechnologies, we
established the science hand these energy sources and why they are considered
renewable energyAn Appendix was created on how to monitor a solar thermal water
heater, and this science can be applied to ground source heat pumps as well. In
addition, after speaking with memberd the renewable energy monitoring industry, we

were able to provide an appendix on the devices used to do this monitoring.

Evaluating the Financial Viability of the System
The Mayor of London extending theMerton Rule to all of Londoand
expandingt with an increased minimum requiremerntiventy LIS NOSy G 2 F | o6dzA f R
total energy must be generated by renewable technologies (Greater London Authority,
2007).0ur third objective addressed sometbe financial implications dhis rule. W
examinedi K S S E i S ¢fR@shonconiimer&dband residential propertiés

London and the financiahcentives of this rule fothe local governmergtof London.



By requiring the commercial and residential buildings of London to supply
twenty percent of theirtotal energy consumption with renewable technologies, these
buildings will save money in electricity bills. In order to determine these savings, first
we calculatedthe total renewable energy generated in London. This total energy was
then separated inteither the commercial and domestic sector to calculate the
monetary savings in energy per sectburthermore, to make our calculations more
feasible, we assumed that electricity consumption remained the same as present day
and that the renewable technolaogs used would only supply energy in the form of
electricity.Weestimatedi K G [ 2y R2y Qa O2YYSNOAIf &aSOG2N A
£2,640,000 and the residential sector is expected to save £3,74n@Ergy costs
annually.

Additionally, when the extended &tton Rule is adoptethroughoutLondon,
there are benefits fothe local London governments well.One of these benefits is
that the city ofLondon would be saved from potential carbon emissitkis.first
estimatedthe total tons of carbon expected toetsaved from using these renewable
technologies. Again, we assumed that the electricity consumption of London remained
the same as present day and that the renewable technologies used would only generate
supplemental electricityWWe attempted to put a monery figure on this saved carbon
by evaluating carbon according to the trade value, the social cost, and the shadow price

of carbon. We computed thathe annual carbon savings for London according to the

Vi
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£719,059, and £528,720 respectively.

An additional benefit for local London governments is that by outfitting London
to accommodate the extended Merton Rule, there would be a large profit for the
industry of renewable teafologies. We estimated th&102,400,000 worth of
renewable technologies would need to be purchased in London to supplxteaded
rule. This expansion to the industry of renewable technologies means jolosdor the
citizens of London. Also, if themly of these technologies can sustain the demand,

there maypotentiallybe lower costs for these renewable technologies.

The Merton Rule is a progressive environmental policy that has the promising
potential to combat climate change. However, withouf@rcement the rule would be
ineffective. The sequence of three projects from WPI students explores a solution to
how the Merton Rule can be successfully monitored. The prototype system created at
The Big Yellow Self Storage Company shows that a systealisic However, our
system is not only specific to one building. The research into alternative renewable
energy sources extends the scope of our project. Lastly, the financial study of our
system illustrateshe economic valu®f the Merton Rule If oursystem receives the
necessary funding from the London government, it can be further developed to monitor

the Merton Rule and similar environmental policies successfully and efficiently.
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1.0 Introduction

Cimate change is expected to disrupt our living environment and the entire
ecosystem of the Earth. If global temperatures increase by just four degrees Celsius,
food production would be strained, natural disasters would increase in frequency, and
deglaciaton would become widespread (Schneider, 2007). In the face of these threats,
countries have joined together globally to initiate changes in environmental policy. In
1997, the United Nations Framework Convention on Climate Change (UNFCC)
introduced the Kyaa Protocol, which to date has been signed by many countries. This
agreement binds the countries that sign it to reduce their emissions of carbon and other
greenhouse gasses based on their then current levels of industrial development and
current emissions.

While climate change is a global issue, local communities can have an impact on
reducing the emissions of greenhouse gasses. The London Borough of Merton, in an
effort to combat global warming, has initiated a program to limit their carbon
production. Meaton has established the Merton Rule, which requires that all new
commercial buildings must derive at least ten percent of their total power from
renewable resources. If successful, the minimum requirement will be raised to fifteen
percent by 2015 (Hewit006).

To enforce the Merton Rule, Merton needs to monitor the renewable and

nonrenewable energy consumption used by commercial buildings. An effective



monitoring system should retrieve information from the buildings about their energy
use and compilé into a central database. Such a system also requires the
implementation of equipment to obtain and transmit the energy use data from the
buildings.

Thedevelopment of this system requires several components. First, the initial
database needs to be&ated to store the energy data from these buildings. Second,
devices and methods to measure nonrenewable and renewable energy consumption
will provide the data for this database. From here a link is necessary for transmission of
information from onsitein the buildings to a central database.

This project is the second in the series of three projects intended to build a
system which will be used to enforce the requirements for the Merton Rule. The first
project was responsible for the design of a systwhich would allow developers to
enter projected energy data about their new constructions and grant the Merton
government access to these data. This provides a basis for the enforcement of the
Merton Rule, but the Merton government needs a way to cangly monitor the
compliance by the building developers. Therefore, the first team also created the
framework for an energy monitoring system.

Our project focused on the physical implementation of this monitoring system
and the overall viability of the syem for future development and implementation
throughout Merton and possibly all of London. This was completed by fulfilling three

objectives. First, we developed a prototype system, for monitoring the physical energy



usage data from the buildings and trsferring the data collected on site to a remote

computer. The Merton government would have access to this remote computer to

ensure that buildings are complying with the Merton Rule. Second, we explored the

possibilities of expanding our system to monitther renewable energy technologies

that are viable in Merton. Finally, we presented the financial benefits of expanding the

Merton Rule to all of London and setting the minimum requirement for twenty percent.
The final team in the project sequence witinsolidate and finalize the works of

the previous two teams and propose the entire system for funding fiteenvarious

government departments of London and private investofdter making the

applications created by the first two teams more user frierattg presentable, they will

be responsible for documenting the entire system so that it can be easily understood by

various parties, such as politicians or technicians. This series of projects is designed to

develop a system of supervising the Merton Rilat will be reproducible in other

boroughs of London. Through thorough documentation and testing of the system

during development, the final deliverable will show to other local governments the

methods and expected costs to feasibly monitor the compkanth their

environmental polices.



2.0 Background Chapter

In order to fulfill our objectives, we must first have an understanding of the
topics relevant to the growing problem of climate change. This chapter will first provide
information on the causeand how this issue can be addressed through the use of
renewable energy resources. Then, the Merton Rule and the technologies needed to
enforce it will be described. Such technologies and approaches include City Knowledge,
Local Online Urban InformatiorySem to store data on energy consumption,
Geographical Information System, sensors to measure the renewable energy
consumption of buildings, and the Merton Hierarchical Online Monitoring and Energy

Reporting program to collect energy information.

2.1 Climate Change and Greenhouse Gasses

¢KS OGSYLISNIGdzNE 2F GKS 9F NI KQ&a adaNFI OS KI
flrad StS@Sy 2F (s6St@S @2SINBEYX GKS 9FNIKQa & dzN
temperatures since 1850 (United Nations Environment Program@@/)2 This effect of
the gradual warming of the Earth is called climate change. Climate change is caused by
the release of greenhouse gasses into our atmosphere. These greenhouse gases allow
sunlight to enter the atmosphere freely and then strike the Eafta & dzNF | OS @ 2 KSYy
sunlight reflects off the Earth as radiation, it becomes trapped in the atmosphere by the

greenhouse gasses instead of being sent back into space. This radiation contains large



amounts of energy that heats up the atmosphere, leadingggomer and warmer
surface temperatures for the Earth.

These greenhouse gases have been causing drastic changes to the climate of the
Earth according to the Intergovernmental Panel on Climate Change (IPCC, 2007). In
recent decades, an increase in theansity, duration, and occurrences of high level
tropical storms, droughts, and floods has been associated with the increasing amount of
greenhouse gases in the atmosphere. (Trenberth, 2007). If temperatures continue to
increase, this would affect water drfood supply, cause widespread deglaciation and
rising sea levels, and threaten biodiversity (United Nations Environment Programme,
2007).

Therefore, the emissions of greenhouse gasses, such as the release of carbon
dioxide gasses, must be minimizedctambat this growing problem. One solution is to
increase the use of renewable energy technologies (United Nations Environment
Programme, 2007). This would reduce the need for the carbon producing fossil fuel

energy sources and decrease the amount of carbimxide gasses released.

