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Abstract 

The residenti al market in New Zealand con umes a significant proporti on of our elec tric ity 

producti on and is one of the fastest gro1ving ec tors. As a vertically integrated genera tor

re tai ler in the ew Zea land electri city industry, Meridian Energy Ltd i concerned at retaining 

and growing their cu tomer base. They recogni se that utili sati on of e mergi ng di stributed 

generat ion [DG] techn ologies can provide a competiti ve advantage in the market place. 

A decision tool was developed to he lp Me ridian identify opportunities within the res ide ntial 

market for app lications of DG. The model compares the cost to serve a household 's energy 

needs usi ng a business as usual case w ith a DG case on an annual basis fo r a ingle household 

or a ne ighbourhood. A modul ar approac h was used for ease of development and to e nable 

future e nhancements. The main modules were: load profile develop me nt, DG tec hnology, 

operati on control , costing and a calcul ation engine. 

The load profil e module estimated space heating/cooling, water heati ng and other e lectrical 

loads for each 30 minute period fo r 8 representati ve days of a year based on nati onal end-use 

statist ics and a set of 40 reference profiles. A Gamma di stribution was used to simul ate 

di vers ity between houses. 

The calculation engine computed the a mount of demand that could be met by the DG 

technologies and hence the res idual demand or surplus fo r export. 

The pricing modul e est imated the annual cost including aspect uch as: capital cost, fuel cost, 

mainte na nce, value of ex port and cost of import. 

The technology modul es allowed different DG technologies, as well as a range of parameters 

to be selected. It included renewable energy resource modelling. 

The performance module allowed different operation control of the heat engine technologies 

includin g: base load, electrical peaking, heat peaking, load following (heat-led) and load 

fol lowing (elec tricity-led). 

The model was implemented using Microsoft Visual Basic for Applications, in Excel. A 

series of user-form were developed to enable the model to be run with a minimum of user 

input. 



Three case studies were undertaken. In the firs t, fi ve technology types were modelled, with 

the heat pump and Stirling engine looking the most promising. The second case study 

involved these two technologies in a Christchurch urban area study. A hypothetical network 

analysis showed the benefit that these technologies could have in reducing peak loading on 

the network. The third case study examined the sensitivity of the results to the value of 

specific variables . Load size and capital cost had the strongest influence on NPV. 
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1.1 Electricity in New Zealand 

The e lectric ity industry in New Zealand has recentl y undergone ignifi cant change. It has 

moved fro m state-owned, regulated and ve11icall y integrated utili ties (Electricity Corporat ion 

of New Zealand [ECNZ] plus regional di stributi on companies) into a compe titi ve market 

where the monopoly act ivities (l ines businesses) have been separated out fro m the 

competitive services of generation and transmiss ion. After 12 years of almost continual 

reform, the re still ex ists the poss ibility of further changes , as proposed by the recent 

Mini ste ri al Inquiry into the Electric ity Industry (MED 20000 ). 

In para llel with these reforms, the concept of distributed generation [DG] has re-emerged . A 

new term, replete wi th many new technologies that describes an old method of deli vering 

power to end users. DG consists of small energy converting devices such as fuel cells, mi cro

turbines and Stirling engine that can be located close to the load source and often deliver not 

only e lectricity but also thermal energy (heat, co ld). Meridian Energy, the largest of the 3 

state owned utility companies and the pri vately owned Contact Energy that were created after 



the split of ECNZ, wants to investigate how to take advantage of this new way of providing 

energy to its customers. 

1.2 Objectives 

The overall objective of this thesis is to provide Meridian Energy with a decision tool to assist 

them in their process of identifying DG opportunities, particularly in the residential market. 

Thi s thesis had two aspects. Firstly , a model I to quantitati ve ly assess various DG technologies 

under multiple scenarios and secondly , a qualitative description of the issues involved with 

the application of DG in the residential sector. 

1.3 Scope 

Thi s thesis concentrates on assessing how the energy requirements for residential buildings 

are provided . Therefore it examines both technologies and demand-side issues that are 

relevant to domestic1 applications. However, it is envisaged that the analys is wou ld also be 

applicable to the study of other sectors in the economy (i.e. the commercial sector and in 

particular small , medium enterpri ses [SME]) with minor modifications. Since Meridian 

Energy is a generator, trader and retailer market participant, issues are viewed by the effect 

they have on this type of company and not from the transmission and distribution company 

perspective. Importantl y, the scope is future focused to all ow the decis ion tool to address 

issues likely to change as the e lectricity industry evolves, but are not yet apparent. 

1.4 Thesis Structure 

Chapter II Literature Review 

Describes the overall drivers that are creating an environment of c hange in 

the e lectric ity industry both world wide and in New Zealand, particularly 

those that affect the introduction of DG. The intention of thi s chapter was to 

provide a basi s on which to access the factors affecting DG. 

' The rern1, decision tool and llltJLkl ,lrL' u,eJ i1Hc'J"L'h,1ngeahl) 

The term, dome,tic anJ r,·,idcnti ,tl are u,ed intc:rc:h:111gt>,1hl) 
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Chapter III 

Chapter IV 

Chapter V 

Chapter Vl 

Chapter VII 

DG and M eridian Energy 

An overview of the New Zealand electricity industry and the role that 

Meridian Energy pl ays in it . Thi s Chapter also explores how a DG bu ine s 

case may be developed by Meridian Energy. 

Res identi a l Distributed Generation 

This Chapter looks specificall y at the market for res identi a l DG in New 

Zealand. It examine the characteristic of thi market as well a the likely 

technologies to be deployed in it. 

Model Charter 

The model charter clar ifies the object ives and purposes of the Thes is in te rms 

of the decision tool that wa developed . The model charter is a reflection of 

the results of the literature study as well as the commercial goals of Meridian 

Energy. 

Conceptual Model Development 

The basic premise on which the analysis wa conducted on (i.e . the va lue 

proposition) is identified and the framework on which thi s ana lysis wi ll be 

carried out is desc ribed . It outlines the spec ific modules (Chapters VII to X) 

and the ir positi on in the model framework. 

Load Profi le Development 

This Chapter describes the concept of load profiling and represents the 

demand side aspect of the model. It shows the importance, yet difficulty in 

achieving accurate load profiles that refl ect soc io-economic factors. 

Chapter VIII DG Selecti on 

Chapter IX 

Describes the technical a pects of the different DG technologies that are 

modelled . This modu le highlights the variables that are included in the 

analysis, the reasons why they were chosen, the assumption made about 

them and their impact on the model. 

Operational Control 

This Chapter hows what different operating regimes could be employed for 

DG and how this control is achieved. 
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Chapter X 

Chapter XI 

Chapter XII 

Costing 

The mechani sm used to co t the upply of energy to a res idential consumer, 

both via the traditional supply means and also with the use of DG 

technologies is described . 

Model Implementati on 

Thi s Chapter shows how, using a computer programme the formulati on 

developed in the proceeding Chapters is implemented . It addresses the 

practical issues of the sys tem architecture as well as providing a descripti on 

of the calcul ati on sequence. 

Case Studies 

Three case studies are conducted showing the model' s abili ty to analyse real 

market scenari os . The mode l' fun cti onality is demonstrated and used to 

di scover a range of important insights into the CutTent use of DG. 

Chapter XIII Conclusion and Recommendati ons 

Thi s Chapter provides a summary of the model' s capabilities . In addition it 

refl ects on the original obj ecti ves of the Thesis and provides a commentary 

on areas that warrant further analys is. 
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Chapter 2 

Literature Review 

2.1 Structure 

The purpose of the literature review ts to gt ve an understanding of how DG it m the 

e lectricity indu stry land cape and in particular what the scenarios are for the residential 

application of DG from Meridian' s [MEL] point-of- iew (Figure 2- l) . 

What IS OG? 

DG in the international 
markets 

DG 1n deregulated 
markets 

DG1nthe N Z 
market 

MEL's DG 
perspective 

Figure 2-1: Literature Review Progression 

Aeslden11al OG 
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2.2 What is DG? 

In reviewing the literature, there are a number of definitions used for DG. Factors that can 

affect the classification of a generating entity as distributed generation include: 

Purpose 

Location 

Power rating 

Power deli very area 

Technology 

Environmental impact 

Mode of operation 

Ownership 

A contemporary defi niti on of DG (Ackermann et al, 1999a) states: 

'Distributed generation is an electric power source connected to the distribution network3 

or on the customer side of the meter.' 

However, this definition does not cover the fu ll application intended in thi s Thesis By 

defining DG techn ologies as "di stributed energy converting mechanisms4
" , it includes more 

diverse technologies such as solar water heaters and heat pumps, even though they do not 

produce electric power in their own right but reduce the consumption of it. In addition many 

ex isting and emerging DG technologies can run in combined heat and power [CHP] mode, 

where the 'waste' heat can be utilised as a valuable energy resource. 

Therefore the definiti on of DG in this thes is is: 

'Distributed generation is an energy source, or conversion mechanism which provides 

useful energy, that is located in the distribution network or on the customer side of the 

meter .' 

It is an essenti a l aspect in building a DG model for the purposes of Meridian Energy that the 

definition used is compatible with the company's inte rests. However, because of the dynamic 

nature of the trends in DG it is probable that the application of DG in the market place will be 

· 1hc: J1,lrihullllll llL'l11uri-- i, d1sl111c1 fr,1111 lhc lran,1111,,\\111 llcl\\l>rk 

1 
:\u Jc\ iL·e L·:m create eni:rgJ ~1ccording tn the I" La\1 or Thcrmod: 11a1111c, 
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ubject to change, not only explicitly, with new technologies being developed that fit into this 

class but also implicitly i.e. with a change in definition of DG5
. 

Figure 2-2 illustrates the positioning of DG in the network. It was felt that this aspect, its 

location, was the most important criteria in its definition. 

Generation Transmission 

'- I / 
-0-
/ I '-

Distribution 

DISTRIBUTED 
GENERATION 

Figure 2-2:Spatial Representation of DG in the Network 

Demand 

Figure 2-3 gives an overview of the size, cost and technology types that may uit the criteria 

fo r DG. There is also a time factor (moving from left to right) indicating the drop the dollars 

per kW cost as technologies mature between 2000 and 20 15. If the re idential market appears 

to be uited to by only a narrow band of technologies (below 200 kW) which also happen to 

be the more expensive. 

Residential OG 
$/kW ____. ______ o_G ___ , 
100.000 . 

10,000 
Pulverl:ted Coal 

4 
~ * Aero•C~ -t . 

1.000 

iftii:rotur in-es 
Combined 

Cycle 10-----------------------100.000 500,000 

SoutC8: EPRI 

Figure 2-3: Size, Cost and Various Technologies for Power Generation 

7 



2.3 DG in International Markets 

2.3.1 Historical Trends 

DG is not new. The idea to install and operate a power system was first utili sed by Thomas 

Edison in the 1880s. Subsequently a trend developed with generating units being sited close 

to loads. Because the low-voltage direct current [DC] systems had high losses, thus limiting 

the distance between load and source. But the advent of transformers and higher vo ltage 

alternating current [AC] with lower assoc iated line losses, allowed large generators to be 

located far from loads. Over the years as transmission line technology increased and 

economies of scale (due to higher thermal efficiency) became a factor, fewer but larger power 

stations were built , often connected by high voltage transmission systems. Technological 

developments were not the only drivers . Insti tutional and organi sational structures such as 

govern ment owned utilities favoured long term in vestment and large scale power generation. 

Figure 2-4 shows the progress ion of power production as a function of deli vered cost over 

time. Clearly, economies of scale are evident with costs decreasing with increasing size of 

plants. However thi s trend has begun to reverse. The oi l price crises in the 1970' s showed that 

many countries depended on imported fossil fuel from abroad to keep thei r economies ali ve. 

This prompted the development of non-fossil fuel technologies including nuclear and 

renewables6 to provide a hedge against future oil price rises . This interest in new technologies 

allowed a shift away from the traditional 'bigger is better' mentality to consider alternati ves 

which were previously thought to be uneconom.ical. Combined cycle gas technology [CCGT7
] 

development in the 1980s led to an optimal plant size of around l 00MW, which significantly 

lowered in vestment costs and lead times. The late 1990s have seen new technologies such as 

fuel cells, micro-turbines and Stirling engines in the size range of a few kW to a few hundred 

kW appear on the market. These technologies, partly because of their small capacity, make 

them an option for DG in the residential market, though at present they make expensive 

options. 

L ,ing Ille' pu11cr ,11 narurc i.c 11·ind. ,niar. hi ,1 111.1,, gc,11hcr111a\ ,ind 1iJ,1i a, ,nu rec, ,1r 'ckan. ,u,1ainahlc fu,·I 

CPrnbincd c:clc rckr, 1,1 !he' ,cqucn1ic1l pruduL'liun uf ck,·tricil:. ini11<1II::, h) a ga, 1urhinc ,ind sc·c,rndl) 11 i1h ,1 

hc'al rcco1t'r) q am 1urbint' 
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Figure 2-4: Evolution of Electricity Power Production 

There are a nu mber of fac tors affecting the application of DG. Many literature sources convey 

the common theme outlined below (Wi lli s & Scott , 2000): 

2.4.1 Environmental Issues 

There is a perception that 'green' power is better. Poli cie dri ven by public awareness pl ace 

restrictions on the impact on the environment. Reduced emi ssions fo r example, has forced the 

development of cleaner technologies. Large power projects, requiring resource consents 

which are becoming mo re difficult to obtain , are becoming less feasible as the lead time 

increases . The Kyoto Protocol is broadening the scope for renewable energy developments, 

which often lend themselves to DG applications (e.g. solar and wind ba ed). In Cali fornia 

they have a million roofs programme which aims to in sta ll PY panels on a million res idential 

roofs. On the retail side customers are becoming educated as to how 'green' their electricity 

they consume is. For example in Vi ctoria, Austra lia it is proposed that a CO2 metric be 

included on customer 's bills. Carbon tax and cash ubsidies for 'green' proj ects are becoming 

important issues when asse sing project feas ibility. Environmental and economic policy shifts 

are moving towards full y costing externalities, which in some cases favour (e.g. solar water 

heating) but in others decrease (e.g. large scale hydro electric) the value of renewable 

projects. 
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2.4.2 Privatisation and Deregulation 

The e lectric ity industry world-wide is evolving, led by a trend towards pri vati sation and 

deregulation. Large investment of venture capital into new generation technologies is 

occurring. Thi s phenomena has been previously observed in the telecommunicati ons industry 

when it was de-regulated and the resultant growth that occurred in technology development 

and ultimate ly in customer use and market capture . Large multinationals uch as Shell and BP 

are entering the market and raising the profiles of new technologies. Deregul ation of the 

electric ity market lowers entry barriers for new and smaller speciali st energy companies that 

are looking to deploy DG. Thi s however is not always the case. For example some lines 

companies may be reluctant to allow third parties to connect DG units to their networks by 

imposing st1ingent interconnection standards. The presence or absence of such barriers often 

depends on who receives the benefit of any paiticular installation of DG as these more 

competiti ve markets are focussed on sati fying specific customer needs and capturing the 

' added value ' benefits. Further deregu lation and competition is moving in vestment risk and 

incenti ves nearer to customers. 

2.4.3 Increased Electricity Demand 

World wide electricity demand is increas ing. T his is especially apparent in the developing 

world, where not only is the demand increasi ng the fas test but establi shed transmission and 

di stribution system do not exit . This is providing growth opportunities fo r DG technologies 

as an alte rnati ve to large high voltage transmission systems. In the U.S. alone the Electric 

Power Research Insti tute (HDR, 2001 ) estimates that the market fo r di stributed resources 

would grow between 2,500 to 5,100 MW annually by 2010, which will account for about 25% 

of new generati on. In addition, world wide e lectricity forecast shows elec tricity consumption 

increasing from 12 trilli on kWh in 1996 to 22 trillion kWh in 2020 (U .S. DOE, 1999). It can 

be seen that there is an obvious need for new electricity generation capacity. It is proposed 

that DG will provide a portion of the increase without having to replace existing large scale 

power plant . 

2.4.4 Increased Need for Power Quality 

The ' new' economy industries that provide the nerve centres for the ' info rmation age' we live 

in, such as network servers, telecommunication exchanges, data processing fac il ities fo r banks 

and governments, all require high quality power. In addition, many manufac turing and 

process industries are re liant on computer controll ed critical manufacturing processes. The 

widely quoted example of silicon-wafer manufacturing, incurs losses in the millions of dollars 

fo r momentary power fluctuations. The cost justification for installing DG at a particular site 

is often not based on the cost of the e lectricity provided but on the cost of not having 
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e lectricity or electricity of sufficient quality. Different DG technolog ies allows a customi sed 

so luti on that meets the power requirements fo r its host. The 'solutio n' is defined in terms of 

th e response speed and sensiti vity to voltage fluctu ations and the duration that the load can be 

susta ined. 

2.4.5 New Technologies 

W hether technology development dri ves market reform or the othe r way round is open fo r 

de bate. However the reality is that the long awaited commerciali sat ion of ome technologies 

uch as fue l ce ll s, external combusti on engines and micro-turbines is happening. It is no 

longer a questi on of if, but when technology will meet the increasing demand fo r cleaner, 

more effic ient small scale power systems. Further, the huge advances in information and 

co mmun ication technologies are both enabling networked system approaches and 

o vercoming earlier barriers to the widespread applicati on of DG. Recent performances of 

mi cro-turbine manufacturers Capstone and Plugpower in the USA, and the increasing fl ows 

o f venture capital into development companies, signal in vestors' near term expectations of 

s ignifi cant industry change (Li tt le, 2000). 

2.4 .6 Natural Gas 

Gas is fas t becoming the premium fuel for power and heat generation, which many DG 

technologies util ise. Its cleaner burning characteri stics (compared w ith coal) often lower price 

and suitability fo r tate-of-the-art CCGT power plants have he ightened the awareness of gas 

as a fue l choice in the market pl ace. Further the gas networks that are often quite extensive 

with high levels of penetration, are in many case operating below their max imum capac ity. 

The opportunity to ex pl oit this marginal gas line capac ity in hi ghl y reticulated urban areas 

warrants further expl oration. However it must be cautioned that as gas demand increases so 

inevitabl y does the pri ce. In fac t in the past 14 months natural gas prices have quadrupled in 

the USA, a fact now ironically quoted by nucl ear industry proponents. 

2.4.7 NZ Situation 

The drivers above are operating at global levels. Technology that is being developed as a 

result of them may not find application at all national or regional levels. In other words what 

is economically the best option in Asia, where established large-scale generation and 

transmission systems don't exist and there is a massive shortfall in generating capacity, will 

not necessarily apply in New Zealand where there is currently a generation surplu (wet year) 

and electric power is cheap and reasonably reliable by comparison with other countries . 

Concerning natural gas in NZ, the anticipated demise of the Maui field by 2007 has placed 
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greater emphasis on the discovering and bringing into production of additi onal fi elds, with an 

associated ri se in gas price to facilitate further exploration expected. 

2.5 Benefits 

The benefits of DG are numerous, however it is important to address them in correct context, 

which some proponents of DG have fai led to do. Moreover the benefit experienced may be 

specific to the type of 'p layer' in the market; be it generator, retailer, lines company, 

transmiss ion company or end-user. The difficulty in perfo rming a cost-benefit analys is is that 

DG resources produce benefit s that typically fl ow to more than one entity. Thi s produces a 

split incenti ve where no single entity ees all the benefit s, meaning their desire to introduce 

DG is likewise affected . 

2.5.1 Avoided Transmission and Distribution Costs 

T he defining characteri stic of DG is its locati on, c lose to the ·1oad. The electricjty therefore 

has to travel a relati ve ly short di stance, consequently avoiding transmi ssion and distribu tion 

[T&D] line losses which in NZ typically account fo r 8% of the e lectricity produced . The line 

losses are a result of the heat di ss ipation that occurs in cables transpo11ing electric ity as well 

as in transformers which convert the voltage level. Avoiding these losses and consequent 

recovery costs mean cheaper electricity. Another consequence is the avoidance of use of 

system charges of the T&D networks. For example, if the DG uni t was embedded in the 

di stributi on network the total power drawn from the relevant grid ex it point [GXP] could be 

lower, meaning lower charges paid to the transmi ssion company. Deferral or avoidance of 

system capital in vestment by way of transformer, substation or line capacity upgrade is an 

option open to network companies by empl oying DG technologie in constrained areas of 

their network. These points of constraint (an imbalance of supply and demand) can either be 

due to the market (competiti ve) or lack of line carrying capacity (phys ical) which result in 

volatile and high prices . 

Depending on whether the load is connected to the grid will determine the extent to which 

T&D costs can be avoided . If the grid is used as back-up, a connection fee will be incurred, 

whereas if the lines are cut, all costs associated with the grid can be eliminated. However, this 

last option appears unlikely for the mass residential market where frequent load variations, the 

low likelihood of customers investing in multiple redundancy and cost of storage devices 

often mean staying grid connected is like ly to make economic sense in the fo reseeable futu re. 
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There may be another set of T &D costs to consider; those of the gas network. If, as many 

anticipate, natural gas is used to provide the fu el for many of the DG tec hnologies like fu el 

cell s and Stirling engine , the gas network costs may become a constraining factor to 

consider. At present in New Zealand the gas network is onl y at 50% capac ity factor in pl aces 

but thi s could c hange with the advent of wide spread depl oyment of gas fue lled DG . 

2.5 .2 Bundle the Customers' On-site and Market Needs 

Locating a DG unit on the customer' premi ses all ows fo r greater fl ex ibility in meet ing the 

energy require ments. Customers can spec ify what their needs are in terms of power quality , 

reliability and cost. A number of solutions can be des igned which may include variou DG 

technologies and diffe rent configurati ons. An example of this is the Bank of Omaha, USA , 

which required a reli ability of 99.999997% fo r its Data Technology Centre. Thi s equates to 

less than one second of predicted downtime each year because a one hour outage is est imated 

to co t around US $ 6 million (HDR, 2001 ). A four fuel cell configurati on (2 be ing adequate to 

complete ly supply the critical base load) was used. The utili sation of waste heat can lead to a 

more complete 'energy package' being offered which not onl y includes electricity but water 

heating, space heating, pace cooling and even refri geration. 

2.5.3 Increased Efficiencies with Combined Heat and Power 

Most electrici ty producti on has assoc iated heat generation with it . The utili sati on of thi s heat 

fo r proce s o r heating needs for exampl e can lead to lower heating value [LHV] efficiencies 

of between 75-85 %. This co mpares to effic iencies of some non-CHP confi gurat ions of 25-

35 % fo r ome DG units (Meridian 1999.). CHP i achieved only where the heat load is in 

c lose prox imity to the DG source and whe re effi cient heat transportat mechanisms ex ist. 

Figure 2-5 g ives a numeric example of this: 696 units of energy to provide 400 units of 

deli vered energy via the traditional suppl y chain versus 500 units needed for a CHP system. 
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Figure 2-5: An Example of CHP Efficiency Compared with Conventional Supply Systems 

Not only can the 'waste' heat be used as a thermal source, in some instances it can be used to 

generate additional electricity in a co-generation configuration . An example of this is the solid 

oxide fuel cell [SOFC], which operate at temperatures of around 1000°C where hybrid fuel 

cell-steam generator systems are used (Lee & Sudhoff, 2001) . However, this normally 

requires high grade heat (high temperature and pressure steam) which is normally outside the 

domain of units sized for domestic applications . 

2.5.4 Utilise Low Cost Process Waste Fuels 

Industries that have suitable waste streams such as forestry , dairy and petrochemical can 

transform a possibly cost ly waste management issue into a low cost fuel (e.g. timber waste) . It 

would however be unlikely that residential use of such fuels could occur in New Zealand. 

Industrial DG applications of this variety have occurred in NZ recently. For example 

Meridian Solutions (a subsidiary of Meridian Energy) is actively pursuing such opportunities 

and Biogrid (a subsidiary of Carter Holt Harvey) is currently working with Golden Bay 

Cement to use wood waste to replace some of the coal used at their cement works. 

2.5.5 Short Lead Time 

The 'off the shelf availability of many DG technologies minimises lead times and reduces 

design costs . In addition , their modularity can minimise large capital expenditure by avoiding 

the need to invest in redundant capacity . By incrementally purchasing additional capacity the 

risk of uncertain demand can be decreased . Importantly the difficulty in obtaining resource 

consents in countries like NZ, under the Resource Management Act [RMA] , can be eased e.g. 

avoid having to secure right-of-way access for power lines and consents for large, high 

impact plants. 
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2.6 Modes of Application 

The different mode of applications of DG are widely known (Table 2- 1). In reality the best 

mode might be a combination of these. For residential applicati ons, the continuous power, 

CHP and peak shaving modes may be best at different times and locations. 

Appl ication Mode 

Continuous Power 

CHP 

1 Peak shaving 

Standby/emergency generation 

Mechanical drive 

Grid support 

Emerging applications 

Descri pti on 

Unit runs continuously either as: Back-u,:r running in 

parallel with the grid 

, Uninterrupted- running independent of the grid 

Utilising waste heat as a useful thermal output 

Operating when demand and/or charges are high 

Periodic use to provide power whenever grid fails 

Units drive shaft-driven equipment 

Applications may use DG to defer T&D system upgrade 

or to provide ancillary services 

Premium or green power 

----- --- ---- ---------------
(Source: Distributed power, 2000) 

Table 2-1 : DG Application Modes 

2.7 DG in Deregulated Markets 

Various countries world-wide have and st ill are undergoing market deregu lation. A number 

are reviewed here (Ackermann et al, 1999.) 

2.7.1 England and Wales 

An important issue in these countrie was the development and commissioning of the on 

Fos ii Fuel Obligation (NFFO) bidding system. The implementation of NFFO contract was 

lower than anticipated due to difficultie with planning mechanism and has been replaced 

by a new Renewable Obligations arrangement (suppl iers have to include a specified 3% of 

electricity generated from renewable sources) . In addition Renewable Obligation Certificates 

(ROC's) will be generated and traded . 

Introduction of green pricing mechanisms are expected to lead to a greater number of 

smaller projects, which may be classified as DG due to their size and/or location. 
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In December 1997 the Labour government introduced a moratorium on planning consents 

fo r new gas fired power stations, which may slow down new large-scale gas turb ines and 

CHP units. 

A country wide target to achieve 10% electricity generation from CHP plants by 2010 has 

been introduced. Installed capacity of CHP grew by 62% (1 439 MW) from 1991 to 1997. 

2.7.2 California 

The state of California has been the subject of much interest due to their second 

consecuti ve summer of rolling blackouts in 2001. As one of the pioneers of deregulation 

in the United States it is interesting to note the small ro le that DG has played in the 

power crises . 

The two regu latory issues that are influencing how DG is applied are the funding by the 

Califo rnia State Energy Commission and green pricing schemes . The fund ing for projec ts 

which have wind , geothermal, sma ll hydro, landfi ll gas and biomas technologies . The 

green pricing schemes include a commitment to build new renewable generation pl ant 

when a suffic ient amount of customers have signed their commitment to purchase 'green' 

electricity. 

Cali fo rn ia has 11 % non hydro renewable generating capacity which suggests a significant 

share of DG. Wind may be an obvious exception as it often feeds into the transmi ss ion 

network and hence cannot be class ified as DG . 

It should also be noted that there are other states that have begun to reform thei r 

e lectri city industries such as New York and Texas. 

2.7.3 Norway and Sweden 

In Norway the nature of the populati on di stribution has lead to a large number of power 

companies which in the past developed their own networks and power generation, 

resulting in wide use of DG. In late 1998, financial support for projects such as wind were 

introduced which led to a total of 600 MW of wind power now being in the planning 

stage (Ackermann , 1999) . In 1999 the government announced restrictions on CO2 

emissions fro m new gas plants making them less economicall y viable . No special 

regulations fo r small scale DG exist. 

In Sweden there are a large number of small and micro-hydro stations, some of which are 

owned by distribution companies. Renewable technologies including wind, that have 

received special support in the past are now under review making their future uncertain . 

Biomass as a fuel for DG units has great potential, particularly within the paper industry 

which includes applications for CHP with electricity being fed into the grid in some cases . 

Sweden has a CO2 energy tax for which renewables and DG producing less than 1.5 MW 
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will be reimbursed for CO2 tax paid . There are also concessions for sma ll scale generati on 

(up to 1.5 MW), in which the concession holder is required to buy all the power suppli ed 

by these small DG units at a tariff that represents the avoided costs of the concess ion 

holder. 

2.7.4 New South Wales and Victoria 

For the period 1995 to 2000, 1470 MW of new grid connected DG was added in New 

South Wales, increasing its share to 13.7%. A pollution levy is proposed to be the main 

driver fo r DG. 

In Victoria over the ame period, 247 MW of DG was added resulting in a 7% share of 

total generating capacity . A pecial government program promoting CHP wa responsibl e 

for about a third of a ll new DG system , however wi th no polluti on levy DG has less 

incenti ve to be developed . 

A green pricing scheme introduced has lead to approximately I 9MW of new di stributed 

renewable energy [RE] being employed ince 1997 in both states. In addition the nation 

wide quota for renewable energy which requ ires retailers 2 % of generation to come from 

RE by 20 IO is expected to lead to further in stallations of renewable di stributed energy 

technologies. 

It has been noted during the review of other electricity industri es, that they do differ 

markedly, not only in the ir physical makeup of generation type and transmiss ion systems but 

even more so in their restructuring. The 'li fe' of DG in NZ is difficult therefore to predict from 

overseas experience. 

2.8 DG in the New Zealand Market 

2.8.1 Historical 

DG in New Zealand 1s not a new phenomenon. Following the historical overseas trend, 

e lectricity was produced at or near the load site, until centrali sation of the industry began in 

the 1930s. Since then, the government and power boards have developed a backbone of high 

voltage transmi ssion lines, distribution infrastructure, and generation pl ant using fo si l fu els, 

hydropower and geothermal energy to bring networked electricity to almost every part of the 

country. New Zealand's reliable T&D system and comparatively low electricity prices as well 

as its highly reticulated electricity network has led to a low impact of DG on the market. 
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Figure 2-6 illustrates how the percentage of DG has fallen from 100% in the early 1900s to a 

low in the 1970s. At this point, following overseas trends, DG (particularly industrial DG) 

began to be used for more electricity generation . However, it is only from recent times that 

the percentage of DG has significantly increased mainly due to industrial co-generation plants 

and the Tarama wind farm . 

Distributed Generation in New Zealand 
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Figure 2-6: DG Development in NZ 

2.8.2 Reforms 

1980 

Cu rr ent Share of 

G Market: 

2000 2020 

There have been a progress ion of reforms in the New Zealand electricity industry. The more 

recent significant developments are shown in Figure 2-7. 

ECNZ split into two, with the 
formation of Contact Ene rgy 

1995 
1994 

Transmission separated from generation 
(ECNZ) and set up as a new 

SOE (Transpower) 

1996 

Profiling system introduced to allow domestic 
consumers to switch retailers 

Electricity Reform Act introduced : ownership 

1997 

separation of lines from retail Power Package released: Government's 
to the Electricity Inquiry 

2000 

ECNZ split into 3 new SOE 

Revised information disclosure 
regulations 

Figure 2-7: Evolution of Electricity Reform in NZ since 1994 

In essence the reforms were designed to give smaller consumers a choice of power suppliers 

and lower prices; lower electricity costs for business and industry ; guard against privatisation; 

and be better for the environment. As indicated above a major component of the reforms was 
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the Electricity Industry Reform Act [EIRA] 1998, which required the separation of vertical ly 

integrated companies into distinct line businesses or generator/retailer businesses. This wa to 

prevent integrated companies from using the ir monopoly line po ition to prevent competition 

in their area by re tricting access to customers, cros subsidising some customers and al o by 

cross subsidi sing their generation from the ir monopoly line positi on. Before the onset of 

competiti on wholesale prices averaged 3.35 c/kWh, in a wet year. For the later half of 1999 

after the reforms came into play price dropped to 2.58 c/kWh indicating that, at least at the 

wholesale le vel, the government's objective of lower prices was being achieved . 

It is vital for any study on DG that the proposed reforms are understood because changes in 

the regulatory framework can have s ignificant impact on who the players are in the DG 

market and to what extent that will be mandated . 

2.8.3 Ministerial Inquiry into the Electricity Industry 

The purpose of this inquiry in 2001 was to "evaluate whether the current regulatory regime 

(EIRA) meets the government's objective of ensuring electricity is deli vered in an efficient , 

reliable and environmentally sustainable manner" , It was undertaken in response to the 

perception that the previous reforms had not delivered ufficient benefit to consumers. 

Importantl y the discus ion on how DG is to be treated is very significant as the economics 

and therefore application of DG can be greatly enhanced by a favourable regulatory regime. 

2.8.4 Power Package 

A number of issues were identified in the Inquiry and responded to by the Government in the 

Power Package (released in 2001), that related to DG . They include: 

Ownership of DC 

DG should be allowed to be utilised where it is most economically efficient. Line 

companies, although having strong drivers to use DG were currently prohibited from owning 

DG. The government believed that thi s restriction should be removed to allow lines 

companies to own DG up to 2 percent of the network's maximum demand or a maximum of 5 

MW, provided that the source of such generation is a new renewable and that the generation 

activity is catTied out in a separate company. They believe that this would not endanger the 

underlying objectives of the EIRA. However some industry participants have questioned 

whether this will be possible. New legislation enabling this change in ownership has recently 

been passed . 
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Construction and implementation of DC plant 

Obviously lines companies are in a good position to identify opportunities for the 

implementation of DG within their network. Therefore provision will be made to require that 

line companies publicise their intentions to construct DG 30 days prior to entering binding 

contracts. It must be questioned though whether this will allow competitors sufficient time to 

respond. 

Connectivity with the network 

It is proposed that the Electricity Governance Board8 develop generic terms and conditions for 

the connection of DG to distribution networks. 

However not all points highlighted by the Inquiry with respect to DG were addressed by the 

Govern ment's response . These include: 

Functionality of DC - DG should be allowed to participate in the prov1s1on of ancillary 

services such as demand shedding or frequency support . 

Transpower's stand-by charges - Customers utilising on-site generation are required to pay 

for their off-take based on peaks during the preceding 12 months, even if they only utilise 

Transpower's services for a fraction of that time . 
0

A differential standby facility charge is 

proposed . 

2.8.5 National Energy Efficiency and Conservation Strategy 

As Figure 2-8 indicates the National Energy Efficiency and Conservation Strategy (NEECS) 

is another aspect of the government's energy policy . 

Its goals are to (EECA, 2001 3): 

Reduce CO2 emissions 

Reduce local environmental impacts 

Improve economic productivity 

Promote industry development 

Improve economic resilience 

Reduce energy deprivation 

' The Elcctri L'i l) G,1, ern a1Ke BnanJ [EGB I i, the a1nalgama1 inn ur the \'ZE.\ I . .\ I ARI A :111d \ IACQS 
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NEECS 

• 20% 1n,provemen1 1n eeOl'\Omy•W!cle 
eneri;:yeffic1ency by 20 12 
• Increase 1n renewable energy supply 
by • quantified amount by 2012 

Climate 
Protection Bill 

E:,cpected to· 
• Enabl. NZ to r11ttfy Kyoto Protocol 
• Enable NZ to sa11sly its commitments 
under the Kyolo Protocol 

Resource 
Management Act 

1991 
Purpose 1$ 10 promote the 
sustamble management of nal\lrat 
& physical resources 
Guidelines & NatlOflal Pohcy 
Statemen1 s may b. developed to 
assn,t local authonlles con~d•mg 
renewable ene,11)' devekipmilnts 

Electricity Industry 
Reform Act 1998 

Planned amendments to allow lines companies to 
own generalion up lo speethed llm11s, unl1m1ted 
11 renewable 

Constden~ eeo-taxes 

~ 0~ related policy mane~ 

In advance ol World Surnrnit on 
Sus1.1.u,abMI Development the 
Government 11 developing 11S 
SUSl&;r\abthtypol,cy 

Government 
Policy Statement 
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Electricity Act 1992 

Planned amendments 
II 1ndtAtry la~s to meet the 
Govemmenr'5 expectations under lhe 
GPS then !he Government w,11 
regulate Ths would require 
• hydro generltOfS lo report hydro SPIH 

Gas Sector 
Review 

Re111ew to useu whether. HJS0ng 
ta~• or pay corm.els result 1n 
1ncenbVes for gas fired elac:tnc1ty 
gener.to1s to displace renewable 
resources (resulbng in unnecessary 
waterspill ) 

Energy policy lrameworl( 

(Source: Meridian Energy, 2001) 
Figure 2-8: Government's Energy Approach 

Its targets which are required to be measurable, reasonable and practical include: 

Energy efficiency: At lea t 20% improvement in economy-w ide energy efficiency by 

2012 

Renewable energy: Increase renewable energy upply by 30PJ by 2012. 

W hat is of interest to DG proponent and Meridian Energy is how technologies, including 

renewab les that lend themselves to DG app lications are going to be suppo11ed as a result of 

the government policy? Some of the possible measure that may be employed are: 

E 

s 
nergy 

upply 

B uildings 
-

In dustry 

Renewables 

Electricity sector 

·----- -
Industry development 

-

. Facilitate use of wood waste in forestry processing sector 

. Evaluate mechanisms to increase proportion of electricity 

from renewables 

. Improve understanding of DG and Demand Side I 
I 
I 

Management [DSM] 

I . Introducing pricing to facilitate energy efficiency I 

! 
I 

Develop support mechanism for solar water heating industry 

Home energy rating scheme 

Direct grants to carry out energy audits : 
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2.8.6 Current Environment 

The current environment provides both encouragement and uncertainty to DG proponents. As 

shown earlier, proposed changes to legislati on, particularly relating to lines companies are 

addressing some of the issues facin g DG. Ironicall y as the name suggests 'di stributed' 

generation has significant benefits for the distribution network in terms of system capital 

deferment for line upgrade. But with restricted DG9 ownership, lines companies are reluctant 

to give over control of potentially hundreds of units to third partie . High entry and 

membership fees in to the market have put small companies want ing to specia lise in DG at a 

di sadvantage and the lack of common interconnection standards have meant that unforeseen 

expense and delay can reduce the feas ibility of a DG applications. 

In the Ne w Zealand market, DG has made an impact. Growth in energy demand over the last 

fi ve years has averaged around 2% per year i.e. a total of around 500 MW. Approx imately 

half of thi s has been DG. Table 2-2 (Meridian Energy, 1999b) summari sed the DG 

install ati ons that have occurred in New Zealand . 

Plant Type Size (Electric) Market 

Te Rapa Gas Turbine 60MW Dairy Co-gen. 

Te Awamutu Gas Turbine 80MW Dairy Co-gen. 

Bay Milk Gas Turbine 65MW Dairy Co-gen. 

Haunui Wind 3.5 MW Distribution support 

Brooklyn WTG Wind 225 kW Embedded generation 

Tararua Wind 32 MW Embedded generation, 

distribution support 

Blue Mountains Lumber Biomass Steam 1.5MW Industrial co-gen. 

Kin leith Pulp and Paper Biomass Steam 40MW Industrial co-gen . 

Table 2-2: Recent DG Installations in NZ 

The installations fall into two categories: a) Large industrial applications, primarily in the 

dairy and wood processing industries and network support such as voltage regu lation usi ng 

wind turbine generators . This initial uptake was expected, pa1t icularly in the industrial sector 

where the most profitable sites are 'cherry-picked'. These sites are typically viable because 

they can util ise low cost fuel and/or the heat produced in a co-generation configuration. 

DG fur the u,t: lll 11t:t11urk rei11t11n:eme11t and peal-- demand 111a11aget1ll'lll 11,1uld 1m1bahl) he d11mi11u1t:d b) nu11-

re11c11 able g.enerati ng. tcchnnlogic~ bec:w,e ,)r their higher .:11 ailabilit). 
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b) Network support has been provided by WTG, able to supply both active and reactive 

power. The large increase in units produced , particularly overseas, has resulted in WTG 

becoming more cost-effective and hence a growing application. Apart from these two 

categories, DG applications have been minimal, the challenge, if DG is to gain widespread 

application in ew Zealand, is to explore the smaller end u er i.e. the small commercial and 

residential user. 

