
 

 



 

 

 

Energy Monitoring for Compliance with the Merton Rule 

 

City Knowledge, Energy Data Management, and the Merton Rule II 

 

 

An Interactive Qualifying Project Report 

submitted to the Faculty of 

WORCESTER POLYTECHNIC INSTITUTE 

in partial fulfillment of the requirements for the 

Degree of Bachelor of Science 

 

by 

Theresa Cheng 

Dericc Orso 

Nathan Roy 

Jieyu Wu 

 

 

 

 

Date: April 23, 2008 

 

 

Report submitted to: 

Professor Peter Hansen, Advisor  

Professor Stanley Selkow, Advisor 

 

Adrian Hewitt, Project Liaison



i 

 

Abstract  

 hǳǊ ǘŜŀƳ ŎǊŜŀǘŜŘ ŀ ǇǊƻǘƻǘȅǇŜ ǎȅǎǘŜƳ ǘƻ ƳƻƴƛǘƻǊ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ άaŜǊǘƻƴ 

Rule,έ ǿƘƛŎƘ ƳŀƴŘŀǘŜǎ ǘƘŀǘ ōǳƛƭŘƛƴƎǎ ǇǊƻŘǳŎŜ мл҈ ƻŦ ǘƘŜƛǊ ŜƴŜǊƎȅ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ 

energy sources.  We developed and installed the prototype system at a new retail 

facility and retrieved energy information from a sensor connected to solar panels from a 

remote computer.  We evaluated the use of the prototype system with other forms of 

renewable energy and analyzed the financial viability of the Merton Rule. 
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Executive Summary  

 Climate change is a global issue, but 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 established the Merton Rule, which requires that all new 

commercial buildings must derive at least ten percent of their total power from 

renewable resources. 

 To enforce this rule, the Merton Council needs to monitor the renewable and 

nonrenewable energy consumption of commercial buildings. Therefore, the Merton 

Council asked three teams from Worcester Polytechnic Institute to create a prototype 

ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳ ǿƘƛŎƘ ǿƻǳƭŘ ŀƭƭƻǿ ǘƘŜƳ ǘƻ ǎǳǇŜǊǾƛǎŜ ŀ ōǳƛƭŘƛƴƎΩǎ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ 

the Merton Rule. This project is the second 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 to this data.  In addition, the Merton government needs a way to 

constantly monitor the compliance by the building developers. To this end, 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 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 physical energy 
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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 system of overseeing 

compliance with the Merton Rule that will be reproducible in other regions of London.  

By providing thorough documentation and testing of the system during development, 

the final outcome of the sequence of projects will be to demonstrate to other local 

governments the methods and expected costs are feasible for monitoring 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 Big Yellow 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 that could be accessed by the Merton government.  
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In order to create the system, 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 Company 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 Onsite Server 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 building and accepting 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 request data from 

any sensor that the onsite server computer is monitoring and to connect 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 to the 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. 
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Developing 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 methods that 

are viable in Merton include ground 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 these technologies, we 

established the science behind these energy sources and why they are considered 

renewable energy. An 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 members of 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 is extending the Merton Rule to all of London and 

expanding it with an increased minimum requirement; twenty ǇŜǊŎŜƴǘ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ 

total energy must be generated by renewable technologies (Greater London Authority, 

2007). Our third objective addressed some of the financial implications of this rule. We 

examined ǘƘŜ ŜȄǘŜƴŘŜŘ ǊǳƭŜΩǎ effects on commercial and residential properties in 

London and the financial incentives of this rule for the local governments of London. 
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By requiring the commercial and residential buildings of London to supply 

twenty percent of their total energy consumption with renewable technologies, these 

buildings will save money in electricity bills.  In order to determine these savings, first 

we calculated 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. Furthermore, to make our calculations more 

feasible, we assumed that electricity consumption remained the same as present day 

and that the renewable technologies used would only supply energy in the form of 

electricity. We estimated ǘƘŀǘ [ƻƴŘƻƴΩǎ ŎƻƳƳŜǊŎƛŀƭ ǎŜŎǘƻǊ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǎŀǾŜ 

£2,640,000 and the residential sector is expected to save £3,740,000 in energy costs 

annually.  