2.1.1 Valuing Carbon

Carbon emissions are a large contributor to the problem of climate change. To
understand the impact of these carbon emissions, several different methods exist for
converting tons of carbon into a monetafigure. These include the trading value of

OFNDb2y> {USNyQa az20Alf Oz2aid 2F OFINb2YyZ YR



The first is the trading value of carbon, which is the price that a European Union
Allowance (EUA) is being traded for on a certain miarkuch as the European Climate
Exchange (ECX). One EUA is the right to emit one ton of carbon dioxide. The trading
value is dependent upon the current environmental policies, the supply and demand of
EUAs, and technical indicators of the market (Europélamate Exchange, 2008).

tKS aSO2yR YSGK2R Aa {GSNyQa az20Atrf O2ai
economist Nicholas Stern in tf8tern Reviewommissioned by the British government.
The social cost is the global cost of carbon taking into acatenéconomic damages of
emitting that ton of carbon (Stern, 2006). This is the value of what people would expect
G2 LI & d2RFE& (G2 | @2AR GKS Fdzidz2NBE RIEYF3IS 27F
social cost, two values are needed. Firstisthesogi@d & 2F OF ND2y F2NJ &0 dzi
dzadzl £ ¢ BKAOK A& GKS O02ad AF y2 LRftAOASAE &SN
continued. The second value was the social cost of carbon. The difference of these
gl £t dzSa NBTfE SOGa { SNy Qthercaze@dine triticB@siabiout2 ¥ O ND 2
{GSNYyQa &a420Altf Ozaied hyS SEFYLES 2F adzOK A&
calculate the social cost (Economics Group, Defra, 2007).

The last method, the shadow price of carbon, was developed by the Departmen
of Environment, Food, and Rural Affairs (Defra). It is meant to be used in government
FLILINF Aalfta 2F GKS ! YyAGSR YAY3IR2Y® ¢KS akKIl R2
but takes into account the current political and technological situation (Ecaceom

Group, Defra, 2007).



These methods of carbon pricing exist to quantify the cost of present day carbon
emissions. In order to combat climate change, these carbon emissions need to be
minimized. Certain communities worldwide are taking the initiativadopting
renewable energy policies. The London Borough of Merton, England, has been one of

the prime supporters of such policies.

2.2 Climate Change Policy in London, England

At the forefront of environmental policy in London is the Borough of Merton.
This region of London is trying to do its part for the environment in the fight against
global warming. The Borough of Merton felt that the amount of greenhouses gasses
being produced by the use of nhonrenewable energy sources in its buildings was
excessiveand decided to put a plan in place to combat this problem. In 2003, they
became the first regional government in London to adopt its own policy for renewable

SYSNHe&z: (y26y a GKS GaSNl2y wdz Sod¢

2.2.1 Background of Merton Rule

The Merton Rule states that:

G¢KS O2dzy OAf oAttt SyO2dz2Ny 3S GKS SySNHe@
their layout and orientation on site. All new non residential

developments above a threshold of 1,000sgm will be expected to

incorporate renewable energy production equipment to piae at least

10% of predicted energy requirements. The use of sustainable building



materials and the raise of materials will also be encouraged, as will the

use of recycled aggregates in the construction of buildings. This will be

subject to the impacbn the amenity of the local environment, taking

AyiGa2z | 0O02dzyid GKS SEAalGAYy3 OKI NI OGSNI 2F (K

Merton, 2007)

The primary purpose of the rule is to help slow global warming through the reduction of

emissions of green house gasésis also expected that the Merton Rule will help

reduce energy costs in the long term, as well as reduce the usage aenewable

resources. By establishing renewable energy sources companies are expected to have a

dependable, environmentally frienglenergy source for long into the future. In order to

ensure that the rule is enforced, the Merton Rule states that:
Gb2 RSOSt2LIYSyld akKlrtt GF1S LXFOS dzyiAaf (K
approved a report provided by the applicant identifying how thedicted C@
emissions of the development will be reduced by at least 10% through the use of
onsite renewable energy equipment. The carbon savings which result from this
will be above and beyond what is required to comply with Building Regulations.
Beforeany unit is occupied or sold the renewable energy equipment shall have
been installed and the local planning authority shall be satisfied that their day to
day operation will provide energy for the development for so long as the

development remains in exiit Sy OS®¢ 01 SgAG0IZ wnnco
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2.2.2 Viability and Implementation

Though the Merton rule may have been promulgated, there are barriers to its
implementation. The main barriers for the implementation of the Merton Rule
correspond to technical aspects and fimsad aspects. These are the main topics we will
consider further.

Technical viability is the first main challenge. Renewable energy technologies
require very strict conditions of installation and have intricate installation procedures.
Many must be inorporated into the building plans at the initial design phase. Many of
the physical factors are a party of the viability. Many of the solar systems require large
installation space and building orientation towards the sun. In addition, wind turbines
require certain wind patterns, and Biomass systems are heavily dependent on fuel
availability and load demand (Hewitt, 2006).

Another barrier is the financial costs the setup causes. Retrofitting already
existing buildings causes even more problems becaftifige requirements for many of
the renewable sources. Even placing it in initial plans can increase the already high
production costs for commercial buildings, causing a 3 to 5% increase (Hewitt, 2006).
The payback timérame associated with the remeable energy equipment is a second
financial factor. With the increased costs as mentioned previously, business owners
expect some kind of return. Yet, some of the equipment can have a payback time of up
to forty years, making it undesirable for compasite use the technology (Hewitt,

2006).
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While there may be plenty of barriers to implementation of the Merton Rule and
rules like it, boroughs still continue to adopt them. Through 2004 and 2005, there were
an estimated 100 boroughs either adopting {0 the process of adopting) a prescriptive
ten percent policy (Hewitt, 2006). Though there was much concern about whether
developers would be scared to place buildings in boroughs that have the rule, the first
company that built buildings under the ruile Merton still continues to build there

(Hewitt, 2006).

2.2.3 Future Policy

Though the Merton Rule has been successful, modifications are being
considered. For example, a constant 10% policy does not hold well for all situations.
One strict set of rles cannot possibly account for all circumstances. Therefore, Merton
is developing a set of rules for different situations which may arise. Their idea is to have
percentage targets for the different types of development. Because the costs for solar
thermal systems are minimal, Merton is likely to increase the renewable energy
requirement to 30% by 2011 (Hewitt, 2006). In cases where only renewable electric
energy sources are available it will be reduced to 7.5% (Hewitt, 2006). These are just a
few of the changes Merton hopes to make.

Merton also hopes to provide some help for complying with the rule. If
companies can prove that it is not viable for them to reach certain goals directly in their
building, they can comply with the rule elsewhere bytali;g off site sources of

renewable energy (Hewitt, 2006). Merton is continuing to evaluate buildings and
12



renewable energy infrastructure in order to best apply the rules and policies it has set in

place.

2.3 Renewable Energy Sources

To comply witlthe Merton Rule, building developers must choose to use one or
more renewable energy sources. Many types of renewable sources exist and their
applications are dependent upon their intended use, constraints affecting
AYLE SYSYy Gl GdA2y 3> | y RhelLidhBo®@h of MMBTh&NS Yy OS a
specifically recommended the following renewable energy sources: solar water heater,
photovoltaic technology, small wind turbines, ground source heating, biomass heating,
and combined heat and power generators. The folloy sections will describe how
each of these energy options function and the advantages and disadvantages of each for

building developers.

2.3.1 Solar Water Heater

A form of renewable energy for building developers to consider is the solar
water heater. These devices consist of solar energy collectors mounted on roofs, with
water circulating pipes soldered to them. Solar water heating systems almost always
require a backup system for cloudy days and times of increased derd&h®QE
2006). These systes would be easy to install in many of the buildings. The setups

require some simple panels on roofs or the sides of buildings that can easily be placed
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on structures that are already in Merton. Along with some piping and a large storage
tank placed som&here in the facility, solar water heaters could be placed in buildings

around Merton.

2.3.2 Photovoltaic Power

Additionally, building managers may choose to use photovoltaic (PV) technology
as a source of renewable energy for producing electricity. ®hataic technology,
similar to solar water heaters, uses sunlight to generate power. While each PV, or solar,
cell generates only about one or two watts of electricity, PV cells can be connected to
form modules to yield more powelJS DOE2006). Modulegan then be further
attached to form arrays to generate an even greater amount of power. This allows a
building developer to choose any size of a PV system to accommodate their energy
needs. Also, a PV system must be attached to the roof of a buildingesus to be
exposed to sunlight for the majority of the day. While the price of PV systems varies
with the types of roofs that they are attached to, the price continues to decline each
year and they have an average lifespan of thirty years with little epkgS DOE2006).
Currently, photovoltaic technology is used often with wind turbines for maximum
efficiency. These hybrid wind systems have the ability of providing energy at all times

even when winds may be weak.
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2.3.3 Small Wind Turbines

An addition& option for Merton building managers to consider is the use of
small wind turbines, which derive their energy from the wind. A wind turbine uses the
kinetic energy from wind and generates mechanical power which can then be converted
into electricity. Thevind causes the blades of a wind turbine to rotate. This in turn
rotates the generator in the main shaft of the turbine to produce electricity. Wind
turbines do not emit carbon gasses because they are fueled by the wind, not by
combustion of fossil fuel®\Iso, the price of wind energy is extremely low, costing only
between four and six cents per kilowdibur US DOE2006). There can be
apprehension about the noise and aesthetics of wind turbines, but efforts are being

made to mitigate these impacts wifarther technological advancements.