Table 2-3 shows a study conducted by EC Z's Technology Researc h Strategic Development 

Group that shows the number of potential site in relation to their energy requirement that 

may be erviced by DG . The domestic market sector represents the greatest potential in terms 

of the number of sites but the smallest on an energy per ite basis. 

Market Sector Annua l Growth Average Site 

Total Usage 

GWh GWh 

Industrial 265 10 

Commercial 265 2 

Domestic 265 0.008 

Average Site 

Load 

kW 

1,000-3 ,000 

50-1000 

3-5 

Est. Annual 

Potential 

Sites 

I 5 

30 

1250 

(Source: TRSDG 1998b) 
Table 2-3: ECNZ Study on the Potential Market for DG in NZ 

2.9 Previous NZ Distributed Generation studies 

The main publi shed studie into the Z market for DG are reviewed below. Presumably there 

been more but given the relatively recent interest in DG applications and the previous limited 

number of interested parties (with a ingle ECNZ and past prohibition on lines company 

ownership) the scarcity of work is not surprising. 

2.9.1 Industrial Research Limited (IRL) 

Numerous studies have been conducted by IRL into different aspects of DG (Table 2-4) . 

Area Scope Detail Result 

Dispersed Power Regional across all of NZ divided into regional: Which regions in NZ best 

Source (DPS) model NZ and concentrating on . Resource data 
support which technologies , 

residential market based on financial return . . Energy consumption They are: 

. Electricity price 
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Area Scope Detail Result 
, 

New Plymouth - Photovoltaics 

Compared different pricing Wellington - Wind 

mechanisms: 
Palmerston North - Biomass . Tariff 

. Line replacement costs 
Gardiner & Sanders 

(1999). . GXP 

Wind Energy Two case studies done Demand profiles simulated Comparison of different 

in the Wellington region : against single generating turbine sizes with ROI and 

. Commercial site 
profile payback years. Optimum 

. Cluster of small 
Excess power sold to grid 

turbine size of 230 kW with 

payback periods of between 

businesses 12 and 20 years , depending 
Sanders & Gardiner on price of electricity saved. 
(2000). 

Renewable Resource Regional Uses retail cost to compare Provide 'hot spot' map of 

Assessment Atlas payback time for different network areas where 

regions and technologies. renewables are most 

economical. They are: 

Marlborough Lines- Solar 

thermal , Solar PV & Biomass 

United Networks (Waitemata) 

Sanders. (2000). Wind energy 

Embedded Wind 11 kV distribution 2 step process: Embedded WTGs, capable of 

Generation in Weak network supplying reactive and active 
1} Overall system 

Grids power can improve power 
optimisation model 

quality in low voltage 

2) Electrical system distribution systems. (It is 

Ackermann, et al. simulation shown that a 280 kW WTG 

(1999b) has a similar influence to two 

900 kVAr capacitor banks) 

Table 2 -4: Summary of IRL's Work on DG 

It is interesting to note the differences between Sanders (2000) and Sanders & Gardiner 

(2000) in terms of the optimal regions for various technologies. 

The work involved in producing the DPS model appeared to be the most relevant to this 

thesis . It was designed to simulate and compare the use of various DG technologies in 

residential applications by considering a number of factors : 
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Operating conditions 

Operating capacity 

Import/export of electricity 

Sto rage and heat recovery 

Demand 

Weather patterns 

Fuel prices 

Technology and fuel types 

Significant factors found to impact the feas ibility of DPS technologies were : 

geographic availability and cost of renewable energy 

equi va lent cost of grid purchase 

comparative cost of network upgrade 

The mode l highlighted the sensiti vity of s imple economi c indicators like payback period to 

these fac to rs. 

Weaknesses in the DPS model inc lude : 

The load profiles are limited in cope and fl exibility i.e. they are not linked to any socio

de mographic fac tors and are not sensiti ve to varying indi vidual end uses i.e . the IRL's 

mode l is limited in its ability to re flec t demand ide changes . 

Economic analy is is simple di scoun ted cash flow and may not take account of other 

fac tors e .g. CO2 tax , and avo ided network rein forcement. 

Some of the DG technology descriptions are qui te simpl istic and the model cannot 

consider combinati ons of DG technologies. 

Does not provide an estimate of effec t on network in terms of net power fl ows . 

Does not mode l di vers ity between houses . 

Does not offer the capability to perfo rm a network analys is, w ith a number of houses, 

each hav ing a DG unit installed . 
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2.9.2 ECNZ 

Before the ECNZ was split into three SOE's a number of investigations into DG were carried 

out: 

Area Scope Deta il Result 

Ceramic Fuel Cell Ltd ECNZ's fuel cell Comparison of different Detailed mass, steam and 

investment strategy fuel cells & SOFC in energy balance on plant 

various operating modes 

ECNZ (TRSDG 1998a) 

ONSI Power Plant Fuel cell application in Comparing different Output of 20yr life giving NPV 

NZ applications of: and IRA. E.g. Fuel cell serving 

. On-site energy 
a computer centre as a 

Continuous power 
continuous uninterruptible . 

Center for Technology. power supply: . Independent power 
{1997) 10

• . Power quality NPV $265
11 

with and without the IRA 29.5% 
application of the waste 
heat 

Rutherford House: Fuel Cell Application Explores different fuel cell Suitability of fuel cell type for 

Case Study Case Study types for different sectors commercial building and 

Meridian 2000 b 
of the economy industrial facilities in rank are: 

1. PAFC 

2. PEM 

3. SOFC 

4. MCFC 

Table 2-5: Previous OG Studies by ECNZ 

The work carried out by ECNZ centred around their investment in fuel cells. The tudies 

investigated different type of fuel cell , under different operating configurations and for 

different applications. The study on Rutherford House, a commercial bui lding (10,043 m2 

floor area) , appears to be the most relevant as it analysed how the daily power and thermal 

component of the load profi le could be met with micro-turbine or fue l cell technologies . 

1'' CL111Juc·tcJ llll bch:ilr c)r EC:\Z Dy the L"ni1c1,ll) ur \\'aih.;ll,) 

'1 I lllcrcsI rnlc ol 9c, 
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2.9.3 Transpower 

A recently completed study gave a general overview of DG and how it may impact New 

Zealand 's transmiss ion system (Tabl e 2-6). 

Area 

1 Impact of DG 

I Fuge et al. (2000) 

Scope 

Transpower and the 
I I transmission network 

Detail Result 

High level review of DG impact will be less than 

DG growth in demand and most 

applications vvi!! b~ grid 

connected 

Table 2-6: Transpower's Recent Study on DG 

_J 

An important aspect considered was the inte rconnec tion i sues faced by DG, particul arly 

s ince most applications will be grid connected . The report de cribes interconnection standard 

and market mechani sms to determine but the optimal siting of DG within the network. 

2.9.4 Other Studies 

Numerous works have been carried out in the a rea of remote area power supply [RAPS] 

(Irving 200 1). These in volved rural loads where the signifi cant cost of line upgrades make 

DG a more viable option. Gi ven that these applicati ons are typica ll y not grid connected and 

e lectrical storage fac ilities are employed, thi s type of appli cati on is a significantly different 

propo ition to urban res idences, which this thes is considers. 

Overall it was noted that there had been relati vely few studies into DG, particul arly at the 

residential level. The studies were e ither at a high level-general overview or concentrated on a 

particular technology type. For example, Appendi x A. 3.3 contains results from a solar hot 

water heater study (EECA, 2001 a). IRL have done the most wide rangin g in-depth studies and 

have created a model for the assessment of DG economics, unfortunately the DPS model was 

not available to Meridian Energy . 

There are also a number of commercial software models that have been developed to assess 

DG (Table 2-7) . They are primarily sourced from overseas and have a broad range both in the 

depth of analysis of a particular technology type as well as the number of scenarios and 

variables examined (E source, 2001) . 
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Model name Producer 

DG Argus Apogee Interactive 

D-Gen Pro Architectural Energy Corp. 

Cogeneration Ready Reckoner Australian Department of Industry, Science and 

Resources 

Disgenie e2thermax 

Spreadsheet Screening Tool Energy and Environmental Economics 

SOAPP-CT.25 EPRI 

DIRECT Kreider and Associates 

RETScreen International Natural Resources Canada 

Quickscreen Sandia national Laboratories 

Table 2-7: Commercially Available Tools to Evaluate DG 

These models , whilst providing useful information , did not address the integration of the 

supply and demand side in the residential marketing sufficient depth and as such cou ld not be 

used fu11her in thi s study. 
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Chapter 3 

DG and Meridian Energy 
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•Ill' 1ru1rt :_:, rni.,:/,1, /llt1il. 

The following materi al has been sourced from general di scussions with staff at Meridian 

Energy plu 'in-hou e' documentati on. 

3.1 Introduction 

Meridian Energy is both a generator and retai !er in the NZ e lectric ity market. Its ma111 

generati on capacity i located in the South Island in the Waitaki hydro systems and the 

Manapouri power station . It has around 228 ,000 customers with a significant portion , 

excluding Comalco12, remote from its generating base and at the other end of the Transpower 

operated High Voltage Direct Current [HVDC] link to the North Island, a major transmission 

con traint . This , combined with predicted load growth being mainl y in the North Island, 

means that Meridian is exposed to significant transmi s ion and di tribution costs and runs the 

ri sk of becoming a 'stranded generator'. Although Project Aqua (in the lower Waitaki 

Valley) is aiming to service the growing South Island e lectricity demand in dairying and 

.: C,,malcu ,111n, ;ind Lipcra[e~ an Jluminium ,meltc1 at T i11,11 P,1i111 11hich L'OJhl!TllL'' thl:' lllajorit) ,,r 1h,' 11utpu1 

lrt1lll \Lln,qwun 1w11cr , 1.111n11 
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irrigation . Meridian's customers are primari ly price-driven and DG technologies offer 

Meridian an innovative way to minimise future transmission and distribution costs and hence 

offer lower prices to their customers . Strategic placement of generation capacity can 

overcome cost penalties incurred in suppl ying energy to specific locations within local 

electricity grids. It cou ld allow Meridian to decrease costs associated with the delivery of 

electricity to customers through expensive transmi ss ion and distribution networks thus giving 

Meridian a greater capacity to both retain its present customers and acquire new customers . In 

addition , DG may provide a hedge against high electricity prices dri ven by low inflows into 

the hydro storage lakes. The recent crisis in 2001 highli ghts the risks associated with 

predorninant use of hydropower with small storage capacities. 

3.2 NZ Electricity Overview 

The current structure of the NZ electricity industry and the relationship between the vari ous 

sectors as power is moved from generator to consumer in summarised in Figure 3- 1. A 

qualitative description of each sector in the industry follows . Secti on 4.6 gives a more detailed 

analysis of the network aspects as they relate to DG. 

Generators 

Wholesalers 

Transmitters 

Distributors 

Retailers 

Consumers 

• 

~ • 

11 % 14% 

c-

Direct Supply 
Consumers 

32% 22% 13% 

Transpower 

~ cal Network Compani: 

- - --

T 

( - Electricity Retailers 

Res,dent,al 
Commercial 
Agriculture 

Other industries 

Contractual agreements between generators and retailers via M-co to purchase and supply power to 
electricity end users th rough Transpower and local network companies 

Conveyance of power from generators to end users through distribution companies 

Figure 3-1: NZ Electricity Industry Structure 

8% 

(Source: MED, 2000b) 
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3.2.1 Generation 

As of November 2000 there was 8,300 MW of installed generating capac ity in NZ, which 

generated around 37,500 GWh of e lectric ity annually. The two main sources of thi s 

generation were hydro and gas at 62% and 25% respec ti ve ly. Geothermal, wind and biomass 

provided most of the remai ning generation. Two thirds of the hydro generation is located in 

the South Island (MED, 2000b). An important feature of the NZ scene i the small amount of 

hydro storage - around 13% of annual demand, in comparison to over 2 years storage in 

orway. Thi s can have signi ficant impact on the pot price, when inflows are sma ll and 

demand is high as evidenced by the hi gh market price in the winter of 200 I. In terms of new 

the rmal generating capac ity Contac t E nergy's Otahuhu B plant (390 MW) was commi s ioned 

during 1999. S igni ficantly, it is located, near the major load and growth centre of Auckland. 

There has also been a number of re newable energy and energy upply efficiency project 

under constructi on. Notab ly an inc rease in wind generation to 64 GWh per annum and the 

completi on of the second Manapouri ta ilrace tunne l which will provide an additional 640 

GWh per annum of renewable ene rgy (Merid ian, 2000a). 

3.2.2 Wholesale market 

The NZ Electric ity Market [ ZEM] is a transparent, vo luntary and self regu lating market. It 

wa e tablished in 1996 by market partic ipants to foster a robust, enforceable, efficient and 

competiti ve market fo r electricity . The NZEM is operated by th ree organisati ons: 

r------------ --- ---~ ----

The Market Administrator and Pricing & Clearing M-Co 

I Manager 

Scheduler, Dispatcher and Grid operator 

Reconci liation Manager 

i Transpower 
I 
I 

I d-Cypha 

The NZEM is itself undergoing change, with the Government Inqui ry recommending that the 

three governance boards of NZEM, MACQS (Multilatera l Agreement on Common Qua lity 

Standards) and MARIA (Metering and Reconciliation Information Agreement) be replaced by 

a single Electricity Governance Board (MED 2000c). 

The market trades around 75% of the wholesale electricity produced with the rest traded on a 

bilateral 'off-market' bas is. Ba ically the NZEM operates to a daily cycle where generators 

offer in bids of supply and purchasers bid to take supply. It is a 'blind ' market in which offers 

and bids are made each day before 1 :00pm for each of the following 48 half-hour period. 
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3.2.3 Grid operation, scheduling and dispatch 

Transpower uses its scheduling, pricing & dispatch [SPD] model and the offers and bids from 

the market to calculate a schedule of production from power stations to meet expected 

demand from each purchaser. It also produces a fo recast of the price generated at 244 Grid 

Exit Points [GXP] around the country for every 48 trading periods of every day. The spatial 

price differences are represented by the nodal price factor and are designed to send messages 

to market participants about constraints in the grid, the direction of energy flows and losses, 

i.e. the relationship between supply and demand . Generators are di spatched in real time to 

meet e lectricity demand . It is one of the unique characteristic of thi s industry that supply and 

demand has to be balanced for practically every second of the day, every day of the year in 

order to avoid voltage fluctuations. 

3.2.4 Clearing , Settlement and Reconcil iation 

Figure 3-2 shows the how the payments are organised for all purchases from, and sales to , the 

NZEM. Data from Transpower and sales and purchase data from generators and retailers are 

sent to d-Cypha, the Reconciliati on Manager. Reconc iled volumes are calcul ated and sent to 

M-Co the Clearing Manager. M-Co then applies the fin al prices and calcu lates the dollar 

amounts to be ass igned to the various parties. 

The retail 
electricity market 

The wholesale 
electricity 

market 

Customers 

Energy charges Line charges 

NZEM 

Retailers 

Energy 
charges 

Non 
NZEM 

Generators 

Distribution 
Company 

Transmission 
charges 

Transpower 
(Grid Owner) 

Transmission 
charges 

Key: ...___.. Reconc iliation data ..... Money & contracts ..... Electric ity (physical) 

Source: GSP Industry Primer 

Figure 3-2: Pricing of Electricity in NZ 
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3.2.5 Transmission 

The national grid or tran mission system acts as the phys ical hub of the market. Power from 

the generators is injected into the grid at a possible 92 Grid Injection Points [GIP] and power 

is drawn from around 182 GXP (McKee, 2002) 13 . Transpower, the grid operator, is 

responsible for the security of the short-term electricity supply in NZ using ancillary services 

such as spinning reserve. The cost of reserve can have an impact of the wholesale price of 

electricity by impacting on the in ve tment cycle of new generation and there impacts the 

competitiveness of DG. 

3.2.6 Distribution 

As at September 200 l there were 31 lines or 'wires' compames operating 111 the market, 

created by the Electricity Industry Reform Act, all havi ng divested their retail operation . 

They range in size from less than 6,000 connections to a.round 500,000 for United Networks 

The 11 largest are shown in Figure 3-3. These distribution companies have varying ownership 

structures including tmsts, local council s and public listings. Their business is the conveyance 

of electricity from the grid to the end user within their network on-behalf of the retail 

companies . They may play a pivotal role to the upt<1ke of DG as it is there network that wi ll 

be connected to the DG units . 

UnitedNetworks 

Vector '-----'-"-'"-----~-..._-- ~ 
Orion New Zealand 

Powerco 

Dunedin Electricity 

Northpower 

Horowhenua Energy 

Counties Power 

The Power Company 

50,000 t 00,000 t 50,000 200,000 250,000 300,000 350,000 400,000 450 ,000 500,000 

Number of connections 

Figure 3-3: Line Company Size by Customer Connections 

33 



3.2.7 Retailing 

As at September 2001 there were 9 retailers competing in the market, purchasing electricity 

from the market and on-selling to its customers. The introduction of load profiling in 1999 

meant that small consumers (without time of use [TOU] metering), could switch to another 

retailer servicing that area, i.e. a company that is not necessari ly the incumbent 14 retailer. Most 

of the generators are retailers . Again there is a wide spread of customer numbers from less 

than 20,000 for Marlborough Lines Company to the 450,000 for Genesis. The 5 largest 

retailers are shown in Figure 3-4. Despite the drop in wholesale price, small domestic 

customers have experienced an increase of 3.4% in their power bills since the introduction of 

EIRA in 1998 (MED, 2000c). 

Genesis 

Contact Energy 

Mighty Ri-,er Power 

Meridian Energy 

Trustpower 

0 100 200 300 400 500 

Number of customers x1000 

Figure 3-4: Retailer Company Size by Customer Connection 

3.2.8 Consumption 

Electricity accounted for I 15 .3 PJ or about 44 % of NZ's (non-transport) consumer energy in 

2000. The major sectors had the following electricity con umption (MED, 2000b). 

Sector % of National I 

Consumption I 
Residential 35 I 
Commercial 43 

Industrial 22 
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The res identi al sector is a significant market and warrants studies into ways to both capture 

more customer share and to increase the profitability of present customers to Meridian 

Energy. 

3.3 Overview of Meridian Energy 

Meridian Energy Limited is the largest (in terms of generation) of the three compan ies formed 

fo llow ing the split of the EC Z in December 1998. Being an SOE, it fo ll ows that its 

Statement of Corporate Intent 1999 says, "its primary obj ecti ve is to operate a a succe ful 

business whi ch is profitabie and efficient as comparable businesses not owned by the Crown. 

Further its core busine s is primari ly the generation, marketing, trad ing and retailing of 

energy and wider complementary product and soluti on which meet customer needs" 

(Meridi an I 999b)- Meridian employ around 170 taff in offices in Wellington, Christchurch 

and Twi ze l. 

Meridian's generation is predominantly in the South Island. It owns eight hydro stati ons on 

the Waitaki River and New Zealand's large t hydrs:i station (720 MW) at Manapouri . They 

generate on average 12,500 GWh annually or about a th ird of el ectricity generated nationa ll y . 

In additi on, the company own the 225 kW Brooklyn wi nd turbine in Wellington and a 10 

MWe biomass cogeneration pl ant in Tapanui. Clearly Meridi an are true to their 'power of 

nature' identity, generati ng all its e lectricity from renewab le energy resources . On the retail 

side, Meridian cu1Tent ly has around 210,000 dome tic cu to mer (after the purchase of On

energy South Island cu tomers), being the incumbent retailer in the No11hpower, Central 

Hawkes Bay, Scanpower and Waitaki areas . 

M eridian are actively involved in generati on impro vement . Turbine refurbi shme nt at 

Aviemore has led to a gain of 45 GWh and the ongoing work on the second Manapouri 

ta il race tunnel. They are looking to expand the ir hydro business both via Project Aqua, a joi nt 

hydro-irrigati on scheme in the lower W aitaki that would generate 3,200 GWh of electricity 

and irrigate up-to 39,000 hectare , and in Australia where Meridian has recently acquired 62 

MW of hydro in vestments. 

~.4 Meridian's Overall Strategy 

Meridian Energy's overall goal i "to become the Number One sustainabl e energy company in 

Australasia" achieved by "using creative solutions within the power of nature". Key 
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mi I es tones have been set for 2005 of [ de leted due to commercial sensiti vity]. As such DG is 

explicitly recogni sed in Meridi an's pl anning and strategic directi on. Meridi an is able to 

leverage off its unique po ition in N.Z of being 100% renewable in addition to being a SOE 

wi th a shareholder committed to the g lobal trend towards sustainability. 

3.5 Meridian DG Strategy 

At the time of writing Meridian was in the process of developi ng its DG strategy. It was 

important when developing the mode l (Section 1.2) to be aware of the general directi on in 

which the company is moving in orde r to produce something that is of benefit longer term. 

F igure 3-5 shows the broad steps that may be in volved in developing th is strategy. 

Objective 

Key milestones 

Catalysts for 
DG business 

growth 

Value 
propositions 

DG business 
plan 

The No 1 sustainable energy company Australasia 

Government 
policy & regulation 

Renewable 

Meridian business 

Residential DG Strategy 

Technology 
development 

Infrastructure 
support 

Network constraints 

Co-generation 

Meridian Solutions 

New business 
models 

Virtual DG 

External 
investment vehicle 

Figure 3-5: DG Stra tegy Development within Meridian 

3.5.1 Value Propositions 

The 4 main types of value propositions that Meridian was considering for DG are described 

below. 
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Renewable Energy 

DG technologies that are ba ed on renewable energy supplies cover a wide range of sizes and 

technology types. Green energy provides a market advantage via a 'feel good' factor for 

interested customers, immedi ate compli ance for generator-reta iler if the government 

introduces environmental/c limate change regul ati ons or mechani sms to encourage renewable 

energy plu it lowers the risk for the generator. The Meridian brand is strongly assoc iated 

wi th "power of nature" - renewable DG would be in keepi ng with this. 

Power plant - for infrastructure support 

This con i ts of stand alone power plants that produce electricity for a variety of purposes 

including on- ite prime mover, power quality, peak shaving and simple energy reduction 

reasons. In addition, network re lated services could include peak capac ity, vo ltage support 

and capital investment deferral. Thi s propositi on is characteri sed by providing these services 

w ith a technology that is not necessaril y renewable or us in g co-generation, i.e. it is 

technology based . 

Co-generation 

A co-generation sys tem imultaneously providing power and heat (or cooling) aimed at users 

who will be able to use these 'products' on site . Thi proposition would in variab ly include 

renewable energy, as often fuels for such applicat ions are renewable e.g. wood wa te in the 

wood processing industry . 

Virtual DC 

Heat pumps and solar hot water heaters are often termed 'v irtual DG' as they generate no 

e lectri city in its own right. Instead they reduce the need for grid electricity by reducing the 

de mand required to supply the same amount of thermal energy . These proven technologies 

and establi hed di tribution channels may provide a platform into the residential market 

where initi al acceptance of DG may otherwise be muted . 

In reality the value of DG is di verse and fits into a number of classification system which 

in variably overlap with each other. The choice of which value proposition or combination i 

affected by: 

overall strategic implications with respect to Meridian Energy 's sustainability policy; 

busine s fit with industrial and retail sectors and new business initiatives; 

competencies required to deli ver the business model envisaged; 

market alliances or out-source partnerships that might compliment a DG business strategy 
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change in nati onal and internati ona l regulations and obligations; and 

be ing able to capture as much of the value chain deri ved from DG as possible. 

3.5.2 Business Plan 

According to a recent briefing paper (Meridi an Energy, 2000) possible DG business 

opportuniti es could be: 

continued in vestments m globa l DG technologies through venture capital investment 

companies such as Nth Power; 

, . . .marke ting and di stributi on of DG pl ant and systems in Australas ia. For example using 
• 

mobi le diesel generators in South Australia to take ad vantage of seasonal short fa lls m 

generatin g capac ity; 

development of DG based products and services suitable for Meridi an Solutions' 

industri al and commerc ial market applications and involving the provi ion of all energy 

needs, inc lusive of electricity, heating and possibly cooling; and 

fin anc ing and packaging of DG products and services directl y to retail customers via 

ex isting and new mas marketing channels, e.g. "green" energy and home services. 

The last opportunity is parti cula rl y re levant to the area that this study is in vesti gating i.e. the 

residential sized DG technologies. 

3.6 Strategic Fit 

Figure 3-6 illu strates how some of the vari ous DG technologies were considered to compare 

in terms of new business fit and in vestment ri sk fo r Meridian in 1999. It would seem that the 

two most suited to res idential applicati ons, olar and micro CHP, were currentl y not perceived 

to be promising. However, the dynamic nature of the electric ity industry means that, care 

must be taken to not put too much emphas is on past predictions. 

High 

l\ lin i-hyd m 
Irrigation 

Uio rnss 
co-ge rn lion 

lligh , .. -1·· 

Wind 

Figure 3-6: New Venture Risk Assesment Matrix for Meridian in 1999 
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3.7 Meridian 's DG Portfolio 

There are number of dri vers that have maintained and increased Meridian 's involvement in 

DG. Firstl y, DG is not a new concept in Meridian Energy. EC Z had earlier in vest igated DG, 

particul arly through their in vestment in fuel cell s. This innovati ve and fo rward approac h wa 

carried through to Meridian Energy. 

Figure 3-7 shows there are a number of di stinct projects th at in vo lve DG . These projects are 

looked after by different units within the business i.e. Strategic Growth, Ri sk Ponfoli u, 

Meridian Solutions and Knowledge and Enterprise. 

CFCL 
L__ 

i Strategic Growth 

I Wh1spertech I,, 

!Nih 
Power 

;::;-""' Mend,ans future growth 
and direction 

Meridian 
Solutions 

--l CHP 
Projec1s 

Distributed Generation i.._ ~-- -

J -.......__-......--.... 
---- -----......1 

Retail 

I 
Knowledge & 

Enterprise 

Load 
Management 

rnGl 
~ 

I Risk Portfolio I 

~pt,~ I Load (Oem-a~d I 
Exchange) 

Figure 3-7: Meridian 's Business Unit Involvement with OG 
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Chapter 4 

Residential Distributed Generation 

4.1 Definition 

Thi s thesi s on 're idential' DG concentrates on homes1
' that are either a singu lar or an 

aggregated dwelling unit in an urban setting. Therefore, apartment blocks, flat s and other 

multiple units were considered, where as homes that are in a rnral areas, were not. 1
~ 

4.2 The NZ Residential Market 

4.2.1 Housing Stock Characteristics 

Table 4- 1 gives an indicat ion of the size of the res identi al market and its possible growth 

over the next twenty years (EECA, 2000) . 

'-\ hom,· 1, diflc·1·c:11t1,11c:d (n,m d d11cll1ng. 111 th,1t 1t i, "L·c·upicd 1<11 the' m,qorit, ,,1 the· >c\1r 1hnclt1r,• 1i,11!J.1, 

h,,u,.:, lt'r c\.illlpk arc' llt>t indudl'd \\hich nur,t hl' lll'lc'd \\hen rc,1l'\\lllg_ hou,111g ,t.tl\,t1c,. 

' l'rban J1\:J, <11·.: dci"incd 11hcrc thL' p,,pulat1on ckn,it> 1, >10 ,helling.,/hcclar,· tChri,tL·hurLh Cit, CtlllllciL 

2(H) I 1 
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Characteristics Number 

Number of private dwellings in March 2000 1,354,000 

Increase in the number of dwell ings occupied and under construction 7.6% 

from 1991 to 1996 

Percentag e that were owned with or without a mortgage 68% 

Number of new dwellings authorised for construction between 1997 74,000 

and 2000 

Average number of occupants per dwelling 2.7 

Estimated number of households in 2001 1,377,000 

Estimated number of households in 2021 1,676,000 

Average size of the New Zealand home (m2
) 
17 111 

Average size of new home being built (m2
) 172 

Approximate number of main residence demolitions 4,000 

Table 4-1 : New Zealand Housing Statistics 
Source: (EECA 2000) 

4.2.2 Studies into the NZ Residential Energy Market 

There have been a number of studies done in New ;Z':ealand examini ng energy use, provision 

and trends of the domestic sector. All of them provide useful data and are examined in detail 

below. Industrial Research Limited [IRL] and the Building Association of NZ [BRANZ] , both 

government organi sations, have investigated energy use in homes . The Ministry of Economic 

Development [MED] and the Energy Effic iency Conservation Authority [EECA] have 

published repo11s on the use and future projections of energy consumption in this sector. 

Statistics New Zealand have also contributed results from the census and other statistical 

exercises . 

A number of questions have been addressed by these studies, including: 

What factors affect electricity consumption? 

What are the significant factors that affect electricity consumpti on? 

What is the best way to determine the significant factors? Is their relationship to 

electric ity consumption linear or non-linear? 

Is there a cross c01-relationship between these variables and how do combinations of them 

affect electricity consumption? 

What is the relationship between electricity consumption and energy consumption? 

'\,.:\\ home, built 1"<:plaL·e appr,,x11na1cl:, U.Y.1 Lll e,i,1111g swd ... ·incc ne" hou,e, rc:nJ IL• he 1:.trgcr 111 ,11c· 1h,111 

tlhi,e repla,·ed. a gr;1dual incre.ise ora\ernge hou,c ,i1c i, expected \l\Cr 1imc 
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Figure 4- 1 provides a summary of the fac tors that affect electricity consumption. Whil st 

simple to li st, quantifying their magnitude and inter-relationships is a complex task. This 

figure divided these fac tors into generic categories. 

Energy Supply Factors 

T 01al energy consumed 
Household expenditure on fuels 
Taritfs/options/ume tlex1bihty 
Level of availabihly 
Local market charactensattons 
Impact of energy efficiency 
charactenst1cs 

Attitudes, Perceptions, Behaviours 

Expectations of energy service, comfort 
Altitudes 10 energy use. conservation 
Awareness & percepuons of energy 
issues 
Skills 
Related behaviours -waste. transport 
Preferred public dec1st0ns 

Consumer Physical Environment 

Housing/stock loca11on 
Climate factors 
House construction age design , 
mass 
House size. number of rooms 
envelope character1sat1ons 
solar ga1ns/shad1ng 
Roo·m temperatures/comfort levels 
Insulation amount. type 

Energy End Use 

Appliance ownership levels 
Charac1eristics of appliances 
End-use energy by fuel type 
Duration & patterns of energy use 
Occupancy pallern 
Potenual for load shedding 

Social Cu ltural , Economic Factors 

Health status 
Number of occupants - social units 
Gender / Age / Stage / Ethnicity / Educauon 
Household income / expenditure 
Household ownership status / tenure 
Employment status / occupation 
Dec1s1on making and control 
Social status, lifestyle 
objectives of energy use 

Source. (EECA 1997 t,) 

Figure 4-1: Factors Affecting Electricity Use 

HEEP 

The Household Energy End Use Project [HEEP] was establi shed in 1995 by EECA and 

BRANZ plus a number of other sponsor . The main source of resul ts are the four annual 

reports (EECA: 1997b; 1998; 1999a; 2001 d)- Raw data fro m the studies are not publicly 

avai lable. 

The HEEP objecti ve are to establi sh : 

"How much energy is used by which domesti c appliance at what time periods, 

when used by which type of households, with which type of occupant behaviour in 

order to deli ver what level of energy service ." 

Table 4-2 shows a preliminary analys is on factors affecting different end uses categori sed 

into generic classes of demand , technology and pattern of electricity use. 
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Appliance group 

Cooking 

Lighting 

Washing , drying 

Water heating 

Space heating 

Demand Factor 

(behaviour & attitude} 

% using microwaves 

Unnecessary use of lighting 

% of using dryers 

Temperature setting, 

washing habits 

Comfort level, knowledge of 

heating losses 

Technology Factor 

(appliance ownership) 

% with microwaves 

% with efficient lighting 

sensors 

% with efficient appliances, 

dryers 

% with efficient water 

heaters, insulation wraps 

etc. 

% with central heating, 

physical envelope 

Pattern of 

Electricity Use 

Time at home 

Time at home, 

time awake 

Time of year, 

temperature , 

technology 

(timers) 

Time of year, 

temperature , 

technology (night 

rate) 

Time of year, 

temperature, 

technology 

Source: (EECA 1997b) 

Table 4-2: End Use Analysis 

HEEP studies used regression analysis to identify the significant factors influencing demand 

and to derive linear equations linking social and physical factors to electricity usage . There is a 

cautionary note with the HEEP data: statistically, to date only a fraction of the number of 

hou ses required for reliable results have been studied, meaning thei r results are inconclusive. 

Water heating was found to be the most variable and thus requires the largest sample size 

(around 150) to generate statistically valid results . Findings that may prove to be signi ficant 

are an apparent poor correlation between night store heater ownership and high electricity use 

between the hours of 11 :00pm and 5 :00am, questioning initiatives to shift usage by the 

promotion of night store heaters; a ba e-load of around 300W in the houses studied; heated 

towel rails consume around 500kWh/yr and microwaves use 43% of their energy in stand-by 

mode. 

EECA 

Energy consumption 111 the residential sector increased approximately 30% from 42 PJ in 

1975 to 54 PJ in 1998 or an annual increase of 1.2%. The residential sector currently accounts 

for 13.3% of the total consumer energy in NZ. The increase in energy consumption during 

this period i due to a number of factors : 

The New Zealand population increased 21 % from 3.14 million to 3.82 mill ion . 

The housing stock increased by 47 % from 0.98 million to 1.44 million as a resu lt. 
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Ownership of household appliances increased . 

The residential sector's share of overall national energy actually decreased over the period 

1975 to 1999 by 19% (mainly due to a ri se in transport related energy use) . However, as 

Table 4-3 shows, ince 1991 the residential sector's energy increase of 7 .3% outpaced that of 

the commercial and industrial sectors. 

I Sector 

I Residential 

I Energy increase '91 to '99 ~ 
I i 
I 7.30% 1 4.0 

1--------~-------------i-------------l 
I 5.0 1 

---~---------! 
: 0.2 

Industrial -2.90% 

Commercial -0.50% 
j 

Table 4-3: Energy Sector Usage 

Figure 4-2 show how indi vidual household usage compares with that of the entire re idential 

sector . The average household power usage fo ll ows the overall residential consumpti on The 

indi vidual average started and fini shed the period at around 7,800 kWh whereas the total 

shows a consistent upward trend due to population increase. Poignantl y, the only periods of 

energy use decrease both corresponded to 'power crises' where low water inflow into hydro 

torage lakes and hi gh heating demand from evere winters fo rced the electricity price up . 
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Figure 4-2: Electricity Consumption by the Residential Sector 

Total 

--+- Individual 
average 

Recent estimates suggest that the residential energy demand wi ll grow by 54% from 44 PJ in 

1995 to 67 PJ in 2020 or an average of 1.7% per annum 18 (EECA, 2000). Other studies 

sugge t that this could be as high as 2.1 % (MED 2000.), particularly for e lectricity and gas, 

the two fastest growing sources of energy (Figure 4-3) . The residential market is therefore 

significant both in current capacity and projected growth . 
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Figure 4-3: Projected Residential Consumer Energy by Fuel 

According to EECA (2000), there are three generic factors that affect the energy intensity of a 

house: the design , the appliance used with in the house and the occupancy behaviour. These 

factors can be broken down into those that increa e energy intensity and those that decrease it. 

Increase in household energy intensity: 

Average house size increased from an average f)oor area of 103 m2 in 1975 to 111 nl in 

1995. This led to an increase in space heating. 

Over the same period the size of new houses increased from 107 m2 to 172 m2
). 

Increase in number of domestic appliances and equipment e.g. heated towel rail. 

The use of more energy intensive lighting. 

Increase in the number of single dwellings, energy intensity being greater per capita than 

in shared accommodation. 

Change in habits and lifestyle expectations e.g. increase in comfort levels . 

Decrease in household energy intensity: 

Higher proportion of newer homes in the housing stock. These houses are generally built 

using construction techniques that involve energy efficiency measures such as draught 

avoidance and moisture control and through the use of materials with higher insulating 

properties . 

Steady replacement of less energy efficient appliances with those that meet the new 

minimum energy efficiency performance standards [MEPS]. These include high 

efficiency compact fluorescent light bulbs . 

The increase in microwave ownership. SNZ estimated that from 1985 to 1995 the 

percentage of households owning microwaves increased from 12% to 72% with 

commensurate reduction in cooling energy use. 
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A northward drift of populati on to the warmer c limati c regions in the top half of the North 

Island, pa11icularl y Auckland and Tauranga. Thi s is shown by the share in the nati onal 

population Ii ving in these areas increas ing from 30.5% to 33. 1 % over the period l 986 to 

1996. A warmer climate means a decreased need fo r space heating and domestic hot 

water heati ng 19
• 

Increa e in the average domestic electricity pri ce from 8.24 - 11.72 c/kWh between 199 1 

and 1999. The recent reform to the elec tric ity indust ry, envisaged that thi s trend wou ld 

not conti nue, although evidence to date, doe not su pport thi s happening. 

Increased awareness of energy effi c iency practi ces, brought about by continued educat ion 

but also experiences that highli ght the reliabili ty of supp ly and demand of thi s seemjngly 

invisible energy, e.g. the recent Auck land power cri sis. 

A rev iew of data collected between 1974 and 1994 identifi ed 4 fac tors that corre late with 

energy use per dwelling (EECA, 1997a) . They are: 

Factor 

Number of occupants 

Per capita income 

Electricity price 

Ratio of non-electricity to 

electricity use 

Correlation 

A 1 % increase in the average number of household occupants results in a 1 1 % 

increase in the energy use per dwelling. 

A 1% increase in the per capita income of the household results in a 0.77% 

increase in energy use per dwelling. 

A 1% increase in the price of electrici ty results in a 0.47% decrease in energy 

use per dwelling. 

A 1 % increase in this ratio results in a 0.1 % increase in energy use per dwelling. 

The above variables accounted for 54% of the variati on 111 energy consumption between 

households. 

The dominant components of domestic end use are water heating and pace heating (thermal 

load of a house) w hich, take make up approx imately 74% of energy usage (Figure 4-4). There 

is considerable difference in energy u e aero s socio-demographic and geographic sectors of 

the population as well as seasonal variation. For example in Dunedin , a higher proportion of 

space and water heating would be expected than in Auckland where the climate is mjlder. 

,,, The heating reLJuircd ror DHW I', atlected h, the gr,1u11d temperature:. ,1hich in turn i, L' l,1,ch rclatt'd 1n the air 
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Lighting 
S% Laundry 

Cooking 4% 
6% 

Electronics 
4% 

Refrigeration 
7% 

Space heating 
36% 

38% 

Power 
(residual) 

26% 

Figure 4-4: Residential Energy End Use 

Liquid fuels 
4% 

13% 

Gas 
9% 

Geothermal 
5% 

74% 

Source: ECCA, 2000 

Source: ECCA, 2000 

Figure 4-5: Residential Sector Energy Use Mix 

The sources of energy used in NZ homes is dominated by electricity (Figure 4-5) . 

Table 4-4 provides a break-down of domestic energy use in terms of how those end uses are 

provided for. 

Energy Use 1996 Electricity Gas Fuet wood Coal Fuel Oil Geothermal 
PJ PJ PJ PJ PJ PJ 

Water heating 38% 18 46% 2 45% 0.2 4% 0.2 6% 
Space heating 36% 7 19% 2 41 % 4 95% 4 93% 0.8 100% 
Refrigeration 7% 4 10% 1 14% 
Cooking 6% 3 7% 0.04 1% 0.04 1% 
Lighting 5% 3 7% 
Electronics 4% 2 6% 
Laundry 4% 2 4% 

Total PJ 54 38.1 71 % 4.5 8% 8.0 14% 0.8 1.6% 2.7 5% 

Source: MED, 2000 

Table 4-4: End Use Energy Break-Down 
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Electricity is al o the major source for each of the end-uses. Onl y the thermal loads of space 

heating [SH] and domestic hot water [DHW] have significant supplies of non-electricity 

sources, mainly natural gas and wood. 