Additionally, when the extended Merton Rule is adopted throughout London, 

there are benefits for the local London governments as well. One of these benefits is 

that the city of London would be saved from potential carbon emissions. We first 

estimated 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 renewable technologies used would only generate 

supplemental electricity. We attempted to put a monetary figure on this saved carbon 

by evaluating carbon according to the trade value, the social cost, and the shadow price 

of carbon. We computed that the annual carbon savings for London according to the 
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ǘǊŀŘƛƴƎ ǾŀƭǳŜΣ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ ŎƻǎǘΣ ŀƴŘ 5ŜŦǊŀΩǎ ǎƘŀŘow price of carbon are £372,103, 

£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 technologies.  We estimated that £102,400,000 worth of 

renewable technologies would need to be purchased in London to supply the extended 

rule. This expansion to the industry of renewable technologies means more jobs for the 

citizens of London. Also, if the supply of these technologies can sustain the demand, 

there may potentially be lower costs for these renewable technologies. 

 

 The Merton Rule is a progressive environmental policy that has the promising 

potential to combat climate change. However, without enforcement 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 system is realistic. 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 illustrates the economic value of the Merton Rule. If our system 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  

 Climate 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 

deglaciation 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 Kyoto 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. Merton 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 (Hewitt, 2006).    

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

nonrenewable energy consumption used by commercial buildings. An effective 
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monitoring system should retrieve information from the buildings about their energy 

use and compile it into a central database. Such a system also requires the 

implementation of equipment to obtain and transmit the energy use data from the 

buildings.    

The development of this system requires several components.  First, the initial 

database needs to be created 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 onsite in 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 system which 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 constantly 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 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 physical energy 
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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 setting the minimum requirement for 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 various 

government departments of London and private investors.  After making the 

applications created by the first two teams more user friendly and 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 Rule that 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 compliance with their 

environmental polices. 
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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 causes and 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 Information System 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 

 ¢ƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎ ŜŀŎƘ ȅŜŀǊΣ ŀƴŘ ƛƴ ǘƘŜ 

ƭŀǎǘ ŜƭŜǾŜƴ ƻŦ ǘǿŜƭǾŜ ȅŜŀǊǎΣ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ Ƙŀǎ ŜȄǇŜǊƛŜƴŎŜŘ ǘƘŜ ǿŀǊƳŜǎǘ 

temperatures since 1850 (United Nations Environment Programme, 2007). 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 EartƘΩǎ ǎǳǊŦŀŎŜΦ  ²ƘŜƴ 

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 



7 

 

amounts of energy that heats up the atmosphere, leading to warmer 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 the intensity, 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 and food 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 minimized to combat 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 carbon dioxide 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 monetary figure. These include the trading value of 

ŎŀǊōƻƴΣ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴΣ ŀƴŘ 5ŜŦǊŀΩǎ ǎƘŀŘƻǿ ǇǊƛŎŜ ƻŦ ŎŀǊōƻƴΦ  
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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 market, such 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 (European Climate Exchange, 2008).  

¢ƘŜ ǎŜŎƻƴŘ ƳŜǘƘƻŘ ƛǎ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴΣ ǿƘƛŎƘ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ 

economist Nicholas Stern in the Stern Review commissioned by the British government. 

The social cost is the global cost of carbon taking into account the economic damages of 

emitting that ton of carbon (Stern, 2006). This is the value of what people would expect 

ǘƻ Ǉŀȅ ǘƻŘŀȅ ǘƻ ŀǾƻƛŘ ǘƘŜ ŦǳǘǳǊŜ ŘŀƳŀƎŜ ƻŦ ǘƘŜǎŜ ŜƳƛǎǎƛƻƴǎΦ ¢ƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ {ǘŜǊƴΩǎ 

social cost, two values are needed.  First is the social cƻǎǘ ƻŦ ŎŀǊōƻƴ ŦƻǊ άōǳǎƛƴŜǎǎ ŀǎ 

ǳǎǳŀƭΣέ ǿƘƛŎƘ ƛǎ ǘƘŜ Ŏƻǎǘ ƛŦ ƴƻ ǇƻƭƛŎƛŜǎ ǿŜǊŜ Ǉǳǘ ƛƴ ǇƭŀŎŜ ŀƴŘ ǇǊŜǎŜƴǘ Řŀȅ ŜƳƛǎǎƛƻƴǎ 

continued.  The second value was the social cost of carbon.  The difference of these 

ǾŀƭǳŜǎ ǊŜŦƭŜŎǘǎ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴΦ IƻǿŜǾŜǊΣ there are some criticisms about 

{ǘŜǊƴΩǎ ǎƻŎƛŀƭ ŎƻǎǘΦ hƴŜ ŜȄŀƳǇƭŜ ƻŦ ǎǳŎƘ ƛǎ ǘƘŀǘ ǘƘŜ ŘƛǎŎƻǳƴǘ ŦŀŎǘƻǊ ǿƘƛŎƘ {ǘŜǊƴ ǳǎŜŘ ǘƻ 

calculate the social cost (Economics Group, Defra, 2007).  