2.3.4 Ground Source Heating

Additionally, to comply with the Merton Rule, building developers in Merton
may consider using ground source heating. A ground source heating system is
comprised of three parts (The EnergyiBg Trust, 2008). First is the underground pipe,
or ground loop, where a mixture of water and afreeze collects heat from the warmer
soil than the top soil. The second part of the system is the heat pump, which extracts
the heat from the mixture beig circulated in the ground and distributes it to the
odzA f RAy3Qa KSIFiAy3 agaidsSvyo ¢CKS FAYLFE LI NI

physical heating system of the building which takes the ground heat and circulates it
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through the building. A sito eight kilowatt (KW) ground source heating system

typically costs around £7,36&11,800 (approximately $14,6023,600). Also,

depending on the type of fuel being replaced saves about £4800 (approximately

$800- $1600) on heating bills and abt two to eight tons in carbon dioxide emissions

per year on average (The Energy Saving Trust, 2008). The main constraint on a ground
source heating system is the amount of land available to run the ground loop under but

there are multiple ways to lay ehpipe to overcome some of the space restrictions.

2.3.5 Biomass Heating

The London Borough of Merton also suggests biomass heating as a viable source
of renewable energy. Biomass is matter which includes all plant and-géaived
material; therefore all the energy released through biomass heating was originally
created through photosynthesi®&JS DOE2006). Biomass heating is accomplished by
burning biomass materials and transferring the heat to a water boiler. The water can
then be pumped througla loop to supply heat to a building. Using biomass as a source
of energy generates no additional greenhouse gasses due to the fact that the carbon
released is balanced by the amount of carbon that was captured when the biomass was
grown. Also, biomass brganic so most of its production will be domestic, leading to

environmental, economic, and security benefits for the country.
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2.3.6 Combined Heat and Power Generators (CHPS)

Lastly, the London Borough of Merton most strongly recommends that building
managers use combined heat and power (CHP) generators to comply with the Merton
Rule. Also known as cogeneration, these plants have the ability to produce both
electricity and heat concurrently. Conventional electric power plants convert only one
third of their energy supply (Wilson, 2001), usually fossil fuels, into electricity. The rest
of the energy supply becomes excess heat generated in the process and is emitted
through smokestacks. By capitalizing upon this wasted heat, CHP plants can achieve
efficiencies of over seventy percent (Wilson, 2001). The excess heat can in turn be used
to produce hot or chilled water, steam, and more electricity. Therefore, CHPs are most
effective in buildings with high electricity needs. By using CHPs, more energy can be
produced from burning less of a primary energy source and carbon emissions can be

reduced.

2.4 Information Systems

Information systems will be integral in the monitoring of energy production and
consumption data from both renewable and nonrenewabteirces. Information
systems allow for the energy information to be collected, stored, and accessed by
individuals within the London Borough of Merton. The organization, accessibility, and
accuracy of energy information data are paramount in monitotimgMerton Rule. The

government of Merton will need to be able to analyze specific building data in order to
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assess its compliance with the rule. Using specific approaches to data gathering, the
government of Merton will have the ability to track the Men Rule with greater
effectiveness because the data will be readily available and it will reside in clearly
defined locations. The data collected can be associated with geospatial data which will
allow for easier analysis. These steps will ensure thetdh has adequate means to
monitor incoming data, such as energy usage information with specific regard to the
Merton Rule. The following sections will provide a brief overview of some of the

information systems that will be used to help monitor the MeTtRule.

2.4.1 Sensors

To monitor the renewable and nonrenewable energy consumption of
commercial buildings in Merton, sensors will be used. Sensors can measure outputs in
the forms of either electrical power or heat.

The process by which sensors can mea®lectrical power is documented in
CAIdzZNBE ! 3 gKAOK AffdzAGNI 6Sa DS2NR {AY2y
currents, resistance, and voltage (NASA, 2006). The energy source generates a current
and effectively creates a voltage drop on the eleeirioad that is consuming the
power. With an amp meter and a simple digital volt meter, the power consumed by the
load can be calculated. As shown in figure A, the hardware that gathers data from the
volt meters and current meters and then computes trener dissipated from the
renewable and nonrenewable energy source is the black boXack boxs a term for a

device, a system, or an object when it is viewed primarily in terms of its input and
18
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output characteristics. After gathering data, the blacklawerages the power values
over a period of time. Sensors that measure electrical output can be used to measure
the outputs of the following renewable energy sources: geothermal technology,

combined hat andpower generators wind turbines, and photovaddiic technology.

Renewable First Amp meter
Electrical Power —]— outputs the current|
Source going through the

load

A

v

Voltmeter that
outputs the voltage
drop across the

electrical load. A

» Electrical Load

Second Amp

Non-Renewable meter outputs the
Electrical Power put — Black Box
current going

Source

through the load

Figure 21: Electrical Power Sensor Procedures
For energy sources that do not output electricity, temperature sensors are used.
Temperature sensors provide temperature values and feed that data intbldek box.
By measuring the changes in temperature, the black box can compute the energy
consumed from the renewable energy source and the nonrenewable energy source.
Renewable energy sources that generate heat are biomass heating and solar water

heaters
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2.4.2 Merton Hierarchical Online Monitoring and Energy Reporting

Once a sensor is chosen, it must be integrated wipnagram called MrHomer
(Merton Hierarchical Online Monitoring and Energy Reporting), which has been
developed by the Merton C08 grpu The program is comprised of modules for
networking, plugins, security, and database.

The most important component for our project is the plingmodule. A plugn
is a small program which is loaded by a host application to provide some specific
functionality to the host application. The phiig module allows clients to integrate
external sensors into MrHomer to facilitate data collection from the sources the sensor
is monitoring. This allows the use of many different sensors without the MrHomer
program needing to know how to gather data from the specific sensor when the
program was written. The advantage to this is that the user writes a small amount of C#
(C Sharp) code in order to interface the sensor with MrHomer, making it very flexible.
Our team will be writing plugns to allow the sensors we choose to interface with

MrHomer.

2.4.3 City Knowledge

In creating a database to support the Merton Rule, the London Borough of
Merton will utilize the approach developed by City Knowledge for efficiadtetfective
data collection and management, also known as data farming. By having reliable and

updated data, a municipality can better manage and plan urban projects. To date, City
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Knowledge principles have been adopted and proven successful in Bosiobridze,
Quincy, Worcester, Venice, and London (Carrera, 2005). Developed by Dr. Fabio Carrera,
GKS FT2dzyRIGA2ya 2F [/ AGRBdNy2BIIBIRBEOKY 02 dZRS f E
data, informational jurisdictions, atomic data management, sustainable @sglat
information sharing, and interagency coordination (Carrera, 2004).
/] AGeé Yy2¢6f SRIS LINRPLIR2&aSa GKI (2 @ dd ®KSS RA A
middle-out approach combines a bottomp approach with a toglown approach. In the
bottom-up approach, eachepartment in a municipality individually manages and
gathers their data as needed. The data from all departments are then overseen by a
parent department that compiles the data. However, because each department collects
its data as needed, the same infortitan may be collected by several departments
repeatedly. This lack of coordination amongst departments causes a redundancy in data
gathering and wasted resources. The4@vn approach eliminates this potential
problem by making the parent department acedable for coordinating the data
collection of the suldepartments so that common data can be shared.
Another foundation of City Knowledge is assigning informational jurisdictions for
the certification of birth and death of structures, such as commehaidtlings in a
municipality. This means that specific departments will be responsible for managing
certain aspects of data about the buildings. Therefore, one department will collect and
manage data, and that data can then be easily shared amongst otlpartieents on a

need to know basis by utilizing the midebeit approach.
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In establishing jurisdictions, a municipality must collect the data atomically. This
requires that data not be collected in a centralized manner, but rather by lower level
departments,and parent departments who remain responsible for overseeing and
synchronizing the data. This distributes responsibility among all sectors and maximizes
the resources available.