The trends in domestic sector energy sources si nce 1980 are shown in Figure 4-6 . Electricity's 

share of the domestic ector has been increasing at an annual rate of 1.25% whilst that of ga 

has been increasing at 5.8% until 1991 and at 5.1 % since 199 l. Liquid fuels have increa ed at 

arou nd 21.7% since 1991. The share of solid fuel s (wood and coal), in the residential sector 

dropped by 23. l % over the same period . 
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Figure 4-6: Trends of Energy Sources used in the NZ Residential Market 

The Energy Efficiency Resource Assessment Project (EECA , 2000b) 

The EERA Project was designed to quantify, formulate and evaluate the energy savi ngs 

potential from the implementation of tech nical and behavioural energy efficiency measures . It 

provides data for appli ance stock levels on a national basi . Appliance info rmation includes 

energy source, type, regional distribution and annual energy consumpti on. EERA contains 

projections up to the year 2020 of appliance stock that wi ll be used to model future trends in 

energy demand . In addition , it contain a break-down of the housing stock by region and 

insulation level. 

BRANZ 

A previous study to HEEP by BRANZ (Pollard & Stoecklein , l 998) investigated the 

relationship between indoor temperature (a key driver affecting space heating) and 

environmental, building and socio-economic factors. It was found that the only correlation 

with indoor house (lounge) temperature was the number of heaters used and that the only 

factor correlating with total energy use of the household was the total income of the 

household . Surprisingly, the floor area and the number of inhabitants were not identified as 

significant factors. 
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IRL 

IRL have studied factors affecting e lectricity consumption domestically (Fitzgerald & Ryan, 

1996). The biggest drawback of the work is that it was limited to only 13 houses, presumably 

all in Christchurch. A multiple regression procedure was used to identify which independent 

variable (factors) account for the observed levels of different types of consumption (the 

dependent variable). The factors that were most significant for the fo ll owing end uses were as 

follows: 

End use Factors affecting electricity consumption 

Water heating Number of minutes people spend in the shower 

Number of teenagers 

I Proportion of people home during the day 

Income level 

Water tariff 

Cooking Number of electrical and non-electrical cooking appliances 

available 

Space heating Average bedtime 

Presence of ceiling insulation 

Number of electrical heating appliances 

Washing No clear result, variability too great to be accounted for by 

household characteristics 

Lighting Income 

Total consumption Income 

Number of appliances usually plugged into the range 

Presence of ceiling insulation 

Number of teenagers 

Supply Curves for Conserved Energy 

Baines and Wright (1986) provided excellent back-round qualitative analysis on domestic 

energy use in New Zealand . It focused on the building stock in 1986 which is largely still 

around today given the low turnover rate of houses. It also provided qualitative descriptions 

of the main end uses, their predicted values in the year 2000, and how predicted variations in 

energy consumption varied between the main urban centres. 

50 



In conclusion, mo t of the studies lack cred ibility due to their small sample sizes (number of 

house measured). In addition, some work foc uses on energy consumption and makes no 

mention of how the energy is provided and no relati onship between energy use and electrici ty 

consumpti on is outlined. The variou studie al o do not te t the same vari ables, so 

comparison between them is diffi cu lt. However vari ables that were commonl y identified (in 

the BRANZ and IRL studies) to be major factors contributing to energy use were: 

1. Income level. 

2. Number of occupants, especiall y teenager . 

4.2 .3 Overseas Comparison 

How Z energy use compares with overseas countries 1s addressed in a tudy by the 

International Energy Association (IBA, 2000). An international comparison is useful as is it 

provides a possible future outl ook on how energy use might change in Z. Typically the more 

developed countries of Europe, No11h America and Japan have higher li ving tandards 

compared to New Zealand. The signifi cant findings of the report were: 

Energy use in this sector (residential) is very low by international standards (in 1995 it 

was found to be the !owe t of all the countries studied). This is predominately due to the 

low space heating [SH] component. 

Electricity hows a much hi gher share of energy provision than other countri es. New 

Zealand has the second highest rate of electricity use for SH and DHW. 

New Zealand had the lowest SH intensity of all the countries studied, even though data is 

temperature adjusted to remove the differences in climatic conditions between the 

countries (measured as energy per square meter per degree day). However, inaccurate 

data for wood use could have biased this result. 

4.3 Residential Drivers for DG 

There are many drivers for DG in the power suppl y market. However those that pertain to the 

residential sector are not as strong as in other sector such as commercial and indu trial and 

in volve the complex issue of consumerism. 

A homeowner is unlikely to be concerned or even want to know how their electricity is 

supplied, but only that they are getting a good deal. Grid supply to the average household in 

urban NZ is of good reliability . Even though the home owner is concerned if the lights go out, 

a momentary power fluctuation or even failure will probably only be a matter of minor 

inconvenience. The cost of residential electricity is not high, around 12 c/kWh and it 
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compares favourably with international prices. So there is little incentive for someone to 

install a DG unit such as a Stirling engine, that could cost as much as $5,000 up-front and pay 

for a natural gas connection and usage fee as well. 

Res idential DG is a mid to long term prospect. It is not expected that the residential market in 

its current state is ready to receive DG to a significant level. Drivers for DG can be separated 

into two categories, those that are physical and those that are marketing or service driven. 

Some of the major drivers are not yet significant because the marketing of DG to domestic 

consumers has not commenced. 

An additional aspect is who benefits from DG being installed . This is closely related to how 

the DG unit is operated , the cumulative impact of multiple DG units and the capacity of the 

lines in a growth area. 

4.3.1 Total Energy Provision 

Products that provide the household with its total energy needs i.e. electricity as well as 

thermal requirements will be favoured . A home package might include all the electric needs, 

central heating requirements, DHW and space cooling. In the future refrigeration and freezing 

could conceivably be offered as well. A single bill for multiple utilities such as power, heating 

and possibly telecommunications is seen as an incentive to customers . 

4.3.2 Cost 

Cost is a major determining factor. DG will only be used if it provides an economic benefit to 

the householder in terms of either or both of the initial and running costs. The cost benefits of 

a building based DG is dependent on the amount of power and thermal load that can be 

displaced. For example, CHP units cou ld provide lower energy costs than the grid, and this is 

essential if it is to recuperate its high initial costs . 

4.3.3 Net Metering (Grid Export) 

Many DG technologies will generate more power than the household needs at some times of 

the day . This surplus can be exported into the grid for use by other households . Net metering 

is where the household is onl y billed for the difference between import and export (i.e. the 

meter is allowed to run backwards when exporting) . Net metering is a key both to the 

economic viability of the DG unit and also the practicality of its operations as it relates to the 

interconnection with the grid as it is very simple to implement. Net metering implies that the 

cost of expo1t is the same as import. If not used then a separate meter or register for import 
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and export mu st be used which adds to the imple mentati on costs and could reduce the value 

of exporting from the hou ehold . 

The value of ex port into the network is thu s a c ri tical issue concerning DG . However, there 

are examples where thi s has occuITed in N.Z, albeit without industry wide regu lati ons. (e.g. 

the Greenpeace building in Auck land ex port electric ity generated fro m solar panels) . 

4.3.4 Green and Premium Power 

The growing pub lic awareness of environmenta l issue may led to an increase in the market 

fo r green power in which people are willing to pay a premium fo r the e lectricity if it is 

guaranteed to come from a 'green' source. In addi tion, "green" power may receive carbon 

credits or be spared carbon tax schemes, making them more feas ible . Some DG technologies 

are "green" . Trustpower which currently is the leading DG company in NZ, offered custo mers 

a $2 per week premiu m in order to receive renewable energy fro m their propo ed Tararua 

wind fa rm extension. However, they fa il ed to achieve their target numbers - the apparent 

problem being that 70% of electricity is already "green" (hydro) so con umers were reluctant 

to pay anything extra. 

4.3.5 Increased Comfort Levels 

Heating level in ew Zealand homes are considerabl y lower than those of other OECD 

countries . Kiwi homes are freq uentl y colder than the 16°C recommended by the World Health 

Organisati on (ECCA 1999). Over time it would be reasonable to assume that these levels in 

NZ will ri se to match those of other OECD countries. DG technologies could offer ways to 

meet this increa e in ex pectati ons and thi s could prov ide a larger market fo r SH tec hnologies. 

Improved insul ation may a lso contribute to warming homes in NZ. 

4.3.6 Network Related Benefits 

DG offers many benefits to the d istributi on network inc luding voltage regulati on, peak 

demand reducti on and hence deferred network inve tment , higher ystem capacity utili sati on 

and reduced losse . Network benefit s are related to the size and number of DG units and thus 

their cumul ati ve impact on the distribution network. As stated in Sec ti on 2.4 who receives this 

benefit (i.e. who has the incentive to invest, operate and own the units is a likely point of 

contention). Lines companies who are best suited to operating the units, are restricted in their 

ownership of generating assets (particularly non renewables). A further disincentive is that 

they stand to loose use-of-system revenue if load is removed from their network. Therefore, 
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any device that removes load from the network and decreases the amount of electricity 

conveyed through it is a potential competitor to the lines companies. 

4.4 Obstacles to DG 

E-source ( 1999) highlighted some of the obstacles that could face the introduction of 

residential DG . 

Critical Issue Background 

A poor marketing plan Failure to capture the attention of the public who are unfamiliar with the 

new technology and the concept of on-site generation of energy. 

A lack of service outlets Sufficient outlets to provide adequate back-up to customers is needed. 

With new and unfamiliar technology and unproven performance records , 

the 'service man' should be an integral part of the campaign . 

A small distribution structure Lines company policy that may resist the introduction of these new 

limited the sales volume products means that customers may fail to hear about the product, or if 

they do may be reluctant to take the plunge without their lines companies 

support 

Long payback periods Resulting from high initial cost, in comparison to traditional systems, and 

high operating costs . Residential customers would generally not accept 

payback periods longer than 2-3 years. 

Low value for export Meant that a potentially substantial revenue stream was minimised. 

Connection problems Lack of interconnection standards and required safety protection 

equipment (to prevent back feeding into network during an outage) further 

increases costs . 

Loss of revenue by network Fearful of decreasing usage of the networks lines companies are reluctant 

to support DG in some instances. 

No capability for stand alone Synchronous generators which rely on excitation from the grid and thus 

generation. can not operate during a grid outage. 

Table 4-5: Obstacles Facing Residential DG 

4.5 Overseas Experience 

There have been failures by two companies attempting to enter the North American 

residential market. Firstly, Kohler and the Gas Research Institute [GRI] in 1989 developed a 

natural gas fired 5 kW co-generation unit. However, given its limited market potential and 

their inability to reach a price point of 750 US$/kW, they decided not to proceed with 

commercialisation. 
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In 1994 lntelli gen Energy Systems developed a 5 kWe a nd 20 kWth oi l fired co-generation 

system aimed at replacing fuel oil furnaces. The unit was heat led and excess e lectricity was 

injected back into the grid. However it had no cooling capabi lities and cou ld not provide 

power during a grid outage. With a price tag of US$ 1 I ,000 installed, it could not compete 

with traditional HY AC (costing around US$4,500) and had around three times the 

maintenance cos t as well. 

On a more positi ve side, there are at present numerous companies a ll over the world that have 

either introduced new DG technol ogies into the res idential market or have announced plans to 

do so. The e include technologies such as fuel cells and Stirling engine . For exampl e a NZ 

company based in Christchurch , Whi pe11ech, are looking at selling their Stirling e ngine in 

the European domestic and marine markets. Plug Power and H-Power were proj ec ting 

shipping their fuel cell units in 2002 and Ecopower Energy Solutions have launched their 

micro-CHP unit based on the Marathon engi ne in everal European countries. 

4.6 Technologies 

Practicall y a ll DG technologies have applications withi n the industrial and commercia l 

ectors. The emphasis he re is the residential market so on ly those technologies with capac itie 

appropriate for domestic loads wi II be conside red . Figure 4-7 hows the re lative importance 

of heat in domestic DG applications. In NZ it accounts for 74% o f the energy use in a home. 

Fraction 
of total 
Load 

Bulk 
Power Station 

Industrial 

Co-generat ion 

---- Heat 

Residual ele, 
(non-heat) 

Domestic 

Figure 4-7: Importance Of Energy Conversion Efficiency in Domestic OG Appliances 
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The economics of fuel based DG technologies are closely related to the ability of the supply 

to closely match the heat and power load . In a grid-connected case, power can usually be 

exported , but heat must generally be consumed on site, stored or wasted . 

Figure 4-8 provides a summary of heat and power outputs from variou DG technologies. The 

cales on the axes are relative and can be interpreted a either actual or normalised values . As 

can be seen , apart from PY, wind and fuel cells, the ratio of heat to power is greater than one. 

Thi s bodes well for residential application where the ratio of thermal to residual electricity 

load is around 2 .5: l . 
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Figure 4-8: Heat & Power Outputs for DG technologies Operating at 40%, 
60%, 80% & 100% of Full Load Capacity 

Table 4-6 lists the main DG technologies, their typical current performance characteristics 

and prices. 

4.6.1 Reciprocating Engines 

Reciprocating internal combustion engines have dominated the DG market for decades and 

are currently the only proven commercially available technology for providing on demand 

electricity at the domestic level. Technological advancements have meant an improved 

efficiency, lower emission levels, less maintenance, higher reliability and ability to run on 

natural gas . However the residential market has very high standards in these areas and 

considerable improvement is still needed . This has not stopped many companies from 

introducing units into the marketplace such as Honda Motor Company, Kohler, lntelligen and 

Senettec Heiz-Krafr-Anlagen (E-Source, l 999). 

One significant advantage that reciprocating engines will have over newer technologies is 

their established distribution and service networks . Reliable historical records of their 

operating performance are known as well as maintenance and service intervals. This will 

have an impact on the public's perception but also that of line companies which may view a 
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traditional technology with less apprehension than unproven ones, espec iall y when concerned 

w ith grid security and re liability. H owever, long he ld be liefs that 'generators' a re no isy and 

di11y may prove a difficult barri er to overcome especiall y when considering si ting issues in 

res idential neighbourhoods. 

Rec iprocat ing engines can be di vided into e ither compression ignition di esel or spark ignition 

gas/petro l fired eng ines . Compress ion ignition requires hi ghe r com press ion ratios of between 

12 and 16 : I, whe reas spark ignition engines have compres ion rati ons of onl y 7 or 8: I . Th is 

leads to a slower respon e time for compress ion ignited e ngines, whi ch has impli cat ion for 

its load fo ll owing ability. However, diesel engines have better re li ability and requi re lower 

maintenance. 

Perfo rmance can be improved by converting a diesel engine to one using a dual fue l, 1.e. 

utilising diesel or natu ral gas as a fu el supply. There are signifi cant advantages wh ich are 

inherent with dual fuel operatio n. Firstl y, reduced emi ss ions. T ypical NO, reduction 

percentages compared to full d iesel operation can reach 75% (E-source, 2000) . Secondly, in 

island mode you need on site fuel storage if you r~quire full backup. For dual fuel engines , 

diesel can be stored on site and NG is avai lab le th rough a pipe con nection . 

4.6.2 Stirling Engines 

Sti rling engines use an externa l heat source i.e. they are an external combustion engine. T hey 

can use virtuall y any energy source capable of producing heat over 537 °C CE-source, 1997). 

They typi ca ll y produce 2 to 6 kW of heat fo r every kW of e lec tric ity produced . 

Thei r characteri ti cs are well uited to residential application . Burners and filt ers have low 

mai ntenance with interva ls of between 5,000 and I 0,000 hours . Free pi ton Stirling e ngine 

are hermetica lly sealed , o no ma intenance is required on the engine itself. Their effic iencie 

range from 12% to 20% lower heating value [LHV20
], however running in CHP mode, over 

90% of the chemjcal potentia l energy of the fuel can be utili sed (Whi sperGe n, 2001 ). Low 

errus ion levels are also realised with NOx levels of less than 0.1 g/kWh. Noi e levels are 

significantly less than reciprocating engines. 

- The p\llentd ellcrg~ ,11,1i\.1hk ill" fu~I .1, rec\:11ed. laking int,, account lhe encTg~ LN:d ill c'1c1p,,r,lling and 

superhealing the 11ater in the luel and .111~ llJter product'd during combusti,)n fru111 the' H, presenl 
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4.6.3 Fuel Cells 

Fuel cells use an electro-chemical reaction to produce both electricity and heat. A hydrogen 

rich fuel such as natural gas [NG] is reformed, thereby separating out the H2 gas . This is then 

combined with oxygen from the incoming air (Figure 4-9). The oxidisation of the H2 produces 

water and free electrons, which flow out as electricity. Since this is an exothermic reaction the 

water is heated and depending of the stack type and operating conditions steam can be 

produced. 

Figure 4-9: Fuel Cell Operation 

There are a number of varieties of fuel cells that are aimed at the stationary market, some of 

which may be suitable to residential applications. They include phosphoric acid [PAFC's], 

proton exchange membrane [PEM 's], molten carbonate fuel cells [MCFC's] and solid oxide 

fuel cells [SOFC's]. The different types relate to the material of the stack which dictates the 

operating pressure and temperature of the cell and its operating effi ciency. For residential 

conditions lower temperature technologies such as PAFC and PEM wi th 40% LHV electrical 

conversion efficiencies seem most promising (E-Source, 1997). The overall efficiency that 

can be achieved in CHP mode wi th these types of fuel cells can be as high as 80% with hot 

water recovery at between l 90°C and 250°C. For fuel cells that have higher operating 

temperatures and pressures such as SOFC high quality heat can be recovered and used in a 

steam turbine generator. 

Since fuel cell s do not use a combustion process, their atmospheric emission are low. With 

NG as the fuel NOx levels are at 0.01 g/kWh or 1 part per million volume (ppmv). This is 

possibly one of the biggest advantages of fuel cells given potentially long operating hours in 

densely populated residential areas . The O&M costs as reported by ONSI (now called 

International Fuel Cells), are around 2 USc/kWh but were expected to drop to 0.75 USc/kWh. 
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Likewise, capital costs of around 3,000 US$/kW21 were expected to drop by 50% in the three 

years after 1997 CE-source, 1997). However in a more recent report CE-source, 2002) the US 

Department of Energy suggests that costs will remain above 3,000 US$/kW until 2005. 

Contrary to thi s though is ZeTek's projected costs for their alkaline fuel cell to be less than 

300 US$/kW by 2005 (E-Source, 2001 b) . 

4.6.4 Micro-turbines 

Micro-turbines are the small cousins of the much larger aero-derivati ve gas turbines [GT] that 

are currentl y the centra l power plant of choice. They present a " lower-tech GT" solution but 

with more complex ancillary plant integrat ion . A single shaft, supported by ai r bearings spins 

at between 60,000 and 120,000 rpm and with the use of power e lectronics, the high frequency 

voltage can be converted to the conventional 50Hz. Micro-turbine are reputed to be the 

favoured entry technology to replace internal combustion technologies. However they have 

genera lly been developed in the 25-35 kW range and thu s wou ld be unsuitable for a single 

dwe lling. However, neighbourhood, apartment block and semi-detached housing schemes, 

open up the possibility of micro-turbines being used for these applications. Their 

characterist ics as described below are well suited to .the residential env ironment. 

Again , as with many of the emergi ng technologies, performance data i limited . Accordin g to 

E-Source ( 1997), electrical efficiencies of 32% and 17 % LHV with and without recuperators22 

respecti ve ly can be achieved. With the waste heat being used for heating purpose overall 

ystem efficiency is likely to be much hi gher. Their emissions level are characteristically low 

with NOx levels at about 5-11 ppm and are projected to go below I ppm. oise is a lso low at 

60 dBA at 3 m. Operations and maintenance costs are in the range of 0.4 USc/kWh and 1.0 

USc/kWh due to the small number of moving parts . 

Manufacturers such as Allied Signal , Capstone and Elliot Energy / GE Power systems are 

among the many who have commercialised their products. The capital cost vary widely, not 

only between manufacturers but also through experience as past predictions give way to 

reality and commercial units are priced much higher than once touted . Recent estimates are 

800-825 US$/kW from Honeywell Power Systems and 350 US$/kW for Al lied Signal Power 

Systems CLenssen, 2001). 
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-- ,-\ heal e\changc Je, 1,c thm u1ili,e, the hot c,h::iu~t ga,c:, trnm the turhinc 1,1 pre-heat the :ncuming a,r intu the 

n1111hthlion L'hamhcr. thu, impru, ing dliL·icnc~. 

59 



4.6.5 Heat Pumps 

Heat pumps have been avai lable to the home heat ing market for the last 50 years . However 

high capital cost and unreliable performance in the past has hampered their widespread use 

(E-Source, 1996). In recent times though, technological advances have allowed their high 

efficiencies to be felt in nearly 22% of all new homes built in the US (E-Source, 1996). 

Essentially a heat pump i a device that is able to redi stribute solar heat. It uses solar heat 

stored in either the ground (ground-source), water (water-source) or ambient air (air-source) 

and delivers the 'free' heat to the load. Thus the only energy input is that to the compressor to 

'move' heat and upgrade heat from low temperatures to higher temperatures . Coefficient of 

performances (COP23
) are between 1.7 to 5, i.e. they are between 170% to 500% efficient. A 

heat pump is often reversible and can function to provide both cooling in the summer and 

heating in the winter. Around 80%-85% of heat pumps are air-source units (E-Source, 1996) . 

Heat pumps can also be used for water heating and there are commercial units ava ilable. 

4.6.6 Wind Turbine Generators 

Wind is one of the fastest growi ng sources of energy in the world today, with some 3,500 

MW of utility sized capac ity being installed during 2000 (A WEA, 2000), creating a total of 

17,000 MW mostly in Europe, particularly Germany . Reasons for the promi sing uptake of 

wind turbine generators [WTG] include the maturation of the technology and s ignificant 

reduction in production costs. In the US some new projects have been contracted at less than 

3 USc/kWh, making it competitive with some grid supply electricity (A WEA, 2000) . 

WTG are not ideally suited to the mass residential market. Their significant height 

requirements even for small ratings (e.g. around 6 m for a 1 kW Soma lOOO) would make 

getting consents unlike ly in urban settings. However, given their applicability for rural 

dwellings and the current and potential interest in them, they are considered in this thesis. A 

with other renewable sources of energy, storage devices play an important role in fully 

utilising this resource. NZ has some of the highest rated wind sites in the world due to its 

location in the "roaring forties" and exposed topography . 

~' Tht' amount nf ht'at /c,i,1 l ing p1"l1Lluced in k'v\'h for t'ach 1' \\ 'h nr t'kctricit: necLlt'd t, i n111 the heal pump 
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4.6.7 Photovoltaics 

Each day, more energy fa ll s onto the earth fro m the s un than the tota l amount of e nergy that 

the entire popul at ion would consume in 27 years (BP Solar, 2001 ). Despite the hi gh cost of 

ph otovoltaics [PY], it has become a US$ I billion do llar business world-wide , w ith about 152 

MW worth of PY modules shipped in 1998 (E-S ource, 1999) and 600 MW of installed 

capac ity by 2000. Of thi s 28 MW have already been sold to grid-connected houses, via the 

development of mic ro-in verte rs and building integrated PY roof sh_in gles . Substantial 

government subsid ie have been incorporated in many of the chemes designed to in troduce 

PY into the market. H owever the manufac tured cost that once hovered around 4,000 US$/kW, 

is now down to a round 2 ,000 US$/kW as larger production fac ilities come on-line CE-Source, 

1999) . (It is impo rtant to note, that the modul es compri se only a third to a ha lf of the tota l 

system cost (Abl e Solar, 200 I ).) 

PY arrays can come in virtually any size and the ir extreme ly low maintenance makes them 

idea ll y suited for res identia l application . Modern , mass produced solar cells have effi cie ncies 

of between 18% and 20% whereas the panels are typi ca ll y 8% to I 8% effic ient. Si nce the fue l 

is free and there is generall y enough area to pl ace a collec tor, the init ia l cost is more of a 

limj ting fac tor th an their low efficienc ies. 

4.6.8 Solar-Thermal 

S olar thermal in volves the use of the sun 's ene rgy fo r e ither wate r or space heating 

requi rements. In thi s study olar thermal is limited to domestic water heati ng as o lar space 

heating is re lated to building des ign rathe r than a separate technology that can be retro fi tted . 

Solar hot wate r heaters [SHWH] can fall into the categories of acti ve or pass ive and c losed or 

o pen loop. Figure 4 - 10 hows a typical confi gurati o n of an acti ve closed-loop syste m. C losed 

refer to the working fluid in the collectors be ing separate from tha t consumed by the 

hou ehold . Its acti ve in the sense that it requires the use of pumps and contro llers for 

operation whereas a passive system re lies on thermosyphon dri ven system . 

Since SHWH are pollution free in their operati on a nd utili se a renewable energy source they 

are often candidates for 'green' subsidies, makjng them more cost effecti ve in compari son to 

their all-e lectric counterparts. Overseas analys is suggests that the initi a l installed cost of a 

SHWH (US$ l ,500 to US $3,000) is significantly higher than that of a gas water heater 

(US$350 to US$450) or an e lectric water heater (US$ I SO to US$350). However SHWH save 

as much as 50% to 85% on annual electricity bills compared with electric water heating 

(EREN, 2001 ) . The e rru ssions are practically ze ro and efficiencies are of secondary 

importance in comparison to the cost of the system. 

61 



' 

Collec10< 
sensor 

-

Solar 
cooroller , 

0is11lled 
water - W::::::: _· -- _ _-- -----

Pump 

Colds,~• -
tt.:r1water -

Figure 4-10: Closed Loop, Active SHWH System 

4.6.9 Storage Devices 

Storage devices can be grouped into two generic categories; electrical or thermal. Electrical 

storage most often takes the form of batteries, a lthough new technologies such as flywheel s 

and superconductors are being developed. The battery types that are most likely to be used in 

residential applications are the deep cycle lead-acid and Nickel Cadmium (Ni-Cd) varieties . 

However given the scope of thi s study, i.e. the urban residential market, it is unlikely that 

e lectrical storage will be widely used. The reason is one of practicability and economics. The 

vast majority , if not all houses will be connected to the grid by default, allowing the grid itself 

to perform a storage and balancing role, so that power can be imported or exported. 

Therefore unless there were large variation in the TOU charges for exporting and importing, 

storage is unlike ly to be feasible . Such variation is unlikely as export price would probably 

follow import prices. Further, the additional capital cost and added maintenance would make 

this option even less appealing to the home owner. 

Thermal storage devices can be either direct (storing waste heat) or indirect (stori ng exce s 

electricity in the form of a thermal mass such as in hot water). Whether e lectricity is stored as 

a thermal mass or exported directly depends on the practical ability to export power as well as 

its value. Given that waste heat is largely free (apart from the heat recovery system), direct 

thermal storage which is technically easier than electrical storage is a viable option. For 

example, a generator may run during the night, utili sing low gas prices, and accumulate heat 

for the peak load in the morning. 
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Type Size Thermal Efficiency Heat recovery 0 & M cost (excl. Current cost Commercialisation 

kW kW %0 LHV 
temperature fuel) 

$/kW 
(for residential 

oc c/kW 
market) 

°loth 

(hrs of operation ) 

Reciprocating Engine j 1 :S-5 1 4.7-11.7 - T 25 1 427-538 (exhaust) I 500-1,500 I cu rrent 

90 I 93 (water jacket) 

Stirling Engines 0.3-25 1.8-3.5 12-20 71-93 10,000 current 

Fuel Cells 1 -5 20-50 190-250 2 3,000 3 years 

80 

PV panels 1 - 100 n/a 13 nla negligible 2,000-10,000 I current 

Wind turbine 1-5 n/a n/a n/a 8,500 I current 

SHWH 1-5 1-5 35 65-95 negligible 1,500-3,000 I current 

Heat Pump 1-7 1-7 170-500 500 
I 

current 

I Micro turbines 25- 100 42-170 26-30 205-260 0.4101 3 10-800 
I 

current 

(10,000 to 60,000) 
J - - ---- - J _ l ____ --

Table 4-6: Residential DG Technologies: Critical Data 
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4.6 DG and the Electricity Network 

4.6.1 Transmission Network 

The transmission network [TN] is owned and operated by Transpower. The backbone is a 

HVDC link between the 220kV networks in both the North and South Islands. Transmission 

lines of ll0kV, 66kV, 50kV, 33kV and l lkV also form part of the Transpower's network. 

However, in general anything less than 66kV is regarded as part of the di stribution network 

(Ewers, 2001) . An additi onal criteria that is often used is anything downstream of the GXP is 

considered di stribution rather than transmission, i.e. that which is owned and operated by the 

di stribution or lines companies. 

By its definition DG is physically separate from the TN, however it affects may not be. 

Widespread use of OG may have the potentia l to impact the load profile of the TN. Typically 

this would mean a flatter, more consistent demand th roughout the day and possibly the year, 

as well as an overall decrease in demand . Thi s wou ld be dri ven by the change in the demand 

through the GXPs (which itself is a refl ect ion of a change in the supp ly/demand profile of the 

di stribution network connected to that GXP). This has implications for Transpower in terms 

of how system peaks and constraints are handled. Typically these two characteristics are 

drivers for capital in vestment. However, it is proposed that given the on-going increase in 

electricity demand , uptake of OG may slow down or delay the need for system upgrade, but is 

unlikely to render any parts of the TN stranded. 

A detailed analysis of the TN and its relati onship with OG is beyond the scope of this thesis 

(However Transpower have completed a DG impact study which is covered in Section 2.9.3). 

4.6.2 Distribution Network 

The distribution network [ON] is by default all of the electricity network that is not part of the 

transmission network. DG may be placed at different levels in the network (Figure 4-11). 

Their impact on the network is in part due to their location as well as how they're operated . If 

DG is widely deployed in the future, the ro le of the ON may fundamenta lly be altered. 

Currently the primary function is to de li ver power from the grid to the end user (from hi gh 

voltage levels to low voltages) in a unidirectional manner. Widespread OG may require the 

ON to act as a giant transfer, buffer and storage mechani sm, receiving e lectricity not from 1 

or 2 GXPs but hundreds and possibly thousands of DG units in a dynamic and changing 

manner. Hence there are significant technical issues that become apparent if a network is to 

support DG. 
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Figure 4-11 : Levels of Network Embedded OG 

The network at the res identi al level (suburban) compri se o f 400V primary feeders. A typ ical 

po le at thi s level carri es three phases, an earth line as we ll as lines fo r street li ghting. T he 

three mai n lines are typica ll y rated at 60 Amps. T hi s is an important quantity as it gives a 

mea u re of the amount of export that could be tran mi tred. Apartment blocks, found in the 

inner city are ofte n connected to hi gher voltage feeders ( I !kV) therefore potenti a ll y 

suppo1ting larger ex port. 

Figure 4- 12 is an example of the normali sed (to 10,000 kWh/day) con umpti on profil e fo r a 

prima ry feeder. Variati on is shown between consecutive days . Currentl y it is through thi s 

profile that non-incumbent retailers are charged for their cumulat ive, but non-TOU, electric ity 

consumption (i.e. non-incumbents are assumed to have the same average profi le as incumbent 

customers). 
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Figure 4-12: GXP Normalised Profile for a Week-End Day in April 
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If significant amount of DG are used within a particu lar ON, the profi le may change 

su bstantially, probably with a reduction in the peaks and a general lowering in demand . Since 

the lines companies pass through demand charge onto retailers (who pass it through to 

consumers, Figure 3.2) significant savings can be achieved in thi s area. As with the TN the 

upgrading of the ON is dependent on system peak demand . Sections 12.4 provides a more 

detailed review of thi issue. 

A distinction needs to be made between the physical impact of DG on a network and how this 

impact is then quantified into revenue stream . Determining the network benefits of DG and 

who receives them is a separate issue. (Section 7 .7) 

4.7 Gas Industry 

4.7.1 NZ Overview 

Figure 4-13 shows the physical and ownership fl ow of gas from its fie ld production to 

consumption by consumers . There is obvious similarity to the e lectric ity industry structure 

with the gas being produced at a few locations, transmitted a long a high pressure transmiss ion 

system and then sold to consumers through low pressure distribution networks . The gas 

industry has also undergone deregulation with the removal of gas franchise areas and price 

control s by 1993 . 
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Figure 4-1 3: Gas Industry Relationships 

4.7.2 Production 

Gas producti on is do,ninated by the Maui and Kapuni fi e lds, which operated by She ll Todd 

Oil , provide over 90% of production. Currentl y there are seven produc ing fi eld s all in the 

Taranaki region . In 2000, producti on was 233 PJ which accounted fo r 29% of New Zealand 's 

primary energy supply. 

4.7.3 Transmission 

Figure 4- 14 shows where the gas transmi ss ion network and di stribution network ( GC 

owned) are located. The Wairarapa is the only major urban area in the orth Is land where 

reticulation is not pre ent. There is no significant reticulated ga network in the South Island 

except for the remains of the coal-gas reticu lation systems in Chri stchurch and Dunedin . 
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Figure 4-14: NGC Transmission and Distribution Network 

The transmission sy tern is operated and majority owned by NGC. It consi t of 2,600 km of 

high pressure gas pipeline which conveyed 100 PJ during 2000. Methanex and Petrochem, 

both based in Taranaki , are the main direct supply customers. Load factors for the following 

main trunks of the tran mission network are shown in Table 4-7 (Gan-, 2001). The excess 

capacity of the transmission system is difficult to define due to the dynamic nature of demand 

and the ability to increase capacity limits by increasing compression. 

Zone 

North and Central 

BOP 

Frankley Rd- Kapuni 

South 

Load factor 

91 % 

83% 

76% 

68% 

Table 4-7: Zone Load Factors of the Transmission Network 
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4.7.4 Distribution 

The distribution networks comprise 11 ,363 km of low pressure pipelines operating at an 

industry wide average load factor of 79%. There are over 220,398 customer connections 

receiving 29.7 PJ of gas. Around 2.5% of total annual gas production goes into the res idential 

market. Areas in central Christchurch may ti II have the old coal-gas network, which may 

prove suitable for re trofitting with modern gas piping to provide a convenient way to 

distribute gas throughout the area. 

4.7.5 Market 

Residential DG technologies such as fue l cells and Stirling engines would rely on reasonably 

priced gas to ensure it could compete with the electricity grid and other energy sources. 

Companies like Contact Energy and NGC are able to gai n low ex-field gas prices (due to 

Maui gas take-or-pay contracts). However as with electricity a large propot1ion of the 

del ivered cost is due to the transportation of gas to the end-use location . 

4.8 Optimal Sitting of Residential DG 

Figure 4-15 hows three critical factor affecting where best to site re idential DG . If a 

electricity network is constrained it should be reflected in the nodal price factor , which means 

higher spot price and inevitably hi gher electricity bill s. 

Gas line 
capacity 

Electricity 
network 

constraint 

Load profile 

Figure 4-15: Crucial Factors in Determining Economics of Residential DG 

This would mean a more competitive environment for a DG unit to operate in . If the DG unit 

is gas fired, an obvious requirement i for available capacity within the existing network to 

serve the increase in demand from possibly thousands of units . The third category is the 

demand side. The load to be served must be, or could be made to be well suited to the output 

of the DG unit. This is obviously dependent on the type of DG technology deployed . 
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Chapter 5 

Model Charter 
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5.1 Situation Description 

DG is an energy source/conversion unit that i located close to the load, either in the 

distri buti on network or on the customer side of the meter. As such it can take advantage 

of av ings from avoiding transmission and distribution [T&D] cost and del iver these to 

the end user. 

A significant end u er in the New Zealand market is the residential household. It is the 

fastes t growing sector of our economy (EECA 2000) in terms of energy u e and has 

experienced electrici ty price increases despi te the reform and ubsequent drop in the 

wholesale price of electricity. 

The residential market ha a hi gh (although seasonal) thermal component to its load 

profile, making it well suited to CHP type DG technologies . 

The market is unique in its large variability of energy use between regions, seasons and 

occupancy characteristics. The complex ity is further increased by variab il ity in the 

heating to power ratio in homes and the various sources of energy currently used to 

supply these needs. Identify ing profitable customers who are suitable to use DG is thus a 

complex task. 
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As an integrated generator-retailer, Meridian has a significant number of residential 

customers, generation that is situated at some distance from major load centres, and is 

exposed to a number of transmission constraints and has no North Island gas presence. 

DG offers a potential solution to these challenges. 

The application of residential DG is envisaged a helping Meridian maintain a profitable 

residential customer base. This would be not only in terms of quantity but importantly 

quality, where home that are suitable for DG may also prove to be candidates for value 

enhancing home automation products . 

5.2 Purpose 

There are a number of purposes which this thes is and ultimately the deci 1011 tool should 

provide: 

an aid in assess ing the business opportunity for residentia l DG; 

greater understanding of the residential market and the factors that affec t domestic 

energy use; 

awareness of new and emerging technologies that may be used in this market and 

a base on which further and more detailed analys is can be carried out. 

5.3 Objectives 

Specifically, the objectives for the model were to: 

develop a framework of analysis which incorporated the key factors affecting DG in the 

residential market; 

develop a methodology that provided a quantifiable description of the effect of these 

factors; 

develop the formulation for these relationships; 

construct a calculation engine that is complete with an user-friendly interface; 

use a modular approach that enabled the incorporation of additional modules and or the 

ex pansion of ex isting ones in order to increase the accuracy and expand the range of 

applicability of the model; 

perform case studies of a DG opportunities in which different cenarios were analysed 

and the functionality of the model was demonstrated and 

prepare a users guide that provided instruction of how the basic functionality of the 

model could be accessed. 
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5.4 Scope 

Many aspects of the impact of DG are the result of multipl e instance of DG units and the 

cascading effect of DG through the di stribu tion network. However, these effects feed back to 

the indi vidual houses. Therefore a complete analys i even at a single household level requires 

the broader impact of DG uptake to be accounted for. Figure 5- 1 show the effect of synergy 

between multipl e DG units (i.e. the extra benefit obtained from multiple unit worki ng 

together) and indicate the degree of focu s given in thi work. 

I 
Effect of Synergy 

(economies of scale , nodal price factor, capital I 
deferment, col lective thermal loads) j 

~ ---- ----~ 

J Individual I G I Neigbourhood I ½ I Network l ~ I Regio~ 

~ Pr,0q I co~oa~ ~ da~ ~ 

- ~ 
Focus of Model 

r-------------------------____J 

Micro-level Macro-level ~ 

Figure 5-1 : Scope of Model Development 

The development of the model was restricted to : 

Residential market 

A focus primaril y on the New Zealand residential market. This market is represented by a 

co llecti on of single or attached urban dwellings . Overseas, commercial, industrial and 

rural application were not explicitly examjned, although in many cases the ame analys is 

methodology could be applied. 

The model looked at applications of DG into single urban dwelling. A single DG unit 

serving mu ltiple end users such as a uburb (e.g. di stri ct heating schemes), or multiple 

housing units was not con idered. 

On-site applications 

DG that is embedded on the customer side of the meter (DG within the distribution 

network generall y was not considered) . 
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The effect on the distribution network from multiple single DG units was quantified but 

how these effects impact the operation of the di stribution network was not considered. 

T echnolo g ies2
-1 

The following technologies were considered: 

1. Reciprocating Engines 6. Photo voltaics 

2. Stirling Engine 7. Heat Pump 

3. Fuel Cell 8. Solar water heating 

4 . Microturbine 9. Storage 

5. Wind 

The technologies examined were chosen because of their suitability to the residential 

environment ei ther now or after further deve lopment or because they represented a bench

mark technology from which comparisons to the newer technologies could be made. 

Functionality 

Figure 5-2 illustrates the dilemma of designing a _decision tool that was useful and could 

perform and produce required results , but the exact nature of these results , for different users , 

were unknown. The approach used was to create a generic platform which could be used to 

produce a wide range of specific result after fu11her defin ition downstream. 

Constraints on 
information and 

data 

Specific end uses 

~ ~ ~ 
~ CD 0 

~ 
------.--- T 

Unknown application 

\ Generic base from which specific routines can < 
---i/ be developed ---

Figure 5-2: Capability versus End-Use of the Model 

Constraints of time 
on model 

development 
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can he tcrrned , irtu,11 DG 
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Chapter Six 

Conceptual Model Development 
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6.1 Introduction 

The Chapte r first outlines the va lue propos ition as the overa ll driver fo r eva luating a DG 

opportunity. It describes how the va lue proposition can be as e sed and categori sed prior to 

development as module . Secondly, it identifi e the framework in which these mod ules were 

incorporated and how the who le model works . The fun cti onal calculations are given in 

Chapters 7 to 10. 