The last method, the shadow price of carbon, was developed by the Department 

of Environment, Food, and Rural Affairs (Defra). It is meant to be used in government 

ŀǇǇǊŀƛǎŀƭǎ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΦ ¢ƘŜ ǎƘŀŘƻǿ ǇǊƛŎŜ ǳǎŜǎ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ŀǎ ŀ ōŀǎƛǎΣ 

but takes into account the current political and technological situation (Economics 

Group, Defra, 2007). 
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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 initiative in adopting 

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 nonrenewable energy sources in its buildings was 

excessive, and 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 

ŜƴŜǊƎȅΣ ƪƴƻǿƴ ŀǎ ǘƘŜ άaŜǊǘƻƴ wǳƭŜΦέ 

2.2.1 Background of Merton Rule  

The Merton Rule states that: 

 ά¢ƘŜ ŎƻǳƴŎƛƭ ǿƛƭƭ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ŘŜǎƛƎƴ ƻŦ ōǳƛƭŘƛƴƎǎ ŀƴŘ 

their layout and orientation on site.  All new non residential 

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

incorporate renewable energy production equipment to provide at least 

10% of predicted energy requirements.  The use of sustainable building 
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materials and the re-use of materials will also be encouraged, as will the 

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

subject to the impact on the amenity of the local environment, taking 

ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ŜȄƛǎǘƛƴƎ ŎƘŀǊŀŎǘŜǊ ƻŦ ǘƘŜ ŀǊŜŀΦέ ό[ƻƴŘƻƴ .ƻǊƻǳƎƘ ƻŦ 

Merton, 2007)    

 

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

emissions of green house gases.  It is also expected that the Merton Rule will help 

reduce energy costs in the long term, as well as reduce the usage of non-renewable 

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

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

ensure that the rule is enforced, the Merton Rule states that: 

άbƻ ŘŜǾŜƭƻǇƳŜƴǘ ǎƘŀƭƭ ǘŀƪŜ ǇƭŀŎŜ ǳƴǘƛƭ ǘƘŜ [ƻŎŀƭ tƭŀƴƴƛƴƎ !ǳǘƘƻǊƛǘȅ Ƙŀǎ 

approved a report provided by the applicant identifying how the predicted C02 

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.  

Before any 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 exiǎǘŜƴŎŜΦέ όIŜǿƛǘǘΣ нллсύ 
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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 financial 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 incorporated 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 because of the 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 time-frame associated with the renewable 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 companies to 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 (or in 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 rule in 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 rules 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 by installing off site sources of 

renewable energy (Hewitt, 2006).  Merton is continuing to evaluate buildings and 
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renewable energy infrastructure in order to best apply the rules and policies it has set in 

place.   

 

2.3 Renewable Energy Sources 

 To comply with the 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 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ ŀƴŘ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜǎ.  The London Borough of Merton has 

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 following 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 demand (US DOE, 

2006).  These systems 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 somewhere 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. Photovoltaic 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 power (US DOE, 2006). Modules can 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 building and needs 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 upkeep (US DOE, 2006). 

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. 

 



15 

 

2.3.3 Small Wind Turbines  

 An additional 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.  The wind 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 fuels. Also, the price of wind energy is extremely low, costing only 

between four and six cents per kilowatt-hour (US DOE, 2006). There can be 

apprehension about the noise and aesthetics of wind turbines, but efforts are being 

made to mitigate these impacts with further 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 Energy Saving Trust, 2008).  First is the underground pipe, 

or ground loop, where a mixture of water and anti-freeze 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 being circulated in the ground and distributes it to the 

ōǳƛƭŘƛƴƎΩǎ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳΦ  ¢ƘŜ Ŧƛƴŀƭ ǇŀǊǘ ƻŦ ŀ ƎǊƻǳƴŘ ǎƻǳǊŎŜ ƘŜŀǘƛƴƎ ƛƴǎǘŀƭƭŀǘƛƻƴ ƛǎ ǘƘŜ 

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

typically costs around £7,300 - £11,800 (approximately $14,600 - $23,600). Also, 

depending on the type of fuel being replaced saves about £400 - £800 (approximately 

$800 - $1600) on heating bills and about 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 the pipe 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 plant-derived 

material; therefore, all the energy released through biomass heating was originally 

created through photosynthesis (US DOE, 2006).  Biomass heating is accomplished by 

burning biomass materials and transferring the heat to a water boiler.  The water can 

then be pumped through a 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 is organic 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 nonrenewable sources.  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 monitoring the Merton 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 Merton 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 that Merton 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 Merton Rule. 