After the data are collected by the sub departments and organized by thepare
department, the data must have sustainable updates. A city should require that each
department update the data routinely and efficiently. This can be done by requiring the
departments to perform maintenance checks, instill the value of information
maintenance in employees, and utilize free or inexpensive labor (Carrera, 2004). By
updating the data regularly, the data remains reliable and effective.

For the middleout approach to prove successful, the data must be shared.
Ideally, this should be done orvaluntary basis and cooperation should be given by the
different departments of a municipality. Information sharing can be done vertically
within a municipality or horizontally across different cities and town. To facilitate this, a
web-based system mayebused, such as Geographical Information Systems (GIS), which
is described in further detail later.

Finally, Dr. Carrera recommends that a city institute interagency coordination.
Data for one department may be entered in a specific format into their systor data

to be shared between all different departments, information must be able to be coded
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correctly for all departments. Therefore, it is recommended the related departments

discuss and collaborate on the best methods to do so.

2.4.4 Renewable Energy Localized Installation Entry Form

Utilizing the City Knowledge approach, the group that completed phase one of
the project sequence, established a wikhsed system called Renewable Energy
Localized Installation Entry Form (RELIEF). This system selguilding developers to
SyiSN) SaaSyaAlrt RFEGF Fo2dzi GKSANI 6dzAf RAy3axz
NBYySsloftS a2dzNOSad ¢KSAS RIFEGEFE FNBE NBFSNNBR
SYGSNBR Aya2 wo9[LO9C G2 | f onplancg @ithNdheS a& (G NJ O A
Merton Rule. Although not yet implemented, the data from RELIEF will be put into a
Geographical Information System to demonstrate the expected carbon emissions for

certain areas.

2.4.5 Geographical Information System (GIS)

Through theuse of the City Knowledge approach, the London Borough of Merton
intends to store the information collected more effectively in a Geographical
Information System (GIS). GIS allows users to access spatial data about an area, like the
London Borough of Me2t y ® DL{Qa I NS5 dzaSFdzZ o0SOIdzaS (KSE

location. The use of GIS allows a municipality to store their data in an organized fashion

which facilitates easy access and manipulation.
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GIS stores geographical and spatial data abpat#ic locations, such as the
London Borough of Merton. The data in the GIS could be anything of relevance to the
location such as crime rate, traffic data, and many other types of information that could
prove useful to the municipality{hat is GIS2007). The GIS data can be made available
in a variety of ways, either through a desktop application connected directly to the
database or through a local or published web site. The data contained in the GIS can be
used to aid individuals in making decisiamplanning procedures as well as many other
processes.

The data in GIS are organized into layers (Burgess, Keay, Spanos, Topi, 2005).
Each layer holds different information relevant to the location, such as electricity usage,
water usage, and heat uga. The data contained in these layers can also be linked
together to show relationships between different objects in the system (Burgess et al,
2005). This provides a means to logically group data that may be related or provides
some additional contextThe layers of data that can be stored along with the
geographical information can provide easy and intuitive access to data collected
throughout the municipality.

Other municipalities throughout the world have seen the benefits of using GIS
and have staed to incorporate such systems into their infrastructure. For example, the
city of Vienna, Austria has been collecting geographic data since theawahties
(Wilmersdorf, 2003) and used their GIS information database to deploy many different

services ¢ the city. These services include an incredibly accurate topographic database,
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a real estate database for facilitating property management and infrastructure planning,
and a zoning database. These-@l&ted services are an example of what is possible
for municipalities with the use of GIS.

The London Borough of Merton is considering the use of a GIS, called LOUIS
(Local Online Information System), to provide an organized and easily accessible
interface for the data collected through the use of the Gityowledge approach. Most
importantly for this project is the energy production and consumption data for buildings

throughout Merton.

2.4.6 Local Online Urban Information System (LOUIS)

The Local Online Urban Information System (LOUIS) is a GIS thahtlen
Borough of Merton is planning to use to allow access to data regarding their
municipality. LOUIS is being developed at City Lab, a research laboratory that is
F3a20AF0SR gA0GK 22NDSa0SNIt2t@0SOKYAO Lyaudad
Division and is directed by Dr. Fabio Carrera. The components of City Lab research and
development include City Knowledge, Urban Information Systems such as LOUIS, Urban
Technologies, Urban Studies, and Urban Initiatives. City Lab researches and develops
both LOUIS and City Knowledge, two technologies that are important to the London
. 2NRdzaK 2F aSNI2yQa 3IFGKSNAYy3IS 2NBFYATIFGA2YS
use of monitoring the Merton Rule.

LOUIS is a GIS based on the MassGIS supported oper s@wer called

OLIVER. LOUIS is being developed with the goal of being embedded into the
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infrastructure of a municipality that uses the City Knowledge method of data gathering
and is being targeted as such. Current development of LOUIS is primeuigdoon
two areas. The first is called LOUIS V (Louis the Fifth), which is the actual LOUIS GIS
viewer application. The second area of focus is the rewriting of the current LOUIS
system to comply with Open Geospatial Consortium standards. Upon coampdeti
LOUIS, City Lab plans to develop severatleigtl applications targeted to specific
departments within a municipality.

¢KS AYO2NLIRNIGA2Y 2F [h! L{ AydG2 0GKS
to present the energy consumption and productidata, gathered via sensors and the

City Knowledge approach, will allow for the Merton Rule to be monitored more easily.

2.5 Summary

The development and implementation of renewable energy producing systems is
becoming increasingly important. The Londardgigh of Merton has begun to take
measures to help reduce the carbon emissions which are causing climate change.
Merton has created a rule which requires all new sresidential buildings in the
borough which are over one thousand square meters in sizketive ten percent of
their power from renewable resources. Through the use of information systems, it is
possible to monitor the compliance with such mandates on a large scale. However, an
important gap in knowledge is how these technologies candie/orked together in
order to produce a functioning and cohesive system that facilitates scalability, flexibility,

and viability for the municipalities who desire to integrate such a system into their
26
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infrastructure. This includes the incorporation of tasmare such as energy monitoring
sensors into the buildings, establishing a method to gather the data from these sensors
remotely by the local authority, exploring the capabilities and the financial practicability
of the system. The following chapter vdlscuss our proposed methods for filling in

these gaps in knowledge.
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3.0 Methodology

This Interactive Qualifying Project is the second project in a sequence of three
which span three seven week periods. The main objective of these projects is to create
a full data collection system to monitor energy usage in support of the Merton Rule.
The first group had the goal of developing an online database for building developers to
input preliminary energy data about their new constructions and creating the
framework for our prototype system. Our project set up a system to monitor the energy
data onsite in the Merton buildings and transmitted that information back to a central
database. The third group will have the objective of combining the efforts of team on

and team two into a presentable system to seek funding for full development.

To fulfill our responsibilities in this sequence of projects, we first implemented a
working prototype system at The Big Yellow Self Storage Company. Second, we
investigated méods that exist for monitoring noelectric renewable sources. The final
objective of our project was to explore the financial benefits of an extended Merton
Rule that will exist for the residences, commercial buildings, andbited governments

of Londa. Each of these objectives will be described in the following sections.
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3.1 Establishing a Working Prototype System

Ouir first objective was to establish a working prototype system at The Big Yellow
Self Storage Company. In order to create the systeenfjnst chose a sensor. We then
wrote sample applications for the Merton Rule Monitoring System (MRMS), which is the
system including the Onsite Server and an application to request data from the Onsite
Server. Lastly, a computer running our Onsite Seapefication was integrated into

The Big Yellow Self Storage Company.

3.1.1 Sensor Selection

Sensors needed to be chosen and installed in The Big Yellow Self Storage
Company to monitor the energy generated by the photovoltaic (PV) panels located
there andthe total output of the electrical grid. This data was desired by the Merton
government to ensure that the building was using renewable technologies to generate
10 percent of their total energy consumption. We established the criteria for choosing
our sensors after examining the electrical schematics of The Big Yellow Self Storage
Company and consulting with Dan Davies, a representative of Solar Century. Solar
Century was the company who installed the PV panels at The Big Yellow Self Storage
Company. We etermined that these sensors must: be able to monitor the energy in
kilowatt-hours (kwh) from the PVs and the grid, be able to handle a current of 20 amps
generated by the PVs and the grid, correspond with the one phase power system, report

the data digitdly, and fall within our budget of £200. We compiled a list of sensors that
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fit our criteria by using archival research and corresponding with the manufacturers of

these sensors via email and phone interviews.