6.2 Value Proposition 

The bas is of the value propo ition was to quanti fy the value of DG if it di splaced traditi onal 

suppl y mechanisms [TSM] (i.e. displacement va lue) . Thi s problem was solved by looking at 

both supply and demand sides . 

The demand side incorporates energy use and its c hanges over time (load profile) . Demand 

was considered to comprise of thermal and residual e lectrical loads. 
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The supply side incorporates the means of meeting this demand and its changes over time . 

Supply side analysis is two fold; firstl y from the TSM such as the grid and secondly from 

emerging DG technologies. 

The model used an economic comparison based on net present value [NPV] as shown in 

Figure 6 .1. 

Demand 

Figure 6-1 : Cost of Meeting Demand 

The difference in annualised production cost [APC] plus any initial marginal cost (capital + 

installation) over and above that for the TSM results· in a net present value [NPV] between the 

alternative energy suppl y options being calcu lated . 

NPV = ~ L ( APCTsM - APC oc ) - initial marginal cost forDG Equation 6-1 

All the constituents of both the demand and supply side impact this value proposition . The 

model explored their effect on the APC and initial cost. Figure 6-2 shows where the value lies 

in providing for the energy needs of a res idential load . Initially the demand and suppl y side 

can be seen as separate entit ies, both of which represent opportunities to provide the energy to 

a household in a va lue adding manner. However, it is the combination of these that allows an 

even greater value to be extracted as considerable synergy is obtained by influencing both 

aspects simultaneously . An additional aspect of thi s synergy is the effect of multiple units and 

their aggregate impact on the network. 

76 



Model 

Reality 

Increasing value ) ~--

Profile 
Development 

Demand 

Profile 
Treatment 

Supply 

Figure 6-2: Value matrix 

Aggregate 
network impact 

Synergy of 
energy 

solutions I 

C 
0 

n 
~ 
x 
"" ., 
::, 

~ 

V 

The potential synergy, also identified in Figure 5-1, means that a complete analysis of DG at 

the indi vidual house level shou ld incorporate the effect of multiple units at a neighbourhood 

leve l. Given that some of these effects were beyond the scope of this thesis, the model 

st ructure was designed to enab le them to be more eas ily taken into account in the future. 

6.3 Module Structure 

The model framework consisted of discrete entities called module that each represent a 

certain functionality of the model. The selec ti on and structu re of the modules was determined 

by 3 objecti ves : 

Accuracy: Each module and/or ub-modules must be capable of a reasonable level of 

accuracy for the component that are allocated to it and this level of accuracy should be 

known in order to determine areas which warrant future development. 

Flexibility: All modules were designed as generically as po ible to allow the inclusion 

of additional variables and alternative calculation methodologies in the future . 

Expansion: It should allow for future complexities to be incorporated that were beyond 

the scope of this project 

An additional reason for thi s modular approach was the practical implementation . A 

prototype development method was used which enabled each module to be developed 

independently whilst still being part of a working model. 

Figure 6-3 outlines the main modules and their subdivi sion . Modules were chosen as the 

means to organise the many factors that effect the value of DG and to enable their affect as 

well as their interrelationship with each other to be quantified . 
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Figure 6-3: Modules and their·Component Parts 
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A module consists of a database and associated set of calculations. The Calculation Engine 

acts as a pivot point in the calculation sequence and performs 2 tasks: control of the 

calculations performed in the modules and co-ordination and ubsequent calculations of the 

results . For example, the Calculation Engine would specify what load profile is to be 

developed. The Load Profile Development module would construct this profile by using a 

database of standard profiles . The constructed profile is then used in the Calculation Engine 

for fm1her processing. 

Table 6-1 illustrates the concept of how a single variable can impact the NPV for a particular 

domestic scale DG installation . In thi s case the location of the house affects both its demand 

profil e"' as well as its supply costs. The Load Profile Development module, considers spatial 

climate variation to estimate the impact of location on the end use requirements . Conversely 

on the supply side, the climate has an explicit effect on the performance of the DG unit and 

hence the cost of the energy supplied . In addition, the price of energy (electricity and fuel) is 

also related to its location . 

~s LoaJ proi'ik .inJ ckmanJ profi le are used interchangeabl:, 
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Issue Demand Supply 
- . Costing 

Module Load Profil e Development DG Selection . Existing Grid case 
Category Profile development . DG case 

C 
0 . Climate 
~ Mechanism Climate (Temperature & . Price of energy 

I • C) 
0 

renewable energy ....I 

resources) 

SH . Performance of DG unit 
Variables DHW . Cost of energy supply 

Residual 
. . Total enerav 

Table 6- 1: How the Impact of Location Affects the NPV of DG 

The a bove serve as an illu stration of the framework that was used to quanti fy , via NPV, the 

impact of any numbe r of variables . The nature of the relationships between location and the 

vari ables are developed in the fo llowing chapters. For example, how does the locati on of a 

house impac t the amount of space heating or the cost of electricity? 

6.4 Model Overview 

The overriding obj ecti ve of thi the i is to defin e how and where va lue can be added to the 

bus iness of Meridian E nergy th rough the deployment of DG technologies in the res identi al 

market. 

Fi gure 6-4 shows how the mode l fun ct ions in determining the market potenti al of res identi al 

DG and is seen a a first step in a larger process . The grey box denote the limits of the 

models' functiona lity. The analys is i at a micro (indi vidual house) level, and does not 

consider the complete market. Subsequent work would invo lve using the model to estimate 

the number of economically feas ible ites. 
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Figure 6-4: Overview of the Model's Structure and Function 
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This diagram shows the modules with the calculation engme as the core. A number of 

databases were developed to provide input into the engine: 

1. Technology database 

The available DG technology types , operating characteristics and costs are stored in a 

database which was developed to allow easy addition and modification to the these 

parameters. Currently there are 8 different technology types . 

2. Grid cost database 

Grid costs are stored as composite retail values in the form of tariff rates (anytime and 

day/night) or spot market electricity prices plus a retail margin and line charge. The two 

approaches enable comparison between the price of electricity paid to a consumer and 

the cost incurred by the supplier. Spot prices for three reference GXP points (Benmore, 

Haywards and Otahuhu) were stored in ½ hourly increments, averaged for each month of 

the year. At present week-end and week-day prices are the same but are stored 

individually (i.e. to allow for enhancement of this database). 

80 



3. Load profile database 

Due to the scarc ity of avai lable data, the load profile database does not contain raw 

profile data at the end-u se level. Instead , the re are stored profiles of total (elec tri ci ty) 

con umpti on for 5 reference households for eight representati ve day types . 

4. Natural gas and fuels database 

The fuels included in thi database are natura l gas, LPG and wood . Co ts for natural gas 

can be varied on a ½ hour basis (anticipating developments in the gas market) whereas 

the other fuels have fixed cos ts. 

Overall the databases developed were relati ve ly small due to the minimal use of raw data. 

However, their designs t1ied to anticipate future needs and expansion by using flexible 

codi ng. 

6.5 Calculation Engine 

The calculat ion engine is the mechan i m through which the variable containing modules in 

Figure 6-3 are 'knitted' together. Conceptuall y this is done in fo ur parts: 

i. Load profile development 

ew Zealand's housing stock of 1.3 milli on houses all have different load curves. A 

mechanism to produce load profile that wou ld reflect the vari ab ility due to hou e size, 

building type and location was developed . The resultant profile matrix for different day 111 a 

year becomes the basis of the DG performance and economic analysis. 

ii. Profile treatment 

Once the profile is developed the process of matching it with the output of a DG unit was 

carried out. Thi treatme nt included simulating the output of a particul ar technology type to 

determine the res idual import and expo11 to the grid under the chosen control regimes . 

iii. Aggregate network impact 

The detailed analysis on a micro level is repeated many times to produce a macro level result 

giving the cumulative impact on the di stribution network from hundred or thousands of DG 

units. 

iv. Costing 

The output of the DG unit is costed out as well a the cost of supplying the load via the TSM 

and a comparison is done between the two . 

81 



On a more detailed level , Figure 6-5 shows how the calculation engine uses the load profil e 

and DG output to create a cost comparison between the traditional supply mechani sm or 

' business as usual ' and the DG case. It describes an individual house, with the potential of 

using more than one DG unit. 

Load Profile 
Development 

- 'f 

Load profile matrix f 

Money flow 

• kWh flow (single) 

• kWh flow (multiple) 

I 
• 

Multiple unit 

-;- - DG 

technology 
type 
Operation 
control 

'f 

DG output 

OG operating 
cost 

• TSM 

Figure 6-5: Calculation Philosophy 

-• 

Imports 
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_ 'f -

Exports Value of export 

However, an important functionality of the calculation engine is the analysis of the impact of 

multiple DG units on the network . This was achieved by repeating the analys is for a single 

house many times and then aggregating it into an overall impact. Figure 6-6 shows the layers 

in thi s repetitive calculation structure. Likewise the analysis on a single house for a year is the 

weighted aggregate of separate analyses over 8 typical day types and 48 ½ periods within 

these days. Hence the base calculation engine analysis is for a single ½ hour period which 

repeated many times under the influence of a variety of variables to build up that overall 

result as follows : 

Residual 
demand met 

by TSM 

Total cost 
for DG 

Total cos t 
for BAU 
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Figure 6-6: Layered Calculation Structure 

Level l : ½ Hour Period 

An indi vidual ½ hour peri od fo r a single house is analysed . 

Level 2: Dail y Period 

I 

) 

I 

I 

\ 

\ 

I 
I 

I 

\ 
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The level 1 analysis is repeated for 48 periods to repre ent a typical day for the house. 

Level 3: Seasonal and Annual Period 

The level 2 analysis is repeated for the following 8 days, representing a typical weekday and 

weekend day for the following seasons. 

I. summer weekday 

II . summer weekend 

111. winter weekday 

IV . winter weekend 

V. spring weekday 

VI. spring weekend 

VII. autumn weekday 

Vlll. autumn weekend 

83 



A weighted average of the 8 days is used to represent the annual demand and the annual 

supply profile fo r a DG unit. 

Level 4 : Di versity 

The level 3 analys is is repeated many times to take account of house-to-house vari ability in 

load prope1ties (fo r houses in the same profile class26
), so that the effect of di versity can be 

assessed on the li kely performance and economic feas ibility fo r a single house. Di versity can 

also used to simulate annual changes in demand fo r the same house. 

Level 5: Neighbourhood 

The level 4 analys is i repeated for each home with di ffe rent characteristics (characteri stics 

are represented here by profil e class) to represent the aggregated impact on a network. 

Weighted averages of each c lass are used to construct neighbourhoods with di ffe rent housing 

composition . 

The deta iled mathematical formulati on and implementati on of the model is discussed in 

C hapters 7 to 11 . The fo rmu lation is done on a ½ hourly basis as the majority of the 

calculations are at thi s level of deta il. The repetiti ve nature of many of the calculati ons are 

shown using summation equation s which define the process of going from a ½ hourly 

analys is to a da ily, seasonal and yearl y analys is. Some of the equations and procedures that 

are e mployed to transfer data from one modu le to another are not shown as they are not 

considered essential to the understanding of the model. Model implementati on (Chapter 11 ) 

describes the overall data tructure, calculati on sequence, inputs and outputs and system 

architecture (programming environment) . 

c' A .:las, i, t.klined ,1, ,1 pnnicular load shape,, i1h a particular cn11,ump1 io11 p:111crn n, er a 2-1hr peri,KI 
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Chapter Seven 

Load Profile Development 

/ /111 C/1<1/J/( I ,/{'VJ'ih ,, •!11 /U"!I( ( \\('\ ,t,u:, I( !/11',i ,, ~·.1 ,;-,I', 1,/ tndi, 11!1 ,ti !nu,;,,,.,,,;/( .11,. 

1/·1 r (', 1 1n11, 1r/ir 1/'n,, /Jnt,·(•1·1,, , r, , /1111, ,, 

7 .1 Objective 

Assessment of DG opportunities requires the load profile for a parti cular house to be 

predicted, preferably from a small number of descriptive soc io-economic variab les. Given 

that many DG technologies produce heat and/or power, eparation of the load in to the rmal 

and residual components i required . Ultimately, accurate profil e need to be generated that 

reflect the vari at ion found throughout the res idential market in Z. Figure 7-1 show the 

many variables affecti ng the res idential load profile and how they relate to each other. 

Even though the approach to determine the load profile is important, it was not the central 

objecti ve in thi s the is. Firstly, a bas ic requirement for the model is fo r it to be a generic, 

modular framework through which to perform analys is. This all ows for the provision of a 

more sophi sticated load profile development mechanism if deemed nece sary in the future. 

Secondly, determining accurate load profiles as they relate to socio-economic data is an 

extremely complex task and one which is worthy of many studies on its own. Therefore, the 

profile development methodology must balance complexity and accuracy criteria. A number 

of alternati ve approaches were examined and that considered the bes t was chosen. 

An important issue that the mode l should help address is market penetration e .g. how many 

house in a region are economic opportunities for DG? The reg10n might refer to New 
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Zealand as a whole or to a localised region if the impact on the local network is considered 

like ly to be a signi ficant fac tor. A large enough sample of houses mu st be analysed to ensure 

that the variability in the market is taken into account and that a 'critical mass' is available to 

be captured . 

A nother important aspect is whether the houses' load profi le will naturally or can be actively 

changed to better suit the outpu t of a particular DG uni t. That is, DG may become more viable 

if energy use patterns change. The emphas is thu shifts from determining accurate load 

profiles fo r the current situation to being able to intelligently manipulate ex isting profi les or 

simulate future profil es i.e. to simulate change in energy use patterns. For example, future 

w idespread adoption of telecommuting could result in profiles being signi ficantly less 

" peaky" as home are occupied for a greater fract ion of the day . 

· 7.2 Available Data 

7.2.1 Sources 

T here have been a nu mber of stud ies into load profi les in the NZ residential energy market 

(Section 4.2.5) . TOU data is critical when analy ing DG applicati ons. Half hourly data is the 

coarsest time series data needed to estimate the ' match' for a particular DG technology 

because the DG unit operational decisions must occur at least every ½ hour in response to the 

load that is measured half hourly. This is true both at the micro-ind ividual house level, to 

examine the feasibility fo r a particular house, but also at the macro-network level to estimate 

the impact on the di stributi on and generation network particularly during peak times. Half 

hour load data i time consuming and expensive to obtain , further a significant number of 

houses need to be logged fo r a substanti al time in order for representati ve profiles to be 

generated . Thi s quality of load profil e data was not freely available to thi s study. 

Some industry experts say that the use of both average profiles and/or 30 min period data is 

too averaged to get a good indication of DG performance (Cleland, 2001 ) because load within 

a ½ hour period can be so variable. Data logging at fi ner levels, 30 second interval for 

example, is sub tantiall y more expensive and not readily available. Thi s issue is discussed 

further in Sect ion 13.4.5. 

The HEEP study (EECA, 1997b) provided some average profiles and the breakdown by end

use (Figure 7-2), but the number of houses logged was too few to be statisticall y 

representative of the vari ation found in NZ (e.g. 175 houses for space heating). 
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Figure 7-2: End-Use Energy Consumption Over a Day 

EECA data (EECA, 2001) provided national level data for end-uses such as water heating, 

space heating and lighting as well as a break-down between energy sources such as 

electricity, natural gas and solid fuel s (Section 4.2.4) . Whilst being accurate on a national 

level, the data does not reflect the variability found on a regional or individual house level and 

was not time of year or time of day dependent .i.e. data were only on an annual bas is . 

IRL (Sanders, 2001) provided time series data of total electricity use for 74 hou es logged in 

Christchurch (Figure 7-3) . 
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Figure 7-3: The Average ½ Hourly Load Profiles for a Group Of 74 Houses in Christchurch for the Year 
Oct '95 to Sep '96 

Half hourly data was available for an average weekend and weekday for each month . Cluster 

analysis was used by IRL to create 5 different 'classes' of profiles (Figure 7-4). A clear 

di stinction can be seen between houses with night-store heaters (Classes 4 & 5) and those 
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without. No socio-economic or demographic data was available to allocate individual 

households to the 5 classes. 
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Figure 7-4: Profile Classes Derived using Cluster Analysis for a Week-Day Winter Day 

7.2.2 Load Profile Detail 

The breakdown of the overall load profi le into co_mponents or end-u ses is also important. 

Figure 7-2 showed how these end-uses may vary over the day. The end-uses how 

independent vari ability throughout the day , were the morning and evening peaks remain 

evident. However, it was not considered feasible to analyse each of these end uses in any 

significant detai l because of the lack of data. Also there is no point in analysing the 

components of a profile if they do not represent a significant fraction of the total load or cost. 

Other factors such as anticipated growth or abi lity to shift load may make an end-use 

important enough to analyse in the future . 

Overall there is a need to integrate high level data and data which is more detailed . On the one 

hand we have national average annual data for end-use which was used to e timate the 

thermal (SH and DHW) and residual electrical constituents (Figure 4-4). On the other hand 

we have hourly profiles of total energy use for individual houses (Figure 7-4) . This data 

supplied by IRL (Sanders, 2001) provided the total energy use for a Christchurch house as a 

function of the time of year and time of day . In addition, data showing seasonal variation of 

the SH, DHW and residual electrical constituents (Figure 7-9 and Figure 7-13) was also 

provided. Intuitively it make ense with no pace heating during the summer months and a 

relatively constant DHW energy consumption throughout the year. However, this data was for 

a single house, for a single year, and therefore could not be reliably used to disaggregate the 

overall demand profiles. However, the data could be used as the basis of a seasonal 

disaggregation . Therefore, it was decided that subdivision of total load into components of 
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SH/SC and DHW would be done on a easonal bas is only and not ½ hourl y. That is the 

fraction of SH/SC out of the total was assumed to remain constant over each day but varied 

from season to season. 

7.2.3 End Uses 

Total energy demand was categorised into 4 types of end-use -SH, SC, DHW and residual 

e lectrical27
. The fir t 3 combined comprise the thermal load. The four end-use , were chosen 

because of the ir significant contribution to annual residential energy demand (Table 7- 1) and 

their significantl y different characteristics e.g. DHW require higher temperatures than SH. 

End-use Percentage of 

total 

DHW 38 

SH 36 

SC'" -

Residual 26 

Table 7- 1: National Average End-Uses Breakdown 

The distinction between thermal and non-thermal is 'required because many DG technologies 

produce both electricity and heat and it is through this comparison that the financial analysis 

is based. 

7.2.4 Load Profile Diversity 

There is uncertainty associated with load profiles that reflects on a day to day or house to 

house basis, the fac tors that affect energy consumption for an indi vidual household or 

building. Much of the available data is for average house profiles so any variation is smoothed 

thereby decreasi ng peaks and increasing the ba e load. This is the result of di versity or non

coincidental load behaviour between houses. The loss of detail is dependant on the number of 

houses that are used in the averaging process as shown in Figure 7-5 . 

Load diversity is important because DG units are installed in an individual house and not an 

average house. If a DG unit was sized based on an average profile its control decisions and 

:- Rc:,1du,tl i, defined ,h the 1Hm-thc·rn1al end u,..:,. ,uch ,1, lighting and c:kc·tri,·,il ,1ppli-tnce, 11hi,·h arc' i111anahl) 

,upplied h) c:kctri,·i11 

:, '>p,lc'c c",)1lling 11,1, inc·ludcd .i, il i, postulatc:d Ill he a gro\\111g c'nd-u,e in the future' .·llllll' SC clllllrih111c, 10th,' 

re,idual load h) 11 a1 or ekc·11·ic· ai, n1nJit iune1·, ho11c'1 e,· SC like SH I\ ill be mnrc ,c',l"ln,tl than 01hc1 rc,idu,il 

load compnnc:nt, and shPuld he ,cparmel) aml)Sccl. 

90 



operat ing hours could be sub tantially different than if it were sized to an individual house. 

Operating constraints such as cycling limits (e.g. number of starts) are more likely to be 

encountered. 
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Figure 7-5: Illustration of the Diversity of Loads Between Houses 

7.3 Modelling Approaches 

Load profile development can take two broad approache - bottom up or top down . 

7.3.1 Bottom-up Approaches 

There are two alternative bottom-up approaches: Firstly, developing a households' energy-use 

profile analytically by describing the house as a thermal envelope and deri ving from first 

principles, equations that describe energy use. This task is complicated and involves a high 

focus on the physical aspects of the building's structure, the heat transfer and storage 

characteristics. It would rely on an audit of the houses' appliances and occupancy behavior to 
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determine actual use. This time consuming process would be entire ly theoretical with no 

actual data to back up estimates and therefore it was not used. 

The second is to phys icall y measure the houses' c ircuits thus obtaining time of use profiles . 

Thi s is probabl y the most accurate method but has increased costs because data logging is 

expensive and time consuming. In addition, a large number of houses must be logged in order 

to get a statisticall y significant results. To be useful in a predicti ve manner such data must be 

analysed to determine the relationship between the end-use load profiles and household 

characteri stics . This approach is sti ll considered bottom up as it aggregates the various end

use profi les into an overal l total energy use profil e. Availability of data limited the u e of this 

approach. 

7.3.2 Top-down Approach 

This approach uses feeder level measured data for a number of hou ses, i.e. that obtained at the 

G XP or hi gher level. These aggregated load curves can be di vided by the number of 

connections to obtain an average individual profil e, bu t potenti ally critical info rmation about 

the load profil e is lost. However, such average infor~nation for a particu lar GXP or region can 

be used to relate energy use to a variety of factors such as socio-economic data and house size 

d istributions. For example the information in Table 7-1 could be used to break-down a total 

energy use profile into its main constituents in a pro-rata fashion. This could be done for an 

indi vidual house even though energy use for that specific house is unknown. 

7.3.3 Hybrid approach 

A third approach is a combination of the bottom up and top down methods in order to take 

advantage of the respective merits of each. A number of combinati ons could be chosen. These 

options are generally limited by data ava ilability. One method is to use actual measured ~ata 

fro m houses, thereby generating a reasonabl y accurate profi le shape capturing vari ati on 

during the day and year. Such profiles could be manipulated usin g the top-down approach of 

scaling the profile based on national and regional energy-use data. 
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7.4 Chosen approach 

It was decided to use thi s hyb rid approach to deve lop the load profi les in thi s thesis. T he main 

st ruc tu re of the load profi le deve lopment methodology fo r an indi vidual res idence i shown in 

Figure 7-6. 

The main steps are: 

I ) Reference house 

Reference 
House 

Base Case Profile 
Set 

Scaling Factors 

End Use Components 

Load Diversity 

Thermal Components 

Figure 7-6: Steps in Creating a Load Profile 

A reference case was created for a med ium sized house in Christchurch with a mediu m level 

of in ul ation for a standard (c limat ic) year. 

2) Establi hment of the base case average profi le set 

A set of 40 base case (reference) profi le were formed from the ori gi nal IRL data set 

(comprising of 5 cl asses of profil es for each of the 8 typica l days, representing weekdays and 

weekend days fo r each of the four seasons). These 40 profi les were normali sed using a scaling 

fac tor [SF,,1] so that the annual energy consumption [AEC,.] which is a weighed sum of the 8 

day types, equated to that of the reference house AEC,ef- In essence, the reference house had a 

different shape profi le fo r each of the day-types represented by the profil e classes 1 to 5. 

3) Scaling of the base profil es 

The reference house, AEC was adjusted usmg another scaling factor [SFc] to account for 

differe nt: 

location 

insulation level 

house size 
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4) Disaggregation of total energy load 

The total energy load profile was allocated into the components: 

thermal load 

residual electrical load 

using factors that were dependent on the season of year. 

5) Load diversity 

The average ½ hourly energy use was adjusted to take account of load diversity by adding 

variation based on the Gamma distribution of individual loads about the average load . The 

variation was introduced independently for the residual electrical load and the total thermal 

load . 

6) Disaggreagtion of thermal energy load 

Allocation of the total thermal load into the components: 

space heating and cooling 

domestic hot water 

usmg factors that represented time of year dependent use (e.g. higher space heating 111 

winter) . 

The most significant assumptions made about the load profile development methodology 

were driven by data availability. They were 

I . The end-use profiles for SH / SC, DHW and residual electrical load were fractions of the 

total energy profile and were not individual profiles in their own right. 

2. For each class of profile the difference in profiles between weekends and weekdays, and 

months of the year was consistent for all regions in New Zealand. 

3. The segregation of the thermal load (i.e. the ratio of SH and SC to DHW) vanes 

throughout the year but is assumed constant between regions. 

4. Variation of the component thermal loads (DHW and SH/SC) from average demands 

were coincident (i.e. not independent) 

5. The total energy use was derived from electricity only consumption data by scaling using 

national average energy to electricity ratios. Therefore regional and temporal variations of 

this ratio were not modelled. 
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7.5 Reference House 

For the case studies the reference annual energy consumpti on [AECref], a value of 13,500 

kWh/year was u ed which was based on an elec trical load of 9,500 kWh/year for an average 

domestic househo ld in Chri stchurch (Gardiner & Sander , 1999) and that elec tric ity is 69% of 

the total energy use. 

7.6 Base Case Average Profile Set 

The original IRL data gave 5 class profil es fo r bo th a weekday and weekend fo r each month 

( 120 profil es). To reduce computat ional effon (whi ch had an impact on calcul ation time), it 

was decided to reduce thi s to 8 profil e for each class (40 profiles) by averaging the profil e 

into the fo ll owing seasonal groups: 

summer -

autumn -

winter -

spring -

December, January, February 

March, April • 

May, June, July, August 

September, October, November 

Modell ing using seasonal average profi les instead of monthl y average was considered to give 

adequate sensiti vity to time of year load changes e peciall y given the impact of profil e 

uncertainty (di versity). 

These profiles (which were based on the average of 74 hou es) were then scaled such that: 

AEC,ef=AEC<. SF,ef c Equation 7-1 

c = Profile class ( I - 5) 

Therefore the scaling factor, which was applied to every ½ hour block was ca lcul ated using: 

8 48 
LL X' 11dcmd 

SF _d_,_, - ---
ref .c -

AEC,,1 

Equation 7-2 

where 
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n = nth period of the day 

d = day type 

m = number of days in each season 

X' = demand of standard profile [kWh] 

The final factor used to modify the base case average profil e set was the type of climatic year. 

The number of days per saeson could be adjusted to mimic macroscopic, annual changes. For 

example, to convert from an average year to a cold year a greater number of winter days could 

be chosen with commensurate changes to the AECc: 

Number of days AEC [kWh] 

Average year Cold year Average Cold year 

year 

Summer 91 61 2545 1685 

Autumn 61 91 2248 3635 

Winter 122 152 5951 7344 

Spring 91 61 2896 2105 

Total 365 365 13500 14769 

The limitation to thi s approach is that in a colder year generally certain end-uses are more 

like ly to increase than others (e.g. space heating) . The above methodology assumes that all 

end-uses increase equall y. 

In summary, a standard set of 40 profiles that contained inherent variation in load were used 

to model patterns of energy use over time throughout a year. This profile set served as a bas is 

that could be adju sted to account for the effect of certain parameters such as location, size of 

house and building characteri stics. The standard set of profiles used are given in Figure 7-7 . 
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7.7 Scaling factors 

The objective was to be able to transform the AEC for the reference case to reflect some of the 

variation found in NZ. However, the relationship between load profile and socio-economic, 

demographic and house type characteristics, is complicated. Given the present scarcity of data 

it was decided to concentrate on the major contributing factors that cou ld be modelled, albeit 

at an overall load level as shown in Figure 7-8. 

Figure 7-8: Factors Affecting the Annual Load Profile 

The effect of these factors were modelled by using three scaling factors: 

AEC = AECreJ . G. I . S 

where 

C 

I 

s 
= 

,C• 

Q) 
a5 
E 
e 
ct! 

0.... 

Geographic factor 

Insulation factor 

House size factor 

Parameter 

Location 

Occupancy 

characteristics 

Category 

Auckland , Wellington, Christchurch, Dunedin 

Small , medium, large 

Equation 7-3 

~ Building characteristics No insulation, retrofit insulation, complete insulation 

Table 7-2: Load Profile Analysis 

7.7.1 Location (geographic factor) 

The values of the geographic factor that were determined from electricity consumption data 

provided by Gardiner & Sanders (1999) are given in Table 7-3 . It is noted that intuitively, the 

cooler regions have higher energy use. It was assumed that total energy use would have a 

similar regional effect on electricity consumption. 
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Region 

Auckland - Mercury Energy 

Wellington - Capital Power 

Christchurch- Southpower 

Dunedin - Dunedin Eectricity 

, Relative consumption 

(Geographic factor , G) 

0.75 

0.85 

1.06 

Annual energy consumption 

(average kWh/domestic 

customer) 
29 

7,175 

8,051 

9,153 

10,104 
------------~------

(Source: Gardiner & Sanders 1999) 

Table 7-3: Geographic Scaling Factor for Consumption of Electricity 

Embedded in these reg iona l e lectricity consumption data are factor such a di fferent 

proportions of non-electricity ene rgy sources and behaviour patterns. These scaling fac tors 

were compared to tho e obtai ned using the ALF 3 (ALF, 200 1) model in Figure A-8. The 

re ults were simil ar except for the Dunedin (Lower South Island) region where ALF suggests 

a fac tor of 2 rather than 1.06. An ex planation may be that ALF uses total energy (not just 

e lectricity) in its methodology ugges ting that there is a hi gher use of non-electric ity energy 

supply in Dunedin than Christchurch . 

7.7.2 Occupancy Characteristics 

O ccupancy characteri sti cs descri bes how the people living in the home consume energy both 

explicitly in proporti on to the number of people, and implic itly by their behav iour e.g. 

li fes tyle 

S ome poss ible factors to describe occupancy characteri ti cs are: 

Life tyle 

Income level 

Number of occupants 

Since no data concerning the e factors were available fo r the 74 house used by lRL to define 

the profil e classes, they were combined into a single factor called a generic size of user: 

Small 

Medium 

Large 

The relati ve consumption factor based on a generic size of user was arbitrarily chosen and is 

g iven in Table 7-4. A small house was assumed 50% smalle r (in terms of m2
) than the 

medium and conversely the larger house 50% greater. These factors were compared to that 

obtained from the ALF model based on floor area alone (Table A-8 and Appendix I). There 

Rcr,inc:d a, cnc:rg:- L'nn,umpuon. l:'>ul ,hnulu l:'>e ekc1ricil) c,l1humr11on 
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was reasonable agreement except for the small house. ALF gave a factor of 0.2 suggesting a 

highly non-linear relationship between house size and energy consumption. 

Category Relative consumpti on (House Annual energy consumption 

size factor ): S (kWh) for Christchurch 

Small 0.5 6,957 

Medium 1.0 13,913 

Large 1.5 20,870 

Table 7-4: House Size Scaling Factor and Impact on Energy Consumption 

It was assumed that behaviour, whilst probably having an effect on profile shape does not 

change the total demand significantly. House size was not considered separately from 

occupancy profile, that is a large empty house may have the equi valent AEC to a small house 

with a large number of people. In the future different values could be used and relationships 

between phys ical, socio-econo mic, demographic factors and the value of the size fac tor could 

be developed. 

7.7.3 Building Characteristics 

Building characteristics can provide an indication of energy use in two ways . Firstly by virtue 

of its size a large home would generally require more energy to heat than a smaller one. 

Secondly, by the type of building construction and in particular the nature of the insul ation 

(often related to age as building code have evolved). Three broad levels of insulat ion were 

modelled (Table 7-5) . In sulation is seen as a significant differentiator in the energy effic iency 

and therefore energy consumption of a house. It also provides a convenient tool for market 

segmentat ion. 

Insulation type 

NZ National BBuilding 

1992 

Retrofit 

No insulation 

Relative Heating Energy Description 

(Insulation factor): I 

Code 0.81 New home with roof, walls and 

floor insulated 

1 Existing home with 75mm of 

fibreglass installed in ceiling 

1.21 Existing home with no insulation 

(Source: Wnght & Baines 1986) 

Table 7-5: Insulation Level Scaling Factor 

The insulation factor was assumed independent of climatic region and space heating type. 

Again, the va lue of insu lation factor given in Table 7-5 were in close agreement with those 

estimated using the ALF model (Table A-7). 
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7.7.4 Actual Demand 

By combining the above factors, the energy demand in any ½ hour period for a particular 

standard class profile can be adjusted as fo ll ows to give the actual demand for a particular ½ 

hour period: 

X11t1 = X'11t1c .SF,,rc.C. I .S Equation 7-4 

7.8 Disaggregation of Total Energy Load 

Profile disaggregation in thi section refers to the subdivi sion of the total load profil e into its 

thermal and residual electrical components. The ubsequent step of splitting the thermal load 

into its sub-components is done separately and is dealt with in secti on 7. I 0. Thi s two step 

process allowed for di versity to be done separately for the thermal and residual electrica l 

loads. 

The demand profile for each single ½ hour bloc·k 1s split into the thermal and re idual 

elect ri cal components. The residual component is given by : 

X =X.RCd 
11d r 11d 

where 

RCc1 

X,,c1,. 

= 
= 

Residual component factor for the season of the year. 

Residual e lectrical component of load [kWh] 

Equation 7-5 

RC, has a seasonal variation only. It was detennined using data from IRL as shown in Figure 

7-9. 
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Figure 7-9: Seasonal Variation in Energy End-Use for a Christchurch House 

The thermal demand profile is given by: 

X =X .(1- RCd ) 
nd t 11d 

Equation 7-6 

The RCd values in Figure 7-9 are consistent with the national annual average thermal load 

being 74%. 

7.9 Load Diversity 

The outcome of the above procedure is an average profile for the house for each of the 8 

seasonal day type cases . EECA (1998) summarised the ½ hour load data for 29 houses by 

expressing it as a mean and s.d. for each ½ hour period. Figure 7-10 shows the variation 

(error bars) of an individual house about the mean profile. 
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Figure 7-10: Average vs Individual Load Profile 

Source: Author, 2001 
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To simulate the profile for an individual house, variation (uncertainty) was added to ½ hour 

mean. The variation was based on a cumulative Gamma probability distribution (ITL, 2000): 

r (a ) 
j(x) =--'- for x "2. 0 

!(a) 

[.(a) is the incomplete gamma function given in Equation 7-8 . 

. \ 

r , (a) = f, a-le-'dt 
0 

f(a) is the gamma functi on given in Equation 7-9: 

= 
f (a )= f ta-I e-1 c/t 

0 

Equation 7-7 

Equation 7-8 

Equation 7-9 

The general formula for the probability function of the Gamma di stribution used was 

(M icrosoft Excel 97): 

[x -µ f' J 
f(x)= /3 forx"?.µ 

f]r(a) 
Equation 7-10 

where: 

µ 2 
/3=- Equation 7-1 1 

(j 

Equation 7-12 

µ= mean load (kW) 

CT = standard deviation of loads (kW) 

f(x) = cumulative probability of the load being !es than x 

This function was used to give the load corresponding to a cumulative probability between 0 

and 1 that was produced by a random number generator. 

Values of CT were estimated using publi bed figures in the HEEP Year 2 report. In general, CT 

was roughly about 30% of the base load usage. The Gamma distribution was used as it is 

bounded by zero and it had been used with uccess to simulate the variability in individual 
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profiles (Cleland, 2001). A normal distribution is not appropriate as it is infinitely double 

bounded meaning that negative consumption values could be generated at times of low 

average consumption (i.e. when the ratio of cr toµ was large). 

Figure 7-11 gives an example of the gamma distribution being used in a simulation of 100 

individual load profiles . The variation in load of a single ½ hour period is hown in the form 

of a histogram . The histogram was used to verify that the model was producing profiles that 

had a Gamma distributions. 

>, 
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Figure 7-11 : 100 Run simulation (Mean 0.2, SD 0.06) 

The residual and thermal demand profiles were independently varied m the model. It was 

considered that residual usage would be more variable than thermal usage as the major 

thermal loads of SH and DHW would have slower switching cycles than appliances. 

Therefore a larger standard deviation was used for the residual electrical usage than the 

thermal usage. For the sake of simplicity, time constraints and the lack of data it was assumed 

that all components of the thermal load varied about the mean value in an identical manner. 

Therefore if the thermal load for a particular home and time period was 20% higher than the 

average, then both the DHW and SH/SC were 20% higher than the average. 

7.10 Disaggregation of Thermal Energy Load 

The thermal load profile comprises two main components: 

1 Domestic hot water [DHW] 

2 Space heating [SH] and space cooling [SC] 

Figure 7-12 gives an example of these profiles along with the residual electrical profile that 

the model uses . 
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Figure 7-12: Load Profile Components as Used by the Model 

The thermal sub-components were defined on a½ hour basis: 

X =X +X +X 
11d1 11d1(DHIV) 11d1(SH ) 11d1(SC) Equation 7-13 

The space cooling co mponent was given by: 

X =TCdSC . X 
11d t ( SC) . 11d t 

Equation 7-14 

The space heating component was given by: 

x =Ted.SH. x 
11d t(SH ) 11d t Equation 7- 15 

The domestic hot water component was given by: 

X = TCd, DHW . X 
11d t (DH\V ) 11d t Equation 7-16 

Where TC= Thermal component factor. For any day-type or period : 

rcd,sc + red.SH + rcd. DHw = 1 Equation 7-17 

The values of TC were varied for different day-type but were selected so that the annual 

breakdown of DHW and SH matched the national average of a 50:50 split as shown in 

Equation 7-18: 
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8 48 

IIx nd.DHW 
I I 1 

8 48 -
Equation 7-18 

II(x nd.SH +Xnd SC ) 
I I 

Figure 7-13 gives IRL data for TC for a single house in Christchurch where there is no space 

cooling. The final values of TC used are given in Appendix C.1.6. Further research into the 

break-down of residential load components cou ld be warranted. 

100% 

80% 

_._ sH 
60% ~ 

't) I 

(.) I 
I 

I- 40% 
--- DHW 

20% 
i 

0% - - ---,------
>- ('.) f- f- > (.) z (I) a: a: >- w 
-' ::J a.. u 0 w <t: w <t: a.. <t: z 
::J <t: 

w 0 z 0 ...., LL ::;;: <t: ::;;: ::J ...., Cf) ...., 

Month Source: Sanders, 2001 

Figure 7-13: Seasonal Variation in Thermal End-Use for a Christchurch House (TCdsc=O) 

Some other key assumptions are outlined in Table 7-6. 

I Assumptions & Key considerations Background Impact on project 

The percentage of total use While the weightings are able to be Reduced sensitivity 

that each end-use make up changed, they don't change automatically as to location 

is constant throughout NZ. a function of location. 
-

(J) 
::, The energy supply to the In reality this is saying that if you were to Minimal as control I§ 
(J) 

thermal end uses does not heat your home you would achieve the same I system works to I 
c 

I I ~ change the absolute energy comfort level (or useful energy) independent maintain a similar 
:5 I I 0 demand. The supply is of the energy source used. comfort level 

I 
adjusted depending of the independent of the I 

I 
device's energy efficiency energy source 

only. 
I 

C 
Have independent profiles Would provide a more realistic pattern of \ Substantially more 0 ·;:;; 

·;;: for the main end uses energy use and possibly different results complicated load e 
a. I profile development ~ 
::, 

module :5 
lL I 

I 

Table 7-6: Profile Component Analysis and Major Assumptions 
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7 .11 Thermal Conversion Efficiency [F] 

The thermal conversion effi ciency factor is a composite of two important effi ciencies. Fir tl y, 

it takes account of the difference between supplied energy and de li vered (useful ) energy of 

the metered data. The load data was available as metered electricity . Therefore to estimate 

de li vered energy a conversion effici ency [F111 ] was appl ied . Secondl y, how efficient the heat 

transfer syste m is that recovers heat from the DG unit and supplies a thermal end-use wa 

accounted fo r. 

Equation 7- 19 

F,,, = metered conversion efficiency 

H7 = effi ciency o f the DG heat transfer sy te rn as di stinct to the effi c iency of the DG un it as a 

power generator. 