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 measure electrical power is documented in 

CƛƎǳǊŜ !Σ ǿƘƛŎƘ ƛƭƭǳǎǘǊŀǘŜǎ DŜƻǊƎ {ƛƳƻƴ hƘƳΩǎ ƭŀǿ ǊŜƎŀǊŘƛƴƎ ǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ 

currents, resistance, and voltage (NASA, 2006).  The energy source generates a current 

and effectively creates a voltage drop on the electrical load 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 the power dissipated from the 

renewable and nonrenewable energy source is the black box.  A black box is a term for a 

device, a system, or an object when it is viewed primarily in terms of its input and 
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output characteristics. After gathering data, the black box averages 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 heat and power generators, wind turbines, and photovoltaic technology.   

Renewable 

Electrical Power 

Source

Non-Renewable 

Electrical Power 

Source

First Amp meter 

outputs the current 

going through the 

load

Electrical Load

Second Amp 

meter outputs the 

current going 

through the load

Voltmeter that 

outputs the voltage 

drop across the 

electrical load.

Black Box

Figure 2-1: 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 into the black 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 with a program called MrHomer 

(Merton Hierarchical Online Monitoring and Energy Reporting), which has been 

developed by the Merton C08 group.  The program is comprised of modules for 

networking, plug-ins, security, and database. 

The most important component for our project is the plug-in module.  A plug-in 

is a small program which is loaded by a host application to provide some specific 

functionality to the host application.  The plug-in 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 plug-ins 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 efficient and effective 

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 Boston, Cambridge, 

Quincy, Worcester, Venice, and London (Carrera, 2005). Developed by Dr. Fabio Carrera, 

ǘƘŜ ŦƻǳƴŘŀǘƛƻƴǎ ƻŦ /ƛǘȅ YƴƻǿƭŜŘƎŜ ƛƴŎƭǳŘŜΥ ŀ άƳƛŘŘƭŜ-ƻǳǘέ ŀǇǇǊƻŀŎƘ ǘƻ ŎƻƭƭŜŎǘƛƻƴ ƻŦ 

data, informational jurisdictions, atomic data management, sustainable updates, 

information sharing, and interagency coordination (Carrera, 2004). 

/ƛǘȅ YƴƻǿƭŜŘƎŜ ǇǊƻǇƻǎŜǎ ǘƘŀǘ Řŀǘŀ ōŜ ŘƛǎǘǊƛōǳǘŜŘ ŦǊƻƳ ǘƘŜ άƳƛŘŘƭŜ-ƻǳǘΦέ ¢ƘŜ 

middle-out approach combines a bottom-up approach with a top-down approach. In the 

bottom-up approach, each department 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 information may be collected by several departments 

repeatedly. This lack of coordination amongst departments causes a redundancy in data 

gathering and wasted resources. The top-down approach eliminates this potential 

problem by making the parent department accountable for coordinating the data 

collection of the sub-departments 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 commercial buildings 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 other departments on a 

need to know basis by utilizing the middle-out 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 the parent 

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 middle-out approach to prove successful, the data must be shared. 

Ideally, this should be done on a voluntary 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 may be used, 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 system. For data 

to be shared between all different departments, information must be able to be coded 



23 

 

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 web-based system called Renewable Energy 

Localized Installation Entry Form (RELIEF). This system requires building developers to 

ŜƴǘŜǊ ŜǎǎŜƴǘƛŀƭ Řŀǘŀ ŀōƻǳǘ ǘƘŜƛǊ ōǳƛƭŘƛƴƎǎΣ ǎǳŎƘ ŀǎ ŀŘŘǊŜǎǎΣ ŘŜǾŜƭƻǇŜǊΩǎ ƴŀƳŜΣ ŀƴŘ 

ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΦ ¢ƘŜǎŜ Řŀǘŀ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άōƛǊǘƘ ŎŜǊǘƛŦƛŎŀǘŜǎΣέ ŀƴŘ ǘƘŜȅ ŀǊŜ 

ŜƴǘŜǊŜŘ ƛƴǘƻ w9[L9C ǘƻ ŀƭƭƻǿ ŦƻǊ Ŝŀǎȅ ǘǊŀŎƪƛƴƎ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ Ŏompliance with the 

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 the use 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 MertƻƴΦ  DL{Ωǎ ŀǊŜ ǳǎŜŦǳƭ ōŜŎŀǳǎŜ ǘƘŜȅ ǎǘƻǊŜ ƭŀȅŜǊǎ ƻŦ Řŀǘŀ ŀōƻǳǘ ǘƘŜ 

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 about specific 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 (What is GIS, 2007). 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 decisions in planning 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 usage.  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 context.  The 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 started to incorporate such systems into their infrastructure.  For example, the 

city of Vienna, Austria has been collecting geographic data since the mid-seventies 