In order to evaluate how to install the serrspwe visited the site of The Big
Yellow Self Storage Company. We were able to secure a visit during the third week of

our project, and upon our visit, we discovered that there was already a sensor in place

installed by the Solar Century engineers. Te/sa 2 NJ 6+ a | YSGS202y (NPt

LIGHT+. We also interviewed the site manager, John Jimenez, and we were informed

(KIG 68 62df R y2G 68 1o6ftS G2 3IFLAY F00S4a4a

Protection Act (Information Control Office). Because efsthtwo findings, we no longer
needed to choose and install a sensor and we were no longer able to install a sensor to

monitor the grid of The Big Yellow Self Storage Company.

3.1.2 Writing Sample Applications

After the sensors were chosen, they wentegrated into MRMS. The MRMS
system had to perform two functions for it to be considered complete. The first
function was to gather energy data from a sensor or sensors located in a Merton Rule
building. The second requirement was that the system teaprovide a way to forward
data about the sensors it monitors to a requesting application located off site. The
applications included in the MRMS were an Onsite Server program, which retrieves the
energy data from the sensor, and an application to resfudata from the Onsite Server,
referred to as the Remote Requesting Application. The two programs were developed
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simultaneously and interactions between the two were thoroughly tested each time any

new features were implemented into either program.

3.1.2.1 Onsite Server Program

The first program written was the Onsite Server program (OSS). The Onsite
Server program runs on a computer installed in the Merton Rule buildings. The program
utilizes the MrHomer framework built by team one of the project sexee to provide
essential functionality such as Internet communication and interaction via message
passing, sensors data retrieval, database management, and energy data encryption for
safe transfer of data over the Internet. The program builds on topisffunctionality
to provide the features required for the Onsite Server. These features include
collecting data from the sensors in the building and accepting requests from the Remote
Requesting Application for specific data from the sensors it is mong. To do this, a
sensor plugn was written which retrieves and stores actual data from the sensor
monitoring the photovoltaic panels in a database. In writing the sensoripléigr the
YS(GS202yGNRf 6S060Qf23 [LDI ¢b3erddritast@dbyy 0 G A BS 3
phone for how the data is stored and transferred by the sensor. Additionally, code was
written to allow the OSS to respond to incoming messages from the remote requesting
application. Lastly, when requests were received the program fateany requested

data back to the application.
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required functionality is in place, we proceeded to thoroughly test the program. To do
so, we used the Remote Requesting Appiarato interact with the OSS and perform all
of the required actions the OSS needed to be able to provide. If any of the tests failed,
we traced the source of the problem, and start all of the tests over again to ensure no
other areas of the program wemetrimentally affected by the changes made. Once the
program was thoroughly tested, it was loaded onto the Onsite Server Computer and

installed into The Big Yellow Self Storage Company.

3.1.2.2 The Remote Requesting Application

The other application thatnakes up the Merton Rule Monitoring System
(MRMS) is the Remote Requesting Application (RRA). The Remote Requesting
Application was also built using the MrHomer framework to provide easy
communication between it and the Onsite Server program. The solgope of the RRA
is to provide a proof of concept to show that sensor data stored in a computer running
the Onsite Server program can be requested and transferred on demand. Therefore,
the RRA was written to be able to request data from any sensor lleaOnsite Server
computer is monitoring and to connect to any computer that is running the Onsite

Server program.

Once the RRA was fully developed, we tested many different scenarios of
interaction between it and the OSS program. Once the tests ohtleeaictions
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between the RRA and the OSS consistently passed, we proceeded to install the Onsite
Server Computer into The Big Yellow Self Storage Company. Next, we tested the
retrieving of data from the OSS program in its final installed state at The Big/ BeIf
Storage Company before incorporating a demo of our prototype system into the final

presentation.

3.1.3 Integrate a Computer into The Big Yellow Self Storage
Company

Lastly, to establish a working system in The Big Yellow Self Storage Company, a
laptop, referred to as the Onsite Server Computer, running the Onsite Server program

gla AYyuS3aINFXrGSR Ayd2z2 ¢KS . A3 Stt2g {StF {aGd2N
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determine what equipment would be needed in order to integrate a computer into their
network. To do this, we acquired electrical schematics and noted the areas of interest

to our system. Once we had the areas of interest identified, we would be able to focus

of GK2a$S FINBIFA Rdz2NAYy3 2dzNJ @GA&aAG G2 ¢KS . A3 |
these areas of interest in mind, we visited The Big Yellow Self Storage Company and

spoke with John Jimenez, the site manager, who showed us how the wiring was laid out

in the sections of the building that were important to us. Finally, we were able to use

the information learned from the previous steps to determine which equipment was

needed in order to install the computer onto their network.
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After deciding what equipnm@ was needed, we had to develop a set of criteria
for the Onsite Server Computer. These criteria would be based on the following: the
power consumption, type of operating system being run on the computer, and available
interface ports of the computer. df the first criterion, we needed a computer which
had a relatively low power draw because we did not want the monitoring system to
draw more power than the renewable energy sources could generate in the building.
For the second criterion, we knew we nesebla computer running a Microsoft Windows
operating system. This is because the MRMS applications were developed in a
programming language called C#.NET which can only be run on a computer with a
Microsoft operating system installed. For the final ciber we decided that the
computer needed to have one available PCMCIA expansion slot (Personal Computer
Memory Card International Association) and one Ethernet port built into the computer.
These specifications were needed because the Onsite Server Cemiawt to have two
Ethernet ports so we could connect it to the Internet and the sensor in The Big Yellow
Self Storage Company simultaneously. Subsequently, we were able to physically install
our prototype system into The Big Yellow Self Storage Compang the equipment

RSGSNY¥AYSR UGKNRdAK 2dzNJ Fylféara 2F (GKS

3.2 Monitoring Methods for Non -Electric Renewable Energy Sources

The second objective of the project was to complete research into the methods
of renewable energy that do not generate electric current. In order to do this, we first

began research into how ground source heating, solar thermal water heaters, and
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biomass boilers work. In order to further understand these energy methods, we spoke
with Martha Cyr, A professor in the Mechanical Engineering Department at Worcester
Polytechnic Institute, who has experience in heat and energy transfer in fluids. She
provided us with background on how to calculate energy from the measurable values in
the sysem.

After we had a basic understanding of these systems, we contacted Tony Book,
the managing director of Riomay Limited. Riomay Limited is a company who
manufactures solar water heaters. Tony placed us in contact with RESOL, the company
whose devices hases to monitor his solar thermal water heaters. In addition, we
contacted Bob Harris, a developer who used ground source heat pumps in his
construction, the Earthdome in London. Mr. Harris put us in contact with Ice Energy, his
source for ground sourdeeat pumps. By conducting informal interviews with these
sources and looking through the technical documents that were available via their
websites, we gained knowledge of how to monitor these systems.

We continued our discussions with the companiesyall as with the Worcester
Polytechnic Institute professors, in order to produce presentable diagrams, which
labeled a sample system using solar water heaters and a system using ground source
heat pumps. Additionally, the diagrams described potential técdirset ups including
where sensors should be installed to measure the energy generated by the solar water
heaters and the ground source heat pumps. Further research was done into alternative

sensing devices so as to produce a wider range of useablensptilhe information was
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catalogued in a usable form and provides a general example of a method to monitor a

non-electric renewable energy source.

3.3 Evaluating the Financial Viability of the Merton Rule

The Mayor of London is imposing an extended MerRule that applies to all of
[ 2YR2Y GAGK Yy AYONBFASR YAYAYdzY NBI dzA NBYSy
energy must be generated by renewable technologies (Greater London Authority, 2007).
In order to understand the financial implications of thige, we looked at how it would
affect commercial and residential properties of London and the financial incentives of

this rule for the London government.

3.3.1 Viability for Commercial Buildings and Residences

If commercial and residential properties usmewable sources to provide for 20
percent of their total energy, there would be savings from the decreased amount of
energy needed to power these structures. We quantified these energy savings that the
commercial sector and domestic sector of London ldde expected to realize
annually. First, we determined the total renewable energy generated in London. This
total energy was then separated into either the commercial and domestic sector to
calculate the monetary savings in energy per sector.