7. 12 Neighbourhood Analysis 

In order to study the cumul ati ve impact of hundreds of DG unit operating within a network, a 

hypothetical network was constructed . T he hypothetical network had a population of 2 ,000 

houses. Eac h house in the network was identical to each other in terms of in ulation level and 

ize (i.e . G, I and Scan onl y be specified once) . T he housing c las compos ition though could 

be chosen from any fo ur house c lasses (i.e . I , 2, 3, or 4) . The frac ti onal penetration of homes 

having a DG unit was elected fo r each of the class type prev iou ly cho en fo r the ex isting o r 

BAU network. This became the hybrid network (See Table 12-6 for an example of a hybrid 

network used in Case Study 2) . A imple comparison between the two networks was done by 

a na lys ing the total demand profile of the hypothetical network fo r the BAU and DG cases as 

well as the total ex port profil e fo r the hybrid (DG case) network. 
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7.13 Discussion and Recommendations 

7.13.1 Profile Analysis 

Developing load profiles is complicated with fundamentally di fferent approaches available. 

The approach used in this Thesis has significant disadvantages that need to be addressed in 

the future. The thermal component of the energy load profil e is made up of space ai r 

conditioning, mainly heating but also cooling and hot water heating. Different options ex ist to 

examine this substantial end use i.e. to rea li se what re lationship exists between the total 

energy profile and its thermal components? One approach is to treat the thermal load as a 

separate, independent profile. A second is to infe r the thermal use fro m the total energy 

profile by assuming it is a certain percentage of it. The cho ice between the two is dri ven by a 

number of factors : 

1. A vailability of raw data 

2. Ability to carry out each approach 

3 . Consequence of either c hoice on final results 

The raw data fo r the profil e shapes are of total energy and since no data was avai lable 

concerning what component was for thermal en1-uses, the second approach was used . 

Practicall y thi s meant that whenever energy was bei ng used, a ce11ain percentage was for a 

thermal end use. Clearl y though there are times when no thermal uses are being carried out. 

Thi s approach impacts the model's ability to simulate a DG units abil ity to supply the energy 

needs of a household . For example, it arbitrarily fo rces a hi gher proportion of the thermal and 

residual loads to occur simultaneously so a DG unit running in CHP mode may appear to 

cater for more of the demand as its outputs (thermal and power) are also generated 

simultaneously. 

Additi onally, its assumed that thermal output of a DG unit can be utili sed equall y fo r either 

DHW or space heating. This leads to di fficulties both in analys ing the fi nancial impact of a 

particular end use and ignores the technical feas ibility of recovering heat fo r air or water 

thermal loads. 

Having the ability to model changes in occupant behaviour, and hence load shape and size, is 

an important aspect in examining res idential DG. As the demand for li ving standards increase 

and central air conditioning becomes more common, then the space cooling is likely to 

become significant This thesis incorporated space cooling into the structure as an additional 

end use to space heating. The combination of both can be regarded as air (space) 

conditioning. At present SC load is set to zero as no data regarding its use has been noted by 

the author. 
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7.13.2 Diversity Within the Half Hour. 

Whil st the model uses a ½ hourly level of ana lys is, there is scope to go to an even fine r le ve l 

of detail. Fi gure 7-14 shows a comparison be tween ½ hourly data and 30 second load data. 

The mos t striking conc lusion is the amount of detail lost from the coarser mete ring, 

particularl y the reduction in peak demand . Thi s can signifi cantl y affec t estimates of import 

and ex port fo r a DG unit. The influence of di versity w ithin the ½ hour peri od would mean 

that in general the actual export would be hi ghe r th an if calcul ated using½ hourly data. 

A simple di versity con tant is one poss ible way to conve1t the frac ti on of " interna l" utili sati on 

of DG based o n a ½ hour analys is to an actua l demand . Consider a heat-led S tir! ing engine 

with full load output of I kW e lectrical and 6 kW thermal. If the ½ hour period the rmal 

demand is 2 kWh and the e lectrical demand is 0. 25 kWh , the unit w ill operate 67% of the 

period to meet the thermal de mand . Hence, the e lectrical output w ill be 0.33 kWh and si nce 

0.25 kWh (75 %) will be used inte rna ll y, 0 .33- 0.25 = 0.08 kWh (25%) will be ex ported , and 

the re would be no import necessary. 

If the diversity constant is taken to be 0.7 then the actua l outpu t used internally could be 

estimated to be 75% x 0 .7 = 53% (0. 175 kWh). T he ex port would become 0.33-0.175 =0 .155 

kWh and the actual import would be 0 .25-0 .175 = 0 .075 kWh . The ½ hour di vers ity ( 11 0 11 -

coincidence of thermal and e lectrical load) means that both ex port and import are occur in the 

same peri od . If there is net mete ring thi s has no effect on cost, but if export has lower va lue 

than import the economic viability o f the DG is reduced . The above analy is assumes that a ll 

thermal output can be used (more like ly than e lec trical output because of thermal storage) but 

in fact sometimes thi s is al so not poss ibl e and hence there can be a di versity fo r thermal use as 

well. 

The model goes some way to addre sing this phenomena on a ½ hour bas is by introduc ing 

diversity separate ly to the res idual and thermal load profil es. 
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Figure 7-14: Different Levels of Interval Metering for a Residential Home 

7.13.3 Multiunit Home Analysis 

There are numerous examples of DG installations, particularly overseas, where co-generation 

or CHP plants provide district heating, and some cases district cooling, to the surrounding 

houses. In addition, apartments and commercial buildings that have shared HV AC ystems 

are defined as multi-units as well. In these example though, the shared service is thermal 

only. A DG unit, for example a 30kW micro-turbine, could be employed to serve the needs of 

a small apartment complex . The benefit of supplying multi-units are a smoothing out of the 

load profile. In practice this means a larger apparent base load to be served, allowing the DG 

unit to run for longer periods of time. The ability to model this situation should be developed. 

7.13.4 Demand-side Management 

Demand-side management cou ld be employed to produce a demand profile that would better 

suit a DG output. The objective would be to maximise the run time of the DG unit (presuming 

it produces energy cheaper than the TSM) to displace more energy and thus improve 

profitability. This would involve analysing the components of the load curve and determining 

those that could be shifted, the magnitude and the methods to achieve this (e.g. thermal 

storage). 
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Chapter Eight 

Technology Selection 
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8.1 Overview 

8.1 .1 Objective 

The technology modul e a ll ows fo r the selecti on of up to three different DG techno logies fo r 

each household . The technology de cripti ons were chosen to allow fl ex ibility in the 

specificat ions of each of the DG tec hnologies so that specifi c features could be ana lysed fo r 

their impact on the feasibility of a particular techno logy . When selec ting a pa11icular type of 

technology the following parameters were taken into account (Figure 8-1 ) : 

Location 

Operating regime 

Load profile 

Output profile 

The relationship between these parameters is complex and affects the level of information 

required to assess alternative technologies . Thus, the descriptions of technologies were chosen 

on the basis of: 
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Ability to refl ect changes in these parameters 

Synergy with other areas of the model , particularly data availability 

Impact on the mode l's output, i.e. the sensitivity of the model towards certain paramete rs. 

8.2 Technology type 

The tec hnologies that were examined are categorised by two parameters, namely their leve l of 

su tainability and whether they are c las ified a a heat e ng ine or not. 

TI 
~ 

Fuel Driven 

____ ",l 

M1cro•turbme 
Rec1proc. engine 
St1rl1ng Engine 

Fuel Cell 

Heat Pump 

Renewab~ 

PY 
WTG 
SHW 

Storage 

.J 

Figure 8-2: Modelled Technologies 

The two categories affect the way the DG unit are modelled . Micro-turbines, reciprocating 

eng ines and Stirling engines are simil ar in that they a ll produce heat and AC power, and use 

hydrocarbon fuels. Fuel cells, whil t u ing an electroche mical react ion rather than a 

combustion process are modelled as a heat engi ne a the basic outputs are also heat and 

power. Conversely, photovoltaics and WTG are simjlar in that they produce power on ly (no 

thermal output) and rely on intermittent renewable e nergy re ource . Fuel-driven heat engines 

could be considered renewable if the fue l was generated by renewable means (e.g. bio-diesel 

or hydrogen). 

In modelling residential s ized renewable technologies, there is an added degree of complexity 

because the output depends on the availability of the natural resources (e.g. wind, solar 

radiation). 
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8.2.1 Heat Engines 

Heat engines are the generic representation of a number of technology types (Figure 8-2) . 

Table 8- 1 gives a summary of the assumptions and considerations that were made regarding 

this technology type. 

Assumptions & Key considerations 

The heat produced can be 

utilised for the all thermal 

demand (space heating , 

space cooling and DHW) . 

c 
~ 
::, 

· ,u All DG units will be run in 

parallel to the grid. 

Waste heat stream 

characteristics specified 

Dual fuel capability. 

The following parameters are specified: 

Parameter 

Power output rating , Rp [kW] 

Heat output, Y1 [kW] 

Power output, Y P [kW] 

Usable heat[%], H1 [%] 

Fuel conversion efficiency, 0 1 

[%] 

Maintenance frequency, Ml 

[service / hrs of operation] 

Background Impact on project 

Specific temperatures , flow-rates and state High - The capital 

(air, steam, water) of heat recovery stream cost would 

are not considered in as much as they do substantially affect 

not affect whether or not the recovered the feasibility of a 

heat can be utilised. The utilisation of technology. 

waste heat i.e . running the heat engine in 

CHP mode is of significance to the 

economics of a particular technology type, 

in particular the additional capital cost. 

Since most houses will be already High - If DG units 

connected to the grid , and electrical could not be grid 

storage is expensive, this situation will be connected , 

the default option . storage/redundanc 

y measures would 

greatly increase 

cost . 

Stream characteristics are important (e.g . High - only 

DHW requires temperatures >60°C) appropriately 

matched (to 

thermal demand) 

streams will be 

ful ly utilised. 

There are some advantages from dual fuel Minimal - cost 

use that need to be explored. savings are likely 

to be small 

Scope 

Function of operating capacity, which is significant when 

operating in a load following manner 

Fixed 

Table 8-1: Heat Engine Modelling 
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8.2.2 Heat Pumps 

The modelling of HPs required a number of simplify ing assumpti ons due to the complex 

re lati onship between its performance and the environment (ambient temperatures) in whi ch it 

operates. Table 8-2 gives a summary of the assumpt ion and key consideration made when 

modelling HPs. 

Assumptions & Key considerations Background Impact on 

project 
---------- --i- ---

The energy moved by the heat As with the heat engine, the heat produced is High. 

Significantly 

higher capital 

cost are 

required for 

both end uses 

pumps can be utilised in both I assumed equally applicable to SH, SC and 

DHW and space heating and 

cooling requirements . 

Only air source heat pumps 

are analysed ground source 

heat pumps are not 

considered 

DHW, even though the equipment 

requirements for space and water heating are 

quite different . 

Whilst offering a higher efficiency the 

increased capital cost of ground source do not 

make economic sense in New Zealand 

(Cleland et al , 1998). 

Minimal 

------- --- -- ---·----
Tcond is modelled as a constant Used for ease of calculation Medium 

18 °C above ambient or 

, setpoint temperature 
f---------- --- ---

Tevap is modelled as a constant Used tor ease of calculation Medium 

14 °C below ambient or 

setpoint temperature 

Capacity is constant 

Capacity is sufficiently large to 

cope with low winter 

temperatures (heating) and 

high summer temperatures 

(cooling) 

Better estimation of COP 

Better estimation of T evap and 

Capacity changes with changes in ambient 

conditions 

Medium 

The balance point (i.e. where supplementary Medium - Hp 

energy is required when extreme ambient are usually 

conditions exist) is not reached. sized tor the 

99% climate 

condition 

More accurate calculation to include Medium 

compressor efficiency. 

Al lows changes in ambient conditions to be Medium 

reflected Tcond and capacity 
'-----~------------'------------------_l _____ _ 

The following parameters are specified: 

I Parameter I Scope 
co g Ql 1 

Constant set-point below ambient temperature E :0 Tevap 
!!! ·x 

Q) 
ctl u:: Q. Tcond Constant set-point above comfort temperature 

Table 8-2: Heat Pump Modelling 
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The performance of heat pumps were related to the Coefficiency of Performance or COP. The 

COP is defined as: 

COP 
(useful heating or cooling) 

(input power usage) 

The maximum possible COP for cooling defined by the Carnot cycle is: 

(273 + T,.,ap) 
CO~,,ax(coolin;;) = (T _ T ) 

emu! erap 

where: 

= refrigerant saturated condensation temperature [0q 

= refrigerant saturated evaporation 

In heating mode: 

+ 18 

In cooling mode: 

Tcond = Twnbie,ill + 18 

Tevap = T,etpoint 14 

= Setpoint temperature [°C] 

Tami, = Ambient temperature [°C] 

The ambient temperature is calculated on a ½ hour basis. 

Equation 8-1 

Equation 8-2 

Equation 8-3 

Equation 8-4 

Equation 8-5 

Equation 8-6 

For a well defined designed and appropriately selected and operated HP then the actual COP 

should be half the maximum, so: 

co~IC/lilli(coo/i111;) = COPmax(coo/111g) .O.S Equation 8-7 

If heat losses are negligible then: 

) = co~/Ct!llll(coolm1;) + Equation 8-8 
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8.2.3 Wind Turbine Generator 

Wind is not idea lly suited to res identi al sites, particularl y those in high density settings, given 

the obtmsive nature of the towers . However they were included here for completeness sake 

given the ir applicabil ity to ru ral housing. Table 8-3 li st the key assumpt ions and 

considerati ons fo r the wi nd modul e. 

--- ---- --- -

Assumptions & Key considerations 

- ---- -- -~-- -- - ---

Monthly wind speed data is 

used 

Background 

These are determined from daily averages 

Impact on 

project 

High ·- ½ hour 

power 

production is 

therefor only a 

rough 

estimation. 
- ---- --------- -------

Wind has tremendous spatial To apply wind data across regions introduces 
I 

High 

variability, but is assumed 

constant wi thin regions 

Weibull shape parameter of 2 

large error in power production 

2 is the value used for average wind sites Minimal 
--------- - -

Site specific determination of 

shape factor 

Use of hourly wi nd data 

The following parameters are specified : 

Parameter 

Height of mast 

Turbine type 

I 

Impact of shape ,factor needs to assessed to Minimal 

determine if this parameter needs to be more 

accurate 

Essential detai l if realistic matching with load High 

profiles is to be achieved. 

Scope 

Fixed (only 1 turbine type at present due to limited application of 

this technology) 

\ Soma 100 (chosen because of size suitability and available data) 
i ~ 

l W ind speed data based on 4 regions (Auckland , Wellington , Location 

I Christchurch & Dunedin) 
I 

Table 8-3: Wind Turbine Generator Modelling 

Power output is hi ghly dependent on the wind speed, which means sites wi th hi gh average 

wind speed ratings are particularly suitable. When estimating power ava il able from the wind , 

speed variation must be taken into account because the average of the cube of many di fferent 

wind speeds will always be greater than the cube of the average speed . Figure 8-3 shows a 

series of graphs that indicate the stages in estimating the power production from a wind 

turbine generator. A wind speed probability distribution for a particular site is combined with 

the power curve for a generator type to produce a power production curve, the area (integral) 
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of which gives an estimate of the electricity produced, in this case around 6.5 kWh over a 24 

hour period . 
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Figure 8-3 : Wind Power Production for a Soma 100 Over a 24hr Period 
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Wind data from a measuring tower must be transla ted into wind speed pertaining to a 

proposed turbine site. Thi s involves making an adjustment for the height of measurement and 

the he ight of proposed use and the site topography . 

\' = \' (5_la 
I II I 

7o 

h,, = original height 

h1 = new height 

v,, = wind speed at original height 

,,, = wind speed at new height 

a = surface roughness coefficient (Tab le 8-4 ) . 

.------- ----~-
Surface Description Roughness 

____ Coefficient, a 

Sea / sand _ _.__QJ Q_ 

c L~w_grass 0.13 

Flat grassy surface 0. 17 

High 9.!:~SS / small bushes 0. 19 

Woodlands and urban 0.32 

Equation 8-9 

-I 

J 

'So1m,, (\Vem. 1991) 

Table 8-4: Surface Roughness Coefficients for Typical Surfaces 

The wind ve locity distribution is generall y based on the Weibull di tribution (Equati on 8. 10) 

which gives the frequency of occ urrence of a pa11icular wind speed (Yeaman, 1998). 

where 

C = Weibull scale parameter, 

::: vm I (0.8864) 

Vm· = the average wind speed for the ite [mis] 

k = Weibull shape parameter 

Equation 8-10 

The shape parameter gives the shape of the probability distribution of the wind speed. A 

value of k = 2 which is a common va lue for a site of moderate speed was used . A distribution 

with a k value of 2 is known as a Raleigh distribution . 
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The determination of power produced by a wind resource is a difficult task given the sporadic 

nature of the wind and the scarcity of½ hour data. The power generated by the WTG for each 

½ hour period was determined by: 

f(v,) = probability of wind speed being l\ 

PivTG = output of WTG for speed v, 

Equation 8-11 

This gives an average (so same result for all ½ periods). The model currently assumes a 

constant \\ for all ½ hour periods. 

8.2.4 Photovoltaic 

The methodology used to calculate the power output from a PV system was largely based on 

the model developed by Irving, (200 l) as outlined in Table 8.5. 

Assumptions & Key considerations 

r:: Solar tracking devices 1£ 0 
::, 'cii 
:5 -~, 
u.. ci~ 

The following parameters are specified: 

Background Impact on 

project 

The alternative is to calculate irradiation based Minimal 

on analytical means. This however does not 

take into account cloud cover 

Greater capture of irradiation is possible, Minimal 

however the increased capital cost may not 

pay off. 

Scope 

Single value 

Constant value irrespective of conditions and type of panel 

Table 8-5: Photovoltaic MQde!ling 

Solar resource data is generally in the form of monthly averages [kWh/rn1/day ]. This data 

must be translated into the available solar energy on a½ hourly basis. 
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1. Hourly radiation 

The relationship between hourly [I] and dail y radiation 10 [HJ (beam plu diffuse) given 

(Suehrcke and McCormick, l 989) : 

l 
l = H ( a + b cos m ) - 0 

' H 
(/ 

where 

/
0 

ncosm-coscv, 

H
0 

24sin (J) , - m, cos(JJ
1 

and 

a= 0.409+0.5016sin ( m, - ; ) 

and 

b = 0 .6609+0.4767 in ( (JJ 1 - : ) 

where 

(J) is the hour angle, [radi ans] 

= ( 15. (hour of the day- l2))n 
180 

I= Global hourl y rad iation [kW/nl] 

and 

(J)_, = the sunset/ sunri se hour angle [radians] 

= cos-1 (-tan¢ tan 8) 

¢ = site latitude [radians] 

¢ is positive for sites above the equator and negative for sites below 

8 = declination angle [radians] 

Equation 8-12 

Equation 8-13 

Equation 8-14 

Equation 8-15 

Equation 8-16 

Equation 8-17 
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/5 == 23.45 sinl-360(284 + n )] 
365 

n = Julian day of the year 

Equation 8-18 

H0 = daily mean extraterrestrial radiation on a horizontal surface, [k Wh/m2/day] 

10 = hourly extraterrestrial radiation on a horizontal surface, [kWh/1112/hr] 

The Julian day for each month roughly corresponds to the middle day of that montb (Table 

8-6). 

Month n 

Jan 

Feb 47 

Mar 75 

Apr 105 

May 135 

Jun 162 

Jul 198 

Aug 228 

Sep 

Oct 288 

Nov 318 

Table 8-6: The Julian Day 

The hourly radiation has 3 components: 

Equation 8- 19 

Id = Diffuse radiation, [kWh/1112
] 

113 = Beam (direct) radiation, [kWh/m2
] 

= Ground reflected radiation, [kWh/m2
] 

2. Diffuse Radiation 

The diffuse radiation is that which falls onto the earth's surface after it has been affected by 

cloud cover. The hourly diffuse radiation is related to the daily diffuse radiation 

Equation 8-20 

Equation 8-21 
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where 

Kc1 = The ratio of hourly average diffu se radiation, Id, to hourl y average global radiation / 0 • 

The diffuse clearness index or the ratio between the direct and diffuse radiation is defined by : 

Kd = L.0-0.09K 

K" = I 0.95 l I -O. I 604K + 4.388 K ' - 1 

6.638K 3 + I 2.336K-1 

Kd =0. 165 

K = average daily diffuse clearness index . 

K<0.22 

0.22 < K > 0.80 Equation 8-22 

K> 0.80 

K is defined as the ratio of the daily g lobal radiation [HJ to the average extraterrestrial 

radiation [H0 ] . Essentially K takes into account the effect of cloud cover and of the 

atmo phere in reducing the extraterre trial radiation: 

H = ~ l+0.033cos - - cosAicos5sinw + --' si n tiis in5 Equation8-23 86400 . G,, [ ( 36011 )][ 2nw ] 
" n 365 .,, ' 360 'I' 

G1~ = Solar constant = 1353 W /m2 

3. Beam radiation 

The beam radiation, or clear sky radiation 1s responsible for most of the collector' 

performance (Suehrcke and McCormick 1989). 

Equation 8-24 

4. Ground reflected radiation 

Negligible radiation reflected from the ground falls onto a horizontal surface, and hence le is 

assumed to be zero. Note this is different for a tilted surface. 
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5. Radiation on a tilted surface 

Since the solar collector will typically be placed on roof-tops that are tilted, it is necessary to 

work out the radiation that would fall on such a surface. It has similar components to that of 

hourly global solar radiation. 

lti1 = Total hourly beam radiation on a titled surface [kWh/m2
] 

h, = Hourly beam radiation on a titled surface [kWh/m2
] 

lt11 = Hourly diffuse radiation on a titled surface [kWh/m2
] 

l!!, 1 = Hourly ground reflected radiation on a titled surface [kWh/m2
] 

Beam radiation 

!ht = 1/;Rh 
where 

COS(Y 

cos(). 

a = of incidence of direct radiation to the normal of the titled 

<T zenith angle 

Equation 8-25 

Equation 8-26 

Equation 8-27 

cos a = sin 5 sin¢ cos /3 sin 8 cos¢ sin /3 cosy+ cos 8 cos¢ cos /3 cos OJ+ 

cos8sin¢ /3 cos ycosOJ + coso /3 sin y sin OJ Equation 8-28 

cos(): =cos¢ cos /3 + ¢sin8 Equation 8-29 

where 

/3 = angle of tilt of the collector to the horizontal plane, typically the slope of the roof 

[degrees] 

(b) Diffuse radiation 

= 
1 

(1 +cos /3) 
Id, cf 2 

Equation 8-30 
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(c) Ground reflected radiation 

1 
_ 1 (1 +cos/3) 

~' - t1 P g 2 Equation 8-31 

where 

p ~ is defined a the ground reflecti vity (Table 8-7). 

Surface characteristic pg 
- -- ---1 

Snow 0.75 

Light Building Surfaces (eg: light brick, light paints) 0.60 

Dark Building Surfaces (eg: red brick, dark paints) 0.27 

Green Grass 0.26 

Weathered Concrete 0.22 

Dry Grass 0.20 

Crushed Rock 0.20 

Soils 0.14 

Water Surfaces 0.07 

Earth Road 0.04 

Table 8-7: Ground Reflectivity Values for Typical Surfaces 

6. Power production 

Once the available energy falling on a collector was calculated the useful energy was given 

by: 

Powerkw = I , . Ac. J Equation 8-32 

Ac = Area of the collector [n/] 

J = Overall efficiency of the in verter, DC-AC conversion and the PV panel itself 

I , = Radiation collected on a ti lted surface [kWh/m2
] 

8.2.5 Solar Thermal 

The assumpti ons were made in developing the solar thermal model are summed in Table 8-8: 
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Assumptions & Key considerations 

A generic solar collector is 

fff is calculated from a 

constant T,,, 

Variable Fru 

More accurate and dynamic 

calculation of T,n 

The following parameters are specified: 

Background 

Different configurations such as closed. open 

or active or passive are not explicitly 

considered. Considerable capital cost 

difference exists between these alternatives. 

Tin was set at 15 °C (mains water temperature) 

This however would vary regionally and 

seasonally. 

Different collectors have different values for 

Fru 

Introduce regional and seasonal variability. 

Scope 

For parameters relating to the solar resource consult the Photovoltaic model 

Fr,u 

Fr, 1 

Range of optical efficiencies 

Single value (glazed collector) 

Temperature into collector is set at 15 °C 

Table 8-8: Solar Thermal Modelling 

The performance of the solar collector was modelled by RETscreen (2000): 

where 

Q = Energy collected per unit collector area per unit time [W/rn2
] 

FruL = Parameter used to characterise the collector's thermal loss [W /m2K] 

G Global incident solar radiation on the collector [W/rn2
] 

Fr m ::: Parameter used to characterise the collectors optical efficiency 

Impact on 

project 

Medium 

Minimal 

Minimal 

Minimal 

Equation 8-33 

LJT = Temperature differential between the working fluid entering the collector and the 

ambient [°C] 

Temperature of working fluid was not considered explicitly as a constant temperature 

differential was assumed for simplicity sake. 
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G i estimated in the same way as 111 the Photovoltaic module, as a function of tilt and 

orientation of the collector. FruL is sent to a va lue 5 W/m2K in the case studies which 

corresponds to a glazed co llector (RETscreen, 2000) . 

8.2.6 Thermal Storage 

There a re two fundamental ly d ifferent approaches that can be taken when dealing with 

thermal energy storage. One is to consider the mas flow-rates of the hot waste stream from 

the unit and to match it with de mand via a storage device. The other is to consider on ly the 

energy content on a kilowatt-hour basi and ignore detailed considerati on of performance of 

the storage device in terms of tempe rature, flow-rates and mixing. The first approach was 

discarded due to the complex ity of modelling the phys ical characteristics of the torage device 

such as fl ow-rate, state , temperature and pre sure . 

Table 8-9 gives a summary of the assumptions and considerations when developing the 

storage module . 

. 

Assumptions & Key considerations Background Impact on 

project 

SHW storage is integral to its Since the majority of hot water is produced High 

operation I during the day, where there is generally less 

c 
~ Storage is modelled on a 
:5 u energy basis (kWh) only 

Instantaneous availability 

load, storage capacity is vital for fuller 

utilisation 

Done for simplicity sake Medium 

Stored energy is available at an instant and Medium 

does not require time to extract ... ,_ ---,-------------------L-- ---

C 
0 ·en 
-~ 
a. 
(I) 

:5 
:5 
LL 

Electrical storage to be 

considered 

Mass flows of thermal output 

to be modelled 

Given grid connectivity battery costs are 

prohibitive at present. Other electrical storage 

devices may be developed which change the 

economics 

Performing more detailed mass and energy 

balances would give a more realistic estimate 

of energy availability 

Medium 

Medium 
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The following parameters are specified: 

Scope 

Single value 

Storage efficiency Single value 

Discharge rate Set percentage of current capacity 

1,'' 
Lower limit Single value 

Table 8-9: Modelling of Stored Thermal Energy 

Thermal storage and their end use systems can either be open ( direct) or closed (indirect). 

An open system requires no heat exchange from the exhaust heat flow (air or water) and the 

storage medium (e.g. excess heat from a SHW system is stored directly as hot water). 

Likewise the hot water or steam from a fuel cell can be used directly for space heating. A 

generic set-up may appear as follows: 

To heat recovery 

oom 3 

Space heating 

DG unit 

remperature 
control 

Water heating 

Thermal output 

Direct water use 

Hot water storage 

Heat Exchanger 

Mains water 

Figure 8-4: Layout of Thermal Storage and End Use 

Since only the kilowatt-hour value of the thermal output is considered, it is less complicated 

than doing a full mass-energy balance approach. The generic equation describing the storage 

model is: 
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kWh\/ored = max [s ma, ' kWh\fored n- 1 + (kW,,, -kW,,,,, ),, ] 

where 

n = Time interval ( ½ hr period of the day) 

S11" 11 = Maximum storage capacity [kWh] 

Equation 8-34 

There are a number of constraints that govern kW,,, . kWh ,""""· and kW,,111 These are defined in 

Section 9.5. 

8.3 Conclusions & Recommendations 

8.3.1 Heat Pumps 

Heat pump are a commercially proven technology and used re identi ally , in contrast to 

newer technologies which are perhap 3 to 5 years away from domestic applications. The 

performance of the heat pump i directly related to its COP. Current ly it is determined based 

on the Carnot cycle effici ency using a constant temperature difference with the ambient air to 

calculate the evaporation and condensation temperatures. It is recommended that the me thod 

used to estimate COP and changes in heating and cooling capacity a outlined by Cleland 

(200 I ) be incorporated . Improvements to the accuracy of the 1/2 hour ambient temperature 

profile would allow TOO variations to be better approximated . 

8.3.2 Solar Hot Water Heaters 

Solar hot water heaters are a mature technology, have the 'green' tag and may be subject to 

government subsidies so it is therefore important that their analysis be as accurate a possible, 

a soon as possible. Improvements include calcu lating a more accurate temperature 

differential for the system and improving the storage analysis. 

8.3.3 Storage 

Storage i an important value adding component to distributed generation and to the 

electricity industry as a whole. Storing electrical energy directly is not cuITently cost effective 

for the residential application si nce the already present grid offers a large and economic 

'virtual ' storage facility . However, thi is not true for all DG app li cations, where at the larger 

scale, emerging technologies such as compres ed air torage, flywheels and uper-conducting 

magnetic storage, are providing more options . These should be borne in mind for future work. 
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Direct thermal storage, however is an essential element, particularly associated with solar hot 

water systems. It not only explicitly allows utilisation of more of the captured energy but it 

provides opp011unities for load management. The storage module needs to be developed to 

enable inter-day transfer of stored energy. for example using energy captured during the 

afternoon of one day for the following morning peak. 

8.3.4 Wind 

Wind turbine generators, although included in the technology database, are not suitable 

candidates for high density urban settings. However, there may be future applications where 

the analysis provided by this thesis may be useful. For instance the production of hydrogen 

( via the electrolysis of water) for fuel cell applications. A critical area is in obtaining Vi hour 

or even smaller incremental wind speed data. It appeared from literature that many power 

curves use yearly or monthly wind speed data. When looking at individual applications, ½ 

hour data would provide a more accurate estimation of the load that could be met. Therefore a 

distribution to convert daily wind speed into Vi hour ( or smaller) increments would be 

desirable. The Weibull distribution should be investigated for this purpose. 

For all technology sub-modules it is suggested that testing of particular brands and models be 

carried out. This would enable the most promising models to be identified, and to establish a 

more accurate capital, installation and maintenance cost database. 
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Chapter Nine 

Operational Control 

Ji1i, ("i·u11•,,,- ~'\,, u dc1<T'/1:1on n,' rl ( ,,.,;1ro/ ;1•c,liu11i,nn rhu1 ~111(/"I' ;;•, n11, i"(/ 11('! ,,r ih( 

[)(, :111i11 1/1( /ll//"jl01( 11/ hu\ in~ c!lfJ ··( 111 l'!l'd1u111,1,1, (ll'd h 11, t/11, ur( .tf'/'it( J I' uf\,, 

, ()/1 \/(!c /'\ ·/ ( i, \{f( \ i/1\"(1/r, dill ti 1/( 'II, }f',Z Ui'(l/1·,1.1. 

9.1 Introduction 

9. 1.1 Objective 

The output capac ity of a DG technology and the instantaneou demand of the household will 

se ldom exactly match so contro l mechanisms are required . If the DG uni t can provide cheaper 

energy than tradi tional suppl y mecha ni sm the ai m is to capture as much of this energy as 

possible, to max imise its va lue proposition . Vary ing the usefu l DG output is one way to 

max imise energy capture. The other option is to manipul ate the demand ide by adjusting end 

uses. 

9.1.2 Structure 

Figu re 9- 1 shows the main operational contro l modes that were made available. In the model 

not all DG units are able to operate in every mode. For example, the capacity of renewable 

technologies is often determined by the climatic (natural resource) conditions. 
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Storage 

, Operating 
1 regime 

Base load Load following Peaking Continuos Renewable 

Figure 9-1 : Operating Control Options 

The following section describes each mode and how it was modelled. 

9.2 Base Load 

Base load is the continuous operation of the unit at its rated max imum outpu t. It is the 

implest form of contro l with the unit running 100% of the time and is applicable the heat 

engine technologie . Figure 9-2 shows an example Stirling engine operated in base- load 

mode . Generall y the mode is only possible if excess thermal output can be dumped (extra 

capital cost) and excess power can be exported 

Week-day winter Stirl ing Eng ine: Base Load 

5 .0 

4.5 • 

4.0 1 

3.5 , 

3.0i 
kW 2.s , 

2.0 : 

1.s-
1.0 1 

0.5 ) 
0.0 

• Power output 

Time 

• Thermal demand 

21:00 

·-· - -------
Electricity demand 

• Heat output 

Figure 9-2: A Stirling Engine in Base Load Mode 

The equations to describe the DG performance in base-load operational mode are: 
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Control Regime Power Output Thermal Output 

--- ---- - ------------------

-g 
.Q 
Ql 
(/) 

Cll 
co 

y = R T fl . 
ll /J 

where 

R R _ ______!_:!__ R 
r.T - Q p.T 

I 
------- ----------

Table 9-1 : Base Load Control Algorithms 

W here: 

Y = suppl y profi le [kW] 

R = DG un it power rating [kW] 

01= operatin g effic iency (e lec trical) 

H = heat u e effic iency 

Subscript s: 

p = electrical ( power) output 

1 = thermal outpu t 

T = technology type 

n = ½hr period in the day 

H is the efficiency of the heat tran fer syste m as di st inct to the effi ciency of the DG unit as a 

power generator. 

9.2 Peaking 

Peaking operati on consists of the uni t running when ever e ither the elect ri cal o r the rmal 

demand exceed s its rated max imum output. Peaki ng operation is either heat led or electricity 

led . Figure 9-3 shows a Stirling engine operat ing in peaking mode. It hi ghlights one potenti al 

di sadvantage of having units that are oversized. If heat-led , the Stirling engine does not 

operate. However, if the thermal demand was greater, such a in a colder climate, heat led 

mi ght be the preferred opti on. 
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6.0 -

5.0 -

4.0 • 

kW 3.0 -

Week-day winter Stirling Engine : Heat Led 

21:00 
Tim e 

Week-day winter Stirling Engine : Electricity Led 

6.0 -

5.0 -

Time 

Figure 9-3: A Stirling Engine in Peaking Mode 

The equations to describe the DG pe1formance in peak mode are: 

,--~-: -::--_·_--_-__ -·-_··_--_-_-_--_·_~_~--~-~-~--~-~--tp_-u--~----·_·-_··_··-_- ·1 · -. T~;,~~~ ~:;p~t ~~---_--_· _J 

Ol 
C 

:ic ca 
(ll 

Cl. 

if R p.T < X r then y = R p,T 
II 11 JJ 

if R p,T > X, then Y = 0 
n n /J 

-+---·---·---···- ----·---- -

I 

I 
I 

if R 1_T < X . F then Y = R p ,T 
II t II p 

if R1• T > X . F then Y = 0 
II f It JJ 

if Y = 0 then Y = 0 
0 p II t 

if Y > 0 then Y = HT . R,_,-
11 p II t 

if Y = 0 then Y = 0 
n p II t 

if Y > Othen Y = HT .R,T 
n p II t ' 

and 

R 
R = ____!!_Z_ - R 

t ,T Q p ,T 
f 

_J_ ______ -·-- --------·----------·-···-· -------

Table 9-2: Peaking Control Algorithms 

where 

X , = residual demand [kW] 

F = thermal end use efficiency 

I 
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9.3 Load Following 

Load following is different fro m peaki ng in that the tec hnology can operate through a 

continuous spectrum of operating capac ities , whereas peaking is onl y at 100% of rated outpu t. 

Load foll owing generall y increases both the operat ing hours and di splaced energy as shown in 

Figure 9-4 compared with Figure 9-3 . However thi s comes at a cost of decreasing operating 

effic iency at part-l oad . As for peak mode, load fo llowing can be ei ther electrictric ity- led or 

heat- led. 

6.0 

Week-day winter Stir ling Engine: Load fo llowing 
(electri city- led) 

5.0 

21 :00 
Time 

6.0 

Week-day winter Stirling Engine : Load followi ng 
(heat-led) 

5.0 

4.0 

kW 3.0 

Time 

Figure 9-4: Stirling Engine Operating in Load Following Mode 

Load-foll owing calculati on in volves 4 steps: 

1. Calculati on of the partial loading, 0 : power loading if electricity led or heat loading if 

heat led. There is a fractional limit, below which the DG technology will not operate . 

2. Conversion of partial loading to an operating capac ity" ' using the part- load curves, 

speci fi c to each technology . For exampl e Figure 9-5 gives a part-load curve for a Stirling 

engme. 
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Stirling Engine 
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R
2 
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~/--heat-led 

,,/// / _____ ,--electrical-led 

,, y = 0.0023x' + 0.7387x + 3 1262 

R2 = 0 9999 

0 

0 20 40 60 80 100 120 

Part Load, Ot or Op [o/cl) 

Figure 9-5: Stirling Engine Part Load Curve 

3. Calculation of normalised heat and electricity output (R values) at the operating capacity 

using output curves, specific to each technology. For example Figure 9-6 gives an 

operating curve for a Stirling engine. Output curves for other technologies are located in 

Appendix H. 

6 

5 

~4 
.::., 

'S 3 
C. -::; 2 0 

1 

0 

0 

Stirling Engine 

y = -0.0001 x2 + 0.0645x- 0.19 

R2 = 0.9995 

-heat-led 

electrical-led 

y 9E-05x2+0.0001x+0.0475 

R2 = 0.9996 

---------~ 
50 100 150 

Operating Capacity(%) 

Figure 9-6: Stirling Engine Output Cwve as a Function 
of Operating Capacity (1 kWe unit) 

4. Calculation of actual heat and electrical output by scaling the results to engine sizes of 

greater than l kW electrical. 

Table 9-3 shows the algorithms used for each of the four steps for heat-led operation, whilst 

Table 9-4 shows the case for electrical-led operation. The tables use a Stirling engine as an 

example. The model though, uses the same algorithms, but different data sets and 
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relationships (i.e . part-load curves and output curves) for a micro-turbine, fuel cell and 

reciprocating engine. 

Control Regime 

Ol 
C 
-~ 
.Q 
:§ 
-g 
0 
_j 

'O 
Q) 

' iii 
Q) 

J: 

Power Output 

, 1. Part-load 

2. Operating capacity 

oc,T 

3. Normalised heat and electrical output 

OU = Output curve 

= 9E-05x2 +0.0001 x+0 .0475 

(Figure 9-6) 

N = ormali sed output 

4. Actual heat and electrical output 

N 
y = ~ . Y 
11 p.T N II r .T 

HI 

Thermal Output 

if X . F > R,r .H then O = 1 
II f II l 

X . F 
if X . F > PL, R,T .H 1he11 0 H l 

II t I/ I 

if X . F < PL,. R,r .H then O =0 
II I "l 

where 

PL, = Thermal fraction l imi t is the minimu m 

operating capacity 

oc1.T = J< PG1.1 ,o ) 
II I 

PC= Part- load cur"e 

= -0.004x2+1.2321x+17.0224 (Figure 9-5) 

OC = Operating capacity 

N =O,,1 .R1 
II I 

y = R IT .H .O 
n r.T n r 

Table 9-3: Heat Led Following Algorithms 
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if X . f~,, > RpT then 0 
n r n p 

X 
if X 

fi l 

> PL RpT then 0 
n r Rp.T 

if X 
II l 

<PL. R 7- then, 0 p. 0 
11 p 

where 

PL/! = Power fraction limit is the minimum 

j(PG
1
,7 .0 ) 

n r 

f>(; -Q.Q04x2 + 1.2321 X+ 17.024 

(Figure 9-5) 

N =0 R 
ll/l • j1 

17 JJ 

4. Actual heat and electrical output 

Y = R r .0 
,, p.T I' P 

N = f/OU 11 .oc11 ) 
}/ ! 