(Wilmersdorf, 2003) and used their GIS information database to deploy many different 

services to the city.  These services include an incredibly accurate topographic database, 



25 

 

a real estate database for facilitating property management and infrastructure planning, 

and a zoning database.  These GIS-related 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 City Knowledge 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 that the London 

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 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ²ƻǊŎŜǎǘŜǊ tƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜΩǎ LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ŀƴŘ Dƭƻōŀƭ {ǘǳŘƛŜǎ 

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 

.ƻǊƻǳƎƘ ƻŦ aŜǊǘƻƴΩǎ ƎŀǘƘŜǊƛƴƎΣ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ŀƴŘ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅ Řŀǘŀ ŦƻǊ ǘƘŜ 

use of monitoring the Merton Rule. 

 LOUIS is a GIS based on the MassGIS supported open source viewer 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 primarily focused on 

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 completion of 

LOUIS, City Lab plans to develop several high-level applications targeted to specific 

departments within a municipality. 

 ¢ƘŜ ƛƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ [h¦L{ ƛƴǘƻ ǘƘŜ ōƻǊƻǳƎƘ ƻŦ aŜǊǘƻƴΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǎ ŀ ǿŀȅ 

to present the energy consumption and production data, 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 London Borough 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 non-residential buildings in the 

borough which are over one thousand square meters in size to derive 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 can be networked 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 
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infrastructure.  This includes the incorporation of hardware 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 will discuss 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 one 

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 methods that exist for monitoring non-electric 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, and the local governments 

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

 Our first objective was to establish a working prototype system at The Big Yellow 

Self Storage Company.  In order to create the system, we first 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 Server application 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 and the 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 determined 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 digitally, 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 sensors, we 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. The sŜƴǎƻǊ ǿŀǎ ŀ ƳŜǘŜƻŎƻƴǘǊƻƭ ǿŜōΩƭƻƎ 

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

ǘƘŀǘ ǿŜ ǿƻǳƭŘ ƴƻǘ ōŜ ŀōƭŜ ǘƻ Ǝŀƛƴ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƎǊƛŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ 5ŀǘŀ 

Protection Act (Information Control Office). Because of these two 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 were integrated 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 had to provide 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 request data 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 sequence 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 top of this functionality 

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 monitoring.  To do this, a 

sensor plug-in was written which retrieves and stores actual data from the sensor 

monitoring the photovoltaic panels in a database. In writing the sensor plug-in for the 

ƳŜǘŜƻŎƻƴǘǊƻƭ ǿŜōΩƭƻƎ [LDI¢ҌΣ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎ ŦǊƻƳ ƳŜǘŜƻŎƻƴǘǊƻƭ ǿere contacted by 

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 forwarded any requested 

data back to the application.  
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hƴŎŜ ǘƘŜ h{{ ǇǊƻƎǊŀƳ ǿŀǎ ŘŜŜƳŜŘ άŦŜŀǘǳǊŜ ŎƻƳǇƭŜǘŜΣέ ŀ ǎǘŀǘŜ ǿƘŜǊŜ ŀƭƭ ƻŦ ǘƘŜ 

required functionality is in place, we proceeded to thoroughly test the program.  To do 

so, we used the Remote Requesting Application to 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 were detrimentally 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 that makes 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 sole purpose 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 that the Onsite 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 of the interactions 
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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 Yellow Self 

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 

ǿŀǎ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ¢ƘŜ .ƛƎ ¸Ŝƭƭƻǿ {ŜƭŦ {ǘƻǊŀƎŜ /ƻƳǇŀƴȅΩǎ ƴŜǘǿƻǊƪΦ  .ŜŦƻǊŜ ǿŜ ŎƻǳƭŘ 

ǇŜǊŦƻǊƳ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴΣ ǿŜ ƴŜŜŘŜŘ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 

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 

oƴ ǘƘƻǎŜ ŀǊŜŀǎ ŘǳǊƛƴƎ ƻǳǊ Ǿƛǎƛǘ ǘƻ ¢ƘŜ .ƛƎ ¸Ŝƭƭƻǿ {ŜƭŦ {ǘƻǊŀƎŜ /ƻƳǇŀƴȅΩǎ ŎŀƳǇǳǎΦ  ²ƛǘƘ 

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 equipment 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.  For 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 needed a 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 criterion, 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 Computer had 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 Company using the equipment 

ŘŜǘŜǊƳƛƴŜŘ ǘƘǊƻǳƎƘ ƻǳǊ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ Ǿƛǎƛǘǎ ǘƻ ǘƘŜ ǎƛǘŜΦ 

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 system. 