First, wecalculated the total amount of energy (kWh) that would be saved
annually from renewable sources in London. Furthermore, to make our calculations

more feasible, we assumed that electricity consumption remained the same as present
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day and that the renewablechnologies used would only supply energy in the form of
electricity. Adrian Hewitt, the Principal Environmental Officer for the Merton Council
FYR 2dzNJ LINP2SOGQa 4LIR2Yya2NE LINPJARSR dza gAGK
20 percent renewable eneygper borough on average and the kWh produced by each
type of technology per year. The renewable technologies were grouped into three
categories: wind turbines, photovoltaic panels, and renewable sources for water
heating. Solar thermal water heaters, gralisource heating and cooling, biomass
boilers, biogas boilers, and combined heat and power plants were included within the
group of renewable sources for water heating. To find the total amount of renewable
energy produced pean averagesizedborough, wemultiplied the average quantity of
each type of renewable technology by the kWh produced per year and summed these
values. To find the total amount of energy produced in London, we multiplied that value
by 32, which is the number of boroughs in London.
After we had the total renewable energy generation expected for London, per
aNXP | SgAlGQa NBO2 YYS y-tRild of shd sedemablg Sergy $ofth® 3 | § SR
domestic sector and the remainder to the commercial sector. Mr. Hewitt also provided
us with thecost per kWh, and we multiplied this cost with the renewable energy

generated per sector to find the annual savings in energy costs from both sectors.

3.3.2 Viability for the London Government

Secondly, we evaluated two of the financial benefits that camth imposing

this extended Merton Rule for thiecal London government3 hese include the avoided
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carbon costs from using renewable energy sources and the expansion of the industry for
renewable technologies that would accompany such a rule.

In determning the avoided carbon costs, we first determined the total tons of
carbon expected to be saved from using these renewable technologies. Again, we
assumed that the electricity consumption of London remained the same as present day
and that the renewabléechnologies used would only generate supplemental electricity.
To do so, we conferred with Mr. Hewitt and established the following process. We first
converted the kWh per annum from each renewable technology calculated previously to
tons of carbon dioxid. A factor of 560 tons of GRRWh was used to convert the energy
generated from wind turbines and photovoltaic panels into tons of carbon (National
Energy Federation, 2007). A factor of 194 tons of CO2/kWh was used to convert the
energy generated from wat heating into tons of carbon (National Energy Federation,
2007). We summed these values to find the tons of carbon saved by the renewable
technologies in an average sized borough and multiplied that number by 32 to find the
total saved by London.

We then converted the tons of carbon saved in London into a monetary figure.

We used three popular methods for quantifying the value of carbon for comparative
FylFrfearad ¢KSasS AyOfdzZRS (GKS (GNIXRAy3A @I f dzS
5 S T NI Q aprick & karbangThe first is the trading value of carbon, which is the

price that a European Union Allowance (EUA) is being traded for. One EUA is the right to

emit one ton of carbon. The prices from the European Climate Exchange (ECX) for the
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year of 208 were averaged to calculate the trading value of carbon to be used. The

reason that the prices were averaged was to accommodate for market fluctuations. The
d4S02yR YSUK2R Aa {U0SNyQa az2o0Alft O2adGd 2F Ol NbD
into account the economic damages of emitting that ton of carbon (Stern, 2006). To
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present day emissions continued. The second value was the social cost of carbon.
These values were determined using the present day calculations from a report released
08 UKS S5SLINIYSYyd T2N 9YyPBANRBYYSyTheSodR 2 R | YR
Cos Of Carbon And The Shadow Price Of Carbord 9 02y 2 YA O& D NEdzL): 5S TN
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shadow price of carbon, was developed by Defra to account for criticism directed
towards{ 1 SNy Qad &d20At+f O2aid 2F OINb2y YR (GKAa 0O
Therefore, we multiplied the tons of carbon by the trading value of carbon, the social
cost of carbon, and the shadow price of carbon to determine the respective costs of
carbon for London and an average cost for each borough.

Then, to determine the expansion to the industry of renewable technologies
from the extended Merton Rule, we calculated the expected profits that would be
incurred from purchasing the necessary reneveaigichnologies. Mr. Hewitt developed
the following process with us for doing so. The estimated quantities of renewable

technologies needed to provide for the extended Merton Rule in an average borough
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and the average costs for each of these types of tetifies were obtained from Mr.
Hewitt. Again, we assumed that the electricity consumption for London remained the
same as present day, and the renewable technologies needed would only supply
electricity. The total cost incurred for each of technology waheined by multiplying
the quantity of that technology by its cost per unit. The average cost per borough was
calculated as the sum of the total cost of each technology. Furthermore, the total cost
for London was calculated as the average cost per borougitiplied by 32. Therefore,
from these calculations the expected costs that a borough and all of London would be

expected to pay for renewable technologies were calculated.

3.4 Summary

The final deliverable of our project was the creation of a prototgpstem for
Y2YAU2NRY 3 || odaAf RAYIQa O2YLI Al yOS 4AGK
our prototype system could be extended to monitor other renewable technologies.
Lastly, we quantified the financial benefits that exist of an extended Mertoe Rul
commercial and residential buildings and the Greater London Authority. The final group
will demonstrate that the prototype system we installed at Big Yellow Self Storage
Company as proof that monitoring the Merton Rule is viable. This systeeweuiliually
be presented to various government departments and private investors from London

for funding to be developed and implemented in London.
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4.0 Results and Analysis

The main deliverable of our project is a prototype system that can effectively
monitor compliance with the Merton Rule. For a building to comply with the Merton
Rule, it must receive at least 10 percent of its overall energy from renewable sources.
Therefore, we need to monitor both the energy from renewable energy sources as well
as theoverall energy being used by the Merton Rule buildings, which are buildings that
are required to comply with the Merton Rule. We were not able to access the
information on the overall energy usage of the building because of the Data Protection
Act (Information Control Office), but we still were able to create a system to monitor the
photovoltaic panels. Next, we demonstrated how our system can be expanded to
include additional renewable technologies. Lastly, we presented the financial
advantages of an eehded Merton Rule that applied to all of London. The results and
implications of each of those three objectives will be further detailed within this

chapter.

4.1 Establishing a Working Prototype System

In order to create a prototype system to monitoretmenewable energy
generation of the photovoltaic panels at The Big Yellow Self Storage Company, we
completed three tasks. First, we evaluated which sensors were appropriate to measure
the photovoltaic panels in the building. Then, we wrote a computeresystalled the

Merton Rule Monitoring System (MRMS) which could retrieve the energy data from the
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sensor and send it to a remote computer. Lastly, we set up a computer in The Big Yellow
Self Storage Company to run the Onsite Server Program. Each of theseabks will

be explained below.

4.1.1 Sensor Selection

Prior to learning that The Big Yellow Self Storage Company already had a sensor
installed, we performed research into feasible sensors to monitor renewable and non
renewable energy sources within @Big Yellow Self Storage Company. Based on the
criteria developed in the methodology chapter, we found many sensors that would be
GALFO6ES (2 Y2YyAU2NI 020K GKS 0o0dzAf RAY3IQa YIAY L
generating renewable energy for ThegE ellow Self Storage Company. These include
the TED series of sensors, the Powertek ISW 8001, the Wattson sensor, and the
YSGiS202yUNRf 6S0Qft23 [LDI¢bd ! ff GKSasS aSya?z
which refers to how power is converted onit@éeaches a building. Single phase systems
are used in residential and light commercial buildings where mostly light and heating are
required.
The TED sensors are manufactured by the American based company, The Energy
Detective. The sensors in theDXBeries were well within our budget and the cheapest
of the four possibilities, with a maximum price of $209.95 (approximately £105). They
would be suitable for monitoring a single phase system and can handle at least 100
amps. However, with an accuracl/#€2% (The Energy Detective, 2008) these sensors

are not as accurate as the commercial grade sensors, such as the products from
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Powertek and meteocontrol. In conjunction with the sensor, we would recommend the
purchase of TED Footprints, software thaeirstcts with these sensors via a USB plug.
The software costs an additional $44.95 (approximately £89.90). TED Footprints logs its
data in Excel format, which is a data format that our MRMS could interact with to
retrieve that data.
The Powertek ISW 800&hich costs £395 (approximately $750), is the most
expensive of the four sensors we evaluated. However, it is the most accurate with an
accuracy of £0.2%, (Powertek, 2008). This sensor can also be connected to a computer
via a USB cable, but since the sendoes not derive the energy data in kilowhtiurs,
more accommodations would have to be written in the MRMS programs.
The Wattson, developed by DIY Kyoto, costs £149.50 (approximately $300). The
2 Ghaz2yQa REFEGEF A& NBONKB@DRespieNdSdhage.dnf & o6& (K
contacting DIY Kyoto, we were informed that our program would be unable to retrieve
the data from the Holmes. However, a new version of the Holmes was being written to
be released at the end of April that would allow usitwso.
[Fabdfexr GKS YSGS202yiaNRtf ¢So0Qf23 [LDICb ¢
installed in The Big Yellow Self Storage Company. This sensor costs 375 euros
(approximately $600 or £300). The data from this sensor is stored as ASCII text and can
be conneted to a computer to transfer data via Ethernet. How we integrated the

meteocontrol with MRMS will be discussed in greater detail in the following sections.
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energy output f@ our project. However, we were told by John Jiminez, the site
manager at The Big Yellow Self Storage Company that we were not allowed to install a
sensor to measure the energy from the main power grid due to restrictions set forth in
the Data ProtectiorAct. After learning this, we contacted the Information
Commissioners Office (ICO), the government body which regulates the Data Protection
Act, to obtain confirmation as to why we were unable to monitor the electrical grid of

The Big Yellow Self Storagen@pany. However, they did not respond to our inquiry.