OU ""-0.0001 >f +0.0645x-0.19 

(Figure 9-6) 

N 
y n I .Y 
11 t .T N 11 p.7 

I) /l 

Table 9-4: Electrical Load Following Algorithms 

A heat pump can be modelled as load following heat-led, without any electrical output. 

9.4 Renewable 

Renewable technologies are assumed to at their maximum output level depending on 

availability of their natural resource. Electrical storage was not considered and thermal 
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storage was an inherent part of the solar hot water model. The majority of the analysis for 

renewable technologies relates to estimating available energy from the relevant natural 

resource (Chapter 8) . For example, Figure 9-7 shows the energy delivered by a 1 kW 

photovoltaic array ( 12- 15 panels) in winter. Any excess electricity is assumed to be ex ported 

back into the distribution network 

Control Regime 

u 
:§ 
0 
> 
0 
0 
.c 
CL 

Week-day winter Photo-voltaics : 

6.0 

5.0 

4.0 

Time 

Figure 9-7: Photovoltaic Output 

Power Output _l._ 

Details of I are shown in Section 8.2.4 

II 

where 

I , =Radiati on collected on tilted surface 

Thermal Output 

I 
I 

I 

i 
I 
I 
I 

I 
J = PY effici ency 

Ac= Area of collector 

----·-·---1 --~~----~ 

II 

Y=Y +kWOIII i 
II II t.T .h 

where 

kW0 ,,1 = Output from storage vessel 

(Section 9.5) 

Y" ,.T.b = Direct output from SHWH 

; 

' I 
i 
I 

·-- - ------·-_J 

Table 9-5: Algorithms for Renewable Based Technologies 
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9.5 Storage 

The development of a storage functionality in the model , whilst conceptually simple, invo lved 

a substantial coding overhead and spreadsheet analysis because it requires an iterative 

calculation. Storage is only possible if the output of the DG technology is greater than 

demand, so the contribution of (avai lability) storage can only be estimated once an analysis of 

the match of the DG technology to the demand is made. However the contribution of storage 

affects the amount of export from the DG so an iteration is required. A simplifyi ng 

assumption was made that the cumulative storage at the end of the day is zero and hence only 

one iteration is required. Direct use of the DG thermal output is given priority over use of 

torage. 

Solar resource 

Storage control 

__ y __ J _ 

' 
Load profile matrix -- • DG output 

,., 
Exports 

Figure 9-8: Storage Methodology 

Figure 9-9 shows the match of a SHW operat ing m winter. The excess thermal energy 

produced which is available for storage is minimal, but never the less represents over 30 % of 

the energy produced. 
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• thermal load 
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Figure 9-9: Winter SHWH Performance 
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Step 1: Base Profile 

The first step in working out the new profile is to calcu late a base profile, that is given by 

Equati on 9. 1. The base profile is the small er value between the energy that is delivered and 

energy used during the day: 

Y = min(Y , X ) 
11 r.T ,h 11 T.t II r 

Equation 9-1 
where 

b = base profile 

Note there is no storage efficiency associated with thi s base profi le as it represent the energy 

used at the time it is produced. 

Step 2: Input Energy 

The input energy to be tored i worked out by a simple deci ion structure: 

Y,,1 = Supply profile 

X,,1 = Demand profile 

Self = storage efficiency [%] 

Step 3: Output Energy 

where 

SoR = Discharge rate [%] 

Equation 9-2 

Equation 9-3 

It was found that in many situations the cumul ative storage at the end of the day is zero, thus 

justifying the original assumption. 

The base profile is ubsequently combined with the output of the storage module (kW 0ut) to 

give an overall energy supply profile. 
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9.6 Network Analysis 

9.6.1 Introduction 

An important benefit and hence one of the main drivers for DG is the positive impact on the 

network in terms of reducing load and particularly peak loading. As owners and operators of 

the electricity network. the lines companies are in a pivotal role in determining the benefit and 

value of DG and ultimately its widespread use. The question is: how is this benefit quantified 

and then valued'.! This section sought to identify some of the issues associated with 

estimating the value derived from network benefits. Olsson and Neville ( ! 999) have 

estimated that the value of load control in a typical South Island city is $ l 30 per kW /year. 

This relates to the distribution network only. There are also transmission and spot market 

savings but they are not considered in this analysis. 

Future demand and the prediction of it focus to a line companies' asset management 

plan. Currently the electricity network 's primary role is the provision of a cost effective, 

reliable, sustainable and safe supply of energy to its customers. The of the 

network is very capital intensive and is subject to an increasing amount of scrutiny in today's 

regulatory environment. The capital expenditure is related to two primary factors: 

1. The addition of new customers 

2. Increasing demand from existing customers 

There are however a number of secondary drivers that influence capital expenditure. 

I. Meeting safety compliance requirements on ageing equipment 

2. Shareholders and consumers demand on environmentally sound response to system 

upgrade. 

3. Meeting the requirements for suitable metering, control and data acquisition 

technologies for the competitive retail environment. 

However, the overall maximum network system demand is the definitive driver in network 

capital investment. Maximum demand is influenced both short term cyclic events, medium 

term regional growth factors and long term national influences. The lines companies can 

utilise resources like ripple control of hot water cylinders during peak demand. DG could 

provide an alternative way to reduce maximum demand. 
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However, to be effecti ve these resources must be controll ed by the network company, e ither 

directly or indirectly. The re are many s ignificant issues that need to be addressed before the 

widespread applicatio n of dispatch-type micro-generation can occur. Communi cati on and 

control of hundreds o f units will need to establi shed . Numerous internet based solution 

providers such as 6th Dime nsion and Silicon Energy (Esource, 200 I 0) have tools ava ilabl e for 

thi s. There are complicati ons with DG units running in co-generati on mode . For example, 

how is their rating or load reducti on potential dete rmined ? The load reduction must take in to 

account the thermal e nergy produced by the unit and how much of thi s is di splac ing thermal 

load that would otherwi e have been met via the grid . For example. for a Stirlin g engine 

embedded on the custo me r side of the meter, the load profile of the house and its in teracti on 

with the DG units mu st be analysed . Moreover if they are operating anyway, there would be a 

background reduction in demand and therefore whether this would be attri buted to d ispatch of 

the DG units, needs to be determined . Also having a suitable pl ace to dump excess heat 

(increas ing capita l cost) is essenti al since the di spatch would be e lectricity led . Finall y, the 

effect of temporaril y inte rruptin g a DG techno logy providing space heatin g means it is more 

li kely to be operating during the next contro l pe ri od , thi s fl ow-on effect would mean 

d imini shing load reducti on potentia l to the ne twork 9perator. 

As tated in the model's scope, analys ing how thi s network impact would be contro ll ed was 

not considered, but in the future would like ly in volve the development of a network analys is 

module utili sing stati stical analysis to e timate load profiles under the influence of load 

management. 

F igure 9-1 0 shows the progress ion of analy is fro m an indi vidual house level up to a regional 

level. It is envi aged that the model could in the future u e an ite rati ve process toe timate the 

network benefit of a number of DG units and then appl y this bene fit to the indi vidual case 

whic h in turn may alter its va lue propositi on, change the market penetrati on and hence 

network impact. 
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• 
Recalculate leaibiity 

Benefit paid to 
DG unit 

.. 

Action 

Economic analysis on entire residential housing stock 
on an individual house basis 

House types 
selected 

Spatial analysis of 
potential sites 

Network impact 
analysis 

Line 
companypurchase 

of service 

" 
Regional 
analysis 

• 

Figure 9-1 O: Regional Network Analysis Methodology 

Table 9-6 gives more detail of the activities required at each step. 

• 

Result 

Housing stock classified 
into house types: 

Type 1 
Type 2 

• Type 3 

Type n 

Type 2 
Type 3 

X number of Type 2 m area A 
• X number of Type 2 in area B 

• 

• 

Demand reduction 
potential on 

network alpha 
network ·oeta 

Demand reduction 
potential on 

network alpha 
network beta 

Total numbers of DG units 
in a region 
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Level 

Goal 

Analysis 

Informational 

requirements 

Outcome 

-----· -------

·1 :,,wo,: (CollecU••J-
1 2 

-
Individual Neighbour! 

-- -
Which houses are suitable DG unit sen 

for a particular DG load 

technology 
--

First iterative run looking at Looking at n 

basic value proposition aggregated 

power and ti 

DG unit(s) 

Details on existing As above bL 

expenditure on energy, data on corr 

house size, insulation level schemes 

-
Type A house - suitable Type A aggr 

Type B house - suitable Type B aggr 

Type C house -unsuitable Type C aggr 

unsuitable 
(suitabi lity depends on 

economic criteria) 
--- --- - --- -

ood 

ng more than one 

ultiple loads 

ogther, sharing 

3 

Network (Individual ) 

Determine the impact on 

a part of the network 

Examine - DG penetration 

rate for area being served 

ermal output from I by network in question 

with additional 

munual heating 

egation - sui table 

egation - suitable 

egation -

Network asset 

management plan 

Housing size distribution -

number of sites in target 

area 

Equipment A load profile, 

existing , future, with DG 

factored in . 

Determining overall 

impact of an appication 

on a GXP load profile 
I--

Examine - DG 

penetration rate for area 

being served by 

equipment in question 
-----·-
Network asset 

management plan 

Network design structure 

GXP profile and price 

changes 

Table 9-6: Steps from an Individual to Regional Analysis 

l s- -- -
-1 

j Regional 

I 

Regional assesment of 

DG 

I-Accu-m:lation of 

I network outcomes 

l 

Intra-regional network 

structure 

Overall numbers of sites 

within a region 
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9. 7 Other Considerations 

9.7.1 Hybrid Systems 

An interesting application when assessing different technologies is to consider hybrid systems 

or multiple technologies. This scenario is commonly found in rural settings where for 

example a photovoltaic battery -diesel generator system may provide an alternative to grid 

connection. However in more urban settings where grid connection is predominately 

available multiple systems are unlikely to be economically viable as the large increase in 

capital cost is not readily recouped resulting in payback periods that are significantly longer 

than for single systems. This is due to the proportionately smaller increase in captured energy. 

The DG units effectively compete with each other to service the load. This competition is 

more pronounced due to the lack of electrical storage. The model though, could be expanded 

in anticipation of capital cost reduction and electrical storage advancements for DG 

technologies meaning a variety of hybrids would become economically feasible. 

Currently the model can part-evaluate a solar hot water and Stirling engine 

combination. A full analysis was not achieved due to time constraints and considers only an 

average house profile without the effect of the calculations 

a 3-step process where the resultant profile, after the first DG technology has been controlled 

against, becomes the "new" profile to which the secondary DG technology is controlled. This 

is repeated again for the third DG technology. 

9.7.2 Economic Dispatch 

DG could be dispatched based on certain economic criteria. For example, if used in 

conjunction with real time pricing, [RTP] the cheapest overall rnnning cost could be achieved. 

This would provide a basis to analyse TOU rate strnctures and their impact on the profitability 

of DG. In addition, the economic criteria could be representative of other external factors such 

as distribution network peak loading, in which case the DG would run at set times of the day, 

coinciding with peak periods. It is proposed that this functionality be included into the model 

in future developments. However, this type of system peaking operation is unlikely to be 

economically feasible (from a retailers/generators perspective) due to the reduced operating 

hours and uncertain energy savings. Base-load operation though is not favoured lines 

companies as it potentially reduces system throughput and hence revenue. 
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9.7.3 Load Following Calculations 

The load-fo ll owing cont ro l module could be further refined . The author suggests that a more 

d irect relationship between O and N be establi shed, potentially reduc ing the number of steps 

fo r the load-fo ll owing algorithms (i.e . Tables 9-3 and 9-4). 
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Chapter Ten 

Costing 

/!.j, C//({/l/(/ :,r, 1( 1( I 1/u llh'/,01!,1/0 --: ,, 1/\(d 'I' r 1//11/!1 1( ''( ••;1tr,1r111, (r''' ,,f (, f) r ; ,"II' i' 

1! 1 II u1 rlu rrudi!11 1:1!!11111'J1h /l i e c/•w11 ,111, 1111d /11n, ilzl-. ur!' , ,1111;1uu cl 1,1 u;, /1 ,,·/: r 

10.1 Introduction 

1n order to assess vari ous so lutions to a building's energy requirement , a common indicator is 

needed to all ow comparison of alternative in vestment opt ions. Thi indicator should reflect as 

much as possible the costing and operati ona l perfo rmance on a micro-scale but should also 

reflect factors that are used to assess in vestment decisions in general. PY ba ed on a 

di scounted cash flow 12 analysis was chosen to be the indicator. lts purpose was to quantify the 

many variables, as illustrated in Figure 10-1 , that impact the cost of providing a household' 

energy requirements. 

10.1.1 Cash flow Analysis 

An example cash flow is shown in Figure 10-2. The analysis is shown for a Stirling engine 

but is generically similar for all the technologies . [t is split into two sections, the fir t showing 

the total annualised cost of the DG case and the second section showing the annuali ed cost 

for the BAY case. It is the difference between the two that generates the components (cash 

flow) for the NPV analysis. 
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Cash Flow 

•-, • - ---• ,.,...~ _, ._, __ ~..,., :: ..., ~-,::_"! ;...,.,.~ .... _'. . •:, !,r..-,- • .• :.:., • .._ • ... 1,,._y~a! . • . - , ,. : n •,:•~ .. - _. -:- :••,ll• • "'•'11\ l"'S4,,•: .. ~l"1 

0 1 2 3 4 5 6 7;~1 , 8 -~ 9 ......:...:.., 10 . 11 

Stirling Engi ne 
Capital cost 4,500 
Installation 500 
Maintenance 
Fuel (fixed) 150 150 150 150 150 150 150 150 150 150 150 150 
Fuel (variable) 434 434 434 434 434 434 434 434 434 434 434 434 
Net metering 

Total 5,584 584 584 584 584 584 584 584 584 584 584 584 

Make-up 
Electricity (fixed) 200 200 200 200 200 200 200 200 200 200 200 200 
Electricity (variable) 2 2 2 2 2 2 2 2 2 2 2 2 
Gas (fixed) 
Gas (variable) 
LPG 
Solid fuel 

Total 202 202 202 202 202 202 202 202 202 202 202 202 

Total DG Operating Case 
Electricity (fixed) 200 200 200 200 200 200 200 200 200 200 200 200 
Electricity (variable) 2 2 2 2 2 2 2 2 2 2 2 2 
Fuel (fixed) 150 150 150 150 150 150 150 150 150 150 150 150 
Fuel (variable} 434 434 434 434 434 434 434 434 434 434 434 434 
LPG 
Solid fuel 
Capital cost 4,500 
Installation 500 
Maintenance 
S1orage(capital) 
Storage (O&M) 
Net metering 
Carbon tax 

Total 5,786 786 786 • 786 786 786 786 786 786 786 786 786 

Tradit ional Supply Mechanism 
Electricity fixed 200 200 200 200 200 200 200 200 200 200 200 200 
Electricity variable 641 641 641 641 641 641 641 641 641 641 641 641 
Gas fixed 150 150 150 150 150 150 150 150 150 150 150 150 
Gas variable 54 54 54 54 54 54 54 54 54 54 54 54 
Solid Fuel 
LPG 

Total 1,045 1,045 1,045 1,045 1,045 1,045 1,045 1,045 1,045 1,045 1,045 1,045 

Total 
NPV 

NPV 

4,741 
4,741 

259 
238 

259 259 
218 __ 2=00= 

3,078 (capital paid at beginning ol period) 

259 
184 

259 
168 

259 
154 

259 
142 

259 
130 

259 
119 

Figure 10-2: Discounted Cash Flow Analysis for a Stirling Engine (Discount Rate= 9%) 
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10.1.2 Economic Comparison 

The overall costing equation used is that in the form of a standard net present value [NPV1 

calculation 

I, 
NPV ==-C\ + +----+ 

I+ r (! + 

where 

Cr= Initial cost [$] 

!11 = Yearly cash flow[$) 

r = Discount rate [%] 

r = Technology type 

/ 0 Cash flow in year O [$] 

Other economic indicators considered: 

Term 

Payback 

Return on 

Definition 

number of years it takes for a 

proposition to break even. 

investment initial investment with the 

annualised cash flow. It 

assumes a constant cash flow 

over the analysis period. 

Internal 

rate of 

The IRR expresses the 

discount rate when the net 

return present value would be equal 

to zero. 

10.1.3 BAU Case versus DG Case 

In +---
(! + 

Relationship 

Equation 10-1 

Payback= 11 when+ II"I > +_i_i__)' + ......... + (l + 
l + r (I+ r -

J_ 1. 
JRR=rH·henI 0 = +( ", + ...... "".+-(--

] + r I+ r )- J + 

Not all of a home's energy needs will be provided for by the newly installed DG unit. The 

remaining component is supplied by the existing set-up, which invariably means electricity 

from the grid and other energy sources from solid fuels, liquid fuels or reticulated gas. 

Table l 0- l shows the considerations when costing the TSM under the DG case. 
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Assumptions & Key considera ti ons Background Impact on project 

All scenarios assume that the load 

(house) remains grid connected 

When assessing unmet load , the 

residual component is supplied by 

the grid 

The thermal component of the 

unmet load is proportioned to each 

individual energy source or fuel type. 

In the same ratio as without DG 

I The DG unit will always take priority 

in meeting the load. 

SH and DHW are treated as equals 

Costs of storage and nature of 

demand profile dictate this 

The grid is the only source of 

residual power 

Large 

Large 

For ease of cost calculation this is Large 

done, however, practically only one 

energy source would probably be 

used. 
---- - --- -

Feasibility of DG is determined by Large 

the proportion of demand that it can 

capture. Unmet demand is supplied 

by the TSM 

For ease of cost calculation this is Large 

in terms of thei r abi lity to be supplied done, however, practically only one 

by the thermal output from a DG unit end use would be provided for. 

Unmet load can be met by a 

specified energy source 

This would allow for a more realistic Large 

view of what actually happens in a 

house 

Table 10-1: Overriding Concepts in Costing the TSM with a OG Unit 

The fo ll owing secti ons outline how the terms in Equation I 0- 1 were calculated using 

generali sed equati ons that inc lude a combinati on of TSM and DG facto rs. 

10.2 Initial Cost 

Initi al costs are the marg inal costs as oc iated with installing a DG unit and any avoided TSM 

investment fo r the BAU case. They both typically occur once in the li fet ime of the DG unit. 

C = Cc7 + /c7 - Ca 
T 

Cc = Capital cost [$] 

Ca = A voided TSM costs [$] 

le = Installation cost [$] 

Cc, Ca and Jc are evaluated in the first year onl y. 

Equation 10-2 
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The significant assumptions made about the initial cost component are given in Table l 0-2. 

There is an envisaged capital 

cost decrease of many of the 

emerging DG technologies 

The exchange rate will have a 

large influence on the capital 

The installation cost will have 

components that reflect grid 

connection fees like installation 

and inspection of safety control 

equipment. 

Background Impact on 

project 

· To determine the capital cost entry point is Large 

, an important application of the model 

The vast majority of emerging technology Large 

DG units will be manufactured overseas. 

Interconnection standards may prove to be Large 

inhibitory to the introduction of DG if they 

significantly increase initial costs 

Table 10-2: Initial Costs for a DG Unit 

10.3 Yearly Cash Flow 

The cash flow represents the difference between the annualised costs of 

the BAU case and the DG case. 

where: 

C2 = Cost of electricity [$/yr1 

= Cost of Natural Gas [$/yr] 

CsF = Cost of solid fuel [$/yr] 

CLPc = Cost of liquified natural gas [$/yr] 

= Cost of CO2 emissions [$/yr) 

Mc = Maintenance cost [$/yr] 

These fuel types were chosen as they provide the dominant sources 

homes (Figure 4-5). 

Equation 10-3 

energy used in NZ 
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10.3.1 Maintenance Costs 

Maintenance costs [Mc] are a collection of: 

Regular maintenance 

Service/ overhaul 

Permitting 

Certain operating costs are obviou sly linked to the DG units ou tput which in turn determined 

by its o perati on control and the load its serving. 

Equation 10-4 

where 

MI = Maintenance frequency [service/hours of operati on] 

CM = Cost of maintenance unit [$/serv ice] 

H0 " = Annual hours of operation [hours of operation /y r] 

and 

Equation 10-5 

h0 " = The number of½ hour periods per day that the DG unit operates. 

Tabl e 2-1 shows the assu mpti ons and key considerations when examining the maintenance 

costs. 

Assumptions & Key considerations 

The operating costs are 

independent of the age of 

the unit and independent of 

its operating regime. 

Maintenance costs are 

calculated on hours of 

operation 

Servicing, permitting and 

depreciation are not 

considered separately 

Background 

For simplicity sake the costs have a linear 

relationship with operating hours only. 

Alternatively they could be based on kWh 

(power and/or th ermal } produced and less 

dependent of the number of hours of 

operation 

For simplicity they are assumed to be 

included in the maintenance costs 

Impact on project 

Minimal 

I Minimal 

Minimal 
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Background Impact on project 

The cycling o! a DG unit 

1 incurs increased costs that 

as permitting and 

depreciation 

Increase numbers of start up and shut Medium 

downs introduces increased wear and hence 

increased maintenance costs 

For example if major engine over-haul is Medium 

accounted tor 

Geographic regions may have different wear Minimal 

on equipment (climatic) and differing labour 

rates for maintenance procedures. 

Table 10-3: OG Maintenance Cost Analysis 

10.3.2 Energy Costs 

Fuel costs are a significant factor in determining the profitability of DG. Therefore fuel 

costing was done on an end-use basis, energy-type and seasonal basis to provide detailed 

information as to where and what increased o·G profitability. Table 10-4 shows the 

components for each of the energy-types used. These equations were used to cost out the DG 

and BAU case. 

Fuel Type Costing Equation 
-· ----··----

1 I 
C =C +C +C + C 
n E 111EDWH1 ll IE.SI-/ I n 1E.5Cl n 1Lr1 

, Natura),Gas .. C =C +C 
11 NG 111NG,DWH1 11 UVG SH) 

I· .~F"r,;,, ·,-: 

i · · _';j.~;~Jtf?i_~te• ~ w 
= C +C 

11 (W.DHW) 11 IW,SH) 
. ~t· . 

LPG C =C 
n LPG n (LPG.SH\ 

_________ ,_! 

Table 10-4: Fuel Costs and their Individual Components 

To calculate cost, the end-use energy demand must be converted to a "fuel" use by applying 

conversion efficiency data appropriate for the chosen technology. For example, the common 

efficiency for an electrical DHW cylinder might be 100% (treating standing losses as true 

end-use demand) where as it might only be 80% for a gas cylinder. Hence, if DHW demand is 

lO kWh/day than this translated to 10 kWh of electricity or, 10/0.8 = 12.5 kWh of gas. 
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Table I 0-5 gives the typical effi c iencies used in the model for appli ances using diffe rent fuel 

sources . 

End-use appliance Efficiency %, H 
---

DHW Gas 80 

Electricity 100 

SH , Electricity 90 

LPG 70 

Reticulated gas 70 

Solid fuel 20 

Table 10-5: End-Use Appliance Efficiency 

10.3.3 Electricity 

The costin g of e lectric ity is an important component to the model , as it i the dominant source 

of energy in the market (Fi gure 4-5). There are a number of ways to approach the va lue of 

e lectri c ity. What the consumer pays is defin ed here as the price of e lectri c ity, yet what an 

integrated generator-reta il er like Me ridi an is concerned with is the cost to suppl y that 

parti cul ar consumer. If the customer is to be profitable, the cost of suppl y must be less than 

the price the customer is pay ing. The generic costs component are : 

I) W ho lesale price 

2) Lines company charges (including transmi ss ion) 

3) Reta il margin 

As Merid ian is a vertica lly integrated generator/retailer and the market is a ' blind-market ' the 

co t of prov iding e lec tri c ity is dete rmined by Retai l1
' hedge priceu (i.e . the e lectrici ty price 

that Reta il pays Meridian Generation is set by the hedge). Fi gure I 0-3 shows an example of 

the diffe rences in hedge and spot price . As descri bed in Secti on 4.8 reta ilers buy a pro porti on 

of the ir e lec tric ity from the GXP, via the market on a normali sed bas is . Therefore the product 

of the hedge price, normali sed demand profile and the absolute metered amount dete rmines 

the energy suppl y cost of e lec tric ity to the re tai le r. T o thi s is added line charge from the 

di stributi on company that are passed onto the consumer as fi xed and vari ables charges. T he 

way in which a reta ile r can pass on the costs of e lectric ity provision va ry a great deal, often 

due to line company charge structure and have led to ome retaile rs having as many as 6,000 

different tariffs. 

The rel.ti I uni1 nr \ kmli<111 

.\ h.:Jgc 1, .1 t'11r111 ,,1 li1wnL·ial in,urilllL'l: tlut p1\llcL'h the purL·h;tscr ;rnd ,uppli.:1 tn,111 ,pill 111.1rk.:11n,1;1bil11, 
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Figure 10-3: Typical Hedge vs Spot Price During a Day 

Table 10-6 

prices/costing. 

the assumptions and considerations made in order to model 

Assumptions & Key considerations 

Electricity has the capability 

to energise all end uses 

Anytime 
Day/ night 
TOU 

Background Impact on project 

In many homes ele~tricity is the only source Minimal 

of energy 

Since there are over 6,000 different tariffs. Medium 

only the most common 'types' were 

modelled. Given the general nature of TOU 

costing most pricing mechanisms could be 

represented by changing the TOU data. 

Residential DG units in the future must have Medium 

the ability to operate wiU1 dynamic 48 ½ 

hourly pricing. 

Table 10-6: Cost Analysis: Electricity 

10.3.4 Natural Gas 

Reticulated gas, although only currently providing 9% of domestic energy, it is expected to 

increase its share and it represents the fuel of for fossil fuelled DG units 

such as Stirling engine, micro-turbine, new reciprocating engines and some fuel cells. This is 

especially so in areas where reticulated gas is already present. 

The price of reticulated gas is simpler than that electricity as there does not exist a spot 

market through which gas has to be traded. However as Table 10-7 the costing of gas 
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used has the capabi lity to utili se½ hour variation in antic ipation of changes to the gas supply 

market. 

Table I 0-7 gives the a sumptions and key considerations made in order to model natural gas 

prices/costing. 
------ - -- - -- ---

Assumptions & Key consideration s Background Im pact on project 

C 
0 
'cii 
·;; 
e 
0.. 
Q) 

:'i 
:5 
LL 

------- -----J 

All regions in NZ have the 

potential to be supplied with 

any fossil fuel. 

Fuel is the major running 

cost component of a fossil 

fuel DG unit. 

The possible increase in 

demand for fossil fuel could 

drive network constraints 

If this requires the introduction of new delivery Large 

systems than the price will reflect this . 

Variabi lity in price is essential in predicting the Large 

value of DG in the future . This is particularly 

important for NG (See Section 8.3.1 ). 
-~ -- -- - ----

Gaining an understanding of the magnitude of Large 

the change and response by the network as 

price affecting drivers is considered an 

important objective. 

Natural gas is the only fossil , Current technologies and environmental Minimal 

fuel option for DG considerations make diesel fuel reciprocating 1 

engines unlikely in r.esidential markets 

All gas supplied will have the All source gas data is expressed in kWh 

same energy content 

Minimal 

Gas price is broken down 

into fixed and variable 

charges 

Gas pricing is done from the perspective of a Large 

consumer only. Access to wholesale gas is not 

considered . 

Costing is based on fuel use Total output (electrical + thermal) is Large 

for the total output of the DG determined by an efficiency of the fossil fuel 

unit. engines that is independent of loading. 
- ---, 

Dual fuel of operation is I Some units , especially reciprocating engines 

allowed. will have the ability to run on both NG and 

diesel (see Section 4.6.1 for more detail on : 

dual fuel operation) 

Minimal 

Gas is currently not traded, 

but could be in the future so 

a provision in the model 

allows for this i.e. regional 

and seasonal gas price 

variation. 

The price of gas is constant, however the Large 

increase in gas use may lead to points of 

constraint giving rise to price variation . 

Operating efficiency used in 

the costi ng to become 

dependant on loading 

The efficiency at part-loading is already known Large 

and will be used in future developments. 

Table 10-7: DG Costing: Fossil Fuel 
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10.3.5 Solid Fuel 

Solid fuel contributes 13% of the residential energy use and practically all of this goes 

towards space heating. Of particular note, is the likelihood of regulation controlling the use of 

this fuel and associated appliances in response to increasing concerns of their environmental 

effects. 

Table l 0-8 gives the assumptions and 

prices/costing. 

considerations made in to model solid fuel 

Assumptions & Key 

considerations 

Background 

Coal comprises only a traciion of the solid 

Impact on project 

Minimal 

comprising of both wood fuel use and its share is decreasing. 

and coal. it will be 

assumed to consist 

measurements of total 

10.3.6 LPG 

Wood is often traded in the black market and Medium - Model may be 

is therefore underestimated in its use 

A single $/kWh price is used even thougl, 

this in reality may vary considerably due to 

differences in wood type and moisture 

content for example. 

underestimating space 

heating requirements 

Minimal 

Location factor affecting the cost of wood is Minimal 

a possibility. 

Table 10-8:Cost Analysis: Solid Fuel 

LPG is a small provider of energy in the domestic sector but with an annual increase of 21.7% 

since 1991 is included in the analysis. in Christchurch the Clean Air Zone1
' which 

considers the prohibition of solid fuel burning is envisaged to increase the use of LPG, for 

space heating. 

Table 10-9 gives the assumptions and key considerations made m order to model LPG 

prices/costing. 

; . 
•;i ! : 
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Assumptions & Key considerations Background Impact on project 

C 
0 
"iii 
·5 
e 
0. 

~ 
::, 
:5 
u.. 

All LPG use will be Gas cooking e.g. BBO's will be ignored as it Minimal 

assumed to be for space 

heating only. 

I 
LPG costs are assumed to 

be static. 

L---
1 LPG use is only a small 

component of energy use 

and is difficult to measure 

accurately. 

does not represent any significant 

replacement value for DG . 

There is some dynamic nature to the pricing 

of LPG, from broad seasonal and 

1 geographic factors. 

Gas flow meters are cumbersome and are 

not readily able to measure gas 

consumption , hence data is not plentiful 

Minimal 

Minimal 

Fixed costs of LPG are not The costs of most LPG cylinder are small (- Minimal 

considered . 

Location 

Seasonal 

$50, although dependent on cylinder size 

Location factor affecting the cost of LPG is a Minimal 

possibi lity, especially places where gas has 

to be shipped in , eg . The South Island 

Increased demand for LPG, particularly for Minimal 

space heating might drive higher prices 

during the heating season. 

Table 10-9: Cost Analysis: LPG 

10.3.7 Renewable Energy 

The costing of renewable resources re lates to the fo llowing technologies: 

Photovolta ic 

So lar hot water 

Wind turbines 

The resource is essentially free, in the fo rm of solar energy either directl y or indirectly in the 

form of wind . Therefore the rnnning costs are onl y those assoc iated with the maintenance of 

the system it e lf and any a ncillary equipment uch as sto rage units. 

Table 10- 10 highli ghts the issues e ncountered when e xamining renewabl e energy based DG 

units. 
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Impact on project 

considerations 

There is no storage costs for renewable Large 
1: Cl) 

~ ::s 
::, ~ 

, (.) "' 

is converted from DC to 

AC for use in the house 

or exported 

electricity, Le. it is either consumed 

immediately on site or exported 

Electricity storage to be 

included 

Advances in technology make this option Large 

both technically and economically viable e.g. 

flywheels and super-conducting magnetic 

storage 

Table 10-10:DG Costing Renewable Energy 

10.4 Costing Equations 

The costing equations below account for both the DG and BAU cases: 

10.4.1 Thermal End-uses 

The cost of meeting a particular end-use with a particular energy type is given by: 

C =Z 
ll ( f"11c/11;1e.e11d111r'! Ii ( /11dt1;;e1 

( fl- o] 
\ n r .d1d u,1 ) 11 r. ~ 

C - fud,J 
" 

Equation 10-6 

The value of any thermal export Y> is 0. 

y = Fraction of an end-use provided for by an energy 

They matrix is chosen to simulate the fuel composition for various houses. Table l 0-11 gives 

an example of the energy-use matrix chosen for a house with reticulated gas. This is used for 

both the BAU case and the DG case. For example here, setting all 

supply option available. 

End-use 

Yrsc; 

)'rSHJ 

Fuel Type 

to O means wood is not a 

Wood 

0 
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Table 10-11: y Matrix for a House on Reticulated Gas with Additional LPG and Resistance Space 
Heaters 

YT is given in Sections 9.2 to 9.4. 
II 

c is the cost of the fuel supply to the DG unit. The co t of thi upply profile is given by 
II fiu.d.T 

Equations I 0-7 and to I 0-10: 

a) fossil fuel (Stirling engine micro-turbine, fuel ce ll and rec iprocat ing engine) : 

¼ C =Z . 11
' 

,, fucl.T " fuel H .( I - 0 r ) 
Equation 10-7 

H is efficiency of the heat transfer system 

Note: for renewable energy technology Z11 fud = 0 

Z = Un it co t of energy ource[$/kWh] 

Z = f (location, time of year, time of day) 
II E 

Z = f (time of day) 
"NG 

b) heat pump: 

y 
II f 

H C = .z Equation 10-8 
fl fi ,t'I.T COP(ICflllll fl E 

COPauual = Coefficiency of performance, either in heating or cooling mode (See 8.2.2). 

10.4.2 Residual Electrical Demand 

For residual demand there are two scenarios: 

a) X > Y then, 

C =Z .(x -Y )+ c 
11 f 11el .r 11 E n r II p n fuel .T 

Equation 10-9 
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C =Z Equation 10-10 
n fuel .T n f{{(,J 

b) X < Y then, 

C = C -(Y - X ). 
fl fue/J !! /Ut'!J' 11 j) 11 J 

Equation 10-11 

where 

= Price of export into the distribution network [$/kWhl 

10.5 Carbon Tax 

10.5.1 Introduction 

A carbon tax is one of the mechanisms that will be introduced in 2007 m response to the 

government's commitment to ratify the Kyoto Protocol. As discussed in Section 2.8.5 this 

ratification would form part of government's energy policy 

"to ensure the delivery ol energy services to all classes of consumer in an efficient, fair 

reliable and sustainable manner". 

Renewable energy and energy efficiency matters arc opportunities for DG to gain additional 

value and the regulatory framework may provide a mechanism for as discussed earlier. 

How this value can be quantified is the subject of this particular discussion. One mechanism 

is carbon tax. Future carbon taxes could have significant impact on the feasibility of a DG 

application. 

10.5.2 Methodology 

The basic premise used to assess carbon tax is the same value proposition used to assess the 

overall value of DG. That is, the revenue generated from a carbon tax is: 

Ceo, = Keo? X Zco, 
where 

Z = carbon tax value [$/tC02) 

K Amount of CO2 produced [tC02/year] 

Equation 10-12 
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The va lue of Z is not known . At the Sustainable Energy Forum (SEF) in 1999 a fi gure of 

NZ$30 /tonne CO2 was raised while the Mini stry of Economic Development quoted a fi gure 

of NZ$ l 3 to NZ$26 /tonne CO2. Recently the government has put a cap on a poss ible CO2 tax 

of NZ$25 /tonne CO2. 

The relati ve carbon emi ss ions fro m the van ous energy sources are shown in Figure 10-4. 

Wood ha the hi ghest value but thi s could be negated in the fu ture if one assumes that the CO2 

erni tted during the burning of wood is part o f a closed-loop carbon cycle . 

0.4 ---·-
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(.) 
~ 0.15 
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-- ·-------·------i 
i 
I 

Wood Grid 

Figure 10-4: CO2 Emissions for Various Fuel Energy Sources [CPK] 

CPK = Amount of carbon emitted when a particular fu el/energy is used [kgCO2/kWh] 

Grid e lectricity currentl y has a value of 0.2 kgCO2/kWh or 56 tCO2/TJ which is sli ghtl y 

hi gher than that fo r natural gas. Thi s value was chosen to refl ect the marginal plant that is 

being called to generate. The marginal plant is the most expensive in terms of the price it bid 

its suppl y into the market and is ofte n a thermal power stati on, running on natural gas. 

The additional electri city that needs to be supplied by the grid to account fo r losses in the 

transportation of electric ity to the end user was not considered . Thi s would have the effect of 

underestimating the CO2 emiss ions by around 8%. The carbon emitted to supply a particular 

load is thus calculated based on its proportional fu el suppl y. Fo r example a household that 

exclusive ly used electricity would use the grid e miss ion fi gure times the total kWh consumed . 

Overall the net CO2 produced is given by: 

K co
2 
= K BAU -KoG Equation 10-13 

where 

K BAU = K import Equation 10-14 
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and 

K DG = K fi,cl u.1c + Equation 10-15 

The amount of CO2 produced using the TSM is given by: 

Kimpnrr = KE + K NG + Kw + K LPG Equation 10-16 

The amount of CO2 can be determined for each fuel/energy type: 

a) thermal end-use 

y 

ll\C 
Equation 10-17 

CPK Amount of carbon emitted when a pai1icular fuel/energy is used [kgCO2/kWh] 

h) residual electricit_v use 

KE= Y . CPK Equation 10-18 
n r 

For the DG case, u., 0 is given by: 

Some assumptions made were: 

The CO2 output of the DG unit is based on the fuel it used. 

Losses associated with the gas supply network and the other delivery systems for LPG 

and wood are not considered. 

For DG units based on renewable energy resources there are assumed to be no emissions. 

A heat pump's emissions are based on grid supply electricity figures. 

l 00% of the carbon content of the fuel used is converted to CO2 

Results are worked out on an annual basis. 

In the future. an addition factor to Equation 10-15 may be added, Essentially this will 

quantify the gross (system) reduction in electricity usage if there is any export during the DG 

case. 
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10.6 Discussion 

10.6.1 Net Metering and Price of Export 

To de termine the value o f energy exported back into the grid is a complex task . Ne t mete ring 

is a term oft en used . Net mete ring effecti ve ly a ll ows the price of ex port as the ame price the 

custo mer would pay the reta ile r i.e . onl y the net import is pa id fo r. Thi s allows the DG owner 

to full y utili se the distributi on network for free and to get paid for the losses from the 

transmi ss ion y te rn as we ll , since these costs are built into reta ile r's charge. If ne t metering i 

not used and another rate is charged, a separate mete r or channel would be needed to measure 

ex po11 . In additi o n net metering di sgui se the va lue of energy at peak times, s ince the tariff 

rate will not refl ec t the va ri ability of the spot price. Thi s may be o ff- set thoug h by the high 

cost to use the di stributi on network at peak peri ods. The model all ows the export price to be 

set independentl y o f the import so both net mete ring and dua l mete ring o ptions can be 

examined . 

10.6.2 Free-ridership 

The obviou~ be nefit of di stri buted generati on 1s that it can reduce the energy co t fo r the 

pe rson whose load its serving. In the pa11icular case of a res identi al customer they would save 

th rough the reduction in energy used from the grid. However the reduction of load on the 

network, a lbe it sma ll , would have the effect of reducing the nodal price fac tor. Thi s 'value' 

cannot be exc lu sive ly captured and will be shared by all the retail e rs who purchase electric ity 

from the price affected GXP so other non-DG custo mers may bene fit by becoming free-riders. 

Fi gure 12-8 graphi ca ll y show this free-rider pheno menon. 

GXP 
Price 
(c/kWh) 

lni1ial 

Final 

Investme 111 in 
DG 

DG at GX P (GWh) 

Re1ail discounl 1hat can be offered 
by any retailer 

(Sour e MEL,2001.) 

Figure 10-5: The Concept of Free-ridership 
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In addition there is the impact on the distribution network. The reduced loading, particularly 

at peak may alter line company's tariff structure. again something which all retailers 

and ultimately consumers will benefit or lose from. Also the change in energy and line 

charges may alter the value proposition of a DG installation, making further installation 

uneconomic. 

Another important issue is whether the price-time differential can be captured. In order for a 

retailer to ( exclusively) realise the benefit of reduced demand at periods of high price it must 

have either a registered profile or a TOU meter. If not, this reduced demand would be 

proportioned, to all retailers. 