 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 he uses 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 source heat 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 companies, as well 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 technical set 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 useable options.  The 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 Merton Rule that applies to all of 

[ƻƴŘƻƴ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜŘ ƳƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘŀǘ нл ǇŜǊŎŜƴǘ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ ǘƻǘŀƭ 

energy must be generated by renewable technologies (Greater London Authority, 2007). 

In order to understand the financial implications of this rule, 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 use renewable 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 would be 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, we calculated 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 renewable technologies used would only supply energy in the form of 

electricity. Adrian Hewitt, the Principal Environmental Officer for the Merton Council 

ŀƴŘ ƻǳǊ ǇǊƻƧŜŎǘΩǎ ǎǇƻƴǎƻǊΣ ǇǊƻǾƛŘŜŘ ǳǎ ǿƛǘƘ ǘƘŜ ŜǎǘƛƳŀǘŜŘ ǉǳŀƴǘƛǘȅ ƴŜŜŘŜŘ ǘƻ ǇǊƻŘǳŎŜ 

20 percent renewable energy per 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, ground source 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 per an average-sized borough, we multiplied 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 

aǊΦ IŜǿƛǘǘΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ ǿŜ ŘŜƭŜƎŀǘŜŘ ƻƴŜ-third of this renewable energy to the 

domestic sector and the remainder to the commercial sector. Mr. Hewitt also provided 

us with the cost 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 come with imposing 

this extended Merton Rule for the local London governments. These 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 determining 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 renewable technologies 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 dioxide. A factor of 560 tons of CO2/kWh 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 water 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 

ŀƴŀƭȅǎƛǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ ǘǊŀŘƛƴƎ ǾŀƭǳŜ ƻŦ ŎŀǊōƻƴΣ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴΣ ŀƴŘ 

5ŜŦǊŀΩǎ ǎƘŀŘƻǿ price of carbon. The 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 2008 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 

ǎŜŎƻƴŘ ƳŜǘƘƻŘ ƛǎ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴ Σ ǿƘƛŎƘ ƛǎ ǘƘŜ Ǝƭƻōŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴ ǘŀƪƛƴƎ 

into account the economic damages of emitting that ton of carbon (Stern, 2006). To 

ŎŀƭŎǳƭŀǘŜ ǘƘŜ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ ŎƻǎǘΣ ǘǿƻ ǾŀƭǳŜǎ ǿŜǊŜ ƴŜŜŘŜŘΦ  CƛǊǎǘ ƛǎ ǘƘŜ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ 

ŎŀǊōƻƴ ŦƻǊ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΣέ ǿƘƛŎƘ ƛǎ ǘƘŜ Ŏƻǎǘ ƛŦ ƴƻ ǇƻƭƛŎƛŜǎ ǿŜǊŜ Ǉǳǘ ƛƴ ǇƭŀŎŜ ŀƴŘ 

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 

ōȅ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ŦƻǊ 9ƴǾƛǊƻƴƳŜƴǘΣ CƻƻŘ ŀƴŘ wǳǊŀƭ !ŦŦŀƛǊǎ ό5ŜŦǊŀύΣ ŜƴǘƛǘƭŜŘ άThe Social 

Cost Of Carbon And The Shadow Price Of Carbonέ ό9ŎƻƴƻƳƛŎǎ DǊƻǳǇΣ 5ŜŦǊŀΣ нллтύ. The 

ŘƛŦŦŜǊŜƴŎŜ ƻŦ ǘƘŜǎŜ ǾŀƭǳŜǎ ǊŜŦƭŜŎǘǎ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴΦ ¢ƘŜ ƭŀǎǘ ƳŜǘƘƻŘΣ ǘƘŜ 

shadow price of carbon, was developed by Defra to account for criticism directed 

towards {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴ ŀƴŘ ǘƘƛǎ ǾŀƭǳŜ ǿŀǎ ŀƭǎƻ ŦƻǳƴŘ ŦǊƻƳ 5ŜŦǊŀΩǎ ǊŜǇƻǊǘΦ 

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 renewable technologies. 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 technologies 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 was determined 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 borough multiplied 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 prototype system for 

ƳƻƴƛǘƻǊƛƴƎ ŀ ōǳƛƭŘƛƴƎΩǎ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ aŜǊǘƻƴ wǳƭŜΦ  ²Ŝ ŀƭǎƻ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ 

our prototype system could be extended to monitor other renewable technologies. 