4.1.2 Writing Sample Applications

Over the course of the term, we wrote a computer program, called the Merton
Rule Monitoring System (MRMS), to collect the energy data from the sensor. The
MRMS and £DROM containing the MRMS applications, installation files, and source
code for The MRMS were the two deliverables for this section of the project. The MRMS
contains two sample applications. These are an Onsite Server (OSS) Program and a
Remote Requestingpplication (RRA). These two programs were written to
communicate with each other over the Internet to relay information about sensors
being monitored in a Merton Rule Building. The interactions between the programs
show how the Merton Rule could be mitored from an offsite location. The final
interactions between the programs provide a remote user with a way to gettireal
(constant updates as soon as they are available) edlemand (upon request) data

from any sensor the Onsite Server is monitgrin the Merton Rule building.
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The second deliverable for this portion of the project was aRTIM containing
the two applications and the source code for them, the MrHomer framework and
source code, installation instructions, and all the files needeith$tall the system on a
computer. The explanations of these contents of theREDIM are located in Appendix

K. A backup of the CD in electronic form is located on our Sourceforge project entitled

London Merton IQP Sequencgourceforge is an online aoration and backup
system run by WPI (http:///sourceforge.wpi.edu).
While MRMS shows the required interactions to demonstrate the feasibility of
monitoring compliance with the Merton Rule, it was narrowly focused because our
project is intended onlyd be a proof of concept. If this system is to be used for further
development, it would need to be restructured in such a way that is not specific to The
Big Yellow Self Storage Company installation, which the current MRMS is. However,
since it would inelve writing a substantially larger amount of code, we decided to write
the programs for our proof of concept system specifically for The Big Yellow Self Storage
[ 2YLI yeQa O2yFAIdzNI A2y d {dzZA3ISadAz2ya 2y K24

are locatel in the Recommendations chapter.

4.1.2.1 Onsite Server Program

The first application in the MRMS is the Onsite Server (OSS) Program. The main
purpose of the OSS is to collect data from the meteocontrol sensor monitoring the

photovoltaic panels located ih KS . A 3 Stt2¢ {StF¥ {G2NIFr3S /2Y

5

secondary purpose is to wait for connections from remote applications and forward
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data from the sensors it is monitoring upon request. Information on significant events
that can occur during the exedah of the OSS Program and how to use the Onsite
Server is located in Appendix M.

The OSS satisfies both of these required purposes for our prototype system.
However, as discussed above, it is narrowly focused on the specific purposes required
for our prototype system. The OSS program could be fleshed out to be more flexible
and allow the installing of many different sensors if the need arises.

During the third week of the project, we learned through contact with
YSGiS202y iNRf GKI { red &data BeSbitQreatlilgs in A TP (Fle & G 2
Transfer Protocol) server. To allow the OSS to access this data we used a free Library,
which is a collection of code which provides specific functionality, from Enterprise
Distributed Technologies (http://ww.enterprisedt.com/) called edtFTPnet. This
company allows its visitors to use the code located there in software which complies
with the LGPL license (http://www.gnu.org/licenses/Igpl.txt). The LGPL regulates how
code can be used and distributed. Congently, since the OSS uses edtFTPnet, it is also
licensed under the LGPL.

Over the course of the development of the OSS, a few minor problems were
overcome, allowing for us to write the OSS to provide the necessary functionality. The
biggest problem thabccurred was that we could not test the program in a real world
setting until we actually installed it into The Big Yellow Self Storage Company. Also, we

were delayed in being able to interact with the sensor when we arrived at The Big
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Yellow Self StoragCompany during the fifth week of the project and learned that the

PV panels and monitoring equipment would not be active until week six. After learning
this, we contacted meteocontrol in order to obtain a sample data file that the
meteocontrol sensor wald create so we could continue development of the OSS.
However, this was still a significant barrier to overcome because we were forced to test
the program with data being produced by the application instead of an actual sensor
until week 6 of our projec This left us under a week to perform the install of the

system and test it with the sensor installed in The Big Yellow Self Storage Company

before our final presentation.

4.1.2.2 The Remote Requesting Application

The second program in the MRMS is Bemote Requesting Application (RRA).
¢CKS ww! Q& YIAY LMzN1LI2&aS A& (G2 O2yySOG G2 02YL
request sensor data from it. There are several ways that this is accomplished, and they
are discussed in Appendix O.
The RRA achieves itsin purpose as required for our prototype system.
However, like the OSS, it is also narrowly focused on those goals. Therefore in its current
state, it is focused on proving that it is possible to receive data from a remote computer
running the OSS progm. During development, we added some extra functionality so
that data requested by the RAA can be logged in a database which could then be tagged

to a Geographical Information Systems (GIS) map. This functionality is not used in our
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prototype system snply because it was not needed, but it is in place so that the next
team can use it for their final system mockup.
The RRA will be the program used to present and retrieve data from the
computer located at The Big Yellow Self Storage Company whichiaguhe OSS
program. We were able to retrieve data from the sensor monitoring the photovoltaic
panels at The Big Yellow Self Storage Company in real time. This provided proof that it is
feasible to be able to monitor these Merton Rule buildings remotahd the success of
this specific proof of concept implies that it is possible to expand this to a central

monitoring system which could enforce compliance with the Merton Rule.

4.1.3 Integrate a Computer into The Big Yellow Self Storage
Company

To complée our prototype system, we installed a computer running the OSS
program into The Big Yellow Self Storage Company. To determine how we were going
to install the system, w acquired the electrical schematics for The Big Yellow Self
Storage Company througiontact with Dan Davies of Solar Century, an engineer at the
company that installed the photovoltaic panels in the building. Once we had the
electrical schematics, we identified the areas of interest as any area having to do with
the photovoltaic panelsrad the monitoring equipment attached to them.

Once we knew the areas of interest, we visited The Big Yellow Self Storage
Company and spoke with the Site Construction Manager John Jimenez. After our

conversation with John, we had enough information t@wrthat the wiring already
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installed in the building dictated that we could integrate our system with a variety of
equipment combinations. After engaging in personal communication with Jesse
Banning, a systems administrator in the Worcester Polytechstdute Computer

Science department, we decided to install the system using one network switch, one
laptop computer with built in Ethernet port and an available PCMCIA expansion slot
and one PCMCIA Ethernet card. A PCMCIA slot is a port in most lapiopsallows for
expansion cards, such as cards with extra Ethernet port, to be installed into the
computer. We needed this PCMCIA Ethernet card so we could simultaneously connect
both the sensor and the Internet to the Onsite Server computer. The Bayw®eélf

Storage Company proposed install diagram and device explanation is as follows:
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Figure 41: Proposed Install Diagram for Big Yellow Self Storage Company

A Netgear 5 port network switch (Label A) was required in order to split the

connectiontoKS YSGS202yiNRf $So0Qf23 [LDI¢b 0Sis

FYR GKS tdzofAO 5AaLXle 5SA0S Ay ¢KS . A3
laptop (Label B) was purchased to serve as the Onsite Server computer. Ideally, this
computer would haven available PCMCIA expansion slot. However we did not have
enough time to order a computer with a PCMCIA slot. An Ethernet to USB converter
(Label C) was used to allow the Onsite Server Computer to connect to the Internet and
0KS YSiGS2 02y HNitnultégnSondyf Bhi8 wes LsBd in place of a PCMCIA
Ethernet card due to time constraints apparent when buying a laptop computer.

Due to time and availability constraints, we were unable to obtain a laptop with
an available PCMCIA slot; the laptop weghased had a different expansion port
(called an ExpressCard slot). Due to the fact that the Ethernet expansion card for our
laptop cost fifty pounds, we decided to use an Ethernet to USB converter in place of the
Ethernet expansion card.