To be ultimately competitive DG needs to capture all the benefits it provides. However many 

of these mechanisms to achieve this don't yet 

past. 

as there has been no need for them in the 
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Chapter Eleven 

Model Implementation 
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\ I'/ I ·./ 11 , 

11 .1 Introduction 

The implementation phase wa the la t step in producing a working model. It involved not 

onl y the quantitative process of programming the express ions into a computer program but 

also consideration of the qualitati ve issues of ease of use of the model (user interface) and 

areas for future development. 

11 .2 Calculation Sequence 

Figure 11 - 1 shows the calculation sequence that wa u ed. The dashed line represents the 

iterative method of determining the market penetration of a particular DG type, based on its 

economic performance and then using this information to 'construct ' the hypothetical network 

for a network analysi . 
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Energy provision 
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" 
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Electricity led 
other 

Grid Comparison 
Ideal climate simulation 

Market penetration scenario : 

Figure 11-1: Generalised Calculation Sequence of the Model 
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11.3 System architecture 

11 .3 .1 Application 

System arch itecture is a description of how the calculations are controll ed with respect to the 

applicat ions that they occur in. The model was implemented in Microsoft Excel. The reasons 

fo r thi s were fami li arity of the software which aided in the speed of implementation and the 

product itself. Excel provides a ready platform to conduct the analysis which in volved a 

relative ly small amount of data but a large number of calculations, many of which utili eel 

Excel's built in mathematical functions . If far larger data et were involved a databa. e 

app lication would have been considered. Moreover Excel's built in analyti cal. statis tical and 

graphical funct ions allowed for the analys is to be contained with in one application. Perhaps 

though the most significant factor in choosing Excel was the Visual Basic for Appli cations 

[VBA] programming environment. ft can read il y be accessed and used to create customised 

app licat ions. 

Figure 11-2 shows the re lationship between VBA and Excel. The VBA interface is set over 

the central Excel fil e. Engine and contains the cqde that contro ls the periphery fi !es and 

databases. These relation hip are either hard (direct link) or soft (controlled by VBA code). 

The Engine contains the maj ority of the soft relat ionships but also a substantial amount of 

direct lin ks fro m the peripheral fi les and databases. See Appendi x F to find the VBA code. 

VBA User-interlace 
(forms) 

• 

Excel data mput • 

• 

Output 

Single 

Net-Nork 

'I' 

VBA code 

... 

~-" Other Databases 

Electnc1ty 
pnces 

Load 
prohle 

CO2 
.,. 

• 

Storage 

PV 

Figure 11-2: System Architecture 

~ 
Technology Database 

Heal 
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WTG 
SHW 
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11.3.2 User Interface 

Figure 11-3 shows an example data input screen. These user-forms serve a number of 

purposes, one of which is operability. The controls which are located in the user-forms needed 

to be constructed 'tightly' enough to ensure that proper data input sequence is followed , but 

also at the same time 'loosely' enough for changes to be made to a particular variable without 

having to go through redundant steps . Another purpose is preliminary checks of the inputted 

data or selection choices. That is, the form provides a check that the model is using the values 

specified by the operator. In addition, the user-forms are used to provide feedback during a 

calculation sequence, particularly during a network analysis. Appendix B gives the complete 

set of user-forms. 

Tech nology Selection 

r r:ue1cen 
1 String Eng,r,e 

r ,.:.:ret-vbr.e 

re,m 
r wro 
r Heat purrp 

r PholD·"OltaC 

Figure 11-3: User Interface Showing Selection Options for a Single DG Unit 

11.3.3 Coding 

The computer code that was written to instruct the computer how, what and when to action 

the formulation described in Chapters 7 to 10. How these instructions are written (syntax) 

and how they are organised (code structure) must satisfy two important objectives of the 

model. ( l) to provide a flexible structure to enable different scenarios to be examined and (2) 

to incorporate an open methodology to enable future development to take place (this would 

specifically mean the expansion or addition of modules) . 

The model uses event-driven-form-centric programming. This can be compared to procedural 

programming where applications execute logically through the program code one line at a 

time. In contrast event-driven applications execute only when a specific event calls a section 

of code. This event could be ttiggered by an user input such as a mouse click for example. 
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11.4 Model Performance 

11 .4.1 Flexibility 

Developme nt of the programme in vo lved a careful compromi se between how much time was 

put into designing routines to all ow greate r functi onality and fl ex ibility and wh at a ll owance 

was made to accommodate future capability. The greater the fun cti onality of the model the 

more co mplex the code and thu s the more difficult it is manipulate the code in the future. 

Gi ven the obvious time constra ints it wets dec ided to concentrate the development of 

functi o nality in certain areas and limit it in othe rs. For example introduc ing diversity 

(be tween houses) into the calcul ati on sequence was een as a c ritical function , however by 

do ing thi s other area o f profile ana lys is s uch as load management were not deve loped . In 

additi on , automated functi ons uch as capital cost change over a peri od of year (to simul ate 

market tre nds) were di smi ssed in favo ur of implifying calcul ati o n routines. 

11.4.2 Calculation tim e 

W hen w riting the procedures, perfo rmance feedba·ck was considered in order to mm1 m1se 

calcu lati o n time . Th is was import an t because the model cou ld perfo rm a 'run' consi ting of 

I 00 repetiti ons fo r each house, and up to 500 houses. With the current model a I 00 run 

imul ati o n fo r a single house can take up to 3.5 minutes '6 on a Co mpaq DeskPro Pentium II , 

not inc ludin g the ti me taken to set up the correct parameters and vari abl es. The entire process 

can be u p to 6 minutes, so IO scenari os would equal I hour of computati on time. More 

comp lex analys is e .g. one requiring the rmal storage could double the calculati on time. Thi s 

issue was addressed by storing onl y values of calcul ati ons and not the data links themselves, 

if the ca lculati ons we re carried out in fil es external to the Calculation Engine. ln addition 

minimi s ing code length (by us ing loopin g func tions to remo ve redundant coding) and 

inco rporating VBA techniques such as minimi sing ' creen updating' signifi cantly reduced 

ca lcul ati on time. 

11.4.3 Stability 

With o ver 13 Excel fil es.1 7 and around 50 work heet with a cumulati ve tota l of upto 35 MB , 

issues about stability was a de ign issue. The a im was that the model would run eas ily on a 

standard desktop. Stability issues were exasperated as generally around 7 files need to be 

C.ikula11"n 1111w i, ,tn,n:;<1:- dependent ,111 1hc ,peed ,,1 till' nlJL'h111~ 1hal 1hc rnudcl 1, ru1111111g ,,n 

I he·,,· !'ill', ,,111,i,1,·d ,,1 J.11,,ba,t''· 1c:L'i1n,1!n~~ 111nduk, ,1nd 1111crmcd1,11c d:!l.i ,!<11':;'L' 
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open during any calculation run and there is a large amount of data transferred between files. 

Stability was improved by using the same techniques that reduced calculation time such 

limiting data transfer and storing raw values only. In addition, any redundant files (e.g. those 

that were no longer in use after a certain point in the calculation sequence) were closed in 

order to further free up operating memory. 

11.5 Verification 

The computer code was verified in two parts: 

I) Periphery files and databases 

Central calculation engine 

11.5.1 Periphery Files and Databases 

Manual checks were made on all the natural resource technology modules (e.g. PY and SHW) 

to ensure they produced similar results to the models were based on. Appendix A gives 

some these comparisons. Other modules HP), were not based on external models so 

values of critical indicators were informally observed to ensure that reasonable results were 

obtained COP was the indicator used for HPs). The load profile database and the 

associated code was validated by ensuring the end use components of the AEC [kW/yr] such 

as hot water and space heating were comparable to national average figures (ECCA, 2000). 

11.5.2 Calculation Engine 

Results from the periphery files and databases were transferred to the calculation engine. This 

transfer of data was readily checked, ensuring what was outputted from one module became 

the input into the calculation engine. The vast majority of calculations and data manipulation 

occurred in the calculation engine so a more rigorous approach to model validity was required 

here. [n addition, most of the calculations employed were developed specifically for this 

model and had no existing basis for comparison, highlighting the need to be carefully 

checked. 

As shown in Figure 11-4 the engine uses two separate pathways to calculate the cost to supply 

the load profile. Comparison between the pathways were used to validate the code. 
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Figure 11 -4: Simultaneous Calculation Pathway 

Cost to 
supply 
energy 

For example if the DG unit was controlled in a way as not to run , then the impo rt amount in 

kilowatt-hours and dollars should equal that as calcu lated via the traditional suppl y 

mechanism. The comparison was made at eac h of the daily , monthly and yearl y levels fo r 

end-uses, as well as different fuel/energy types. 

An alternative verification methodology was a compari son with hand calculations . Thi s 

option though was not chosen due to the extensive number of calcul ations involved 

particularl y considering the large number of combinations of poss ibl e (technol ogy type and 

operat ing regi me) variab les . In additi on it would be difficult to a se s w here an error had 

actually occurred, whether in the hand calculat ions, which is a real po sibility, or in the 

cod ing, therefore bringing the author no closer in va lidati ng the model. 

Extensive checks were conducted us ing extreme va lues (thi s is a different concept from the 

separate calc ulation pathways noted above) on a wide range of variables . For example, if the 

variable ZNc ($/kWh] tripled there was an assoc iated tripling of DG fu el costs. With research 

showi ng that over ninety percent of a ll spreadsheets with more than 150 rows contained at 

least one signifi cant fo rmula mi stake (Talbott, 2002), additional checks were made on all 

calculation tables to ensure correct computation . 

User input data was controlled through the user-forms by a llowing on ly pre-defined options to 

be chosen. 
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11.6 Discussion 

11.6.1 Coding 

A methodology that would have been beneficial to include was a more systematic treatment 

variables. The consistent use of variables can have a dramatic effect on the use of the code, 

its structure, ability to further changes and the overall performance of the model. Given the 

instrnctions for the model are written in VBA inside an Excel workbook, it lends itself to 

using a centralised sheet that contains all the variables used throughout the model. This would 

allow for easier variable control, which becomes an issue when there is over 4,500 lines of 

code. Having a foundation for good variable management has an important and cascading 

effect on the syntax and then structure of code and ultimately its functionality. Writing an 

instruction as as possible the substantial use of variables, hence the 

syntax is affected. If a sequence is generic it can be used numerous times, thus saving time 

writing redundant code. In addition less code generally means quicker and easier debugging 

and faster computation time. 

In future developments it is recommended to replace the large tracks of code with a sequence 

of code modules. These modules would be and able to be executed through a call 

statement. The desired code structure would therefore be a map of which instructions to run, 

rather than all the instructions put together. 
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Chapter Twelve 

Case Studies 

Four case studies were chosen to show a different aspect of functi onality and/or to produce 

results that are meaningful in a commercial setting. It is pertinent to note that although it was 

desirable to fu ll y utilise the model in a case study, th e ava ilabil ity of data made a complete 

analys is beyond the scope of this thesis. 

12.1 Case Study 1 - Broad overview 

12.1.1 Introduction 

The purpose of this case study was to demonstrate the model's ability to examine the use of 

various DG technologies. Fi ve technology types and three operat ing regime were considered 

for three house types . For a ll technologies, data was chosen to reflect current prices and 

performance . 

12.1.2 House Type 

A summary of the characteristics of the three house types used is given below. Appendix C. l 

g ives more detail on each house's end use energy requirements and fuel mix . 

177 



Type Description 

Size Location Insulation Main heating fuel 

House 1 Small Dunedin 

House 2 Medium Auckland 

House 3 Large Wellington Retrofit Gas 

12.1.3 Operating Regime 

A wide range of regimes were chosen throughout the case studies to demonstrate the model's 

functionality. Three operating regimes (base load, load following: electricity led and peaking: 

electricity led) were used for the fossil fuel technologies. Renewable DG technologies ran as 

their resources dictated and hence were independent of the demand profile. SHW operates as 

a renewable but with the addition of having a thermal storage component. 

12.1.4 Input Data 

The complete set of input data are given in Appendix C. l. Crucial data is given in the Tables 

12-1 to 12-3. 

Parameter Stirling Fuel Cell PV SHW Heat 

Engine pump 

Power output R;,1 [kW] 0 75 4 0.20 (3m2
) 0 0 

Heat output R,1 [kW] 6 3 0 i .3 (4m2
) 3.2 

Usable heat H [%] 80 75 0 100 80 

Energy 01 [%] 15 35 7 ' 31 COP 380 
conversion 

efficiency 

Capital cost Cc $ 4500 7,000 . 4500 : 3,500 3,000 

installation le $ 500 500 500 500 1,000 

cost 

Maintenance Ml [hrs of 2,000 8,000 10,000 5,000 5000 

frequency operation] 
($150) ($150) ($100) ($300) ($300) 

(cost) 

Table 12-1: DG Technology Characteristics for Case Study 1 
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Anytime tariffs apply 

Energy type Controlled tariff (DHW) $0.10/kWh 

Export price $0.09/kWh 
-------

-0 Energy price $/kWh 0.13 C 
<tl 
32 
(J Fixed price $/yr 280 ::, 

<l:: 
---------

>, C Energy price S/kWh 0.103 .... 
.8 :g Ol 

ti 
C 

I ;xed price 

- - --
Cl) oi S/yr 275 w :s: 

- ---- -

C Energy price S/kWh 0.13 
'6 
Q) 
C 

Fixed price $/yr 200 ::, 
0 

----- -
Gas Energy price S/kWh 0.04 

~ ixedp~:- $/year 150 
------~ 

LPG Energy price $/kWh 0.06 
------, 

Wood Energy price $/kWh 0.05 

Table 12-2: Energy Costs used in Case Study 1 

------
Profile description [kWh/yr) House 1 House 2 House 3 

Annual energy load 6,036 12,322 20,624 
-----

Annual heat load 4,397 8,783 14,805 
---

Annual DHW load 2,622 5,240 8,758 
----- --- _j 

Annual SH load 1,776 3,542 6,047 
------ --

Annual SC load38 

--- --
Annual residual load 1,639 3,539 5,820 

Table 12-3: Energy Loads for the Major End Uses for Houses in 
Case Study 1 

The data in Table 12-3 relates to an average individual house's requirements. There will be 

ome variability to the value hown as dictated by the Gamma distribution . 
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12.1.5 Results 

Stirling Engine 

Figure 12-l shows the impact of house size on NPV. House l was too small for a 0.75 kWe 

Stirling engine. Indeed, even the larger houses have difficulty in achieving a positive NPV in 

peaking electricity led mode because the demand for electricity did not rise above the output 

threshold for enough time during the year. Base loaded operation, for the larger homes, had a 

positive NPV, due to a high percentage of the required energy being captured. 

Stirling Engine 
2,000 

1,000 

-1,000 

€ -2,000 -+-- House 1 
> a. -3,000 z 

---a-- House 2 
-4,000 

-5,000 House 3 

-6,000 

-7.000 

Base Load Load following Peaking ( electricity 
(electricity ledl) led) 

Operating mode 

Figure 12-1: Results for a Stirling Engine for Various House Types and Operating Regimes 

Fuel Cell 

12-2 shows that fuel cells performed poorly due to the incompatibility of their size to 

the demand profile and the high capital cost of NZ$ 7,000. 
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Fuel Cell 

-5,000 

...-- - ----. 
- -10,000 -+- House 1 
~ 
> a. 
z -1 5,000 ------ House 2 

-A- House 3 
-20,000 

-25,000 

Base Load Load follow ing Peaking (electricity 
(e lectricity ledl) led) 

Operating mode 

Figure 12-2: Results for a Fuel Cell for Va rious House Types and Operating Regimes 

The base load operation shows to be consistently the poorest operating regime, due to the cost 

o f ga used bei ng very large. Thi s was in contrast to the Stirli ng engine , as at 4 kW. the fuel 

ce ll consumed fa r too much gas for the load it was displac ing, i.e. little of the thermal output 

could be usefull y depl oyed . 

Renewab/es 

Figure 12-3 shows that the o lar hot water system outperfo rmed photovolta ics in all three 

houses, although neither gave a positi ve NPV. This was largely due to the lower capital cost 

of the SHW heaters. 

~ 
> 
0. z 

-1,000 

-2,000 

-3,000 

-4,000 

-5,000 

-6,000 

-7,000 

House 1 

Renewables 

House 2 

House Type 

House 3 

-+- Aloto-voltaics 

--- Solar hot water 

Figure 12-3: Renewable Energy Technologies for Various House Types 
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House 3 was the most economic which was surprising as it was in Wellington and had a gas 

fired hot water cylinder. The reason was that although Auckland (House had slightly better 

radiation levels, it had a far smaller hot water load. Therefore, House 3 could use more of the 

captured heat immediately (without having to store it, and hence incur losses. Even though the 

cost of the displaced energy on kWh basis was less than House 2 (gas vs electricity) the 

overall annual running cost was also less for the same reason. 

Heat pump 

Heat pumps can only operate in load following (heat-led) mode. Figure 12-4 show that heat 

pumps arc most attractive (highest NPV) for House 2. 

Heat Pump 

5,000 

3,000 
• 

-•--- House 

4 

1,000 Ill --1!1--House 1 

§: 
> a.. 

·1,000 House 3 
z 

-3.000 

-5,000 

-7,000 

Operating Mode 

Figure 12-4: Heat Pump Results for Various House Types 

Heat pumps have a very large turn-down ratio. Therefore the small space heating load in 

House I could be easily delivered whereas the other DG technologies often struggled. The 

better economics for the larger loads reflected better sizing of the technology. 

12.1.6 Conclusions 

it appears that the DG technologies evaluated look marginal economically. The 

Stirling engine (operating heat-led) and the heat pump look most promising. However this 

case study involved a number of different variables that were not analysed individually, 

therefore large changes in NPV could occur without the relative influence of individual 

variables being known. 
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12.2 Case Study 2 - Christchurch Area Study 

12.2.1 Background 

Chri stchurc h was chosen as a locati on in New Zea land to do a more in depth analys is as it has 

characteri sti cs that u it Meridi an Energy, and the local regulatory environment is more 

favo urable to di stributed generati on. The maj o r drawback is the unava il ab ility of reti cul ated 

gas . However thi s i not seen at complete ly prohi bitory to the int roducti on of gas fi red DG 

units (S mith . G , 2000) . The key features are: 

It ha a re lat ive ly large population base . Thi s all ows fo r economies of scale in terms of 

DG d ist ri but ion and servici ng networks to be rea li sed. The large numbe r of houses would 

also a ll ow fo r large e nough niche groups to ex ist to make it worth while to target them. 

T he locati on of Christc hu rch re lati ve to M e ridi an's generati on re ources 

The large number of cu ta mers that Meridi an has acquired from On-Energy, means that 

Meridi an has a signi ficant number of customers already in Chri stchurch and brand 

enh anc in g/adverti sing woul d be effecti ve retenti on too l. 

Environment Canterbury's drive to reduce air po ll ution. Currently 90o/c- of the suspended 

particu lates comes from home heati ng so there are subsid ies fo r rep lac ing an open fi re or 

coa l burning appli ance. 

The re lati ve ly long heating season in C hri stchurch means that there is a greater demand 

fo r space heating, meaning that the thermal de mand would better ui t ome DG 

technologies . 

Sun hine hours 111 C hri tchurch are conducive to solar hot water heaters . T here are 

a lready 1,400 such install ations. 

12.2.2 Introduction 

The purpose of thi s case study was to unde11ake an analys is of DG in a particular urban area, 

includin g the cumul ati ve impact on the network. Thus, the unique combinations of c limate, 

energy prices, regulatory regime and housing compos ition could be examined . A Stirling 

engine, SHW and heat pump were examined . 

12.2.3 The Market 

Figure 12-5 shows ome pertinent statistics for the city of Christchurch . They are needed for a 

holistic analysis of DG opportunities which involve a wide range of load profile and other 

dri vers. Since the analys is was conducted on a small sample, the process of estimating the 

market potenti al required some knowledge of housing characteri stics as well as an 
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understanding of other variables that may influence the uptake of DG. For example, whether a 

home is owned or rented may affect a home dweller's decision to install a DG unit. 

Characteristic 

Population 

Total private dwellings 

Separate houses 

Two or more flats joined 

Percentage of dwellings owned 

Average annual spend of power and fuel 

Fuel spend 

percentage 

Insulation level 

Electricity 

Wood 

Other 

No 

Retro-fit 

Number 

27,942 

69.8% 

$1,230 

90% 

5% 

5% 

28% 

45% 

Building code 27% 

Space heating Electricity 

Wood 

90% 

45% 

Gas (LPG) 20% 

Water heating 

Wood-burners 

Open fires 

Electricity 

Electricity + 

wetback 

Hot water cylinder sa\es39 

Average temperature 

New houses to be built 

100% 

20% 

31,000 

14,000 

4,600 

12.5 

2,000 

Includes with / without mortgage 

Percentage of houses using this 

insulation level 

Percentage of houses using this 

energy type 

Percentage of houses using this 

energy type 

Number of units 

Number of units 

Numbers/annum 

Number/annum 

Source: CCC, 2001 
Figure 12-5: Christchurch Statistics 

)j 
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12.2.4 Key Variables 

Figure 12-6 outlines the variab les studi ed in thi s case stud y: 

Variable Drivers 

Export electricity price Regulatory environment, real time 

pricing , net metering 

Operating regime 

Load size 

Electricity price 

Displacing higher proportion of 

traditionally supplied energy 

House size 

Insulation level 

Market forces 
----------+-- - ----

Gas price Market forces 

Capital cost Market forces, regulatory environment 

Effect 

Increased revenue from operation , decrease 

in DG unit running costs 

Increased energy capture, change in value of 

displaced energy 

Increase in energy available to be captured , 

change in value of displaced energy 

Value of displaced energy 

DG unit running costs 

Investment cost 

Figure 12-6: Key Variables Examined for the Christchurch Case Study 

They were chosen as they represented one or a combination of three factors: 

Their value is likely to change over time 

2 They strongly influence the profitability of resident ia l DG 

3 They enable the market to be segregated into easily defined categories , e.g. hou e 

size. 

12.2.5 Scenarios40 

The two scenari os examined are described below. Both assumed gas to be widely reticulated 

within the Chri stchurch urban region . Scenario I broadly represents the status quo, whereas 

Scenario 2 represents poss ible future cond iti ons likely to be more favourable to DG 

Technology Scenario j >---~-----, 
I I 

1 2 I 
I 

I Electricity price[$/kWh] I 0.13 0.15 I 
I Stirling engine 4,500 2,500 I 

I Capital cost Heat Pump 3,000 2,000 
I 

I [$] 
I 

SHW 3,400 2,400 

I Gas price [$/kWh] 0.04 I 0.06 

I I 

Export electricity price [$/kWh] 0.00 I 0.09 I 

Table 12-4: Price Comparison for the 2 Scenarios Examined in Case Study 2 
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12.2.6 Input Data 

Energy load data, house characteristics and end-use demands for Case Study 2 are given in 

Table 12-5. 
----

House type A B I C 0 E 

Insulation level Building Retrofit No .. .-~-. .Building. .; Retrofif c -• 
standard insulation standard 

Size 
! 

Medium l Larg·~ 
I . 

Profile class Profile class 3 

End Use Annual energy load [kWh/yr] 
p-~,-~,·~--

Total 11,459 14,156 17,230 17,302 21,398 

Total heat 8,203 10,164 12,391 12,412 15,220 

DHW 4,780 5,916 7,196 7,216 8,917 

SH 3,424 4,248 5,195 5,196 6,302 

SC 
Residual 3,255 3,992 4,839 4,890 6,178 

Table 12-5: House Type Energy Characteristics used in Case Study 2 

12.2.7 Hypothetical Network 

For the sake of simplicity a 

network is outlined in Table 12-6 

network was created. The 

Hypothetical Network 

500 

Number 

of DG 

homes 

500 

Number of 

non-DG 

homes 

1500 

Table 12-6: Hypothetical Network Characteristics 

F 

. ;No· 
/'",:""),',~. 

iniulation 

: 

,· 

25,790 

18,534 

10,785 

7,749 

7,256 

of the 
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One aspect that is considered important to developing a more realistic network analysis, is the 

ability to dive rsify house size, and insulation level within the network. Currently the network 

design can pec ify only one combination of size and insulation level, that combination being 

the same as the house type the DG units are serving. This is an important limitation of the 

current mode l. 

12.2.8 Stirling Engine Results 

Figure 12-7 shows the NPVs for a variety of load 1zes serviced by a Stirling eng111e, 

operating in load following heat-led mode. These load sizes correlate to the ize of the house 

and its insulation level. Houses with no insulation have a greater load as their space heat in g 

requirements are larger. 

------------------
8,000 .. --·- ---- ------- -----

6,000 

4,000 

NPV [SJ 2,000 
I 

o\ 

-2.000 L 

-4 ,000 

A 

House Type F 

• Scenario 1 Scenario 2 

Figure 12-7: Stirling Engine Results: NPV versus House Type 

Figure 12-8 shows the following 3 indices for Scenario 1: 

1) ROI 

2) Percentage of time operating 

3) Percentage of energy captured 

As the load size increases a greater proportion of the demand falls within the engine's 

operating range, so it runs more often and captures a greater proportion of the energy 

requirement. As a consequence, more traditionally supplied energy, is displaced. Since TSM 

is at a higher cost than that provided by the Stirling engine, a greater annual savings is 

realised giving a higher ROI. 
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Figure 12-8: Scenario 1: Stirling Engine Economic Indices 

Network impact 

House Type 

i 
I A 

~ 
j C 
I D 

~ 
I 

I F 

I Payback 
I 
' [yrs] 

14 

14 

12 

1CJ 

6 

4 

I 

--

I 

Table 12-7 Scenario 1 : Payback Results 

The large house with no insulation (House F) had the lowest payback period of 4 years and 

therefore was the most likely candidate to be fitted with a Stirling engine. The effect of 

installing 500 Stirling engines into this housing type in the hypothetical network was 

examined. Figure 12-9 shows the network profile for a week-day winter. The reduction in 

electrical demand for the hybrid network is clear. 
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Figure 12-9: Network Impact of 500 Stirling Engines During a Winter Weekday 

Table 12-8 su mmari ses the winter effect of 500 Stirling engines on the res idual network load. 

There is no weekday ummer benefit because the lower pace heating requirement in the 

summer reduces the si multaneous production of electri city. 

Winter Weekday Summer Weekday 

Existing Hybrid" Net Existing Hybrid Net 

Total [kWh] 311 ,530 279,702 31 ,828 191 ,576 191 ,852 -276 

Average [kW] 6,490 5,828 664 3,992 3,996 -6 

Min [kW] 3,172 3,324 -152 1,780 1,784 -6 

Max [kW] 13,298 12,048 1,250 6,602 6,604 -2 

Table 12-8: Residual Load on the Network for Scenario 1 with 
500 Stirling Engines Installed 

The apparent small increase in the hybrid network load in the summe r i due to the stochasti c 

methods used to simulate demand . 

Figure 12- 10 show how the load reduction for a winter day was propmtioned over 48 half 

hour periods. It hows a clear reduction of load in the 12 MW and above category . This would 

be of significant benefit to a network company if a particular part of the network was reaching 

its capacity limit and was in need of an upgrade. 
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Frequency 
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MW 

• Existing 

• Hybrid 

Figure 12- 10: Histogram of Demand for the Existing and Hybrid Networks 

Figure 12- 11 provides a break-down of the contribution that each of the 3 profi le classes42 

make to the total import quantity. T here are equal numbe rs of each of the shape profiles. The 

dotted line gives the amount of imported electricity that the 500 houses require as a 

percentage of what they would have done in the existing network. The number of DG units in 

the network represent is 500. 
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Figure 12-11: Network Import Profile for 500 Houses Equipped with Stirling Engines 
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12.2.9 Heat Pump Results 

Heat pump were chosen to be examined as they offer the opportunity to enter into the 

domestic market with a proven technology and established distribution and service networks. 

Figure 12-1 2 shows a similar trend to the case of Stirling engines with the load size havi ng a 

large impact on NPV . 

8,000 -

6,000 · 

4,000 -

NPV 2,000 

·2,000 · 

·4,000 ~ 

House F 
• Scenario 1 Scenario 2 

Figure 12- 12: Heat Pump Results: Profitability vs House Type 

There was a less pronounced difference between the two scenarios because the difference in 

gas price did not have an effect on the NPV as gas did not provide any of the energy 

requirements. The heat pump algorithm currently allows for any thermal load to be met 

(which wa identified previously as a maj or limitation to the current model) whereas in 

practice there would be upper bounds to the heat capac ity. The analysis assumes the initial 

cost of a HP is the same irrespecti ve of the served load i.e. the HP i effectively over ized for 

houses with small loads. Only a single size-capital cost combination of HP was examined, 

which favours high load households . Figure 12-13 shows the close correlation of the 

percentage of captured thermal energy with the NPV . 
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Figure 12-13: Scenario 1: Heat pump Operational Indices 

Network impact 

The impact of heat pumps on the hypothetical network is even more pronounced than that for 

the Stirling engine, with over 48 MWh of energy supply being removed during a winter week

day (Table 12-9) . The reduction in peak load of over 2 MW is also significant (Figure 12-14) 

due to the continuous operation of the heat pump and subsequent consistent reduction in 

demand. 

Total [kWh] 

Average [kW] 

Min [kW] 

Hypothetical 

305,342 

6 ,362 

3 ,108 

Winter 

Hybrid 

256,566 

5,346 

2,754 

Net 

48,776 

1,016 

356 

Hypothetical 

191 ,576 

3,992 

1,780 
-----•-- --·. -- --------------- - -------------
Max [kW] 130,34 10,696 2,338 6,602 

Summer 

Hybrid 

178,004 

3,708 

1,648 

6,084 
----··· ---------

Table 12-9: Residual Load on the Network for Scenario 1 
with 500 Heat Pumps Installed 

Net 

13,572 

282 

130 

518 
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Figure 12-14: Impact of 500 Heat Pumps on the Network During a Weekday Winter 

An add iti onal case study is shown in Appendix C.4 . [t is similar to case tudy 2 but examines 

a fuel ce ll bein g operated in a Well ington house. 

12.3 Case Study 3 - Individual Variables 

12.3.1 Introduction 

The object ive of this case study was ro examine the sensitivity of the mode l' s result s to the 

value of specific vari ab les. Each parameter was adjusted individually to gauge its own impact 

on PY. This case study was based on Case study 2 with the heat pump a the example 

technology. 

12.3.2 Independent Variables 

The fo ll owing variable were adjusted by 20% in the direction that they are most likely to 

change. 

Parameter Base case Adjusted value 

Load size ![kWh/yrl 14,000 17,000 
---< 

I Capital cost ![$/unit] 3,000 2,400 

I carbon tax :[$/tC02] 0 25 
I 

Heating season I [months/yr] I 4 5 

Discount rate ~(%] 9 10.8 
I 

COP I I 3.4 4.2 
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Parameter Base case Adjusted value 

Diversit/
3 [kWh/yr] 

I 
0 I 115 I 

I 

Profile shape - Class 3 Class 2 

~ lectricity price [$/kWh] 0.130 0.1 56 

Table 12-10: Base Case and Adjusted Value Data 

12.3.3 Results 

The results are shown using Tornado graphs (Figure 12-15 for NPV and Figure 12-16 for 

payback period. For the base case the NPV is $50 and the payback is 10 yrs . 

NPV 

Figure 12-15 shows how the load size strongly influences the feasibility of a heat pump. An 

increase of 3,000 kWh/year energy load increased the NPV over the 10 year period from 

around $50 to $1,300. Capital cost also has a significant impact on NPV. Most other 

variables had low impact on the NPV. Caution must be stressed in interpreting thi s Tornado 

Diagram. It is specific to this particular combination of technology parameters and load 

characteristics . The electricity price sensitivity is attenuated, as 50% of the space heating 

requirement is met by wood. If it was 100% electricity supplied, the dependency of the NPV 

towards changing electricity price would be greater. 
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Figure 12-15: NPV Sensitivity for a Heat Pump 
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Payback 

Figure 12- 16 shows the payback period is also affected most strongly by the capi ta l cost and 

load size. There was a strong corre lation with the NPV resul ts as expected . 
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Figure 12-16: Payback Sensitiv(ty for a Heat Pump 
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Chapter Thirteen 

Conclusions & Recommendations 
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13.1 Overview 

The overall purpose of thi s work was to develop: 

an aid in a se sing the bu iness opportunity for residential DG. 

g reater unders1anding of the re idential market and the factors that affect domest ic 

e nergy use. 

a1Vareness of the new and emerg ing technologies that may be used in thi s market. 

a base on which further and more detailed ana lysis can be carri ed out. 

The e objectives were addressed by developing a DG evaluati on decision tool or model. The 

main modules each incorporated key aspects of residential di st ribution in New Zealand . 

Figure 13-1 gives an overview of the modules in the model and the vari abl es analysed . 
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Module load Profile 

Objective 1) To identity the constituents of 2) To identity factors which affect demand 3) To reflect profile 

demand uncertainty 

Analysis End-use Otr,er Size Insulation Climate Diversity of individual house 

Category . SH Total use: . Small . A . Christchurch . Residual 
Detail . SC thermal . Medium . B . Dunedin . Thermal 

. Hot water use ratio . Large . C . Wellington . Residual . Auckland 

level of 1/? hourly Seasonal hourly 

disaggregation 

Module Technology Selection 

Objective Available technology Climatic conditions 

Analysis Heat engine Renewable Other Wind Solar radiation Temperature . Stirling engine . Solar hot water . Heat pump . Micro-turbine . Photovo!taics . Reciprocating engine . Wind turb',ne 

. Fuel cell 

Detail . Power output . Fuel conversion efficiency 

output . Maintenance costs 

Usable h2·at eH1c1encv 

level of hourly 

disaggregation 

Module Operation Control 

Objective Explore etfects of diHerent control regimes 

Analysis Mode of operation . Peaking (heat led) . Base load . Peaking ( electricity led) . Load following (heat led) . Continuous 

. Load following (electricity led) . Renewable (resource limited) 

Detail Imported, export energy requirements, performance cliaracteristics (run hours, fuel usage) 

Level of ½ hourly 

disaggregation 

Module Costing 

Objective Fuel End use 

Analysis Electricity Reticulated Wood, Residual Space heating Space cooling Domestic hot water 

gas 
LPG 

Detail TOU, TOU(limited) Single 

tariff , taritl 

level of ½ hourly, Seasonal, Annual 

disaggregation 

Figure 13-1 :Main Modules and their Scope of Analysis 
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The Load Profile module analysed the factors that affected domestic energy use. It 

categorised them into three parameters of house size, insulation level and geographic location 

and included 5 different profiles shapes. Four end uses were included in the profile, SH, SC, 

DHW and res idual. 

The Technology Selection module is es entially a database with numerous DG technologi es 

including heat engine, fuel ce ll , rec iprocating engine, heat pump, SHW, WTG and 

photovo ltaic a nd their key performance attributes such as heat and power outputs. 

The Ope ration Control module allows the compari son of the demand profile and the DG 

supply profile under various control regimes to determine the opti mum operating conditions 

for a parti cular tec hnology type and load profil e. 

The Costing module provided a economic platform to compare the BAU case with the DG 

case. A discounted cash fl ow was used to yield NPY and other economic indicators . 

The model provides a comprehensive account of end use costs as well as fuel costs on a 

seasonal and annual basis. Key features of the model include its modu lar structure with a 

centrali sed calculation engine. The mode l was impl emented using Visual Basic in Excel to 

fac ilitate further development. This allows for separate development of areas within each 

module. The model has the capabi lity to simulate DG either at a sing le household level or 

perform a network s imul ati on where up to 2.000 hou es can be analysed. The model 

however does not consider power flow issues at e ither leve l. The model accommodates 

diversity between houses to more accurately simulate the matching of a DG output with the 

demand profile. 

In the first case study a number of DG technologies were compared for a typ ical home in 

Christchurch under a scenario representing the current situation . The case study showed that 

technologies such as fuel cells are not yet economic, but that Stirling engines and heat pumps 

display promise, especially if capital cost can be reduced by at least 30%. The second case 

study demonstrated the impact of 500 Stirling engines and heat pumps on the distribution 

network, indicating their potential application for managing peak demand. The other case 

studies demonstrated the importance of the size of the load profile and capital cost as being 

the most significant drivers affecting the profitability of DG. 
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13.2 Recommendations 

The Load Profile module is an area that warrants the greatest scope for further development. 

The thermal component is currently estimated as a constant percentage of the total load. This 

means thermal and residual loads must be coincident which is often not realistic and leads to 

over-estimation of the utilisation of DG output, under-estimation of import and hence DG 

technologies, that utilise CHP operation, appear more attractive than they should. lt is 

recommended that the load profile module be modified such that the thermal components of 

SH , SC and DHW are all independently derived. In addition, diversity within the ½ hour 

should be incorporated into the load profile so that the export and import profile of a DG unit 

is more accurately estimated. Multi-unit analysis is a functionality that urgently needs to be 

developed as multi-unit accommodation has load characteristics better suited to many 

residential sized DG technologies and is become more popular. Lastly, demand management 

using DG is an area of future development which could become an likely option as networked 

intelligent appliances allow greater control of load within a home. 

The technology selection module has a number of areas that warrant fm1her development For 

the heat pump technology, it is recommended that the to estimate COP is improved 

and that variation with capacity is incorporated. The storage module needs further 

development to enable stored thermal energy to be used on subsequent days. WTG are not a 

technology option that is currently at a sufficient stage of development to conduct a case 

study. Further work is needed determining the ½ hour wind speed and its distribution to 

estimate the variability of power available for a½ hour period. The model has the stmcture to 

analyse hybrid technology options but this should be further developed so that situations like 

remote are power supply [RAPS], where having more than one technology type 1s necessary 

can be assessed. 

An operational mode incorporating a cost reflective message should be included to allow 

analysis of real time pricing and its impacts and potential for encouraging DG. In addition, a 

timed operation mode could be introduced to model system or network peak periods. 

Network analysis to greater flexibility in the network housing composition (i.e. 

different house sizes and insulation levels) could also be included to give a more realistic 

network. 

Net metering and the of export electricity is a critical issue for DG. It is recommended 

that further work be done in the area of this cost may be equitably determined 
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by analys ing different tariff stru ctures. For example, the price of export could increase during 

peak periods, or provide a reward for reac ti ve power generation . 

Lastl y there is considerable scope to consoli date the code and its structure. To s impl y the code 

and make future ex pansion easier it is recomme nded that a centrali ed worksheet is used to 

defin e all vari ables u sed and that greater use of code modul es is included. 
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Glossary and Notation 

Term Description Unit 

Ac Area of collector rn2 

AEC Annual energy consumption KW/yr 

C Cost profile $ 

Cc Capital cost $ 

CM Cost of maintenance unit $/service 

COP Coefficient of performance 

C Yearly cost $ 

F Operating efficiency % 

C Geographic factor 

I I Usable heat % % 

1-1,.,, Hours of operation hrs 

Insulation factor 

le Installation cost $ 

/11 Incident radiation KW/m2/0.5hr 

J PV efficiency 

K Displaced CO2 tonne/yr 

Mc Maintenance costs $ I service 

Ml Maintenance frequency Service / hrs of operation 

N Normalised heat/electric output 

Ne Net storage capacity kWh 

0 Fraction of full load % 

oc Operating capacity 

Of Operating efficiency (electrical) % 

Q Energy collected kW 

R DG unit rating kW 

RC Residual component factor 

s House size factor 
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Term Description Unit 

s Storage capacity kWh 

Sm Storage cumulative discharge kWh 

Sc> Cumulative storage kWh 

Sn Storage discharge kWh 

S'n1< Storage discharge rate KW/hr 

S,11 Storage efficiency Of. ,o 

SF Scaling factor 

S,mit Minimum storage capacity kWh 

Smu; Maximum storage capacity kWh 

TC Thermal component factor 

Velocity mis 

Demand profile kW 

y Supply profile kW 

)'1/}f[\\ I Fraction of DHW / total thermal % 

\'r11 Fraction of electricity/ total residual % 

Fraction of LPG/ end use % 

Fraction of NG/ end use % 

Fraction ot SC/ total thermal % 

Y1\Jli Fraction of SH/ total thermal % 

Fraction of W / end use % 

z Unit cost $/kWh 

Subscripts 

Term Description 

J\mb Ambient 

/; Base profile (storage calculations) 

Class profile 

d Day type 

E Electricity 

ind Individual house 

LPG Liquefied petroleum gas 

Ill Season type 

ms Month-season 

n Nth period of the day 
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Term Description 

NG Natural gas 

I' Power component 

,. Residual component 

Thermal component 

T Technology type 

\'(I Variability 

\V Wood 

2 11 
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Appendix A 

Model Input Data Validation 
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A.1 Introduction 

This Chapter di scusses data e ithe r raw or proces ed , generated by the model or published 

e lsewhere . The object ive is to hi ghlight many of the issues tha t must be con idered when 

co mparing and using data, particularl y from a wide range of data source . M odel comparison 

can be separated out into 3 di tinct level . Figure A- 1 hows these three level and typi cal 

Figure A-1 : Different Levels of Data Comparison in the Model 
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data found in each category . A thorough and complete review of all data used and subsequent 

results is what the ideal model comparison would involve. Chapters 7 to 10 highlights the 

present assumptions that are being used and possible future provisions that are required to 

improve the accuracy of the model. That is, it provides a descriptive assessment of the areas 

that are of concern in terms of accuracy . Unfortunately, it is not possible to accurately 

quantify all of these, as there does not ex ist external data that can be used fo r comparison 

sake. 