Lastly, we quantified the financial benefits that exist of an extended Merton Rule for 

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 system will eventually 

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 the overall 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 extended 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 monitor the renewable 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 computer system called 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 these three tasks 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 The Big Yellow Self Storage Company.  Based on the 

criteria developed in the methodology chapter, we found many sensors that would be 

ǾƛŀōƭŜ ǘƻ ƳƻƴƛǘƻǊ ōƻǘƘ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ Ƴŀƛƴ ǇƻǿŜǊ ƎǊƛŘ ŀƴŘ ǘƘŜ ǇƘƻǘƻǾƻƭǘŀƛŎ ǇŀƴŜƭǎ όt±ύ 

generating renewable energy for The Big Yellow Self Storage Company.  These include 

the TED series of sensors, the Powertek ISW 8001, the Wattson sensor, and the 

ƳŜǘŜƻŎƻƴǘǊƻƭ ǿŜōΩƭƻƎ [LDI¢ҌΦ !ƭƭ ǘƘŜǎŜ ǎŜƴǎƻǊǎ ǿŜǊŜ ǎǳƛǘŀōƭŜ ŦƻǊ ŀ ǎƛƴƎƭŜ ǇƘŀǎŜ ǎȅǎǘŜƳΣ 

which refers to how power is converted once it reaches 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 the TED series 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 accuracy of ± 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 that interacts 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 8001, which 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 sensor does not derive the energy data in kilowatt-hours, 

more accommodations would have to be written in the MRMS programs.  

The Wattson, developed by DIY Kyoto, costs £149.50 (approximately $300). The 

²ŀǘǘǎƻƴΩǎ Řŀǘŀ ƛǎ ǊŜǘǊƛŜǾŜŘ ǿƛǊŜƭŜǎǎƭȅ ōȅ ǘƘŜƛǊ ǎƻŦǘǿŀǊŜ, the Holmes, free of charge. In 

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 us to do so.  

[ŀǎǘƭȅΣ ǘƘŜ ƳŜǘŜƻŎƻƴǘǊƻƭ ǿŜōΩƭƻƎ [LDI¢Ҍ ǿŀǎ ǘƘŜ ǎŜƴǎƻǊ ǘƘŀǘ ǿŀǎ ŀƭǊŜŀŘȅ 

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 connected 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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  Lƴ ŀŘŘƛǘƛƻƴΣ ǿŜ ƛƴǘŜƴŘŜŘ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ t±Ωǎ ŜƴŜǊƎȅ ƻǳǘǇǳǘ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƎǊƛŘΩǎ 

energy output for 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 Protection Act.  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 Storage Company.  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 a CD-ROM 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 Requesting Application (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 monitored from an offsite location.  The final 

interactions between the programs provide a remote user with a way to get real-time 

(constant updates as soon as they are available) or on-demand  (upon request) data 

from any sensor the Onsite Server is monitoring in the Merton Rule building.   
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The second deliverable for this portion of the project was a CD-ROM containing 

the two applications and the source code for them, the MrHomer framework and 

source code, installation instructions, and all the files needed to install the system on a 

computer.  The explanations of these contents of the CD-ROM are located in Appendix 

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

London Merton IQP Sequence. Sourceforge is an online collaboration 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 only to 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 involve 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 

/ƻƳǇŀƴȅΩǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴΦ {ǳƎƎŜǎǘƛƻƴǎ ƻƴ Ƙƻǿ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ awa{ ǘƻ ōŜ ƳƻǊŜ ŦƭŜȄƛōƭŜ 

are located 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 in ¢ƘŜ .ƛƎ ¸Ŝƭƭƻǿ {ŜƭŦ {ǘƻǊŀƎŜ /ƻƳǇŀƴȅΩǎ ōǳƛƭŘƛƴƎΦ  Lǘǎ 

secondary purpose is to wait for connections from remote applications and forward 



46 

 

data from the sensors it is monitoring upon request.  Information on significant events 

that can occur during the execution 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 

ƳŜǘŜƻŎƻƴǘǊƻƭ ǘƘŀǘ ǘƘŜ ǿŜōΩƭƻƎ [LDI¢Ҍ ǎǘƻres a data file of its readings in a FTP (File 

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://www.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/lgpl.txt).  The LGPL regulates how 

code can be used and distributed. Consequently, 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 that occurred 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 Storage Company 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 would 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 project.  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 the Remote Requesting Application (RRA).  

¢ƘŜ ww!Ωǎ Ƴŀƛƴ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ŎƻƴƴŜŎǘ ǘƻ ŎƻƳǇǳǘŜǊǎ ǊǳƴƴƛƴƎ ǘƘŜ h{{ ǇǊƻƎǊŀƳ ŀƴŘ 

request sensor data from it.  There are several ways that this is accomplished, and they 

are discussed in Appendix O.   