Upon returnirg to The Big Yellow Self Storage Company during the fifth week of
our project to perform a preliminary install of the network switch and test
communication between the Onsite Server Computer and the meteocontrol sensor
installed, we learned from John Jimemnthat the wiring in place was not the same as

what we were originally told and the PV panels were not up and running yet. This
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forced our team to come up with a new install diagram based on the new wiring plans

John Jimenez briefly discussed with uke flevised install diagram is as follows:
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Figure 4-2: Final Big Yellow Self Storage Company Install Diagram

The meteocontrol sensor installed in The Big Yellow Self Storage Company was
wired to an input box (Label A) with an Ethernet port. The Bigw&8Elf Storage
Company purchased a broadband modem (Label C), which is a device which allows for
connection to the internet. The modem was plugged into the network switch (Label B)
that our sponsor purchased, along with the Onsite Server Computer, ateicontrol
sensor to allow for the Onsite Server to simultaneously communicate with the internet
and the meteocontrol sensor.

The new wiring setup involved The Big Yellow Self Storage Company wiring the
cable from the meteocontrol sensor to an input bokiah can accept Ethernet cable

connections. In addition, The Big Yellow Self Storage Company purchased a broadband

51



modem which would allow connection to the internet. These were then wired into a
network switch which would accept cables from the input bOxsite Server Computer,
and the Internet.

Once the PV panels and wiring were installed, we visited The Big Yellow Self
Storage Company for the final time to install our Onsite Server Computer. Upon wiring
the computer into the network switch, we were l@hto locate the sensor on the
network and, after modifying the Onsite Server program, were able to retrieve data
from it. After leaving the Onsite Server Computer at the building, we attempted to test
the interactions between the Remote Requesting A@tian and the Onsite Server we
installed from over the internet but were unable to connect to the computer at The Big
Yellow Self Storage Company. Upon visiting two more times, we were able to configure
the broadband modem to allow our Onsite Server Papgito receive connections from
the internet. After the successful configuration, were able to test interactions between
the Onsite Server and the Remote Requesting Application before our final presentation
of the system. This allowed us to incorporativa demonstration of our prototype

system in The Big Yellow Self Storage Company into our final presentation in Merton.

4.2 Monitoring Methods for Non -Electric Renewable Energy Sources

In order expand the scope of our monitoring capabilities, we aeseed
methods to monitor other renewable energy sources that are viable in Merton. These
methods are solar thermal water heaters, ground source heat pumps, and biomass

boilers. For solar thermal water heaters and ground source heaters to operate, a
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sigrificant amount of power is required. These systems generally operate with a
coefficient of performance (CoP) o#3 This means that for every kilowatt of electric
power that they use, they generate8Bkilowatts of power. Unfortunately, they do not
gererate energy in the same manner and therefore require different systems to monitor
them. We have found companies that monitor these systems already, have developed
potential monitoring methods, as well as identified devices with which to monitor these

sygems.

4.2.1 Solar Thermal Water Heaters

The source with the most widely available information regarding monitoring
methods is solar thermal water heaters. After contacting Tony Book, a frequent user of
solar thermal heaters, we learned he often uses dewices produced by RESOL to
monitor his installations. By examining their technical documents (RESOL, 2007) we
were able to gain some idea of the physical setup of a system. After speaking with
Martha Cyr, a professor in the Mechanical Engineering Rey@at at Worcester
Polytechnic Institute, in order to gain further understanding of the scientific equations
involved, we were able to produce a diagram which shows where we would monitor the
temperatures as well as the flow rates involved in solar thénwveter heaters (Figure-4

3).
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Figure 43: Solar Thermal Water Heater Monitors

(original image from http://www.therenewableenergycentre.co.uk/seleating)

Through the monitoring of various temperature changes and the liquid velocity
throughout thesystem, we are able to calculate the energy generated by the thermal
heating as well as the energy being used by the system as a whole. This allows us to
guantify how much energy the system is saving the customer. For a full analysis of the

system and gentific equationsplease seéppendix B.
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The equipment sold by the RESOL Company would be viable for all parts of this
process. These devices or devices similar to these would be viable for integration into
our system. They output data into a certdevice which turns thse values into the
energy dataThis device can then be hooked into a data logger. This data logger is able
to provide data directly into a computer, which is ideal for our system. The devices

provided by RESOL and their functicas be seen idppendix C.

4.2.2 Ground Source Heat Pumps

After doing research into how ground source heat pumps work, we spoke with
Bob Harris, a progressive environmental developer in London. Mr. Harris directed us to
Ice Energy, a company that ingsahnd monitors ground source heat pumps. Through
personal discussions with this company, we decided that ground source heat pumps
would be monitored in a similar manner to that of solar thermal water heaters. Ground
source heat pumps draw energy frometiground just like the solar thermal water
heaters gain energy from the sun. This energy is then transferred via the heat pump to
other parts of the system. Once again through the usage of temperature and flow rate
sensors, the energy generation can bemtored. We have developed a basic model of
how a ground source heat pump may work, but could not gain much insight into how Ice
Energy monitors them, as the information is of great value to their company due to the

research time spent on it. A basic getof sensor location can be seen in Figu 4
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Figure 44: Ground Source Heat Pumps

Original Image from http://www.geo4va.vt.edu/A3/GHiBoling.gif

After searching the websites for licensed ground source heat pump providers in London
(Dept. of BERR 28J) we were unable to find sufficient information to create a
complete model. This is a rough idea of what a monitoring system could look like for a

basic ground source heat setup.
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4.2.3 Biomass Boilers

The final norelectric renewable energy source thatviable in Merton, biomass
boilers, requires a unique approach in order to monitor it. As they behave in a similar
manner to regular boilers, they generate the same amount of carbon emissions. In
order for them to be carbon neutral, the user must repish the plant life used to fuel
the biomass boiler. In order to monitor this, the individual will have to provide monthly
invoices for the mass and type of biomass which they are burning. In addition, they will
also have to provide documentation of tipéant life which was planted in order to make
the system carbon neutral. These are the methods we were able to identify with our

basic knowledge of the biomass boiler systems.

4.3 Evaluating the Financial Viability of the Merton Rule

When the Mayor of andon imposes the extended Merton Rule for all of London,
requiring a minimum renewable energy production of twenty percent, several parties
will experience energy savings. This includes commercial and residential buildings and

the localgovernmens of Lordon. The following subsections details these savings.

4.3.1 Viability for Commercial Buildings and Residences

Because the commercial sector and the residential sector of London will be
obligated to use renewable technology to provide for twenty percerthefr net energy
consumption, the extended Merton Rule provides savings in energy costs for them. The

commercial sector is expected to save £2,640,000 and the residential sector is expected
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to save £3,740,000 annually as calculated below. Simplifyingrgséiuns had to be
made so that these calculations were feasible. First, we assumed that the renewable
sources installed in these buildings are only generating supplemental electricity, but
they may also be generating energy that would be powered by fulgas. Also, we
assumed that the electricity consumption of London would remain the same. However,
regardless of these assumptions, the buildings of London would still incur energy
savings.

In order to compute the energy savings of the two sectors, welimd to
calculate the total amount of energy (kWh) saved from renewable sources annually in
London with the extended Merton Rule. Figur® 4hows how we were able to

calculate this:
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Types of Renewable Technologies kWh Per Tons of
Annum co,
Wind Turbines {15 kW) 500,000 280
Photovoltaic Panels (kWp) 212,500 119
W ater Heating (m2 of solar thermal energy) 1,350,000 262
Solar Thermal
Ground Source Heating and Cooling
Biomass
Biogas
Combined Heat and Power
Average per Borough 2,062,500 661
Total for London (x32 Boroughs) 66,000,000| 21,149

Figure 45: Calculation of Energy Saved from Renewable Sources

The quantity needed to provide for the extended Merton Rule in an average borough

and kWh produced per year of each renewable technology were provided by Adrian

Hewitt. These figures were multiplied to produce the kWh per annum generated by

each renewable techwlogy. That column was summed to find the total kWh annually

produced from these renewable sources in an average sized borough. The total for

London was calculated by multiplying the average borough energy by 32.

The Figure 4 details the final calculains to determine the cumulative annual

savings for commercial and residential properties in London:
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Figure 46: Annual Savings of Commercial and Domestic Sectors

The percentages of the total renewable energy given by Mr. Hewitt were applied
to 66,000000 kWh, the total renewable energy expected to be generated by London
calculated in Figure-8. This produced the values for the renewable energy generated
by each sector. This was then multiplied by the cost per kwWh also provided by Mr.
Hewitt to producethe final savings. Therefore, by utilizing renewable sources to comply
with this extended Merton Rule, commercial and residential buildings would pay less for
energy because at least twenty percent of their energy would be supplemented by

those sources.

4.3.2 Viability for the London Government

Additionally, when the extended Merton Rule is adopted in London, there will be
benefits for thelocal governments of Londaas well (Greater London Authority, 2007).
First, London would be saved from potentiatlman emissions. A price on these avoided
OFNb2y SYAaarazya oSNB OFfOdzZ I SR dzaAy3 GKS
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