Therefore two criteria were used to assess which areas were the subject of a model 

comparison process. They were: 

1. What areas, parameters or data-sets have significant impact on the outputs produced by 

the model? (i .e. ensiti vity analysis) 

2. What areas have suitable and reliable data for comparison? 

The three levels of compari son are each addressed by these two questions. Figure A-2 shows 

a sens iti vi ty analys is for a Stirling Engine operating base- loaded, with an increase I 0% for 

each variable. 

Sensi tivity Analysis Increase of 10% 
(Slirfmg Engine .Base load, Load type 4] 

,-----, 
._o_NPV , 

-500 -300 -100 100 300 

NPV [SJ 

Figure A-2: Tornado Sensitivity Diagram 

Thi s Tornado can be compared to Figure 12-15 where load size (not examined here), and 

capital cost are hi ghly sensitive, whilst changes in electricity price have insignificant impact 

on NPV . Gi ven the variability in sensitivity, it was concluded that input data comparison be 

done on a case by case bas is. 
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A.2 Data Input 

Because of the nature of 'raw' data it is generally freely available and has little added value to 

it. Thi s can lead to two ex tremes . The data can be found from multipl e sources and hence a 

range of reasonable values can be gauged o r either, the data is so adequately provided for that 

there is only one source, thi s is often the case with meteorol ogical data. Another important 

aspect of raw data i that it is easy to change in the model. This is particularly relevant for 

quoted capital costs of different techn ologies that often vary wildly. 

A.2 .1 Capital Cost 

Table 4-6 shows ome typical capita l costs . These have been ourced from a wide range of 

materials and given the model's ability and one of it stated uses, to di cover the capital cost 

entry point fo r technologie , no add iti onal ve rificati on of thi parameter is requi red . Care 

must be taken to include install ation costs, which include permitting and to use NZ dollar 

va lue as the majority of quoted costs are in US$ terms. 

A.2.2 Electricity price 

There are two types of e lec tricity pnces used. Firstly the cost to provide the electric ity to a 

customer, which includes a break-down of its various components or e lse a simple retail tariff. 

As ex pected there are some differences in the constructed costs compared to the retail tariffs 

(Table A-1 ). 

Area 

Wellington 

Christchurch 

Variable 

[c/kWh] 

Fixed[$/ r 

Variable 

[c/kWh] 

Fixed [$/yr] 

---- ------ --
Meridian Retail Tariff Constructed cost 

Anytime 10.3 10.9-15.1 

Controlled I 8.75 

1 Economy I 9.78 

275 1 280 

Anytime 15.08 10.9·16.3 

Economy 11 .14 

i D/N (n) 6.35 

D/N d I 12.04 

162 200 

Table A· 1: Energy Cost Comparison between Tariff and Constructed Options 

Constructed cost variation is due to seasonal and daily movement in spot. Theoretically for 

profitable customers these constructed costs should be lower than the retail tariff. Spot price 

are based on a single year's (2000) values which may not represent an average year. Retail 
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tariffs are based on forward4
" prices which tend to average out spot price variability. For the 

case studies only tariff prices were used. 

A.2.3 Gas Prices 

Gas prices used are taken directly from tariff rates for typical residential customers and as 

such are assumed to be correct. Since Meridian does not have any direct gas interests. a 

customers of theirs would be charged the going tariff rate of the gas company in the area. 

A.2.4 Climatic data 

Whilst meteorological data is sourced from reputable organisations such as NIWA and the 

Met Service, uncertainty comes about because of its spatial and time variability. [n order to 

minimise this, as many different sites as possible should be used. However due to the cost, 

time constraints and uncertainty of impact only 4 regional sites were used to provide data. 

Substantial variability can occur even between sites that are spatially close (> l km). This is 

particularly true for wind and solar where the 'lie of the land' can have tremendous impact on 

these natural resources, 

A.3 Intermediate Results 

By virtue of where they sit in the calculation chain, intermediate results have a greater 

uncertainty associated with them as a result of error propagation. Comparison with other 

intermediate results has the difficulty of unknown data inputs and assumptions, making 

comparisons less reliable. 

A.3.1 Renewable Energy Resources 

Of particular note is the calculation of available solar energy falling onto a flat surface. The 

accuracy of this semi-raw data is important as it is used for both the PV model and SHW. 

Table A-2 shows solar resource data from various sources and for different locations. There is 

only about a 3% difference in these values compared with the modeL 

,,f 
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Location NZPVA Model RET Screen EECA 
1 

Solar radiation, flat surface (kWh/m2/yr] 

Christchurch 1360 1377 1340 

Wellington 1352 1390 

Paraparaumu 1400 

Average for NZ 1333 

Table A- 2: Solar Resources Comparison 

The functionality of the model all ows for a natura l resource to be tun ed to provide fl ex ibility 

in its magnitude as a functi on of the season of the year. if data is ava il able or is calcul ated 

monthly it is averaged out to become seasonal averages . The seasonal averages are u ed then 

to calculate a parti cular yearl y resource amount by multiplying out the number sea. onal day 

for each season . This is used to calibrate the mode l to other studies so a more meaningful 

compari son of results can be done. 

PhotoPo!taic technology 

Once the solar resource is determined the ques_ti on beco mes how much of it can be 

transformed i111 0 useful energy • ' ? PY panels differ in their effi ciencies and sizes making 

compari on with each other (through different studies) difficult , even given the same input 

(resource) data . Table A-3 shows the results for 2 major cities in NZ. In Wellington's case, 

the model produces a 16% mailer estimation of received solar input onto the tilted surface, 

thi s compared with only a 39c difference in input data. The rea on fo r thi s li es in the way the 

model treat sea ons and the non-linear relationship between time of year and so lar radiation. 

- - ----
Location RET Screen Model Notes 

Solar radiation on 1530 1320 180° orientation , 
C til ted surface 

30° tilt 0 
[kWh/m2/year] 0) I 

C 

\ 6.7% efficiency a3 Annual energy 107 89 
s delivered 

[kWh/m2
] 

of panel 

.c Solar radiation on 1670 1442 180° orientation , 
~ tilted surface 

30° tilt :J 
kWh/m2

/ ear .c 
B 
(/) 

f energy 116 97 6.7% efficiency 
0 delivered 

1 
of panel kWh/m2 

Table A- 3: Performance Comparison of Photovoltaic Collectors 
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A.3.2 Non-renewable Energy Resource 

There is not the same scope here for error propagation as the energy supply i.e. fuel, can been 

known far more precisely as it does not vary to the same extent as natural resources do. 

Heat engine technologies 

The heat engines examined fall into two categories. The reciprocating engine, although a 

proven DG technology on one hand has not been widely considered for residential DG and 

hence little data is available. Alternati the emerging technologies such as fuel cells, 

Stirling engines and micro-turbines are so new that useful and accurate performance data is 

not readily available. 

Heat pump technology 

The performance of heat pumps are closely aligned to the estimation of COP Section 

8.2.2). A comparison between published COP figures and those produced by the model 1s 

difficult as they are temperature and load dependent, parameters which are often excluded in 

the reports. The methodology of determining COP however does wa1Tant further 

development. 

A.3.3 Demand Characteristics 

As discussed in Chapters 4 and 7 the estimation of demand is difficult due to its many 

contributing factors. In order to ascertain how accurate the demand side of the model is 

comparisons are needed to be made with available data. However, because of the lack of 

statistically accurate data in the first place only broad trends were used to model some of the 

variability due to house location and insulation level. The basis for these trends comprise 

much of the available data for comparison and obviously there is little point in doing this as 

the data is the same, i.e. a circular argument. What can be done however is to compare 

energy use for different end uses and total energy use for specific cases where comparable 

data exists. 

Energy usage 

Energy usage is possibly the most difficult to compare as data quoted from most sources are 

incomplete in terms of listing the parameters they relate to. As mentioned previously many 

variables have a pronounced effect on energy use not being aware of them lends little 

credibility to However every effort was made to the generated the 

model with any reasonable source. 
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Table A-5 shows va lues fro m the RiNo~fi Software (Austral EA Ltd, 200 I ) and those of the 

HEEP study fo r total dail y energy use. The va lues fo r a ll sources are reasonably simil ar. The 

model's va lues re late to a med iu m house with retrofi t in sulati on, i.e. an average house. It 

appears unu sual though to note th at R i o has a hi gher energy usage in the warmer c limatic 

region of Auckland . 

Region 

Auckland 

Dunedin 

New Zealand 

RiNo 

29.8 

27.8 

Model 

27.0 

30.3 

HEEP 

25.1 

Table A- 4: Daily Residential Consumption [kWh/day} as Reporled by 3 Sources 

Domestic hot ivater 

Tabl e A-6 indicates th at the mode l's es timates o f DHW u e a re too hi gh. The DHW u e a a 

percentage of tota l energy is around 42%, compared to 38% for the average NZ household. 

As explained in Section 7. I 0, the therma l end-use determi nat ion is affected by a number of 

constraints which con tribute to this discrepancy . Of particu lar note is the increas ing energy 

the further south the location is and hence coo ler c limate . Thi s woul d seem logical and it is 

thi premi se that the model is based on. The EE RA data however has the hi ghest energy 

con umption in Auckl and , the warmest zone. Their fi gures are not temperature c01Tec ted. The 

reason could be that the EERA figures are based o n e lectri city use which may dec rease the 

fu11her South you go, as even though water temperature is lower (and thus required e nergy 

hi gher), a higher pro po rti on of DHW energy is served by non-electric ity source uch as wet

backs. T he mode l calcul ates DHW as a functi o n of tota l energy, it therefore increases as tota l 

energy increases . However in reality thi s increase in total energy would be more due to an 

increase in pace heating. 
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End -use 

Fuel supplementation 
49 2947 3300 

~ 
(Nth Island) 

~ 
ii: Fuel supplementation (Sth 2950 ..., '>:' 
0 ;:,,. Island) ::r: --.r::. 
~ ~ 
!/) .:!:.. Auckland 3484 4153 Ill 
E 
0 
Cl Wellington 3460 4700 

Christchurch 3324 5513 

Dunedin / lnvercargill 3348 5984 

Table A- 5: OHW Energy Comparjson 

Space heating 

Table A-6 illustrates the companson m space heating requirements from three different 

sources. Space heating varies substantially and this concept is shown in the data from Baines 

& Wright with a 3500. increase from Auckland to Dunedin. Model results increase by only 

30% between these geographic regions. A possible cause in the difference may be that the 

model uses lines company data, region specific, to account for the geographic (climatic) 

variation. There may be disproportionate increase in the use of other energy sources which 

may be unaccounted for. This impact could substantially increase SH usage if the efficiencies 

of the other fuel sources are lower. 

End -use HEEP Model50 Baines & Wright 

0) Auckland 3221 1520 
.g ... Christchurch 4080 5130 (ti 
Cl) <' .r::. .r::. 
Ill s: Dunedin 
0 6 (ti 

a. 
II) NZ average 

Table A- 6: Space Heating Comparison [kWh/year] 

., { 

f' .. 

'\':.'\ '- 1 
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Annual Loss Factor (ALF) Model 

BRANZ have produced the ALF 3, a product to evaluate energy behaviour in res idential 

building . Thi s program evaluates a building as a thermal envelope and was designed to 

primaril y reflect changes in the phys ical construction of the building and how these affect 

energy flows into and out of the building. ALF 3 was used to compare the scaling factors (G, / 

and S). Table A-8 shows the compari son between the relative change in energy consumption 

from a simulation run on ALF and the con-esponding changes used by the model The 

comparison was made using a medium sized house, with retrofit insulati on in Christchurch . 

Appendi x I li sts the details of the house used in the ALF simulation . 

End-use 

Ql 
C 
0 
N 

-~ .; 
.§ 
u 

Ql 
N 
i:ii 
Ql 
II) 
::, 
0 
J: 

ID Description 

A None 

ALF 3 

1.3 

~ ---J_ Retrof_it ___ ~_1_.o __ 

C Full 0.8 
-----------

Nth North Island 1 0.9 

Model 

1.2 

1.0 

0.8 

0.8 

----
----------------, 

2 Sth North Island 0.9 

3 ~ Nth South Island _J ~ 

0.9 

1.0 

4 

A 

Sth South Island 2.0 1.1 

Large 1.5 1.5 

B I Medium 1.0 

C Small 0.2 0.5 

Table A- 7: Comparison Between ALF and the Model Scaling Factors 

The results overall correspond well, apa11 from the impact of climatic zone, particularly in the 

Sth South Island (Dunedin). ALF figures are 90% greater than the models which, along with 

results shown in Table A-7, suggests that thi s component of the model requires further 

analysis . 

Costs 

Table A-9 represents the classic difficulty in comparing energy use data, a a considerable 

number of hidden factors can have a substantial impact on the bottom line. 
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Region Annual expenditure on fuel and power [$/yr] 

EEC~2000) Model 

1 Electric Supplement 

Auckland 918 (1034) 1451 1359 

1352 

Christchurch 998 (1240) 1899 1735 

Otago 1003 (1130) 1899 1735 

Average 128451 1707 1560 

Table A- 8: Regional Energy Expenditure 

EECA's regional figures do not include 'free' energy such as firewood, which is considered to 

be a substantial source of home heating in the winter, particularly in the South Island. The 

model values shown are for a I 00% electricity, medium sized house with a retrofit insulation, 

EECA figures are presumably an average of all houses. Since electricity is more expensive 

than gas this would push up expenditure in the North Island. Whilst in the South Island free 

firewood again reduces recorded expenditure. However with supplemental energy sources 

displacing some electricity, the model still overestin1ates expenditure somewhat However the 

regional EECA figures are for the period 1993/1994. Assuming inflation at 2% per annum 

and constant demand, the present expenditure is shown in brackets which more closely 

resemble, the models' results. 

A.4 Final Results 

Certainly for overall impression of the accuracy of the model the final result provides a 

reassuring answer. However it tells you little about the accuracy of the intermediate steps, 

which may be of concern especially if poor agreement is discovered. The term 'final result' is 

unfortunately an arbitrary stake in the ground. For example an estimation of the number of 

houses that may suit a particular technology would be considered a final result, but the 

economic criteria applied to make this decision is subjective. Therefore, results at a tier down 

from that example are assessed. This would mean for example looking at payback years as a 

major comparative value. Alternatively NPV can be considered but often the discount rate and 

period of analysis is not quoted with published figures. 

! ' 
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For exampl e Table A- 10 shows a ran ge of payback peri ods fo r SHW as a functi on of locati on 

and DHW tariff. A can be seen good agreement is reached between the mode l's results and 

those publi shed by EECA. Even though thi s appears sati sfactory caution must be noted as the 

mode l treats DHW and SH as common thermal e ntities. Therefore the system savings and 

consequent annual savings refer to thermal reducti on and not just DHW as i the case with the 

ECCA tudies . 

Source 

Energy Wise 

News (EECA, 

2001 .) 
------
Energy Wise 

Renewables 

(EECA, 2001 b) 

Model 

-------
Payback Years Location Marg inal 

capital 

cost
52 

DHW tariff 

12.5 

9 

12.4 

11 

9 

11 

s c/kWh 
---- -----------r---~ 

Dunedin 

Auckland 

Auckland 

Dunedin 

Auckland 

Auckland 

2700 

2700 

2750 

2700 

2700 

2750 

10 

11 

12.5 

10 

11 

12.5 

Table A- 9: Payback Period for SHW Heating System 

System 

savings 

kWh 

2700 

3000 

1776 (74%) 

1604 

2327 

2327 

Annual 

savings 

s 

270 

330 

222 

328 

330 

391 

---l 
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Appendix B 

Users Manual 

i /1 • l / • [ j ! 1 i {_ 1 ! \ \ i,I 1 {_: ! ! L , • ;t,( 
1 

; , J i ;'l !I J' • (I. JI ·,. 

.. -~ .. !.. ,; •!. I._!/: l,t• /', ii~· ; \ .... : .' ) ~ \ :·~ .... ': f:; 4 :,;.! ,;:, -~/.·(; ;•~, .. {;l ; : ." / ~ : I I ; 

.'I 1 

( ,1.'.' .' I, 1 1 • i , ic 'l t f: 'j 't 

f,ffS:tfCH ,F 1• EH' · 
Welcome Screen 

DISTRIBUTED GENERATION 
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DISTRIBUTE D GENERATI ON -DECISION SUPPORT 
SO FTWARE 

,~rJ Smal comn:!fc ia l I 
Anc1ly'iiS level 

r Network 
neq-b:Jurhood 

Developed by Gr Mlt Red-nan 200 I 

Single House Analysis 

Dat.1 :nput - · --- --

r !.~~ofi ~ _Dev~~~t: 

r cx; TechlolcqySelecOO"l 

r ape-atiOr\al Moc!e 

r Fn.n:::el Analysis 

r Ft.. tu'e Scenarios 

r Groptucal Analysis 

,Mtiffi!41§1Mfl 0: 

0,ll<J Oulput - - -- -

load Profile Development 

r Profile type 1 

IO ~fi1e type2: 

r Profile type 3 

r Profile type • 
r Profile types •.ooL 31ll 

21ll 

\ ID '------

0.00 

,#',3r,s,~~# ... .....,,s,.t,Tt.9.!$1tf>,.,,,,,$) 

X 

xi 

The 1st interface screen 

The user can select to analyse a single house or 

look at a neighborhood situation 

The 2nd interface screen 

The central screen for a single house analysis. 

This screen provides the pivot point from which 

to drive the modules from . 

The first module is the load profile development 

The 3rd interface screen 

The first load profile screen . Here the user can 

select the profi le shape they wish to analyse 
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,jifflffi*tt!littt¥: ·: 

Load Profile Developmen t 

Chmatc aegoo j ~ .:J 
Ine..ulation Level I Re~rofit (cednQ) .:l 
Size 

hffltt·*tt-lttf, ·: 
Technolo,iy Selec t ion 

r ~~oc,:;tnq Er.9.ne 

r Ft.el Cell 

r Str ing Engrie 

r M,crcH1.xbne 

rS><,N 

rwrc 
I Heal?,JrrfJ 

r PhJIO·vol'..ac 

:.,_ :--•~_, . ·-

Technology Selection 

DR~ OCa~~ 
• Fuel Cell 

0 Str lr-.g Engne 

0 Micro·tL¥bne 

• -
O wTG 

0 Heatpu"" 

0 Pho10-volta ic 

xi 

The 4th interface screen 

The second load profile screen. The shape that 

was previously selected is transformed to the 

final profile by selecting values for: 

Climatic region 

Insulation level 

Size 

The second module is Technology Selection 

The 5th interface screen. (option 1) 

The first technology selection screen. The 

technology type is selected for a single unit 

system. 

The 6th interface screen (option 2) 

The second technology screen. The combination 

of technologies for the hybrid system is selected . 
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jlffltfllffitt\lffltttttti!'li: 

Operating Mode 

- Broad Criteria -

r Heat led 

r Electr:City led 

r Base Load 

,- AUXillary ------

~ r sta"age Tcqje!I I 

- Select one of !he following 

~~al eel _r EIE1:trt lt.t_!~- -

r Contn...o.JS (heat 
___ .......l"'."£2....__ 

IIMttitttiltttMtffi ·· • 

Porameter Selec tion 

Profile Type l 

Profile Type 2 

Operating Mode 

Network Profile Mix 

~mber of hcuses 

ml 

150 

Profile Type 3 175 

Pro~ Type 4 

Profile Type 5 

xi 
The ?'h interface screen (option 1) 

The first operating mode screen. Here load 

following, either heat or electricity led is being 

selected. 

The 81h interface screen (option 2) 

The second operating mode screen 

Applies only to renewable technologies 

The 9th interface screen 

Hybrid network selection . If a network analysis is 

required, its composition is determined here. 
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MrtttetfiiirlW&I ' I 

Graphical Analaysis 

__J__Jr 
w eek -day winter Stlrllng Engine: Base Load 

. 

l.000 

2.000 

1,000 

~ ·1,000 -llr--------- -
0 

5,000 

Year 

xi 

The 1 01
" interface screen 

Output screen 

There are numerous graphs that can be toggled 

through to provide a quick check as the validity 

of the results. 

Data relating to specifi c tec hnologies, pncmg, fuel composi ti o n and end-u ses 1s changed 

directly in the Microsoft Excel spread beets, primaril y ' Engine'. 
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Appendix C 

Case Studies 

i \.. \ \.. ,;_ 

C.1 Case Study 1 - Broad Overview 

C.1.1 Load Profile Shape 

Figure C. 1-1 shows the indi vidual load profi le based on Profile Class 2. It is for a week day 

winter 

Daily Profile 

7.0 ~----------------~ 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 ~----~-----------~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Riss a? t;..SS fess ~? -sSS fJ.,ss t;..SS roSS <6ss ~r;;s r,Y 
Cl<) <:::l<:5 <:::l "s "- "- "'"- rp<i,; 

Tim e 

Figure C-1: Load Profile for Case Study 1 

Therrral 

• Power 
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C.1.2 Load Profile - Energy Provision 

Au cklan d 

100 -

9() , 

80 -

70 ~ 

601 
' 
• electricity 

% of provision so j 
1• Gas 

401 '• LPG 
30 I :• solid Fuel 
20 J 
1oi 
0 

SH SC residual DHW 

End • use 

Wellington 

100~ 

oo! 
so , 
70 -

601 1
• elaclricity 

% of provision 50 J '. t1 Gas 

40, 1• LPG 

30 ; QSolid Fuel 

20 -

10 -

0 -
SH SC residual DHW 

End • use 

Dunedin 

1:1 
ao1 

:i • electric1ty 

11 Gas 
% of provision 

m 
QLPG 

10 i 
0 

SH SC res idual DHW 

End • use 

Figure C- 2: The 3 Houses and their Energy Provision used in Case Study 1 

The three houses were chosen to have a fuel mi x based on what you might find in a typical 

house in that region . The Auckland house had electricity as the dominant energy provider plus 

a small LPG heater to supplement space heating. The Wellington house had a reticulated gas 

connection supply a gas hot water cylinder and a large space gas heater. Conversely the 

Dunedin home had a solid fuel burner (including a wet-back) . 
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C.1.3 Load profile - End-use Efficiency 

Thermal Residual 

Electricity 90% Electricity 100% 

Reticulated gas 70% 

Solid fuel 30% 
---------

LPG 70% 

Table C-1 : Fuel Conversion Efficiencies 

C.1.4 Financial 

Exchange rate 1NZD to USO 0.41 

Discount rate % 8 

Period of analysis for NPV Years 10 

Table C- 2: Financial Parameters used in Case Study 1 

The exchange rate is stipulated here to pr imar il y con vert capital cos ts of equipment into New 

Zealand dollar equi va lents and to a ll ow expansion of the model to incorporate the impact of 

the exchange rate on DG project feasibility . 

C.1.5 Climatic -Seasonal Lengths (months) 

Table C-5 shows the seasonal lengths of the 3 regions used in Case study I . 

Season I Aucklan d 
1 

Well ington Dunedin 

Winter I 3 3 4 

I Summer 

1: 
3 3 

4 3 Autumn 

I Spring , 3 2 2 

Table C- 3: Seasonal Lengths for the Main Centres in Case Study 1 

As mentioned earlier the year is represented by 8 day different days. The relative weightings 

of the e days are determined by the seasonal lengths that they relate to . Th is can be adju sted 

to simu late the impact of 'weather'. The data above was chosen to emphasise the difference in 

weather patterns between these major centres . 
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C.1.6 Thermal Component Factor 

Table C-5 shows the final values of TC used in the model. 

August 0.06 0.94 0.00 
---- ---------~ 

.September 0.11 0.89 0.00 

October 0.23 0.77 0.00 

0.00 

December 1.00 0.00 0.00 

January 1.00 0.00 0.00 

February 1.00 0.00 0.00 

March 0.99 0.01 0.00 

April 0.37 0.63 0.00 

May 0.09 0.91 0.00 

June 0.04 0.96 0.00 

Table C-4. Thermal Component Factors Used in Case Study 1 
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C.2 Case Study 2 - Christchurch 

Except for the fo llowi ng the same data for Case study I was used: 

C.2.1 Load profile - Energy Provision 

Figure C-3 show the fue l mix for the four end-uses fo r the house used in Case study 2. 

Christchurch 

I 00 

90 

80 

70 

60 
• electric1ty 

% of pro v ision 50 
a Gas 

40 oLPG 

30 • Solid Fuel 

20 
10 

0 
SH SC residual DHW 

End-use 

Figure C- 3: Make of Energy Provision for House in Case Study 2 

[n thi s case study 6 houses were modelled, corresponding to the permutati ons of three 

in ulati on levels and 2 (medium and large) size categorie . 

C.2.2 Climatic -Seasonal Lengths (months) 

I Season I Christchurch I 
f---- ·- ----- -----1 

I Winter 14 ' .__ _____ _,________j 
I I I 

~ mer _____ ~ 
Autumn I 3 

Spring 2 

Table C- 5: Seasonal Lengths for Christchurch 

C.2.3 Other Data 

Fixed electricity charges - $200/yr 
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C.2.4 Miscellaneous Figures 

Figure C-4 shows how Christchurch compares with the rest of New Zealand in house hold 

expenditure, annual income and heating fuel. 

Fig 2.40 Means of Heating in Private Dwellings 

Figure C-4: Christchurch Housing Statistics 
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C.3 Case Study 3 - Individual Parameters 

E xcept for the fo llowing, the same data used in Case study 2 were used . 

C.3.1 Load Profile Details 

House descripti on: Medium size house with retrofit insulation 

C.3.2 Load Profile Class 

4. 00 

3.00 

~ 2.00 

1.00 

0.00 

-Shape 1 - Shape2 

.\J\J .\J\J ()\J .\J\J .\J\J .\JC> .r;::,'J ,\J\J 
r;::,'J. r;::,"':Y ' ,;::,<o · r;::,'0 . ..._'l, · ..._<-:> . ..._<o. 'l,"-. 

Time 

Figure C- 5: The 2 Profiles Classes Used in Scenario 1 & 2 

N ote that both hape ' 1 have the same yea rl y consumpti on 

237 



C.4 Case Study 4 - Wellington Area Study 

C.4.1 Introduction 

This case study is essentially a replica of Case Study 2 but with a fuel cell being the 

technology that was examined in the Wellington region. 

Technology type: 

Load type: 

Fuel cell , operating in load following (heat) control 

Large Wellington home with retrofit insulation. 

C.4.2 Load Profile - Energy Provision 

This house in Wellington represents one that has a gas connection added to it for the purpose 

of perhaps replacing a solid fu el burner. This gas heater would provide half of the space 

heating requirements as shown in Figure C-6. 

100 
90 
80 
70 
60 

% of provision 50 -
40 
30 
20 , 
10 , 

0 
SH 

Wellington 

SC residual 

End-use 

DHW 

1 
• electricity 

• Gas 

• LPG 

Figure C- 6: Energy Provision for House in Case Study 5 

C.4.3 Technology Specifications 

Table C-5 shows spec ifications for the fuel cell used in case study 4 . 

I Parameter 

poutput 

I i Heat output 

~ Usable heat 

Value 

I [kW] 2 ! t;w~------12- ·------- --7 
--7----------7 
[%1 7s I 

Fuel conversion [o ] 3 I 

>--eff_ic_i_en_c_y ___ *1/o __ \ 5 

_______ j 
I I 

Maintenance [ nt / hrs I 8,000 ($150) [ 

I , I 

. of I ' 

I 
I I 

operation] I ___ _J 
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I ----------- --- ---- . --·--·---------, 
I I ' I Parameter ' Value 

-··- - 1 • -- -·--·- ---1 ----·-- ·-·-·7 
Capital cost , $ '. 5 ,000 

: i 7 
' Installation cost I $ 500 : 

Export electricity · $/kWh i 0.0 

price I i 
1 

·---. ---- ·-- l --·· ----- . 

Table C-6: Fuel Cell Characteristics Used in Case Study 5 

This fu el cell is hypothet ical and is s ized at a more appropriate level for New Zealand houses 

than that considered in Case tudy l . 

C.4.4 Capital Cost 

1,000 25% 

20% 

-1,000 

~ 
15% 

> -2,000 
a.. 
z 10% 

-3 ,000 

-4,000 5% 

-5,00 0 0% 

Capital cost[$] 

Figure C-7: Impact of Capital Cost on NPV and ROI 

0 
er 

[::::::J NPV 

-- RO I 

Capital cost is perhaps the dominant variable in terms of its impact on the profitability of most 

technologies . Figure C-7 show the effect of decrea ing capital cost from $5,000 to $ 1,500. 

Thi s drop may not be reali st ic but the impact on the NPV is clear. A 70% drop in capital cost 

result in a NPV increase of 124% 
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C.4.5 CO2 Tax 

Carbon tax [$/tC02] 

0 30 60 90 120 

2! NPV 

-1 ,000 - 2( -+- ROI 

-2,000 - - 15% 

* 0 
a: 

-3 ,000 - 10% 

• • • • • -4,000 - - 5% 

-5,000 -- 0% 

Figure C-8: Impact of Carbon Tax on NPV and ROI 

As Figure C-8 shows, carbon tax has littl e impact on the overall profitability in this case. This 

is largely due to the gas consumed by the fuel cell. Whether this produces CO2 or not is not 

important as the CO2 is calculated on a fuel content basis and not on the type of energy 

convers10n process . 

C.4.6 Gas Price 

-1,000 

-2,000 

-3 ,000 

-4,000 
~ 

-5,000 

-6,000 

-7,000 

-8,000 

-9,000 

Gas price [$/kWh) 

0.04 0.05 0.06 O.D7 0.08 

-
-

-

-
-

- 15% 

I 
f 10% 

i 
t 5% 

- 0% 

- -5% 

-10% 

NPV 

--+- ROI 

5 
cc 

Figure C-9: Impact of Gas Price on NPV and ROI 

Figure C-9 shows that a 100% increase in gas price leads to a 200% drop in NPV. Obviously 

this fuel cell operating in this regime is very sensitive to the price of gas. The fuel cell is 

sized small enough to be called to run over 84% of the time. 
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C.4.7 Electricity Price 

Electricity price ($/kWh] 

0.103 0.113 0.123 0.134 0.144 
NPV 

25% 

-1 ,000 
--+- ROI 

20% 

~ 
·2 ,000 15% 

> a. 
z -3,000 

0 
ex: 

10%) 

-4,000 - 5% 

-5 ,000 0% 

Figure C-10: Impact of Electricity Price on NPV and ROI 

Figure C- 10 shows a 40% increase in the price of electricity re ults in a 67% increase in the 

NPV. The impact of an e lectricity price ri se is shielded somewhat by the 50% use of gas for 

the space heating requirements in the home. 

C.4.8 Load Size 

Load size [kWh/year] 

17,294 18,891 20 ,571 24,093 27 ,432 

- 25% 
NPV 

-1 ,000 20% 
-+-- ROI 

§: 
-2 ,000 15% > a. 

0 z 
ex: 

-3,000 - 10% 

-4,000 - 5% 

-5,000 - - 0% 

Figure C-11 : Impact of Load Size on NPV and ROI 

Figure C- 11 shows that increasing the annual energy consumption by 58% had a 

proportionate increase in the NPV. 
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100% ~------------------------------7 

90% 

80% 

70% 

60% 

50% 

I 
I 

-+- % of time operating 

-- Ratio of electricity 
export:output 

40% -'----------------------' 
15,000 17,000 19,000 21 ,000 23,000 25,000 27,000 29 ,000 

Load size [kWh/yr] 

Figure C-12: Operating Characteristics of a Fuel Cell with Increasing Load 

Figure C-12 shows that as the load size increases the 'fit ' of the fuel cell becomes better. (i.e. 

is runs a greater percentage of the time) . Another consequence of a larger load is that more of 

the power (res idual) produced could be used on site and not exported . This only improves the 

NPV (as it does in this case) if the value of expo1t is less than the value of imported power. 

C.4 .9 Discount Rate 
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Figure C-13: Impact of Discount Rate on NPV and ROI 

Figure C-13 shows th at the effect of discount rates on NPV was minimal. Meridian Energy 

use a nominal po t tax di scount rate of 9 .9% and a real post tax discount rate of 8%. If the 

NPV was being calculated for an individual household ' s perspective a slightly lower discount 

rate would generally be employed . 
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C.4.10 Operating Efficiency54 

Operating effic iency[%] 
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Figure C-14: Impact of Operating Efficiency on NPV and ROI 

Figure C- 14 shows the effect of a concurrent increase in both the fuel-to-power conversion 

and heat recovery effic iency . Obviously such a dramatic increase in effic iency is like ly to 

occur in the fo reseeable fu ture. However the effect on NPV i large (for an efficiency increase 

from 301k to 35 % LH V the NPV rises by 23%) .. Further analysis though is requ ired to 

determi ne the appropri ate relative weight ing due to the thermal recovery and electrica l 

efficiencies . 
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Figure C- 15: Impact of Operating Efficiency on Operating Time and Energy Output 

Figure C-15 shows that the fuel cell actually operates a fewer number of hours as the 

operating efficiency increases. This is due to the higher effective thermal output, essentially 

creating a larger engine. Even though the engme runs less, when it does run there is a 
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significant amount of more useful power and thermal output, meaning that overall the total 

energy supplied remains fairly constant ( 4% variation in kWh/yr) . However it does suggest 

that for this particular house there is an optimum effective heat output (as impacted by 

operating efficiency). This though does not necessarily correspond to the highest NPV due to 

no value being obtained from exported electrici ty. 

C.4.11 Profile Shape & Diversity 
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Figure C-16: Impact of Profile Sh~pe Diversity on NPV 

Figure C- 16 shows how little sensitivity there is towards load profile shape'' and diversity . 

This is not unexpected as the generic shape are rea onably simi lar in the first place. The 

second series represent a second simulation and shows that uncertainty (diversity) has little 

effect. 

C.4.12 Export Electricity Price 
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Figure C- 17: Impact of Export Electricity Price on NPV and ROI 
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Figure C- 17 shows that export electricity price ha a significant impact on thi s proposition. 

The reason is th at around 65 % of the power generated is ava il able fo r export, o naturally an 

increase in its value will lead to an improvement in the NPV . 
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Appendix D 

Gamma Distribution 
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Probability distribution function Cumulative distribution function 

Gamma inverse function 

Integ rat ion 

... 
random 

number 

0 0 
Mean 

X 
Figure E-1 : Gamma Distribution 

Figure E- 1 graphically shows the process used to generate the random values that have a 

Gamma di tribution. The Gamma function described in Section 7 .9 uses a random number, 

generated between O and 1, to calcu late a demand value. 
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Appendix E 

Code 
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Appendix F 

Presentation Work 
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Distributed Generation 

Decision Support Software 
to Evaluate Opportunities 

in the New Zealand Market 

Grant Redman 

What is DG? - --~ 
Generation : 

Situated close to load 

Embedded in the distribution network, or 

On the customer side of the meter 

New term for an old way of providing energy 

Half all all installed generation in NZ in the last Syrs 

Energy provision including electricity + thermal 

Technologies: size vs cost 
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DG Positives 

Utilise low 
cost fuel 

Utilise gas 
hnecapacity 

CHP 
efficiencies 

Bundled energy 
solutions 

FACTORS AFFECTING THE UPTAKE OF DG 

' Deregulation 

'"° priva11satton 

Environmental 
Issues 

Power quality 

r&o 
upgrade 

costs 

New 
Technolog,es 

Increased 
electr1c1ty 
demand 

Project Objectives 

Explore: Combinations of DG technologies 
Different operating regimes 

Future scenarios 

"To identify which technology blends best fit 
the NZ residential market's requirements" 

Solution focused and not 'technology vendor' 

focused 

Scope 

1111 

Single dwelling mass 
market residential 

l 
Neighbourhoods & 

apartment complexes 

l 
Small business & 

commercial 
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DG for buildings 

"Shift in paradigm of energy supply leads 
to new opportunities if prepared to 

embrace innovative technologies and 
approaches" 

Value for building 
owner, occupier 

-........ Total energy provision 
Cost benefit 
Green and premium power 
Increased comfort levels 

Combined Heat & Power 

C onvn n ti onal Sys te m s CH P Systems 

Power 
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Lones 

• 
Station ... Delivered 
F~ Stat ion Electricity IOO ~-= CHP 
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Overall Ene rgy Efflciency 80% 

Residential market - Growing opportunity 

13.3% of consumer energy in NZ (57 PJ) 

35% of electricity generated in NZ (39 PJ) 

22% stock increase (estimated number of households): 

2001 1,377,000 

2021 1,676,000 

Sector energy increase '91 to '99 

Residential 7.3% 

Industrial -2.92% 

Commercial -0.52% 

Lowest space heating intensity of 13 OECD studied 
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Supply vs demand 
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Operating Regimes 
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Sensitivity Analysis 
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MEL's investment in DG 

New technology development fund (CFCL, Whisper Tech, Nth 
Power) 

CHP applications through Meridian Solutions 

Network capacity alleviation 

Developing a DG strategy 

Next step? 

Way forward 
~""WWW'.'¥4,r'~ .,,,,__ 

Identify opportunities 

Establish an energy 

provider presence 
~ Agregated 
L-..y CHP 

Project benefits to MEL 

Identify which regions in NZ are suitable for particular 
technologies 

PV 

Identify the capital cost entry point for certain technologies 

Examine the effect of regulatory regimes such as CO2 levies, 
green pricing schemes on the feasibility of DG 

Examine the effect of changing demand patterns e.g. trend 
towards increase in space heating 

Identify 'smart' operating regimes to maximise benefit of DG 

Energy management -project evaluation for MS 
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Comments & questions 
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Modules 
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Appendix G 

Performance Curves 
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Appendix H 

ALF Simulation 
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Category 

Climate and Heating Climate 

Heating Schedule 

Heating level [0C] 

Floors Area [m2] 

Walls & windows Orient 

Height 

Construct R 

Length 

Roofs & Skylights Length 

Width 

Construct R 

Air leakage Average, medium 
sheltered 

# of occupants [m] 

Room height [m] 

Thermal mass Exposed floor 
timber[m2l 

Heating [kW/yrj 

Relative heating 

Default 

A 

Lower Nth 
Island 

Morning & 
evening 

16 

110 

N 

1.5 

1.47 

2 

22 

5 

2 10 0.5 

3 

2.4 

% 100 

3620 

1.29 

Insulation 

B 

1.47 

2.10 

50 

2992 

1 

C 

foil 

1.93 

2.10 

0 

2424 

0.84 

2698 

0.9 

2 

Lower Nth 
Island 

2698 

0.9 

Table I- 1: Values of the Parameters Selected in the ALF Model 

Location 

3 

2992 

1 

4 

Lower Sth 
Island 

5835 

.1Jl.§ 

Small 

1.5 

1 

15 

4 

22 (2) 

1408 

0.21 

Size 

Medium 

1.5 

2 

22 

5 

23xo;6 (4) 

2893 

1 

266 

Large 

165 

1.5 

4 

24 

7 

26 (6) 

4425 

1.48 