The RRA achieves its main 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 program.  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 simply 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 which is running the 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 remotely, and 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 complete 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, we acquired the electrical schematics for The Big Yellow Self 

Storage Company through contact 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 panels and 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 to know that 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 Polytechnic Institute 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 laptops which allows 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 Big Yellow Self 

Storage Company proposed install diagram and device explanation is as follows: 
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Figure 4-1: Proposed Install Diagram for Big Yellow Self Storage Company 

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

connection to tƘŜ ƳŜǘŜƻŎƻƴǘǊƻƭ ǿŜōΩƭƻƎ [LDI¢Ҍ ōŜǘǿŜŜƴ ǘƘŜ hƴǎƛǘŜ {ŜǊǾŜǊ /ƻƳǇǳǘŜǊ 

ŀƴŘ ǘƘŜ tǳōƭƛŎ 5ƛǎǇƭŀȅ 5ŜǾƛŎŜ ƛƴ ¢ƘŜ .ƛƎ ¸Ŝƭƭƻǿ {ŜƭŦ {ǘƻǊŀƎŜ /ƻƳǇŀƴȅΩǎ ōǳƛƭŘƛƴƎΦ  ! 

laptop (Label B) was purchased to serve as the Onsite Server computer.  Ideally, this 

computer would have an 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 

ǘƘŜ ƳŜǘŜƻŎƻƴǘǊƻƭ ǿŜōΩƭƻƎ [LDHT+ simultaneously.  This was used 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 we purchased 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 returning 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 Jimenez that 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 us.  The revised install diagram is as follows: 

 

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 Big Yellow Self 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, and meteocontrol 

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 box which can accept Ethernet cable 

connections.  In addition, The Big Yellow Self Storage Company purchased a broadband 
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modem which would allow connection to the internet. These were then wired into a 

network switch which would accept cables from the input box, Onsite 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 able to 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 Application 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 Program to 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 incorporate a live 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 researched 

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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significant amount of power is required.  These systems generally operate with a 

coefficient of performance (CoP) of 3-4.  This means that for every kilowatt of electric 

power that they use, they generate 3-4 kilowatts of power.  Unfortunately, they do not 

generate 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 

systems. 

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 the devices 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 Department 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 thermal water heaters (Figure 4-

3).   
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Figure 4-3: Solar Thermal Water Heater Monitors 

 (original image from http://www.therenewableenergycentre.co.uk/solar-heating) 

 

Through the monitoring of various temperature changes and the liquid velocity 

throughout the system, 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 

quantify how much energy the system is saving the customer.  For a full analysis of the 

system and scientific equations, please see Appendix 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 central device which turns these values into the 

energy data. This 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 functions can be seen in Appendix 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 installs and 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 from the ground 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 be monitored. 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 setup of sensor location can be seen in Figure 4-4. 
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Figure 4-4: Ground Source Heat Pumps 

Original Image from http://www.geo4va.vt.edu/A3/GHP-cooling.gif 

 

After searching the websites for licensed ground source heat pump providers in London 

(Dept. of BERR 2008), 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 non-electric renewable energy source that is viable 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 replenish 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 the plant 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 London 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 local governments of London. 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 percent of their 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. Simplifying assumptions 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 fuel and gas. 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, we first had to 

calculate the total amount of energy (kWh) saved from renewable sources annually in 

London with the extended Merton Rule. Figure 4-5 shows how we were able to 

calculate this:  
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Figure 4-5: 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 technology. 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 4-6 details the final calculations to determine the cumulative annual 

savings for commercial and residential properties in London: 
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Figure 4-6: Annual Savings of Commercial and Domestic Sectors 

 The percentages of the total renewable energy given by Mr. Hewitt were applied 

to 66,000,000 kWh, the total renewable energy expected to be generated by London 

calculated in Figure 4-5. This produced the values for the renewable energy generated 

by each sector. This was then multiplied by the cost per kWh also provided by Mr. 

Hewitt to produce the 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 the local governments of London as well (Greater London Authority, 2007). 

First, London would be saved from potential carbon emissions. A price on these avoided 

ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ǘǊŀŘƛƴƎ ǾŀƭǳŜ ƻŦ ŎŀǊōƻƴΣ {ǘŜǊƴΩǎ ǎƻŎƛŀƭ Ŏƻǎǘ 

ƻŦ ŎŀǊōƻƴΣ ŀƴŘ 5ŜŦǊŀΩǎ ǎƘŀŘƻǿ ǇǊƛŎŜ ƻŦ ŎŀǊōƻƴ ǘƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ŀƴƴǳŀƭ ǎŀǾƛƴƎǎΦ {ŜŎƻƴŘƭȅΣ 


